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 Abbreviations

We don’t care much for abbreviations. They are not liter-
ate (Oliver Twist was not abbreviated to OT each time 
Dickens mentioned his name!), they don’t look good on 
the printed page, and they make things more difficult to 
read and understand, particularly for non‐experts. But 
they do save space and so we have to use them a bit. 

However, we will avoid them as far as we can in tables, 
figures and the practice points. We will try to define any 
abbreviations the first time they are used in each chapter, 
or even in each section if they are not very familiar. But, 
if we fail to be comprehensible, then here is a rather long 
list to refer to.

ACA Anterior cerebral artery
ACE Angiotensin‐converting enzyme
AChA Anterior choroidal artery
ACoA Anterior communicating artery
ACS Acute coronary syndrome
ACST Asymptomatic Carotid Surgery Trial
ADC Apparent diffusion coefficient
ADH Antidiuretic hormone
ADL Activities of daily living
ADP Adenosine diphosphate
ADPKD Autosomal dominant polycystic kidney disease
AF Atrial fibrillation
AFx Amaurosis fugax
AH Ataxic hemiparesis
AICA Anterior inferior cerebellar artery
AIDS Acquired immune deficiency syndrome
AION Anterior ischemic optic neuropathy
AMI Acute myocardial infarction
ANCA Antineutrophil cytoplasmic antibody
ANF Antinuclear factor
APS Antiphospholipid syndrome
APT Antiplatelet Trialists’ Collaboration
APTT Activated partial thromboplastin time
ARAS Ascending reticular activating system
ARB Angiotensin II receptor (AT1) blockers
ARD Absolute risk difference
ASA Atrial septal aneurysm
ASD Atrial septal defect
ATIII Antithrombin III
ATP Adenosine triphosphate
ATT Antithrombotic Trialists’ Collaboration
AVF Arteriovenous fistula
AVM Arteriovenous malformation
BA Basilar artery
BAD Branch atheromatous plaque disease

BIH Benign intracranial hypertension
BMI Body mass index
BOLD Blood oxygenation level‐dependent
BP Blood pressure
C Celsius
CAA Cerebral amyloid angiopathy
CADASIL Cerebral autosomal dominant 

arteriopathy with subcortical infarcts and 
leukoencephalopathy

CARASAL Cathepsin A related arteriopathy with 
strokes and leukoencephalopathy

CARASIL Cerebral autosomal recessive arteriopathy 
with subcortical infarcts and 
leukoencephalopathy

CAST Chinese Acute Stroke Trial
CAVATAS Carotid and Vertebral Artery 

Transluminal Angioplasty Study
CBF Cerebral blood flow
CBFV Cerebral blood flow velocity
CBV Cerebral blood volume
CCA Common carotid artery
CDU Carotid duplex
CEA Carotid endarterectomy
CE‐MRA Contrast‐enhanced MR angiography
CHD Coronary heart disease
CI Confidence interval
CJD Creutzfeldt–Jakob disease
CK Creatine kinase
CMB Cerebral microbleed
CMRO2 Cerebral metabolic rate of oxygen
CMRglu Cerebral metabolic rate of glucose
CNS Central nervous system
COX 2 Cyclo‐oxygenase 2 inhibitors
CPP Cerebral perfusion pressure
CPSP Central post‐stroke pain



 Abbreviationsxiv

CSF Cerebrospinal fluid
CT Computed tomography
CTA Computed tomography angiography
CTP Cerebral perfusion imaging with CT
CTP Computed tomography perfusion
CVR Cerebrovascular resistance
CVST Cerebral venous sinus thrombosis
DALY Disability‐adjusted life year
DAVF Dural arteriovenous fistula
DBP Diastolic blood pressure
DCHS Dysarthria clumsy‐hand syndrome
DIC Disseminated intravascular coagulation
DNA Deoxyribose nucleic acid
DOAC Direct oral anticoagulants
DPM Diffusion‐perfusion mismatch
DSA Digital subtraction angiography
DSC Dynamic susceptibility contrast
DSM Diagnostic and statistical manual of mental 

disorders
DVT Deep venous thrombosis (in the legs or 

pelvis)
DWI Diffusion‐weighted (MR) imaging
EACA Epsilon‐aminocaproic acid
EADL Extended activities of daily living
EAFT European Atrial Fibrillation Trial
ECA External carotid artery
ECASS European Cooperative Acute Stroke Study
ECG Electrocardiogram
EC‐IC Extracranial–intracranial
ECST European Carotid Surgery Trial
EEG Electroencephalogram
EMG Electromyography
ESR Erythrocyte sedimentation rate
FAST Face‐Arm‐Speech Test
FAT‐SAT Fat saturation sequences
FDA Food and Drug Administration
FIM Functional Independence Measure
FLAIR Fluid attenuated inversion recovery
FMD Fibromuscular dysplasia
fMRI Functional magnetic resonance imaging
FMZ Flumazenil
GCS Glasgow Coma Scale
GEF Glucose extraction fraction
GKI Glucose, potassium and insulin
GRE Gradient‐recalled echo
HACP Homolateral ataxia and crural paresis
Hg Mercury
HI Hemorrhagic infarction
HIT Heparin‐induced thrombocytopenia
HITS High intensity transient signals
HIV Human immunodeficiency virus
HMPAO Hexamethylpropyleneamine oxime
HTI Hemorrhagic transformation of an infarct
HU Hounsfield units

IAA Internal auditory artery
IAA Intra‐arterial angiography
IAT Intra‐arterial treatment
IC Infarct core
ICA Internal carotid artery
ICH Intracerebral hemorrhage
ICIDH International Classification of Impairments, 

Disabilities and Handicaps
ICP Intracranial pressure
ICVT Intracranial venous thrombosis
IADSA Intra‐arterial digital subtraction 

angiography
INR International normalized ratio
IST International Stroke Trial
IVDSA Intravenous digital subtraction angiography
IVIG Intravenous immunoglobulins
IVIM Intravoxel incoherent motion
IVM Intracranial vascular malformation
kPa Kilopascals
L Litre
LAA Left atrial appendage
LACI Lacunar infarction
LACS Lacunar syndrome
LGN Lateral geniculate nucleus
LP Lumbar puncture
LSA Lenticulostriate artery
M Molar
MAC Mitral annular calcification
MAOI Monoamine oxidase inhibitor
MAST‐I Multicentre Acute Stroke Trial – Italy
MCA Middle cerebral artery
MCTT Mean cerebral transit time
MELAS Mitochondrial encephalopathy, lactic 

acidosis, and stroke‐like episodes
MES Microembolic signals
MFV Mean flow velocities
MI Myocardial infarction
MLF Medial longitudinal fasciculus
MLP Mitral leaflet prolapse
MMSE Mini mental state examination
MND Motor neuron disease
MR Magnetic resonance
MRA Magnetic resonance angiography
MRC Medical Research Council
MRI Magnetic resonance imaging
MRS Magnetic resonance spectroscopy
MRV Magnetic resonance venogram
MTT Mean transit time
NAA N‐acetyl aspartate
NASCET North American Symptomatic Carotid 

Endarterectomy Trial
NCCT Noncontrast CT
NELH National Electronic Library for Health
NG Nasogastric
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NIHSS National Institutes of Health Stroke Score
NINDS National Institute of Neurological Disorders 

and Stroke
NIRS Near infrared spectroscopy
NNT Number‐needed‐to‐treat
NO Nitric oxide
NSAID Nonsteroidal anti‐inflammatory drug
OA Ophthalmic artery
OCSP Oxfordshire Community Stroke Project
OCP Oral contraceptive
OEF Oxygen extraction fraction
OHS Oxford Handicap Scale
OR Odds ratio
PACI Partial anterior circulation infarction
PaCO2 Arterial partial pressure of carbon dioxide
PaO2 Arterial partial pressure of oxygen
PACS Partial anterior circulation syndrome
PCA Posterior cerebral artery
PCC Prothrombin complex concentrate
PChA Posterior choroidal artery
PCoA Posterior communicating artery
PCV Packed cell volume
PD Proton density
PE Pulmonary embolism
PEG Percutaneous endoscopic gastrostomy
PET Positron emission tomography
PFE Papillary fibroelastomas
PFO Patent foramen ovale
PH Parenchymatous hematoma
PICA Posterior inferior cerebellar artery
PMS Pure motor stroke
PNH Paroxysmal nocturnal hemoglobinuria
POCI Posterior circulation infarction
POCS Posterior circulation syndrome
PRES Posterior reversible encephalopathy syndrome
PSE Present state examination
PSS Pure sensory stroke
PT Prothrombin time
PTA Percutaneous transluminal angioplasty
PVD Peripheral vascular disease
PWI Perfusion weighted (MR) imaging
QALYs Quality‐adjusted life years
QSM Quantitative susceptibility mapping
RAH Recurrent artery of Heubner
RCT Randomized controlled trial
RCVS Reversible cerebral vasoconstriction 

syndrome
RIND Reversible ischemic neurological deficit
RLS Right‐to‐left shunt
RNA Ribonucleic acid
ROR Relative odds reduction

RR Relative risk
RRR Relative risk reduction
rtPA Recombinant tissue plasminogen activator
SADS Schedule for affective disorders and 

schizophrenia
SAH Subarachnoid hemorrhage
SBP Systolic blood pressure
SCA Superior cerebellar artery
SD Standard deviation
SDH Subdural hematoma
SEPIVAC Studio epidemiologico sulla incidenza 

delle vasculopatie acute cerebrali
SF36 Short form 36
SIADH Syndrome of inappropriate secretion of 

antidiuretic hormone
SK Streptokinase
SLE Systemic lupus erythematosus
SMS Sensorimotor stroke
SPAF Stroke prevention in atrial fibrillation (trial)
SPECT Single‐photon emission computed 

tomography
STA Superior temporal artery
SVD Small‐vessel disease
SWI Susceptibility‐weighted imaging
TACI Total anterior circulation infarction
TACS Total anterior circulation syndrome
TCCD Transcranial color‐coded duplex 

sonography
TCD Transcranial Doppler
TEA Tranexamic acid
TEE Transesophageal echocardiography
TENS Transcutaneous electrical nerve 

stimulation
TGA Transient global amnesia
TIA Transient ischemic attack
TIBI Thrombolysis in brain ischemia
Tmax Time to maximum
TMB Transient monocular blindness
tPA Tissue plasminogen activator
TOAST Trial of ORG 10172 in Acute Stroke 

Therapy
TOF‐MRA Time‐of‐flight MRA
TTE Transthoracic echocardiography
TTP Thrombotic thrombocytopenic purpura
TTP Time to peak
US Ultrasound
VA Vertebral artery
VB Vertebrobasilar
VMR Vasomotor reactivity
WHO World Health Organization
WFNS World Federation of Neurological Surgeons
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1.1  Introduction to the first edition

1.1.1 Aims and scope of the book

We, the authors of this book, regard ourselves as 
 practising – and practical – doctors who look after 
stroke patients in very routine day‐to‐day practice. The 
book is for people like us: neurologists, geriatricians, 
stroke physicians, radiologists and general internal 
physicians. But it is not just for doctors. It is also for 
nurses, therapists, managers and anyone else who 
wants practical guidance about all and any of the prob-
lems to do with stroke – from aetiology to organization 
of services, from prevention to occupational therapy, 
and from any facet of cure to any facet of care. In other 
words, it is for anyone who has to deal with stroke 
in  clinical practice. It is not a book for armchair 
 theoreticians, who usually have no sense of proportion 
as well as difficulty in seeing the wood from the trees. 
Or, maybe, it is particularly for them so that they can 
be led back into the real world.

The book takes what is known as a problem‐orientated 
approach. The problems posed by stroke patients are dis-
cussed in the sort of order that they are likely to present 
themselves. Is it a stroke? What sort of stroke is it? What 
caused it? What can be done about it? How can the 
patient and carer be supported in the short term and 
long term? How can any recurrence be prevented? How 
can stroke services be better organized? Unlike tradi-
tional textbooks, which linger on dusty shelves, there are 
no ‘‐ology’ chapters. Aetiology, epidemiology, pathology 
and the rest represent just the tools to solve the 

 problems – so they are used when they are needed, and 
not discussed in isolation. For example, to prevent strokes 
one needs to know how frequent they are ( epidemiology), 
what types of stroke there are ( pathology), what causes 
them (aetiology) and what evidence there is to support 
therapeutic intervention ( randomized controlled trials). 
Clinicians mostly operate on a need‐to‐know basis, and 
so when a problem arises they need the information to 
solve it at that moment, from inside their head, from a 
colleague – and we hope from a book like this.

1.1.2 General principles

To solve a problem one obviously needs relevant infor-
mation. Clinicians, and others, should not be making 
decisions based on whim, dogma or the last case, 
although most do, at least some of the time – ourselves 
included. It is better to search out the reliable informa-
tion based on some reasonable criterion for what is 
meant by reliable, get it into a sensible order, review 
it and make a summary that can be used at the bedside. 
If one does not have the time to do this – and who does 
for every problem? – then one has to search out someone 
else’s systematic review. Or find the answer in this book. 
Good clinicians have always done all this intuitively, 
although recently the process has been blessed with 
the  title of ‘evidence‐based medicine’, and now even 
‘ evidence‐based patient‐focused medicine’! In this book 
we have used the evidence‐based approach, at least 
where it is possible to do so. Therefore, where a system-
atic review of a risk factor or a treatment is available we 
have cited it, and not just emphasized single studies done 

1

Introduction

CHAPTER MENU

1.1 Introduction to the first edition, 1
1.2 Introduction to the second edition, 3
1.3 Introduction to the third edition, 4
1.4 Introduction to the fourth edition, 5



1 Introduction2

by us or our friends and with results to suit our preju-
dices. But so often there is no good evidence or even any 
evidence at all available, and certainly no systematic 
reviews. What to do then? Certainly not what most doc-
tors are trained to do: ‘Never be wrong, and if you are, 
never admit it!’ If we do not know something, we will say 
so. But, like other clinicians, we may have to make deci-
sions even when we do not know what to do, and when 
nobody else does either. One cannot always adopt the 
policy of ‘if you don’t know what to do, don’t do it’. 
Throughout the book we will try to indicate where there 
is no evidence, or feeble evidence, and describe what we 
do and will continue to do until better evidence becomes 
available; after all, it is these murky areas of practice that 
need to be flagged up as requiring further research. 
Moreover, in clinical practice, all of us ask respected col-
leagues for advice, not because they may know some-
thing that we do not but because we want to know what 
they would do in a difficult situation.

1.1.3 Methods

We were all taught to look at the ‘methods’ section of a 
scientific paper before anything else. If the methods are 
no good, then there is no point in wasting time and read-
ing further. In passing, we do regard it as most peculiar 
that some medical journals still print the methods sec-
tion in smaller letters than the rest of the paper. Therefore, 
before anyone reads further, perhaps we should describe 
the methods we have adopted.

It is now impossible for any single person to write a 
comprehensive book about stroke that has the feel of 
having been written by someone with hands‐on experi-
ence of the whole subject. The range of problems is far 
too wide. Therefore, the sort of stroke book that we as 
practitioners want – and we hope others do too – has to 
be written by a group of people. Rather than putting 
together a huge multi‐author book, we thought it would 
be better and more informative, for ourselves as well as 
readers, to write a book together that would take a par-
ticular approach (evidence‐based, if you will) and end up 
with a coherent message. After all, we have all worked 
together over many years, our views on stroke are more 
convergent than divergent, and so it should not be too 
terribly difficult to write a book together.

Like many things in medicine, and in life, this book 
started over a few drinks to provide the initial momen-
tum to get going, on the occasion of a stroke conference 
in Geneva in 1993. At that time, we decided that the 
book was to be comprehensive (but not to the extent of 
citing every known reference), that all areas of stroke 
must be covered, and who was going to start writing 
which section. A few months later, the first drafts were 
then commented on in writing and in detail by all the 

authors before we got back together for a general 
 discussion – again over a few drinks, but on this occasion 
at the Stockholm stroke conference in 1994. Momentum 
restored, we went home to improve what we had written, 
and the second draft was sent round to everyone for 
comments in an attempt to improve the clarity, remove 
duplication, fill in gaps and expunge as much remaining 
neurodogma, neurofantasy and neuroastrology as possi-
ble. Our final discussion was held at the Bordeaux stroke 
meeting in 1995, and the drinks that time were more in 
relief and celebration that the end was in sight. Home we 
all went to update the manuscript and make final 
improvements before handing over the whole lot to the 
publisher in January 1996.

This process may well have taken longer than a con-
ventional multi‐author book in which all the sections are 
written in isolation. But it was surely more fun, and 
hopefully the result will provide a uniform and coherent 
view of the subject. It is, we hope, a ‘how to do it’ book, 
or at least a ‘how we do it’ book.

1.1.4 Using the book

This is not a stroke encyclopaedia. Many very much 
more comprehensive books and monographs are availa-
ble now, or soon will be. Nor is this really a book to be 
read from cover to cover. Rather, it is a book that we 
would like to be used on stroke units and in clinics to 
help illuminate stroke management at various different 
stages, both at the level of the individual patient and for 
patients in general. So we would like it to be kept handy 
and referred to when a problem crops up: how should 
swallowing difficulties be identified and managed? 
Should an angiogram be done? Is raised plasma fibrino-
gen a cause of stroke? How many beds should a stroke 
unit have? And so on. If a question is not addressed at all, 
then we would like to know about it so that it can be dealt 
with in the next edition, if there is to be one, which will 
clearly depend on sales, the publisher, and enough con-
genial European stroke conferences to keep us going.

It should be fairly easy to find one’s way around the 
book from the chapter headings and the contents list at 
the beginning of each chapter. If that fails, then the index 
will do instead. We have used a lot of cross‐referencing 
to guide the reader from any starting point and so avoid 
constant reference to the index.

As mentioned earlier, we have tried to be as selective as 
possible with the referencing. On the one hand, we want 
to allow readers access to the relevant literature, but on 
the other hand we do not want the text to be overwhelmed 
by references – particularly by references to unsound 
work. To be selective, we have tried to cite recent 
 evidence‐based systematic reviews and classic papers 
describing important work. Other references can  probably 
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mostly be found by those who want to dig deeper in the 
reference lists of the references we have cited.

Finally, we have liberally scattered what some would call 
practice points and other maxims throughout the book. 
These we are all prepared to sign up to, at least in early 
1996. Of course, as more evidence becomes available, 
some of these practice points will become out of date.

1.1.5 Why a stroke book now?

Stroke has been somewhat of a Cinderella area of medi-
cine, at least with respect to the other two of the three 
most common fatal disorders in the developed 
world – coronary heart disease and cancer. But times are 
gradually changing, particularly in the last decade when 
stroke has been moving up the political agenda, when 
research has been expanding perhaps in the slipstream of 
coronary heart disease research, when treatments to 
prevent, if not treat, stroke have become available and 
when the pharmaceutical industry has taken more 
notice. It seems that there is so much information about 
stroke that many practitioners are beginning to be over-
whelmed. Therefore, now is a good time to try to capture 
all this information, digest it and then write down a prac-
tical approach to stroke management based on the best 
available evidence and research. This is our excuse for 
putting together what we know and what we do not 
know, what we do and why we do it.

1.2  Introduction to the second edition

Whether we enjoyed our annual ‘stroke book’ dinners at 
the European stroke conferences too much to abandon 
them, or whether we thought there really was a lot of 
updating to do, we found ourselves working on this sec-
ond edition four short years after the first. It has cer-
tainly helped to have been so much encouraged by the 
many people who seemed to like the book, and find it 
useful. We have kept to the same format, authors, and 
principles outlined above in the introduction to the first 
edition. The first step was for all of us to read the whole 
book again and collect together any new comments and 
criticisms for each of the other authors. We then rewrote 
our respective sections and circulated them to all the 
other authors for their further comments (and they were 
not shy in giving them). We prepared our final words in 
early 2000.

A huge technical advance since writing the first edition 
has been the widespread availability of e‐mail and the 
use of the Internet. Even more than before, we have gen-
uinely been able to write material together; one author 
does a first draft, sends it as an attachment across 
the world in seconds, the other author appends ideas and 

e‐mails the whole attachment back to the first author, 
copying to other authors for comments perhaps, and so 
on until it is perfect. Of course, we still do not all agree 
about absolutely everything all of the time. After all, we 
want readers to have a feel for the rough and ragged 
growing edge of stroke research, where there is bound to 
be disagreement. If we all knew what to do for stroke 
patients there would be no need for randomized con-
trolled trials to help us do better – an unrealistic scenario 
if ever there was one. So where there is uncertainty, and 
where we disagree, we have tried to make that plain. But, 
on the whole, we are all still prepared to sign up to the 
practice points.

In this second edition, we have been able to correct the 
surprising number of minor typographical errors and 
hope not to have introduced any more, get all the X‐rays 
the right way up, improve on some of the figures, remove 
some duplication, reorder a few sections, put in some 
more subheadings to guide the readers, make the section 
on acute ischaemic stroke more directive, improve the 
index, and generally tidy the whole thing up. It should 
now be easier to keep track of intracranial venous throm-
bosis and, in response to criticism, we have extended the 
section on leukoaraiosis, even though it is not strictly 
either a cause or a consequence of stroke. We have also 
introduced citations to what we have called ‘floating 
references’ – in other words, published work that is con-
stantly being changed and updated as new information 
becomes available. An obvious example is the Cochrane 
Library, which is updated every 3 months and available 
on CD‐ROM and through the Internet. There are no 
page numbers, and the year of publication is always the 
present one. We have therefore cited such ‘floating refer-
ences’ as being in the present year, 2000. But we know 
that this book will not be read much until the year 2001 
and subsequent years, when readers will have to look at 
the contemporary Cochrane Library, not the one pub-
lished in 2000. The same applies to the new British 
Medical Journal series called ‘Clinical Evidence’ which is 
being updated every 6 months, and to any websites that 
may be updated at varying intervals and are still very 
much worth directing readers towards.

Rather to our surprise, there is a lot of new information 
to get across on stroke. Compared with 4 years ago, the 
concept of organized stroke services staffed by experts in 
stroke care has taken root and has allowed the increas-
ingly rapid assessment of patients with ‘brain attacks’. It 
is no longer good enough to sit around waiting 24 h or 
more to see if a patient is going to have a transient ischae-
mic attack or a stroke, and then another 24 h for a com-
puted tomography brain scan to exclude intracerebral 
haemorrhage. These days we have to assess and scan 
stroke patients as soon as they arrive in hospital, perhaps 
give thrombolysis to a few, and enter many more into 
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clinical trials, start aspirin in ischaemic stroke, and get 
the multidisciplinary team involved – and all of this well 
within 24 h of symptom onset. Through the Cochrane 
Library, which was in its infancy when the first edition 
was published, there is now easy, regularly updated 
 electronic access to systematic reviews of most of the 
acute interventions and secondary prevention strategies 
for stroke, although the evidence base for rehabilitation 
techniques is lagging behind. Catheter angiography is 
giving way to non‐invasive imaging. Magnetic resonance 
techniques are racing ahead of the evidence as to how 
they should be used in routine clinical practice. For bet-
ter or worse, coiling cerebral aneurysms is replacing clip-
ping. The pharmaceutical industry is still tenaciously 
hanging on to the hope of ‘neuroprotection’ in acute 
ischaemic stroke, despite numerous disappointments. 
Hyperhomocysteinaemia and infections are the pres-
ently fashionable risk factors for ischaemic stroke, and 
they may or may not stand the test of time. So, in this 
second edition, we have tried to capture all these 
advances – and retreats – and set them in the context of 
an up‐to‐date understanding of the pathophysiology of 
stroke and the best available evidence of how to manage 
it. Of course, it is an impossible task, because something 
new is always just around the corner. But then ‘break-
throughs’ in medicine take time to mature – maybe years 
until the evidence becomes unassailable and is gradually 
accepted by front‐line clinicians. And then we can all sit 
back doing what we believe to be ‘the right thing’ for a 
few more years until the next ‘breakthrough’ changes our 
view of the world yet again.

We hope that the ideas and recommendations in this 
book will be sufficient 99% of the time – at least for the 
next 4 years, when we will have to see about a third 
edition.

1.3  Introduction to the third edition

Six years have gone quickly by since the second edition, 
much has happened in stroke research and practice in 
the meantime, and two of the authors are on the edge of 
retirement – so it is time for this third edition of what we 
fondly refer to as ‘the book’. Maybe because the original 
authors were feeling tired, or increasingly unable to 
cover in depth all we wanted to, or perhaps because we 
wanted to ensure our succession, we have recruited four 
new and younger authors, all of whom have worked 
closely with us over many years, and whose help we 
acknowledged in the earlier editions – Gabriel Rinkel, 
Peter Langhorne, Cathie Sudlow and Peter Rothwell. 
But, even with their help, the rewriting has had to 
 compete with all the far less interesting things which we 
have to do these days to satisfy managers, regulatory 

authorities and others keen to track and measure our 
every move. And maybe there is less imperative to write 
books like this which are out of date in at least some ways 
even before they are published. But then searching the 
Internet for ‘stroke’ does not come up with a coherent 
account of the whole subject of managing stroke patients 
using the best available evidence, which is what this book 
is all about. So, with the help and encouragement of 
Blackwell Publishing, here is the third edition of ‘the 
book’ at last.

We have written the book as before with most of the 
authors commenting on most of the chapters before all 
the chapters were finally written in the form you can read 
them in now. Again, you will have to guess who wrote 
what because we can all lay claim to most of the book in 
some sense or another. There has been a slight change in 
the arrangement of the chapters, but loyal readers of the 
earlier editions will not find this too upsetting – they will 
still find what they want in more or less its familiar place, 
and as ever we hope the index has been improved. 
The practice points we all sign up to and our day‐to‐day 
practice should reflect them. The uncertainties we all 
share – they will be gradually resolved as more research 
is done, and more uncertainties will then be revealed. 
The biggest change in this edition is succumbing to the 
space saving offered by a numbered reference system, 
and a change in the colour scheme from a pastel green to 
various shades of purple.

As with the second edition, much has changed 
and  there has been more updating than we originally 
anticipated – what we know about stroke has moved on. 
Neuroprotection is even less likely to be an effective 
treatment for ischaemic stroke than it was in the 1990s, 
we still argue about thrombolysis, clopidogrel cannot 
very often be recommended, carotid stenting has still to 
prove its worth, routine evacuation of intracerebral 
haemorrhage is definitely not a good idea, and hormone 
replacement therapy far from protecting against vascular 
disease actually seems to increase the risk. But on the 
positive side, much has improved in brain and vessel 
imaging, it is now clear how much blood pressure lower-
ing has to offer in secondary stroke prevention, and cho-
lesterol lowering too. Carotid surgery can now be 
targeted on the few who really need it, not recommended 
for the greater number who may or may not need it. 
Coiling has more or less replaced clipping of intracranial 
aneurysms, an astonishing change in practice brought 
about by a large trial energetically led by an interven-
tional neuroradiologist and neurosurgeon. And it is not 
just acute stroke that needs urgent attention nowadays, 
transient ischaemic attacks must be assessed and 
 managed very quickly to minimize the early high risk of 
stroke. Stroke services continue to improve all over the 
world, stroke has moved up the political agenda as we 
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have managed to wrench it out of the rubric of ‘cardio-
vascular’ disease which always emphasized the cardiac 
rather than the cerebral, and more and more people are 
involved in stroke research, which is now a much more 
crowded and competitive field than it was when some of 
us started in the 1970s.

Will there be a fourth edition? We don’t know; this 
will be in the hands of the remaining authors as Charles 
Warlow and Jan van Gijn dwindle into retirement of a 
sort, or at least a life that will not require the relentless 
battle to keep up with all the stroke literature, critique 
it, absorb anything that is worthwhile, and then put it 
into the context of active clinical practice. No one can 
write well about stroke unless they can connect research 
with their own active clinical practice – we are not, we 
hope, armchair theoreticians; we try to practise what 
we preach.

1.4  Introduction to the fourth edition

This edition of Warlow’s Stroke sees a “changing of the 
guard” with a fresh complement of authors. The first two 
editions, published in 1996 and 2001, were written by 
Charles Warlow, Martin Dennis, Jan van Gijn, Graeme 

Hankey, Peter Sandercock, John Bamford, and Joanna 
Wardlaw. The third edition, published in 2007, was boosted 
by the addition of Gabriel Rinkel, Peter Langhorne, Cathie 
Sudlow, and Peter Rothwell to the writing team. All three 
editions were the product of collaborative training and 
research in evidence‐based stroke medicine in Oxford, 
Edinburgh, and Utrecht, inspired and led by Charles and 
Jan. Since the third edition, Charles and Jan have retired 
from stroke medicine and the collaborative group has 
retired from writing stroke books.

Meanwhile, loyal readers and the publisher of the first 
three editions have requested that the legacy of “Warlow’s 
Stroke” book continue. Hence, a team of international 
stroke experts from around the world has assembled to 
update the original chapters and add additional chapters 
dedicated to cognition and rehabilitation. We thank our 
coauthors and trust that the transition from the third to 
the fourth edition is seamless and satisfactory.

Graeme Hankey
Malcolm Macleod

Philip Gorelick
Christopher Chen

Fan Caprio
Heinrich Mattle
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“Our knowledge of disorders of the cerebral circulation 
and its manifestations is deficient in all aspects” was the 
opening sentence of the chapter on cerebrovascular dis-
eases in Oppenheim’s textbook of neurology at the begin-
ning of the twentieth century [1]. More than 100 years 
later this still holds true, despite the considerable 
advances that have been made. In fact, the main reason 
for Oppenheim’s lament, the limitations of pathological 
anatomy, is to some extent still valid. True, our methods 
of observation nowadays are no longer confined to the 
dead, as they were then. They have been greatly expanded, 
first by angiography, then by brain imaging and measure-
ment of cerebral blood flow and metabolism, and most 
recently by noninvasive methods of vascular imaging 
such as ultrasound and magnetic resonance angiogra-
phy. Yet, our observations are still mostly anatomical, 
and after the event. It is only in rare instances that are we 
able to reconstruct the dynamics of a stroke. At least in 
hemorrhagic stroke, brain computerized tomography 
(CT) or magnetic resonance imaging (MRI) in the acute 
phase gives an approximate indication of where a blood 
vessel has ruptured (though not why exactly there and 
then) and how far the extravasated blood has invaded the 
brain parenchyma or the subarachnoid space. With 

ischemic stroke, the growth of our understanding 
has  been slower. The ubiquity of the term “cerebral 
thrombosis” up to the 1970s exemplifies how deficient 
our understanding was even at that time [2]. Embolic 
occlusion, now known to result more often from arterial 
lesions than from the heart, can be detected in an early 
phase by noninvasive angiographic techniques or 
inferred by means of perfusion imaging, but so often the 
source of the clot is still elusive. Also we have learned to 
distinguish many causes of cerebral infarction other than 
atherothrombosis, such as arterial dissection, mitochon-
drial cytopathies, and moya‐moya syndrome, but the 
precise pathogenesis of these conditions is still poorly 
understood.

So it is with humility, rather than in triumph, that we 
look back on the past. In each era the problems of stroke 
have been approached by the best minds, with the best 
tools available at the time. Of course many ideas in the 
past were wrong, and so presumably are many of our 
own. Even though we are firm believers in evidence‐
based medicine, some – perhaps many or even most – of 
our own notions will not survive the test of time. Our 
knowledge may have vastly increased in the recent past 
but it is still a mere island in an ocean of ignorance.
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2.1  Ideas change slowly

The history of medicine, like that of kings and queens in 
world history, is usually described by a string of dates and 
names, by which we leapfrog from one discovery to 
another. The interval between such identifiable advances 
is measured in centuries when we describe the art of 
medicine at the beginning of civilization, but in mere 
years where our present times are chronicled. This leads 
to the impression that we are witnessing a dazzling explo-
sion of knowledge. Yet some qualification of this view is 
needed. First of all, any generation of mankind takes a 
myopic view of history in that the importance of recent 
developments is overestimated. The Swedish Academy 
of Sciences therefore often waits for years, sometimes 
even decades, before awarding Nobel prizes, until scien-
tific discoveries have withstood the test of time. When 
exceptions were made for the prize in medicine, the early 
accolades were not always borne out: Wagner‐Jauregg’s 
malaria treatment for neurosyphilis (1927) is no longer 
regarded as a landmark, while Moniz’s prize (1949) for 
prefrontal leucotomy no longer seems justified; but at 
least he also introduced contrast angiography of the 
brain, though this procedure is now performed increas-
ingly less often for diagnostic purposes. We can only 
hope that the introduction of X‐ray CT by Hounsfield 
(Nobel prize for medicine in 1979) will be judged equally 
momentous by future generations as by ourselves.

Another important caveat if one looks back on pro-
gress in medicine is that most discoveries gain ground 
only slowly. William Harvey’s theory of the circulation 
of the blood, published in 1628 [3], was the subject of 
acrimonious debate throughout the rest of the seven-
teenth century. Even if new insights were quickly 
accepted by peer scientists, it could still be decades 
before these had trickled down to the rank and file of 
medical practitioners. The mention of a certain date for 
a discovery may create the false impression that this 
change in medical thinking occurred almost overnight, 
like the introduction of a single European currency. In 
most instances, this was far from the truth. An apt 
example is the extremely slow rate at which the concept 
of lacunar infarction became accepted by the medical 
community, despite its potentially profound implica-
tions in terms of pathophysiology, treatment, and prog-
nosis. The first pathological descriptions date from 
around 1840 [4, 5], but it took the clinicopathological 
correlations of C. Miller Fisher (see Figure 2.10) in the 
1960s before the neurological community and its text-
books started to take any notice [6–8]. And it was not 
until new techniques for brain imaging in the 1980s 
provided instantaneous clinicoanatomical correlations 
that no practicing neurologist could avoid knowing 
about lacunar infarcts – some 150 years after the first 

description! It is best to become reconciled to the idea 
that a slow rate of diffusion of new knowledge is una-
voidable. The problem is one of all times. Franciscus 
Biumi, one of the early pathologists, lamented in 1765: 
“Sed difficile est adultis novas opiniones inserere, evel-
lere insitas” [But it is  difficult to insert new opinions in 
adults and to remove rooted ones] [9]. How slowly new 
ideas were accepted and acted upon, against the back-
ground of contemporary knowledge, can often be 
inferred from textbooks, particularly if written by full‐
time clinicians rather than by research‐minded neurol-
ogists. Therefore we shall occasionally quote old 
textbooks to illustrate the development of physicians’ 
theories about stroke.

A reverse problem is that a new discovery or even a 
new fashion may be interpreted beyond its proper limits 
and linger on as a distorted idea for decades. Take the 
discovery of vitamin B1 deficiency as the cause of a tropi-
cal polyneuropathy almost a century ago; the notion that 
a neurological condition, considered untreatable almost 
by definition, could be cured by a simple nutritional sup-
plement made such an impact on the medical commu-
nity that even in some industrialized countries vitamin 
B1 is still widely used as a panacea for almost any neuro-
logical symptom.

So broadly speaking there are two kinds of medical 
 history, that of the cutting edge of research and that of 
the medical profession as a whole. The landmarks are 
easy to identify only with the hindsight of present 
 knowledge. In  reality, new ideas often only gradually 
dawned on new generations of medical scientists, instead 
of the popular notion of a blinding flash of inspiration 
occurring in a single individual. For this reason, accounts 
of the history of stroke are not always identical [10, 11]. 
Also many important primary sources are not easy to 
interpret – not only because they were written in Latin 
but also because “new observations” have sometimes 
been identified only by later historians, in retrospect, 
while the authors at the time attached no importance to 
them [12].

2.2  The anatomy of the brain 
and its blood supply

Even before the time of Hippocrates (460–370 bce), 
Greek physicians credited the brain with intelligence 
and thought, though another Greek school of medicine 
attributed mental faculties to the heart. In the first 
 century ce Aretaeus of Cappadocia observed that 
brain  lesions affected movements of the opposite side 
of  the body [13]; unilateral convulsions after head 
wounds on the contralateral side led others to the same 
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conclusion [14]. Yet, stroke, or “apoplexy” (Greek for 
“being struck down”), was defined as a general, rather 
than focal, disorder of the brain: sudden cessation of 
motion and sensation, while breathing and the pulse 
beat were preserved. Its pathogenesis was explained 
according to the humoral theory, which assumed a deli-
cate balance between the four humors: blood, phlegm, 
black bile, and yellow bile. Anatomy played almost no 
part in these explanations. Apoplexy was therefore 
often attributed to accumulation of phlegm or black 
bile in the blood vessels of the brain, obstructing the 
passage of spirits; these spirits (pneuma in Greek) rep-
resented an ethereal form of energy carried by blood, 
produced in crude form by the liver (natural spirits) 
and subsequently refined by the heart (vital spirits) 
and even more by the – imaginary – network of blood 
vessels at the base of the brain (mental spirits) [15]. 
Galenus of Pergamon (131–201), a prolific writer and 
animal experimenter whose views dominated medicine 
up to the seventeenth century [16], distinguished 
“karos” from “apoplexy,” in that respiration was unaf-
fected in the former condition [17]. Leading Islamic 
physicians like Avicenna (980–1037) tried to reconcile 
Galenic tenets with the Aristotelian view of the heart as 
the seat of the mind [18]. In Western Europe, mostly 
deprived of Greek learning until the fall of 
Constantinople in 1453 prompted a revival of ancient 
Greek culture, these Arabic texts were translated into 
Latin before those of Galen and Hippocrates [19]. All 
these theories had no anatomical counterpart; dissec-
tion of the human body was precluded by its divine 
connotations. Any illustrations of the human brain that 
are known before the sixteenth century are crude and 
schematic representations of Galenic theories, rather 
than attempts at copying the forms of nature. As a con-
sequence, many non‐neurological disease conditions 
with sudden onset must have been misclassified as 
“apoplexy.”

In 1543 Andries van Wesele (1514–1564), the great 
Renaissance anatomist who Latinized his name to 
Andreas Vesalius, produced the first accurate drawings 
of the brain in his famous book De humani corporis fab-
rica libri septem, with the help of the draughtsman Johan 
Stephaan van Calcar and the printer Oporinus in Basle 
[20]. It was the same year in which Copernicus published 
De revolutionibus, proclaiming the sun and not the earth 
as the center of the universe [21]. Vesalius largely ignored 
the blood vessels of the brain, although he retracted an 
earlier drawing (Figure  2.1) depicting the network of 
blood vessels at the base of the brain (rete mirabile) that 
Galen had found in pigs and oxen and that had been 
extrapolated to the human brain ever since [22, 23]. 
Before him, Berengario da Carpi had also denied the 
existence of the rete [24]. Vesalius was vehemently 

attacked by traditionally minded contemporaries as an 
iconoclast of Galenic dogmas. Initially he did not go as 
far as attacking Galen’s central physiological tenet that 
blood could pass through the septum between the right 
and left ventricle of the heart, allowing the mixture of 
blood and air and the elimination of “soot.” Instead, he 
praised the creator for having made the openings so 
small that nobody could detect them, another famous 
example of how the power of theory may mislead even 
the most inquisitive minds. Only later, in the 1555 edi-
tion of his De humani corporis fabrica, did he firmly state 
that the interventricular septum was tightly closed. The 
decisive blow to the humoral theory came in 1628, 
through the description of the circulation by William 
Harvey (1578–1657) [3]; his theory formed the founda-
tion for the recognition of the role of blood vessels in the 
pathogenesis of stroke.

Thomas Willis (1641–1675) is remembered not so 
much for having coined the term “neurology,” or for his 
iatrochemical theories, a modernized version of humoral 
medicine, or for his part in the successful resuscitation of 
Ann Green after judicial hanging [25], as he is for his 
work on the anatomy of the brain, first published in 1664 
[26], especially for his description of the vascular inter-
connections at the base of the brain (Figure  2.2) [27]. 
Before him, Fallopius, Casserio, Vesling, and Wepfer had 
all observed at least part of the circle [28–31], in the case 
of Casserio and Vesling even with an illustration [32]. 
But undisputedly, it was Willis who grasped the func-
tional implications of these anastomoses in a passage 
illustrating his proficiency in performing necropsies as 
well as postmortem experiments (from a posthumous 
translation) [33]:

We have elsewhere shewed, that the Cephalick 
Arteries, viz. the Carotides, and the Vertebrals, do 
so communicate with one another, and all of them 
in different places, are so ingraffed one in another 
mutually, that if it happen, that many of them 
should be stopped or pressed together at once, yet 
the blood being admitted to the Head, by the pas-
sage of one Artery only, either the Carotid or the 
Vertebral, it would presently pass thorow all those 
parts exterior and interior: which indeed we have 
sufficiently proved by an experiment, for that Ink 
being squirted in the trunk of one Vessel, quickly 
filled all the sanguiferous passages, and every 
where stained the Brain it self. I once opened the 
dead Carcase of one wasted away, in which the 
right Arteries, both the Carotid and the Vertebral, 
within the Skull, were become bony and impervi-
ous, and did shut forth the blood from that side, 
notwithstanding the sick person was not troubled 
with the astonishing Disease.
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It seems that the idea of infusing colored liquids into 
blood vessels, practiced from 1659 onwards and later per-
fected by Frederik Ruysch (1638–1731) and in the next 
century by John Hunter (1728–1793) [34, 35], had come 

from Christopher Wren (1632–1723) [25]. Wren also made 
the etchings for Willis’s book (he is now mainly remem-
bered as the architect of St. Paul’s cathedral and many other 
churches built after the great fire of London in 1666).

Figure 2.1 Plate depicting the blood vessels, from Vesalius’s Tabulae anatomicae sex, of 1538 [22]. This shows the carotid arteries ending 
up in a network “B” at the base of the brain; the structures marked “A” represent the choroid plexus in the lateral ventricles. The network 
of blood vessels (rete mirabile) is found in oxen; Galen had assumed it was found also in the human brain, a belief perpetuated throughout 
the Dark and Middle Ages, up to the early Renaissance. Leonardo da Vinci had also drawn a (human?) brain with a “rete mirabile” at its 
base [231]. Vesalius retracted the existence of a network in his atlas of 1543.
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2.3  What happens in “apoplexy”?

Willis’s “astonishing Disease,” apoplexy, had traditionally 
been attributed to some ill‐defined obstruction, of the 
pathways for “mental spirits” in the cerebral ventricles 
according the tradition of ancient Greek medicine, or, 
after Harvey’s time, of blood flow. Yet, it should be 
remembered that the notion of an intrinsic “nervous 
energy” only slowly lost ground. Even the great eight-
eenth‐century physician Boerhaave, though clearly rec-
ognizing the role of blood vessels and the heart in the 
development of apoplexy, invoked obstruction of the 
cerebrospinal fluid [36]. That Willis had found “bony” 
and “impervious” arteries in patients who had died from 
causes other than a brain lesion was probably the reason 
that he was not outspoken on the pathogenesis of apo-
plexy. His contemporaries, Wepfer (1620–1695) in 
Schaffhausen, and Bayle (1622–1709) in Toulouse, only 
tentatively associated apoplexy with “corpora fibrosa” 
[31], or with calcification of cerebral arteries [37].

Johann Jakob Wepfer (Figure 2.3) not only recognized 
arterial lesions, but he also prompted one of the great 
advances in the knowledge about stroke by distinguishing 
between, on the one hand, arterial obstruction preventing 

the influx of blood and, on the other, extravasation of 
blood into the substance of the brain or the ventricular 
cavities. His interpretation was, however, that blockage 
of  arteries as well as extravasation of blood impeded 
the  transmission of “mental spirits” to the brain [12]. 
Accordingly, he regarded apoplexy as a process of global 
stunning of the brain, while the focal nature of the disease 
largely escaped him. The four cases of hemorrhage 
Wepfer described were massive, at the base of the brain or 
deep in the parenchyma. In cases with obvious hemiple-
gia, incidentally a term dating back to the Byzantine phy-
sician Paulus Aegineta (625–690) [38], Wepfer’s advocacy 
of postmortem studies, against public opposition but 
with the support of the officials in Schaffhausen, must 
have been inspired by his stay in Padua, from 1644 to 
1647 [39]. This liberal university town, protected against 
conservative influences by the powerful and cosmopoli-
tan republic of Venice [40], can be regarded as the center 
of the renaissance in medicine; there he was taught 
about  the circulation of blood, the controversial theory 
proposed in 1628 by William Harvey (who had studied 
in  Padua almost 50 years before). Later in his career 
Wepfer also observed patients who had recovered from 

Figure 2.2 Illustration of the base of the brain from Willis’s 
Cerebri anatome (1664) [26], showing the interconnections 
between the right and left carotid systems, and also between 
these two and the posterior circulation. Drawing by 
Christopher Wren.

Figure 2.3 Johann Jakob Wepfer (1620–1695).
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 apoplectic attacks, and noted that those most liable to 
apoplexy were “the obese, those whose face and hands are 
livid, and those whose pulse is constantly unequal.” When 
Wepfer died in 1695, presumably from heart failure, he 
had arranged that an autopsy should be performed; this 
showed extensive atheroma of the aorta and large arteries 
(Figure 2.4) [41].

That the paralysis in apoplexy was on the opposite side 
of the brain lesion was clearly explained by Domenico 
Mistichelli (1675–1715) from Pisa, by his observation of 
the decussation of the pyramids (Figure 2.5) [42]. A land-
mark in the recognition of the anatomical substrate 
of  stroke – and of many other diseases – was the work 
of Giovanni Batista Morgagni (1682–1771), professor of 
medicine and subsequently of pathological anatomy in 
Padua. In 1761 Morgagni published an impressive series 
of clinicopathological observations collected over a life-
time (he was 79 at the time of publication), in which 
he  firmly put an end to the era of systemic (humoral) 
theories of disease by an organ‐based approach, though 

he did not include even a single illustration; characteristi-
cally, the title of the book was “De sedibus et causis 
 morborum …” [About the sites and causes of disease] 
[43]. Morgagni firmly divided apoplexy into “sanguineous 
apoplexy” and “serous apoplexy” (and a third form which 
was neither serous nor sanguineous). A decade later, 
Portal (1742–1832) rightly emphasized that it was impos-
sible to distinguish between these two forms during life 
[44]. However, it would be a mistake to assume that 
“serous” (nonhemorrhagic) apoplexy was recognized at 
that time as being the result of impaired blood flow, 
let  alone of mechanical obstruction of blood vessels. 
Matthew Baillie even linked the arterial hardening with 
brain hemorrhages and not with the serous apoplexies; 
in his book he also provided one of the first etchings to 
illustrate intracerebral hemorrhage (Figure  2.6) [45]. 
Although we quoted seventeenth‐century scientists such 
as Bayle  and Wepfer in that they associated some 

Figure 2.4 Atheromatous lesions in the aorta and large arteries 
of Johann Jakob Wepfer (deceased in 1695). The postmortem 
study was performed in keeping with Wepfer’s previous wishes. 
The etching was included in a collection of his observations on 
diseases of the head, published posthumously [41]. Figure 2.5 Illustration from Mistichelli’s book on apoplexy (1709) 

in which he shows the decussation of the pyramids and also the 
outward rotation of the leg on the paralyzed side [42].
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 nonhemorrhagic cases of apoplexy with obstruction of 
blood flow, in the eighteenth century medical opinion 
often veered toward “vascular congestion,” a kind of pre‐
hemorrhagic state, associated with a presumed excess of 
cerebrospinal fluid. That explanation was propounded 
not only by Morgagni [43], but also by many of his con-
temporaries and followers [44, 46, 47]. John Cheyne 
(1777–1836) pointed out that autopsy in patients who 
had survived a “stroke of apoplexy” for a considerable 
time might show a cavity filled with rusty serum that 
stained the adjacent brain tissue, but he may have been 
describing a residual lesion after cerebral hemorrhage 
rather than infarction [48].

The anatomical, organ‐based approach exemplified by 
Morgagni reflected the Italian practice, in which the sep-
aration between physicians and surgeons was much less 
strict than in northern Europe with its more theoretical 
framework of medicine. The protagonists of the 
European school of thinking were Herman Boerhaave 
(1668–1738) in Leiden and later William Cullen (1710–
1790) in Edinburgh, the most influential clinical teachers 
of their time. They established a nosological classifica-
tion that was based much more on holistic theory, in 
terms of a disturbed system, than on actual observations 
at the level of the organ, at least with twentieth‐century 
hindsight [49]. Probably our own time will be branded as 
the era of exaggerated reductionism! In the intellectual 
tradition of the Dutch‐Scottish school, purely clinical 
classifications of apoplexy were proposed in the 
early  nineteenth century by Serres (with and without 
 paralysis) [50], by Abercrombie (primary apoplexy, 
with  deprivation of sense and motion, and sometimes 
with convulsions, a second type beginning with  headache, 
and a third type with loss of power on one side of the 

body and of speech, often with recovery) [51], and by 
Hope and Bennett (transient apoplexy, primary apoplexy 
with death or slow recovery, ingravescent apoplexy with 
partial recovery and relapse, and paraplexic apoplexy 
with paralysis) [52].

There are several reasons why the brain lesion in what 
we now call cerebral infarction was not identified until 
well into the nineteenth century. First, it was impossible 
to recognize ischemic softening in patients who had usu-
ally died not long after their stroke. Fixation methods 
were not available until the end of the eighteenth cen-
tury; Vicq d’Azyr, Marie Antoinette’s physician, was the 
first to use alcohol as a tissue fixative [53], while formal-
dehyde fixation was not employed until a century later 
[54, 55]. Second, it is probable that many patients diag-
nosed as having died from apoplexy in fact had suffered 
from other conditions. If in our time the diagnosis is 
wrong in 20–30% of patients referred with a presumed 
stroke [56–58], the diagnostic accuracy was presumably 
no better in centuries past.

2.4  Cerebral infarction (ischemic stroke)

After Morgagni’s seminal book the organ‐based 
approach to medicine quickly spread from Italy to other 
countries. In France, the first proponents were surgeons. 
After the French Revolution the strict distinction 
between medicine and surgery disappeared, driven by 
the reorganization of hospital care (no longer managed 
by the church but by the state) and by the need to train a 
large number of new doctors, for military as well as 
civilian duties (“peu lire, beaucoup voir, beaucoup faire”) 
[59, 60]. It was Léon Rostan (1790–1866; Figure 2.7), a 
physician at the Salpêtrière in Paris, who clearly recog-
nized softening of the brain as a nosological entity in 
its  own right, distinct from hemorrhage, although the 
pathogenesis still escaped him. His monograph, the first 
edition of which appeared in 1820 [61], did not have 
illustrations. The lesions he described were most com-
monly found in the corpus striatum, thalamus, or cen-
trum semiovale, but they also occurred in the cerebral 
cortex, brainstem, and cerebellum. Old cases showed a 
yellowish‐green discoloration, whereas if the patients 
had died soon after the event the color of the lesion was 
chestnut or reddish. The softening might be so extreme 
as to lead to the formation of a cyst. In other patients it 
was difficult to detect any change in firmness or in color. 
Rostan distinguished softening of the brain from 
“ apoplexy,” a term he no longer used for stroke in gen-
eral, but which he regarded as being synonymous with 
hemorrhagic stroke. He supposed that softening of the 
brain was more common than brain hemorrhage, 

Figure 2.6 “In apoplexy an extravasation of blood takes place.” 
From Matthew Baillie’s “Series of Engravings,” 1803 [232]. Etching 
by William Clift.
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although some hemorrhages were secondary to soften-
ing. He thought a distinction from hemorrhage could be 
made also on clinical grounds, first by the occurrence of 
premonitory, “fugitive” symptoms such as limb weak-
ness and disturbances of speech, vision or hearing, and 
second by a gradual development of hemiplegia and 
sometimes coma.

Although Rostan recognized “ossification” of the cere-
bral arteries, he only tentatively associated these lesions 
with cerebral softening via obstruction of the arterial 
system. At any rate he doubted the prevailing opinion 
that the primary lesion was some kind of inflammatory 
response. After all, there was redness and swelling (rubor, 
tumor), if not warmth and pain (calor, dolor), to com-
plete the cardinal signs of inflammation delineated by 
Celsus in the first century ce. Rostan’s contemporary 
Lallemand (1790–1853) was much more outspoken and 
had little doubt that inflammation was at the root of 
 cerebral softening [62]. Readers trained in the twenty‐
first century may find this difficult to understand but 
they should be aware that “inflammation” was a rather 

common explanation for a variety of diseases, from the 
middle of the eighteenth century until some hundred 
years later [49]. Just as in our time some poorly under-
stood medical conditions are often interpreted in terms 
of autoimmune disease, perhaps erroneously, inflamma-
tion seemed for a long time the most logical “paradigm” 
to fall back on to explain liquefaction of brain tissue [63].

Another inkling of a relationship between arterial 
 disease and “ramollissement,” as many English writers 
continued to call brain softening in deference to Rostan, 
was voiced by Abercrombie, in a later edition of his text-
book [64]. He drew an analogy with gangrene, caused by 
“ failure of circulation,” this in turn being secondary to 
“ossification of arteries.” A role of arterial obstruction as 
a primary cause of softening of the brain was also sug-
gested by others [65, 66], but the theory of inflammation 
continued to be defended by a few adherents [67, 68]. 
Meanwhile new techniques for printing illustrations 
such as aquatint and lithography allowed a new genera-
tion of pathological anatomists around the 1830s to 
 produce lavishly illustrated atlases, such as those of 
Robert Hooper (1773–1835), Richard Bright (1789–
1858; Figure 2.8), Robert Carswell (1793–1857), and Jean 
Cruveilhier (1791–1874) 65–67]. Some authors on cere-
bral softening were aware that apoplexy could be caused 
by “cerebral anemia” (as opposed to congestion), not only 
through loss of blood but also by a reduced vascular 
pressure, particularly in the case of heart disease [47].

A baffling problem in understanding cerebral soften-
ing was that the color of the lesions ranged from off‐
white to red. Rokitansky (1804–1878) in Vienna divided 
cerebral encephalomalacia (as he called it) into three 
varieties: red (hemorrhagic) softening, inflammatory in 
nature; white softening (synonymous with “serous apo-
plexy”) caused by congestion and edema; and, the most 
common variety, yellow softening, of which the patho-
genesis was unknown [69]. Virchow (1821–1902) in 
Berlin (Figure  2.9) revolutionized medical thinking 
about vascular disease by firmly putting the emphasis on 
changes in the vessel wall rather than in blood; Schiller 
called it the final victory of “solidism” over “humoralism” 
[10]. Virchow also firmly established that thrombosis of 
arteries was caused not by inflammation but by fatty 
metamorphosis of the vessel wall, while having to found 
his own journal before his papers could be published 
[70, 71]. To describe these changes in the arterial wall 
Virchow revived the term “arteriosclerosis,” first used by 
Lobstein [72]. Virchow’s disciple Julius Cohnheim 
coined the culinary term “infarction” (from the Latin 
verb infarcire, “to stuff into”) for the medical vocabulary, 
but strictly reserved it for hemorrhagic necrosis 
(“ stuffing,” by seeping of blood into ischemic tissue, 
through damaged walls of capillaries), as opposed to 
ischemic necrosis [73].

Figure 2.7 Léon Rostan (1790–1866).
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2.5  Thrombosis and embolism

Virchow observed thrombosis as the result of atheroscle-
rosis, and also embolism, in patients with gangrene of 
the lower limbs caused by clots from the heart. The term 
“embolism” was newly coined by him, at least in medical 
parlance. He extrapolated these events to the cause of 
cerebral softening:

Here there is either no essential change in the 
 vessel wall and its surroundings, or this is ostensi-
bly secondary. I feel perfectly justified in claiming 
that these clots never originated in the local circu-
lation but that they are torn off at a distance and 
carried along in the blood stream as far as they 
can go [70].

The relationship between vegetations on the heart 
valves and stroke had in fact been suggested a century 
earlier by Boerhaave’s pupil Gerard van Swieten (1700–
1772), personal physician to the Austrian Empress 
Maria Theresa and founder of the Viennese school of 
medicine [74]:

It has been established by many observations that 
these polyps occasionally attach themselves as 
excrescences to the columnae carneae of the heart, 
and perhaps then separate from it and are pro-
pelled, along with the blood, into the pulmonary 
artery or the aorta, and its branches … were they 
thrown into the carotid or vertebral arteries, could 
disturb – or if they completely blocked all approach 
of arterial blood to the brain – utterly abolish the 
functions of the brain.

For more than a century after Virchow’s accurate path-
ological descriptions of arterial occlusions, the term 
“cerebral embolism” remained almost synonymous with 
embolism from the heart (parenthetically, it still is, in 
many contemporary textbooks and papers – another 
illustration of the slow rate at which ideas change). 
Sources of embolism in the extracranial arteries were 
hardly considered until the 1960s, at least in teaching. By 
the same token, the term “cerebral thrombosis” remained 

Figure 2.9 Rudolph Virchow (1821–1902), seated, teaching at a 
postmortem in the Charité Hospital in Berlin.

Figure 2.8 “Softening of the brain.” From Richard Bright’s 
“Reports of Medical Cases (1827–1831)” [65]. Aquatint, drawn 
by Frederick Richard Say, engraved by William Say. Bright wrote: 
“The flatness of the convolutions and their breadth in the left 
hemisphere, when compared to the right, is very remarkable, 
and this was owing to the softened condition of the brain on 
that side. The fine membranes covering the brain exhibited, on 
the left hemisphere, the most extraordinary specimen of 
minute vascularity, which, with a very slight discoloration from 
blood which seemed to have exuded from the vessels, 
produced the strong red color here represented.” The patient 
was a 28‐year‐old man with left‐sided weakness; the mode 
of onset was not quite clear. (Also reproduced in color in the 
plate section.)
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firmly entrenched in clinical thinking as being more or 
less synonymous with cerebral infarction without associ-
ated heart disease, the implication being that in these 
cases the site of the atheromatous occlusion was in the 
intracranial vessels. For example, this is what the sixth 
edition of Brain’s Diseases of the Nervous System says on 
the subject in 1968 [2]:

Progressive occlusion of cerebral blood vessels 
impairs the circulation in the regions they supply. 
The effects of this depend upon the size and situa-
tion of the vessel, and the rate of onset of the 
occlusion particularly in relation to the collateral 
circulation. Actual obstruction of an artery by 
 atheroma, with or without subsequent thrombo-
sis, causes softening of the region of the brain 
 supplied by the vessel.

That the notion of “local thrombosis” persisted for 
such a long time must have been because of its appeal-
ing simplicity, not by lack of observations to the con-
trary. As long ago as 1905, Hans Chiari (1851–1916) 
drew attention to the frequency of atherosclerosis in 
the region of the carotid bifurcation and suggested that 
embolization of atheromatous material might be a 
cause of cerebral softening [75], and not much later 
Hunt described the relationship between carotid occlu-
sion and stroke [76]. That extracranial atherosclerosis 
was eventually accepted as the dominant cause of cer-
ebral ischemia was prompted by two further develop-
ments. The first was the attention generated by the 
studies of C. Miller Fisher (1913–2012; Figure 2.10), in 
which he re‐emphasized the role of atherosclerosis at 
the carotid bifurcation, at least in white patients [77]. 
He clinically correlated these lesions not only with 
contralateral hemiplegia but also with attacks of 
monocular blindness in the ipsilateral eye (see later) 
[78]. The second development was imaging. Cerebral 
angiography by direct puncture of the carotid artery 
had been introduced by Moniz in 1927 [79, 80], but 
imaging of the carotid bifurcation in patients with 
stroke was not commonly performed until the advent 
of catheter angiography [81], and later of ultrasound 
techniques. Now it is by means of CT or MR angiogra-
phy that abnormalities of the internal carotid artery 
near its origin are demonstrated, at least in patients 
with transient or permanent deficits in the territory of 
the main trunk of the middle cerebral artery or one of 
its branches. The earlier patients are investigated, the 
greater the chance of detecting the site where the 
embolus has become impacted in the cerebral arterial 
tree. The therapeutic implications of identifying lesions 
in the carotid artery in symptomatic patients became 
clear through the two large randomized controlled 

 trials of carotid endarterectomy in the 1980s and 1990s, 
which showed overall benefit from the operation for 
severe degrees of stenosis [82].

In 10–25% of patients with temporary or permanent 
occlusion of large intracranial vessels no source of embo-
lism can be found in the neck or in the heart [83, 84]. 
Pathological observations suggesting that the aorta may 
harbor atherosclerotic lesions [85] have been confirmed 
in a large autopsy series and by transesophageal echocar-
diography during life [86, 87]. Of course, there is more to 
ischemic stroke than embolism from large vessels, but 
the history of small vessel disease and non‐atheromatous 
causes of ischemia is fairly recent.

Before concluding the sections on cerebral infarction, 
thrombosis, and embolism, we would like briefly to draw 
attention to the term “cerebrovascular accident,” which 
enjoyed some undeserved popularity in the middle half 
of the last century. The problem was that sometimes the 
term was used as a synonym for cerebral infarction, at 
other times to denote stroke in general. In this day and 

Figure 2.10 C. Miller Fisher (1913–2012).
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age the term is a highly specific sign of woolly thinking. 
We can do no better than quote Schiller [10]:

That rather blurry and pompous piece of nomen-
clature must have issued from the well‐meant ten-
dency to soften the blow to patients and their 
relatives, also from a desire to replace “stroke,” a 
pithy term that may sound unscientific and lack-
ing gentility. “Cerebrovascular accident (CVA)” 
can be traced to the early 1930s – between 1932, to 
be exact, when it was still absent from the 15th 
edition of Dorland’s Medical Dictionary, and the 
following edition of 1936 where it first appeared.

The occasional medical student or junior doctor who 
still takes recourse to the term “CVA” in an attempt to 
cover up ignorance about the precise type of cerebrovas-
cular event in a given patient (while avoiding to share the 
term “stroke” with the laity) should either find out or 
come clean about not knowing.

2.6  Transient ischemic attacks

It is difficult to trace the first descriptions of what we now 
call TIAs of the brain or eye, because symptoms repre-
senting focal deficits were not clearly distinguished from 
nonspecific symptoms of a more global nature such as 
fainting or headache [88]. Wepfer recorded that he had 
seen patients who recovered from hemiplegia in one day 
or less [31]. An eighteenth‐century account has been 
retrieved in the patient’s own words, not muddled by 
medical interpretation, which makes it as lucid as it would 
have been today. The subject is Jean‐Paul Grandjean de 
Fouchy, writing in 1783, at the age of 76 years [89]:

Toward the end of dinner, I felt a little increase 
of pain above the left eye and in that very instant 
I  became unable to pronounce the words that I 
wanted. I heard what was said, and I thought of 
what I ought to reply, but I spoke other words than 
those which would express my thoughts, or if I 
began them I did not complete them, and I substi-
tuted other words for them. I had nevertheless all 
movements as freely as usual … I saw all objects 
clearly, I heard distinctly what was being said; and 
the organs of thought were, it seemed to me, in a 
natural state. This sort of paroxysm lasted almost 
a minute.

Once it had become established, in the middle of the 
nineteenth century, that cerebral softening was not 
caused by an inflammatory process but by occlusion of 
cerebral arteries, temporary episodes of ischemia were 

recognized increasingly often in the next few decades 
[1,  90–94]. In the course of time, three main theories 
have been invoked to explain the pathophysiology 
of  TIAs, at least in relation to atherosclerosis: the 
 vasospasm theory, the hemodynamic theory, and the 
thromboembolic  theory [88].

2.6.1 The vasospasm theory

Arterial spasm as a cause of gangrene of the extremities 
was described by Raynaud (1834–1881) in his doctoral 
thesis of 1862 [95]. Others extrapolated his theory of 
vasospasm to the cerebral circulation [96, 97]. Russel, 
writing in 1909 about a 50‐year‐old farmer who had 
suffered three attacks of tingling and numbness in the 
right arm and the right side of the face, dismissed 
thrombosis (“Thrombus, once formed, does not break 
up and disappear in some mysterious way”) and instead 
invoked a phenomenon of “local syncope,” analogous to 
Raynaud disease or some cases of migraine: “There 
must be some vessel constriction, local in site, varying 
in degree and in extent, coming and going, intermit-
tent” [97]. Even the great Osler mounted the band-
wagon of the vasospastic theory to explain transient 
attacks of aphasia and paralysis: “We have plenty of evi-
dence that arteries may pass into a state of spasm with 
obliteration of the lumen and loss of function in the 
parts supplied” [94]. Vasospasm remained the most 
popular theory to explain TIAs in the first half of 
the  twentieth century and provided the rationale for 
so‐called cerebral vasodilators. Up to the 1980s these 
useless drugs were still widely prescribed in some 
European countries, not only for TIAs but for “senility” 
in general; in France they were the third most com-
monly prescribed medication in 1982 [98].

In the front line of medicine, however, the vasospastic 
theory went into decline soon after World War II, first 
because the cerebral arteries are among the least reac-
tive in the body [99, 100], and second because more 
plausible theories emerged (see later). Whether vasos-
pasm be a causal factor in the pathogenesis of cerebral 
ischemia after subarachnoid hemorrhage or in associa-
tion with migraine, is still a contentious issue. Despite 
all this, vasospasm has resurfaced as a possible cause of 
episodes of transient monocular blindness that are 
 frequent and stereotyped and have no altitudinal 
 distribution [101], or even of transient motor or sen-
sory deficits not related to migraine [102]. Such events 
must be extremely rare.

2.6.2 The hemodynamic theory

The notion of “low flow” without acute vessel obstruc-
tion as a cause of cerebral ischemia should perhaps be 
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attributed to Ramsay Hunt, who drew an analogy 
between the symptoms of carotid stenosis or occlusion 
and the symptoms of intermittent claudication in 
patients with severe peripheral arterial disease [76]. 
But, it was especially after 1951, when Denny‐Brown 
suggested that TIAs might be caused by “episodic 
 insufficiency in the circle of Willis” [100], that interest 
in the hemodynamic aspects of TIAs was fully aroused. 
Indeed, it was mainly the surgical community for which 
the idea of “cerebral intermittent claudication” contin-
ued to have great appeal, despite the incongruity of the 
relatively constant blood flow to the brain and the large 
fluctuations in flow that occur in the legs, depending on 
their level of activity.

Clinical studies failed to support the notion of hemo-
dynamic failure. After artificial lowering of the blood 
pressure by means of hexamethonium and postural tilt-
ing, in 35 patients who had either experienced TIAs or 
who had known carotid artery disease, only one of the 
patients developed symptoms of focal cerebral ischemia 
before a syncopal attack, which signified global rather 
than focal ischemia of the brain [103]. Similarly, cerebral 
ischemia with naturally occurring attacks of hypoten-
sion, such as cardiac arrhythmias, is almost always syn-
copal and not focal in nature [104], while cardiac 
arrhythmias do not occur more often in patients with 
TIAs than in controls [105]. Once the first successful 
carotid reconstruction had been reported [106], the 
intuitive belief in the hemodynamic theory led to an 
ever‐increasing number of carotid endarterectomies 
being performed (indeed, often called “carotid disob-
struction”) in patients with and even without TIAs, 
despite the absence of any formal proof of efficacy. These 
developments caused understandable concern in the 
neurological community [107, 108]. Fortunately the con-
troversy prompted well‐designed clinical trials, which 
have served to define to a large extent the role of this 
operation [82].

That the hemodynamic theory does not apply to 
most patients with TIAs is not to say that the excep-
tional patient cannot suffer from “misery perfusion” 
[109]. In the presence of multiple occlusions or sten-
oses of the extracranial arteries, the hemodynamic 
reserve may be so poor that minor changes in systolic 
blood pressure cannot be compensated for. Such trig-
gering events include a change from a sitting to a 
standing position, turning the head, heating of the 
face, or looking into bright light [110, 111]. Perhaps 
for this small group of patients extracranial–intracra-
nial bypass surgery has something to offer after all, 
despite the negative results of the randomized trial in 
a large but relatively unselected group of patients with 
occlusion of the internal carotid or middle cerebral 
artery [112].

2.6.3 The thromboembolic theory

In the 1950s, C. Miller Fisher (Figure 2.10) not only gave 
new impetus to some older observations about the rela-
tionship between stroke and atheromatous lesions of 
the carotid bifurcation, but he also provided evidence that 
the pathogenesis was more complex than could be explained 
by fixed arterial narrowing. First, he saw a patient in whom 
hemiplegia had been preceded by attacks of transient 
monocular blindness in the contralateral eye, that is, “the 
wrong eye” [78]. Second, through assiduous ophthalmo-
scopic observations, he saw white bodies passing slowly 
through the retinal arteries during an attack of transient 
monocular blindness (Figure 2.11), the whitish appearance 
and friability of the moving material suggesting that these 
were emboli, largely made up of platelets [113]. These find-
ings were confirmed by Ross Russell [114], while others saw 
atheromatous emboli in the retinal vessels that did not 
move but had become impacted [115, 116].

After these direct observations of the ocular fundus, 
additional – but more indirect – arguments corroborated 
the notion of artery‐to‐artery embolism as an important 
cause of TIAs.

 ● In many patients with attacks involving the cortical ter-
ritory of the middle cerebral artery there is an associated 
lesion of the internal carotid artery, but in only very few 
of them is the stenosis severe enough, with a residual 
lumen of 1–2 mm, for blood flow to be impaired below 
critical levels, even assuming there is no collateral circu-
lation [117]. In addition, the stenosis is constant but the 
episodes of ischemia transient, without evidence for 
cardiac arrhythmias as an additional factor.

 ● During carotid endarterectomy, fresh and friable 
thrombi are seen to adhere to atheromatous plaques in 
the carotid bifurcation, especially in patients with 
recent attacks [118].

 ● In patients with ocular as well as cerebral attacks, the 
two kinds of attacks almost never occur at the same 
time [118].

 ● Manual compression of the carotid artery may lead to 
dislodgement of atheromatous emboli to the cerebral 
circulation [119].

 ● In patients who continue to have TIAs after occlusion 
of the ipsilateral internal carotid artery, there is often an 
additional atheromatous lesion in the common carotid 
or external carotid artery, these vessels being important 
collateral channels, supplying the hemisphere via retro-
grade flow through the ophthalmic artery [120].

 ● Asymptomatic emboli have been seen to flash up  during 
angiography [121], while fibrin thrombi have been seen 
to pass through a cortical artery during  craniotomy for a 
bypass procedure [122]. Transcranial Doppler monitor-
ing has uncovered an ongoing stream of high‐intensity 
transient signals (HITS), probably small emboli, in 
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patients with symptomatic carotid lesions [123]. The 
HITS disappear after carotid endarterectomy [124], 
the rate depending on the interval since operation [125].

Whilst artery‐to‐artery thromboembolism from 
 atheromatous plaques may seem the most important 
factor in explaining TIAs and ischemic strokes, it is not 
necessarily the only one, not even in a single individual 
patient. For example, it is probable that emboli have 
especially damaging effects in vascular beds that are 
chronically underperfused.

2.7  Intracerebral hemorrhage

Extravasation of blood into the brain parenchyma was rec-
ognized as early as 1658 by Wepfer [31], although we com-
mented earlier that he saw the clot as an obstacle for 
“mental spirits” rather than as the disease in itself, and 
subsequently by Morgagni [43]. The cause remained 
obscure, and to a large extent it still is. In 1855, before 
blood pressure could be measured, Kirkes observed hyper-
trophy of the heart in 17 of 22 patients with fatal  brain 
hemorrhage [126]. Charcot and Bouchard in 1868 exam-
ined the brains of patients who had died from intracere-
bral hemorrhage and immersed these in  running water; 
they found multiple, minute outpouchings of small blood 
vessels, so‐called miliary aneurysms [127]. The irony of 

these two names being joined is that the ambitious nature 
of Bouchard, once Charcot’s pupil, in later years generated 
much hostility toward his former chief [128]. It was in this 
adversarial atmosphere that in 1892 Bouchard, as presi-
dent of the jury that had to judge the competition for the 
rank of professeur agrégé, did not admit Charcot’s pupil 
Babinski [129]. Babinski subsequently left academic medi-
cine and became chief of the Pitié hospital, where he 
devoted much time to the study of clinical signs, including 
the now famous “toe sign” [130]. The aneurysms described 
by Charcot and Bouchard were white or brownish‐colored 
nodules about 0.5–2.0 mm in diameter, attached to a small 
arteriole, most often in the basal ganglia. At the beginning 
of the twentieth century, Charcot and Bouchard’s theory 
came under attack and some proposed that the primary 
lesion in intracerebral vessels was atherosclerosis, that 
most of these dilatations were not true aneurysms at all 
but false aneurysms caused by intramural dissection, while 
rupture could also occur by weakening of the vessel wall 
without previous aneurysm formation [131]; also some 
“miliary aneurysms” may in fact have been clots in perivas-
cular (Virchow‐Robin) spaces.

Alternative explanations for the pathogenesis of 
 primary intracerebral hemorrhage included primary 
necrosis of brain tissue or its vessels. Some assumed that 
arteries dilate and rupture only when a previous infarct 
had occurred, thus depriving the feeding vessel of its 
normal support [132, 133]. The frequent coexistence of 
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Figure 2.11 Diagrams of observations in a patient 
with an attack of transient monocular blindness in 
the left eye (except the upper temporal quadrant); 
the attack had started at 8.55 a.m., 20 minutes before 
the beginning of the observations. The column of 
blood in the retinal arteries was in some places 
interrupted by white segments, initially at the stems 
of the superior and inferior retinal arteries (A); also 
the column of blood in at least six venous branches 
of the superior half of the retina was broken into 
transverse bands. The white segments in the retinal 
arteries slowly passed through the superior temporal 
artery (B–H). At (C) the vision in the upper half of the 
visual field had returned. At (D) a fine trickle of 
erythrocytes moved slowly along one side of white 
segment AB to the superior nasal artery, and at 
(E) vision had also returned in the inferior temporal 
quadrant. After (H), when the column of blood had 
been completely restored, vision returned to normal. 
Source: Fisher, 1959 [113]. Reproduced with 
permission of Lippincott Williams & Wilkins.
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hypertension led to several theories other than plain 
rupture. Rosenblath postulated that a renal toxin caused 
necrosis of vessel walls [134], Westphal that arterial 
spasm was an intermediate factor [135], and Schwartz 
that a multitude of terminal arterial branches became 
permeable [136]. In the 1960s, injection techniques 
revived the notion of microaneurysms [137, 138], 
although some still suspect that the injection pressures 
can artifactually distend or rupture vessel walls [139].

Amyloid angiopathy was first recognized as a cause of 
primary intracerebral hemorrhage in the first half of the 
twentieth century [140–142]. This type of hemorrhage 
occurs especially at the border of white and grey matter 
and not in the deep regions of the brain that are the most 
common sites of hemorrhages associated with microa-
neurysms. The first series of such patients appeared in 
the 1970s [143, 144].

The invention of computed tomography by Hounsfield 
(1919–2004; Figure 2.12) in the 1970s made it possible to 
distinguish intracerebral hemorrhage quickly and relia-
bly from cerebral infarction (Figure 2.13) [145, 146].

2.8  Subarachnoid hemorrhage

The history of “meningeal apoplexy” is relatively short. 
The disorder was not recognized until three years 
before the battle of Waterloo; in the following 125 years 
numerous accounts appeared that combined a few 
 personal cases with attempts to review the entire world 
literature up to that time, the last being a heroic overview 
of 1125 patients [147].

2.8.1 Diagnosis

The first unequivocal description of an aneurysm, 
though unruptured, was by Franciscus Biumi in 1765, 
who saw it not on the circle of Willis but in the cavernous 
sinus (at the time called Vieussens’ receptacle) [9]. 
Morgagni had also mentioned dilatations of arteries that 

Figure 2.12 Godfrey N. Hounsfield 
(1919–2004), the British engineer who 
received the Nobel prize in medicine in 
1979 for the development of computed 
tomography (together with the American 
physicist A.M. Cormack).

Figure 2.13 CT scan of an intracerebral hemorrhage, from the 
early 1970s. Source: New and Scott 1975 [233]. Reproduced with 
permission of Wolters Kluwer.
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may have been aneurysms [43]. In 1812, John Cheyne 
provided the first illustration of lethal subarachnoid 
hemorrhage at the base of the brain as a result of “ rupture 
of the anterior artery of the cerebrum” (Figure 2.14), but 
the aneurysm that must have been the source of the 
hemorrhage was not recognized at the time [48]. One 
year later Blackall reported a postmortem observation in 
which the hemorrhage as well as the offending aneurysm 
(of the basilar artery) were identified in a 20‐year‐old girl 
[148]. The observation was coincidental, because Blackall 
was primarily interested in her “anasarca” (generalized 
edema, or “dropsy”). Her brain was also examined by 
Hodgson, who in his book on diseases of blood vessels 
made the point that the extravasated blood was con-
tained under the arachnoid membrane [149]. Serres, not 
aware of these reports, published two similar observa-
tions in a French periodical [150]. Parenthetically, it 
should be pointed out that although the first journals 
about science in general date from the middle of the 
 seventeenth century, medical journals, with articles 
about miscellaneous observations, did not emerge 
until  the beginning of the nineteenth century [151]. 

In England, Richard Bright, mentioned before as one of 
the champions of the new “organ‐based medicine” that 
had started in Italy [152], included an illustration of a 
pea‐sized aneurysm on a branch of the middle cerebral 
artery in his atlas of pathological anatomy (Figure 2.15) 
[65]. Series of other fatal cases were reported in the next 
few decades [153–156].

The erroneous notion that aneurysms are congenital 
malformations, caused by a defect in the muscular layer 
of the arterial wall, was first put forward in 1887 [157], 
and subsequently adopted by other writers [158, 159], to 
be perpetuated into contemporaneous textbooks and 
students’ minds. Turnbull correctly pointed out that 
syphilis was an extremely rare cause of cerebral aneu-
rysms [159]. Series of aneurysms diagnosed postmortem 
were often biased toward those measuring several cen-
timeters [160], or included septic aneurysms, associated 
with endocarditis [161].

It took a long time before the clinical features were 
sorted out. In 1852 Brinton observed that fatal rupture 
was not the only possible presentation of aneurysms, and 
that other manifestations were local pressure, convulsive 
attacks, or “inflammation” (a rather fuzzy notion at the 
time) [153]. The sudden onset of the headache led Lebert 
and Bartholow to suppose, in the 1860s and 1870s, that 
the diagnosis might be made during life [155, 156]. 
Lebert also observed the characteristic paralysis of the 
oculomotor nerve in patients before they died from 
 rupture of an aneurysm at the origin of the posterior 
communicating artery from the internal carotid artery 
[155]. Indeed the diagnosis of ruptured aneurysm was 
made on two occasions in a patient with sudden head-
ache and oculomotor palsy, by Hutchinson in England 

Figure 2.14 The first anatomical illustration of subarachnoid 
hemorrhage, from Cheyne (1812) [48]. A probe has been passed 
into the proximal end of the internal carotid artery and emerges at 
the presumed site of rupture; the offending aneurysm was not 
recognized at the time but presumably it was at the origin of the 
posterior communicating artery from the carotid artery, or at the 
anterior communicating artery complex.

Figure 2.15 Pea‐sized aneurysmal dilatation of one of the branches 
of the middle cerebral artery (opened), containing a clot; the 
abnormality was surrounded by a large, fresh hemorrhage, which 
had caused the death of the 19‐year‐old patient, eight days after a 
first episode with sudden headache. Source: Bright 1831 [65].
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and by Bull in Norway [162, 163], but apparently these 
two observations had little impact.

The introduction of lumbar puncture, in 1891 by 
Quincke [164], initially only for therapeutic purposes in 
hydrocephalic patients, led to the diagnosis of “menin-
geal apoplexy” in patients who survived a subarachnoid 
hemorrhage [165–167]. It took another three decades 
before the connection with rupture of a cerebral aneu-
rysm was made. After all, the condition was supposed to 
be invariably fatal, since it had been recognized only 
after death. The “selection bias” seems obvious in retro-
spect, but in our own time the same error was made with 
intraventricular hemorrhage – until CT scanning showed 
it in those who survived.

That patients could survive a ruptured aneurysm did 
not become well known until Charles Symonds (1890–
1978; Figure 2.16) had published two landmark articles 
about the subject in 1923 and 1924 [168, 169]. It had all 
started in 1920, when Symonds spent some time abroad 
as a temporary resident in the service of the neurosur-
geon Harvey Cushing (1869–1939), who had moved not 
long before from Baltimore to Harvard University and 

the Peter Bent Brigham hospital in Boston. A 52‐year‐
old woman had been admitted with repeated episodes of 
headache and unconsciousness; on examination she had 
a right oculomotor palsy and blurring of the optic discs. 
A right subtemporal decompression for a suspected 
tumor showed recently clotted blood extending over the 
entire hemisphere, apparently coming from the base of 
the skull [168]. Apparently Symonds suggested a rup-
tured aneurysm as the cause [170]. When the diagnosis 
was confirmed at autopsy (the patient had died the day 
after the operation) Cushing ordered Symonds to spend 
his remaining time in the library to review everything on 
the subject: “Either this was a fluke or there was reason 
in it” [171].

The next advances were neuroradiological. The first 
angiographic visualization of a cerebral aneurysm during 
life was reported by Egas Moniz in 1933 [172], six years 
after the technique had been first applied [79]. In those 
days angiography was a hazardous procedure (involving 
surgical dissection of the carotid artery), to such an 
extent that someone like Cushing only rarely had his 
patients undergo it before neurosurgical exploration. 
Even today, in the era of selective catheterization, the 
risks are far from negligible. Fortunately, minimally or 
noninvasive techniques of angiography by means of 
computed tomography or magnetic resonance have 
largely replaced catheter angiography, at least for diag-
nostic purposes. The greatest leap forward in our times 
was the advent of computed tomography [145]; this 
 technique made it possible to localize the extent of the 
hemorrhage in a precise fashion, to separate aneurysmal 
hemorrhage from nonaneurysmal hemorrhage and, by 
serial investigations, to detect and distinguish the most 
important complications: rebleeding, delayed ischemia, 
and hydrocephalus.

2.8.2 Surgical treatment

Ligation of the carotid artery has been practiced since 
the times of Ambroise Paré (1510–1590) as a method to 
stop arterial bleeding in patients with neck wounds. 
Once aneurysms had been recognized as the cause of 
subarachnoid hemorrhage it was a logical step to 
 consider this procedure as a method to decrease the risk 
of rebleeding [163]. Hutchinson would actually have car-
ried out the operation in 1864, had the patient not 
declined at the last moment, going on to survive for 
another 11 years [162]. Around 1886 it was Horsley who 
was one of the first who actually ligated the (common) 
carotid artery in the neck, for a tumorous aneurysm 
[160]. Carotid ligation remained the only surgical inter-
vention possible for decades, but most patients were 
managed conservatively because the complications of 
this operation were considerable [173].Figure 2.16 Sir Charles Symonds (1890–1978).
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In 1931, the Edinburgh neurosurgeon Norman Dott 
(1897–1973; Figure 2.17), at that time only 33 years old, 
carried out the first intracranial operation for a ruptured 
aneurysm [174]. It was a more or less desperate attempt 
because the aneurysm had twice ruptured again, leaving 
the patient comatose for some hours after the last epi-
sode, also with some degree of right‐sided weakness and 
aphasia. To complicate matters further, the patient was a 
well‐known Edinburgh solicitor, 53 years old and chair-
man of the board of governors of the Royal Hospital for 
Sick Children. But, both the patient and the young neu-
rosurgeon were prepared to take the risk [175]. Dott 
recorded the operation as follows [175]:

A left frontal approach was employed and it was a 
difficult matter to elevate the tense and oedema-
tous brain and identify the basal structures, which 
were bloodstained and largely embedded in clot. 
The left optic nerve was found and the internal 
carotid artery was defined at its outer side. This 
vessel was closely followed upward, outward and 
backward to its bifurcation into the middle and 
anterior cerebral arteries. As this point was being 
cleared of tenacious clot a formidable arterial 
hemorrhage filled the wound. With the aid of suc-
tion apparatus, held closely to the bleeding point, 
we were able to see the aneurysm. It sprang from 
the upper aspect of the bifurcation junction; it was 

about 3 mm in diameter; blood spurted freely 
from its semidetached fundus. Meanwhile a col-
league was obtaining fresh muscle from the 
patient’s leg. A small fragment of muscle was 
accurately applied to the bleeding point and held 
firmly in place so that it checked the bleeding and 
compressed the thin walled aneurysmal sac. Thus 
it was steadily maintained for twelve minutes. As 
the retaining instrument was then cautiously 
withdrawn, no further bleeding occurred. The 
vessel was further cleared and thin strips of mus-
cle were prepared and wound around it until a 
thick collar of muscle embedded the aneurysm 
and adjacent arterial trunks (Figure 2.18).

The patient recovered well and a few weeks later Dott 
wrote, his sense of triumph carefully hidden: “Mr. Colin 
Black’s tibialis anticus seems to have stuck well to his 
internal carotid – he has gone for a holiday” [175]. In 
later years Dott and his patient went fishing together on 

Figure 2.18 Norman Dott’s drawing of the first intracranial 
operation for aneurysm. The proximal middle cerebral artery 
aneurysm was exposed and wrapped with muscle through a left 
frontal flap. Source: Todd et al. 1990 [234]. Reproduced with 
permission of BMJ Publishing.

Figure 2.17 Norman Dott (1897–1973).
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a number of occasions and Mr. Black’s neurological con-
dition remained good until he died from myocardial 
infarction 11 years after the momentous operation. 
Unfortunately, on later occasions the outcome with a 
direct approach to the aneurysm was often disappoint-
ing, if not fatal, and Dott reverted to ligating the internal 
carotid artery in the neck, or the proximal anterior cere-
bral artery in its intracranial course.

In 1937, Dandy was the first to use a metal clip to 
occlude the neck of the aneurysm that had bled 
(Figure 2.19) [176]. Yet in some patients a clip could not 
be secured, and in those cases he often had to have 
recourse to so‐called trapping, by clipping the parent 
vessel on either side of the aneurysm. Decades later, 
Drake devised a technique for approaching basilar artery 
aneurysms, notoriously difficult until then, and managed 
to apply clips to them [177]. In the 1960s, spring clips, 
which could be removed when placement was less than 
optimal, came into use and replaced the silver clips used 
by Dandy. Nevertheless, the direct operation of aneu-
rysms remained dangerous and controlled trials of 
the  efficacy of aneurysm operations were equivocal. 
Attempts to increase the safety of the operation included 

temporary cardiac arrest, hypotension, and deep hypo-
thermia, all without much success, although no formal 
trials were done.

In the 1980s, a consensus developed among neurosur-
geons that direct operation of the aneurysm should best be 
delayed until 12–14 days after the initial hemorrhage. This 
regimen meant, of course, that in the meantime a propor-
tion of patients suffered from repeated hemorrhage or 
other complications. The gradual introduction of the 
operating microscope for aneurysm surgery in the 1970s 
made early operation (within three days) not only feasible 
but also fashionable, despite the dearth of evidence from 
controlled clinical trials. The medical management of 
patients with ruptured aneurysms has also improved in 
recent years, especially the prevention of delayed ischemia.

In the late 1980s the Italian neuroradiologist Guglielmi 
developed an endovascular method for occluding aneu-
rysms by means of detachable platinum coils, initially 
only for aneurysms for which a surgical approach was 
hazardous or impossible [178, 179]. Presently “coiling” 
has largely replaced the surgical approach, provided the 
aneurysm is accessible via the intravascular route.

2.9  Treatment and its pitfalls

Doctoring has always implied treatment. In the distant 
past, medical management was based on pathophysiolog-
ical concepts that later almost invariably turned out to be 
erroneous, so that the treatments were almost invariably 
ineffective if not actually harmful. Such pitiful situations 
are often repeated in present times, much more often 
than physicians and surgeons care to realize. Anyone who 
finds it amusing to read about nineteenth‐century thera-
peutic measures for apoplexy such as bleeding, mustard 
poultices, castor oil, and turpentine enemas should read 
post‐1950 treatises about the efficacy of vasodilator drugs 
or about transplantation of omentum to the intracranial 
cavity, as a chastening experience.

2.9.1 The numerical method

Before different treatments could ever be compared, it 
was necessary to find methods for grouping patients 
together and also somehow to convert disease outcomes 
into numbers. The Paris physician Pierre‐Charles‐
Alexandre Louis (1787–1872; he survives eponymously in 
the angulus Ludovici of the sternum) is generally credited 
with the introduction of the numerical method in medi-
cine. In fact his contribution was more a credo than a 
practical method [180]. True enough, there is the famous 
example of his empirical criticism of bloodletting: of 
47  patients with pneumonia treated with bloodletting 
18 died, against only 9 of the 36 patients in the untreated 

Figure 2.19 Illustration from Dandy’s 1944 monograph on 
intracerebral arterial aneurysms [235]. The legend is: “Typical 
aneurysm of the intracranial internal carotid artery, showing the 
narrow neck of the sac and the bulging aneurysm; also the 
point of rupture. The inset shows the clip placed on the neck of 
the aneurysm, and the aneurysm itself shrivelled with the 
electric cautery.”
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group [181]. But Louis did not have the mathematical 
training to estimate the likelihood that a difference of this 
magnitude might arise by chance. It was a mathematician, 
Jules Gavarret (1809–1890), who criticized the analysis 
and conclusions of Louis’ studies, although he agreed 
with the design [182]. Even more purely mathematical 
was the notion of the “average human,” an approach pro-
posed by Adolphe Quetelet (1796–1874).

Groups and averages, these were notions that evoked 
not merely resistance but outright revulsion in the ranks 
of the established medical professionals. How on earth 
could one ever ignore the unique characteristics of each 
single individual by forcing these together into an artifi-
cial “mean”? And how could one ever believe in a stand-
ard treatment, any more than in a standard shoe? The 
advent of experimental physiology intensified the oppo-
sition. The famous Claude Bernard (1813–1878) warned 
that one will never encounter an “average” in nature, and 
that grouping of observations will obscure the true rela-
tionships between natural phenomena [183]. And the 
equally legendary Lord Lister (1827–1912) relied more 
on the theoretical basis of his antiseptic method than on 
actual death rates [184].

Until the twentieth century, counting disease events 
was limited to population studies [185]. The beginnings 
of epidemiology can be traced to Sir William Petty (1623–
1687), one of the founders of the Royal Society, and John 
Graunt (1620–1674). They worked together in collecting 
numerical data to describe patterns of mortality. A cen-
tury and a half later, Edward Blackmore reported not only 
on deaths but also on incident cases of disease in Plymouth 
[186, 187]. Victorian counterparts took this further. 
William Farr (1807–1883), who had trained under Louis 
in Paris, linked self‐devised classifications of diseases and 
occupations to population statistics at the General 
Registry Office. John Snow (1813–1858), mapped the 
occurrence of cholera cases in the streets of London and 
related these to the positions of the local water pumps; 
these studies culminated in the famous act of Snow 
removing the handle from the pump in Broad Street, dur-
ing the 1854 cholera epidemic. Incidentally, he later spe-
cialized in chloroform anesthesia [188].

The first epidemiological studies of stroke were not 
 performed until after World War II. An early study of stroke 
incidence in the community was done in the UK [189]. 
Population‐based studies addressing risk factors specifi-
cally for stroke were subsequently reported from the US 
(the Framingham Cohort), Japan, and Finland [190–192].

2.9.2 Clinical trials

The introduction of the randomized controlled clinical 
trial heralded the era of “evidence‐based medicine” or 
rather “organized empiricism,” since medicine is not and 

probably will never be a positivist science like physics or 
chemistry [193]. Randomization in a therapeutic experi-
ment slowly gained acceptance after the landmark UK 
Medical Research Council trial of streptomycin in pul-
monary tuberculosis with random assignment to treat-
ment groups [194]. Some forerunners had already used 
parallel control groups. Louis (1787–1872) had been 
preceded by James Lind (1716–1794) in 1753 (lemons 
and oranges to prevent scurvy in sailors) [195]. A further 
step was the introduction of chance to obtain an equal 
balance between the experimental group and the control 
group. In 1898, Fibiger (1867–1928) used assignment on 
alternate days (injection of serum for diphtheria) [196, 
197], and in 1931, Amberson et al. flipped a coin to divide 
patients with pulmonary tuberculosis into those who 
received gold treatment and controls [198]. Blinding 
(or  masking, as ophthalmologists prefer to say) of 
patients was also practiced by Amberson’s group, as had 
been done four years earlier by Ferguson et al., in a test of 
vaccines for the common cold [199]. Masking of those 
who were to assess outcome was advocated in 1944 by 
the pulmonary physicians Hinshaw and Feldman [200], 
and eventually implemented in the MRC streptomycin 
trial of 1948. Allocation in that historic trial took place 
by means of randomization. An important advantage of 
random allocation, applied by R.A. Fisher in agriculture 
in the 1920s, is that it ensures equal and unbiased 
 balancing between the two groups [201]. But the main 
reason why Sir Austin Bradford Hill (1897–1991), the 
trial’s principal investigator, chose randomization is that 
at the same time it ensured concealment of the allocation 
schedule from those involved in entering patients in the 
trial [202, 203].

Clinical trials in cerebrovascular disease were no 
exception to the rule that most methodological errors 
have to be committed before they are recognized, as the 
correct solutions are often counterintuitive. In the 1950s 
anticoagulant drugs seemed a rational form of treatment 
to prevent further strokes in survivors of (presumed) 
brain infarction. The same Bradford Hill who had pio-
neered the tuberculosis trial took the initiative for two 
such trials, the first in 142 and the second, with exclusion 
of hypertensives, in 131 patients [204, 205]. There was 
no significant difference in the rate of non‐fatal stroke 
between the treatment groups and controls, while there 
was some excess of fatal strokes, possibly hemorrhages, 
in patients on anticoagulants. From that time onwards 
anticoagulants were largely abandoned for the preven-
tion of stroke, unless for specific indications such as a 
source of embolism in the heart. However, it took at least 
two decades before it dawned on the neurological com-
munity that the trials of anticoagulants in brain ischemia 
had been too small, separately as well as collectively, 
to  detect even large protective effects – apart from 
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other shortcomings [206]. Ironically, properly organized 
 clinical trials later established that oral anticoagulants 
such as warfarin were highly effective in preventing 
strokes in patients with TIAs and atrial fibrillation [207], 
but deleterious – through an excess of brain hemor-
rhages – in patients with TIAs whose heart rhythm was 
normal [208]. Again, one has to abide by the results of 
clinical trials even if it is difficult to understand them.

The first intervention trial in acute stroke was with 
corticosteroids, by Dyken and White in 1956. They did 
not use randomization but stratified patients according 
to their clinical characteristics, and found a trend toward 
a higher death rate in the treated group (13/17 against 
10/19 in controls), and ended up by identifying many of 
the methodological problems in this type of trial [209]. 
The first trial of carotid endarterectomy excluded surgi-
cal mishaps from the analysis [210]; subsequently the 
operation boomed to worrying levels, until checked by 
methodologically sound trials. The first large trial of 
aspirin in stroke prevention evoked much controversy 
[211], for one thing because its initiators had chosen 
“stroke or death” as the outcome event instead of stroke 
alone [212]; it took some time for neurologists to realize 
that they treat whole patients rather than only their 
brains. In addition, the initial conclusion that aspirin was 
ineffective for women is now a classical example of the 
dangers of subgroup analysis.

Almost inevitably, once proper methods for clinical trials 
had been largely sorted out, new problems have cropped 
up, in the form of governments. Over the last 10 years, the 
number of multinational drug trials in stroke in Europe has 
stagnated. One important cause of this is probably the 
increased burden of laws and regulations that came with 
the European Union Clinical Trials Directive of 2004 [213]. 
Of course tight rules are indispensable in clinical tri-
als  sponsored by commercial firms selling drugs or 
devices,  because results may be distorted by financial 
incentives – not only of the sponsor but also of participants 
[214]. Yet  although enforcement of the same expensive 
intensity of monitoring and reporting on academic research 
may not have caused the death of academic clinical trials 
[215], it has undoubtedly been a disincentive. There is a 
glimmer of hope that the European bureaucracy can be 
forced back; streamlining trial management through 
 networks across research centers may help as well [213].

2.9.3 Measuring outcome: the ghost of G all

One of the stumbling blocks in trials of acute stroke used 
to be the babel of tongues with regard to the measure-
ment of outcome. Initially, so‐called “stroke scales” were 
applied for this aim, analogous to scales for other specific 
neurological conditions, such as Parkinson’s disease or 
multiple sclerosis. Although the stated purpose of “stroke 

scales” is to measure outcome, these scales are merely 
codifications of the neurological examination, a proce-
dure with no other purpose than localizing lesions within 
the nervous system. With such a diagnostic approach, 
different functions of the nervous system were separately 
assessed: power of limbs, speech, visual fields, and so on. 
This reductionist, mechanistic notion of brain function 
reflects the localizationists’ position in the scientific 
 battle that raged in the second half of the nineteenth 
 century, the opposing party believing in so‐called equipo-
tentiality. The “equipotentialists” believed that the brain 
worked as a unitary system, brain tissue being omnipo-
tent and flexible in its function. Consequently, brain 
damage would result in a decrease in the overall level of 
performance, but not in loss of specific functions. The 
champion of this camp was the French physiologist 
Flourens, who supported his views with experiments on 
dogs and pigeons [216]. The alternative notion, that of 
localization of specific functions, was propounded in a 
somewhat bizarre fashion by the anatomists Gall and 
Spurzheim [217]. They believed that every intellectual 
and moral property had its own position on the surface 
of  the brain (Figure  2.20) and that the degree of 

Figure 2.20 Phrenology head (Fowler); each region of the skull is 
supposed to represent a mental faculty, such as “mirthfulness,” 
“perception of form,” or “ideality.”



2.9 Treatment and its pitfalls 27

 development of these faculties could be  identified by 
measuring overlying protuberances on the skull. However, 
the  theory of localization gained respectability after the 
stimulation experiments of Fritsch and Hitzig on anaes-
thetized dogs, in which they found that weak electrical 
currents applied through platinum electrodes to the ante-
rior regions of the brain surface produced muscle con-
tractions in the opposite half of the body [218, 219]. The 
clash between the two opposing factions culminated in 
1881 at the Third International Congress of Medicine, 
held in London [220]. The equipotentialists were repre-
sented by the German physiologist Goltz, who showed 
the audience a dog in which a substantial portion of the 
brain had been removed by means of a hose, but who had 
retained all his senses and could still move all four limbs, 
trunk, and tail. Later, it would turn out that the lesions 
were less extensive than had been claimed. On the same 
afternoon Ferrier showed two chimpanzees, one deaf 
after removal of the auditory cortex, the other limping 
with a hemiplegic gait after extirpation of the contralat-
eral motor area (the sight of which led Charcot to jump 
up and exclaim: “Mais c’est un patient!”).

The localizationists had won the day, but they won 
too   completely. The greater part of the brain has no 
“ primary” motor, sensory, or cognitive tasks, but serves 
to connect and integrate these separate “functions.” 
Similarly, everyday life consists of a multitude of tasks 
that are integrated and difficult to separate. Mood, ini-
tiative, and speed of thinking are some of the essential 
features of human life that can be severely affected by 
stroke but are sadly ignored in “stroke scales”; after all, 
the term “individual” means “undividable.” It is there-
fore naive to try and rebuild an entire human being 
from separate “building blocks” (Figure  2.21). This 
conceptual error is compounded by the numerical 
grades assigned to speech, limb functions, etc., as if 
these represented true measurements, like inches or 
kilograms [221].

In short, patients are more than the sum of their signs. 
A higher, more integrated level of measurement is 
needed; that is, scales should measure function not at the 
level of the organ but at the level of the person (disability 
scales), or even at the level of social interaction (handi-
cap scales, recently renamed activity and participation 
scales by the World Health Organization) [222]. What 
really counts for patients is what they can do in life, com-
pared with what they want to do or were once able to do.

2.9.4 Meta‐analysis and systematic reviews

In the last quarter of the twentieth century, Richard 
Peto and his colleagues Tom Chalmers and Iain 
Chalmers developed a method to overcome the 
 problem that single studies may or may not show a 

significant difference in treated patients compared 
with controls, but that the magnitude of the difference 
can only be expressed as a confidence interval, which is 
usually wide. They collated all related trials in a given 
field by which the differences between the treatment 
group and the control group in each trial could be 
 combined [223]. The key assumption is that, if a given 
treatment has any material effect on the incidence or 
outcome of disease, then the direction, although not 
necessarily the size, of this effect tends to be similar in 
different circumstances. If all available studies are 
 combined, the confidence interval can be considerably 
narrowed and reviewer bias is avoided. It was thanks 
to  this method that the benefit of stroke units first 
emerged, after several small‐scale attempts [224]. 
There clearly was a pressing need for up‐to‐date 
 systematic reviews of all the available evidence regard-
ing the various aspects of care of patients with 
stroke – indeed, of all medical interventions. This need 
led to the Cochrane Collaboration, which includes a 
stroke review group [225].

Figure 2.21 The librarian (1566), by Giuseppe Arcimboldo 
(1530–1593). Oil on canvas, 97 × 71 cm. By kind permission of 
Skokloster Castle, Sweden.
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The graphic representation of systematic reviews 
started in 1978, with simple lines to depict 95% confidence 
 intervals [226]. In 1982, Lewis and Clarke had the idea to 
combine the separate estimates into an  overall estimate, at 
the bottom of the figure [227, 228]. Subsequently Richard 
Peto’s group solved the paradox that small trials were most 
conspicuous because of their large confidence intervals, by 
putting a square at the site of the point estimate, the size of 
the square being proportional to the power of the trial 
(Figure  2.22) [229]. These graphs have since become 
known as “forest plots,” probably because the many lines 
might be seen as trees [228].

2.10  Epilogue

Despite the many advances in the knowledge about stroke 
that we have highlighted, our story could not but remain 
anachronistic and fragmented. It is extremely difficult to 
try and stand in the shoes of one’s forebears, because to 
achieve this one’s mind should be cleared from all knowl-
edge obtained since [230]. For those of us who can think 
back as small a time span as three decades, what diagnosis 
did we make, in those times, in patients we now know to 
have survived carotid dissection or intracranial venous 
thrombosis, to name but two examples? Heaven only 
knows. In the same way, not so much longer ago, it was 
impossible to distinguish hemorrhage from infarction; or 
hemorrhage from some mysterious other condition that 
mimicked hemorrhage but in which the brain looked prac-
tically normal; or stroke from other brain diseases; or even 
stroke from heart disease. Necessarily our account has 
been anecdotal. In reality the progress of science is not a 
succession of breakthroughs but a slow and continuous 
journey, including blind alleys and occasional setbacks. 
This also applies to the few decades we have witnessed 
during our own careers. We do not expect a sensational 
novelty when we walk into hospital tomorrow, but a lot has 
changed since we were medical students. This refers not 
only to the body of medical knowledge but also to the 
methods of medical research. Empirical testing has gained 
ascendancy over pathophysiological theory, for treatment 
as well as prevention of disease. The rate of change is a bit 
like the shifting position of the sun across the sky: one can-
not see it move, but there is a dramatic sweep between 
dawn and sunset. We expect to see many more dawns in 
stroke research.
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3.1  Introduction

This chapter deals with the first two of several questions 
that need to be answered in the assessment of patients 
presenting with a suspected transient ischemic attack 
(TIA) or stroke of the brain, spinal cord, or eye – is it a 
vascular event, and where is the lesion? (Table 3.1). We 
will begin by defining what is meant by a TIA and stroke, 
and follow by describing our approach to distinguishing 
TIA and stroke from other differential diagnoses.

3.2  Definitions of transient ischemic 
attack, stroke, and acute stroke 
syndrome (“brain attack” or “unstable 
brain ischemia”)

TIA or stroke lead to a transient or persistent pre
sentation of one or more focal neurological symptoms. 
The most common focal symptoms are listed in Table 3.2.

Typically, the focal symptoms show

 ● a sudden onset, and

 ● symptoms are maximal at onset (more or less).

The nonfocal symptoms listed in Table 3.3 are seldom, 
if ever, due to TIA or stroke. In contrast, loss of 
 consciousness as a nonfocal symptom can be the result 
of TIA or stroke.

Nonfocal symptoms such as fainting, dizziness, or 
generalized weakness are seldom, if ever, likely to be due 
to focal cerebral ischemia (i.e. seldom a TIA or stroke), 
but may be due to generalized brain ischemia (e.g. 
 syncope) as well as nonvascular neurological and 
 nonneurological causes (e.g. hyperventilation or other 
manifestations of anxiety).

3.2.1 The definition of transient ischemic attack

A standard definition of a TIA is “a clinical syndrome 
characterized by an acute loss of focal cerebral or monoc
ular function with symptoms lasting less than 24 hours 
and which is thought to be due to inadequate cerebral 
or  ocular blood supply as a result of low blood flow, 
 thrombosis, or embolism associated with disease of the 
arteries, heart, or blood. The standard definition of TIA 
is a time‐based definition [1, 2] (Table 3.4).

By definition therefore, TIAs are caused by transient 
reduction in blood flow to a part of the brain as a result of 
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Table 3.2 Focal neurological and ocular symptoms.

Motor symptoms
Weakness or clumsiness of one side of the body, in whole or 
in part (hemiparesis, monoparesis, and sometimes only just 
the hand)
Simultaneous bilateral weaknessa

Difficulty in swallowinga

Imbalancea

Speech/language disturbances
Difficulty in understanding or expressing spoken language
Difficulty in reading (dyslexia) or writing
Difficulty in calculating
Slurred speecha

Sensory symptoms
Altered feeling on one side of the body, in whole or in part
Visual symptoms
Loss of vision in one eye, in whole or in part
Loss of vision in half or quarter of the visual field
Bilateral blindness
Double visiona

Vestibular symptoms
A sensation of movementa

Behavioral/cognitive symptoms
Difficulty in dressing, combing hair, cleaning teeth, geographical 
disorientation (visuospatial–perceptual dysfunction)
Forgetfulnessa

a As an isolated symptom, this does not necessarily indicate 
focal cerebral ischemia unless there is an appropriately sited acute 
infarct or hemorrhage, or there are additional definite focal 
symptoms.

Table 3.3 Nonfocal neurological symptoms typically not 
associated with stroke/TIA.

Generalized weakness and/or sensory disturbance
Light‐headedness
Faintness
“Blackouts” with altered or loss of consciousness or fainting, 
with or without impaired vision in both eyes
Incontinence of urine or feces
Confusion
Ringing in the ears (tinnitus)

Table 3.1 The assessment process in the diagnosis 
and subsequent management of a vascular event  
of the brain or eye.

Is it a stroke, a transient ischemic attack, or 
a brain attack?

Chapter 3

Which part of the brain has been affected? Chapter 3
Which arterial territory has been affected? Chapter 4
Is there a recognizable clinical syndrome? Chapter 4
What does imaging show? Chapter 5
What disease process caused the 
cerebrovascular event?

Chapters 6–9

What, if any, are the functional 
consequences?

Chapters 10–12

What treatment will improve survival free 
of handicap?

Chapters 13–20 Table 3.4 Diagnostic criteria for transient ischemic attack (TIA).

Nature of symptoms
Focal neurological or monocular symptoms
Quality of symptoms
“Negative” symptoms, representing loss of focal neurological 
or monocular function (e.g. weakness, numbness, aphasia, loss 
of vision); rarely, “positive” symptoms occur (e.g. pins and 
needles, limb shaking, scintillating visual field abnormality)
Time course of symptoms
Abrupt onset, starting in different parts of the body (e.g. face, 
arm, leg) at more or less the same time, without intensification or 
spread (“march”); deficit maximal usually within a few seconds; 
symptoms resolve more gradually but completely, usually within 
an hour and, by definition, always within 24 hours. Very brief 
attacks, lasting only seconds, are unusual except for transient 
monocular blindness (TMB) (Note: we do not know how brief an 
attack of TMB can be and still be classified as TMB due to 
transient ischemia; perhaps 10 seconds or so?)
Associated symptoms
TIAs usually occur without warning
Antecedent symptoms are rare, but may reflect the cause (e.g. neck 
and face pain due to carotid dissection, headache due to giant‐cell 
arteritis); otherwise, antecedent symptoms (e.g. headache, nausea, 
or epigastric discomfort) usually suggest migraine or epilepsy
Headache may occur during and after a TIA; it is to be 
distinguished from migraine headache
Loss of consciousness is almost never due to a TIA; it usually 
suggests syncope or epilepsy
Neurological signs
Following symptomatic recovery, a few physical signs, such as 
reflex asymmetry or an extensor plantar response, which are 
not functionally significant, may be found
Brain CT or MR scan
The scan may show small areas of altered density, consistent 
with brain ischemia or infarction, in a relevant part of the brain, 
or may have areas of hypodensity (on CT) or increased signal 
(on T2‐weighted MR) remote from the symptomatic area
Frequency of attacks
TIAs often recur, but very frequent stereotyped attacks raise 
the possibility of partial epileptic seizures (sometimes due to 
an underlying structural abnormality such as an arteriovenous 
malformation, chronic subdural hematoma, or cerebral tumor) 
or hypoglycemia
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thromboembolic disease of the arteries, heart, and blood. 
However, it is conceivable that TIAs may also arise from 
disease of the veins, causing transient  reduction in venous 
return from the brain or eye, but we are not aware of any 
patients with cerebral venous thrombosis who have 
 presented with symptoms of TIA [3, 4].

The time‐based definition
The duration of symptoms in TIA and ischemic stroke is 
a continuum (Figure 3.1). The rationale for the standard 
time‐based definition of TIA is that a longer duration of 
symptoms is associated with a higher risk of stroke and 
stroke recurrence [5–8] (Figure 3.2).

The standard definition of TIA allows abnormal but 
functionally unimportant focal neurological signs such 
as reflex asymmetry or an extensor plantar response to 
persist for longer than 24 hours, provided the symptoms 
have resolved within 24 hours; this occurs in about 5% of 
patients [1, 2]. The defined upper limit for the duration 
of symptoms of 24 hours has more to do with the earth’s 
rotation than biology. Indeed, increasing duration of 
focal neurological symptoms is one of the five main 
 predictors of early recurrent stroke, along with age, blood 

pressure, clinical features, and diabetes (and  duration of 
symptoms) in the ABCD prognostic model of early 
stroke risk after TIA [6].

It has been suggested that the lower limit for the dura
tion of symptoms should be 10 minutes because TIAs 
lasting less than 10 minutes are associated with a lower 
risk of stroke than longer duration TIAs [7, 9]. This 
definition of the lower time limit is of course similarly 
arbitrary as the upper time limit definition and it 
remains uncertain just how short focal episodes can be 
and still be a TIA.

The tissue‐based definition
A substantial proportion of patients with time‐based 
defined TIA have evidence of focal areas of altered  signal 
intensity in an area of the brain relevant to the transient 
symptoms on brain imaging by CT or MRI [10–12]. 
Diffusion‐weighted MR imaging (DWI) is more sensitive 
than CT or MRI T2‐weighted images, and identifies a 
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It is not known how short a transient ischemic attack can 
be (and still be a TIA).
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relevant abnormality in up to two‐thirds of patients with 
time‐based defined TIA (Figure 3.3) [11, 13–17].

As a result some have proposed a revised definition 
of TIA that is restricted to patients who experience a 
brief episode of focal neurological dysfunction, pre
sumptively caused by focal brain ischemia, but without 
neuroimaging evidence of acute ischemia or infarction 
[18–21].

The American Heart Association and American Stroke 
Association Stroke Council proposed the following 
 definition in 2009: “A transient episode of neurological 
dysfunction caused by focal brain, spinal cord, or retinal 
ischemia, without infarction” [22].

By using tissue rather than time criterion, this definition 
recognizes TIA as a pathophysiological entity.

A recent work on recurrence rates of TIA and stroke 
demonstrated the huge difference of recurrence rates 
between tissue‐positive (stroke) and tissue‐negative 
events (TIA): among 3206 patients recurrent stroke 
rates at seven days were 7.1% (95% CI 5.5–9.1) after 
 tissue‐positive and 0.4% (0.2–0.7) after tissue‐negative 
events (p diff <0.0001) [23].

The time‐based definition is restricted by the arbitrary 
cutoffs. On the other hand the tissue‐based definition is 
restricted by the sensitivity and specificity of the imaging 

modality. Even in case of using the more sensitive MRI 
with search for DWI+ lesions some problems remain:

 ● The sensitivity is not 100% and depends upon the time 
point of imaging (less sensitive if performed too early 
or only after a few days) and the localization of lesion 
(less sensitive in brain stem and spinal cord).

 ● The results may be falsely positive: it is known that 
DWI+ lesions can disappear in time on follow‐up MRI 
examinations.

It has to be considered that changing the definition of 
TIA has implications on epidemiological research. For 
example redefinition of TIA reduces stroke risk after 
TIA to approximately 1% at 90 days, and reduces the rate 
of poststroke disability by approximately 3.4% [24].

3.2.2 The definition of stroke

According to the definition of TIA the standard defini
tion of stroke is a time‐based definition: “a syndrome 
characterized by rapidly developing clinical symptoms 
and/or signs of focal, and at times global (applied to 
patients in deep coma and those with subarachnoid 
hemorrhage), loss of cerebral function, with symptoms 
lasting more than 24 hours or leading to death, with no 

(a) (b)

Figure 3.3 (a) MRI (T2 weighted) of the brain in a 62‐year‐old patient with transient aphasia and left hemiparesis without residual symptoms. 
The T2‐weighted images do not show any signal changes. (b) MRI (DWI) in the same patient showing a very subtle region of altered signal 
intensity in the left angular gyrus.
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apparent cause other than that of vascular origin” [25]. 
This definition embraces stroke due to cerebral infarc
tion (ischemic stroke), nontraumatic intracerebral hem
orrhage, and intraventricular hemorrhage. Although this 
standard definition also includes some patients with 
subarachnoid hemorrhage (SAH) we propose not to 
include them in the standard definition, because clinical 
features, etiology, prognosis, and treatment of SAH are, 
for the most part, quite distinct from those of other 
forms of stroke. By convention, this definition does 
not  include retinal infarction, subdural hemorrhage, 
 epidural hemorrhage, traumatic intracerebral hemor
rhage or infarction, infection or tumor; nor does it 
embrace patients with intracranial venous thrombosis 
and SAH who are conscious and have a headache but no 
abnormal neurological signs. It is therefore important to 
be clear about what is, and what is not, included as 
“stroke” in conversation, and in the literature.

In practice, the absence of an obvious focal neurological 
deficit in a patient with a suspected stroke does not neces
sarily exclude the diagnosis. It may simply be a conse
quence of a delay in presentation, so that the signs have 
resolved, or it may be that the signs are rather subtle (but 
nevertheless functionally important to the patient) and 
have been missed.

Examples include:

 ● isolated dysphasia misinterpreted as confusion;
 ● frontal or temporal lobe infarctions that go unnoticed 

or with subtle neuropsychological deficits only;
 ● isolated visuospatial or perceptual disorder (e.g. dress

ing apraxia, geographical disorientation) that may not 
be noticed at the bedside examination, at least to begin 
with [26];

 ● isolated amnesia or other subtle form of cognitive 
 dysfunction [27];

 ● truncal and gait ataxia due to a cerebellar stroke that is 
only apparent (or elicitable) if the patient is asked to sit 
up, get out of bed and walk [28].

These types of deficit may be missed (but should not be) 
in the emergency room, on busy ward rounds, during a 
hurried postcarotid endarterectomy or coronary artery 
bypass surgery assessment, and indeed any time.

Based on the tissue‐based definition of TIA, a stroke 
is  defined as an infarction of central nervous system 
 tissue [22].

Definition of minor stroke
Minor stroke is a stroke subtype with minor neuro
logical symptoms. A consensus definition is missing but 
it has been analyzed that a definition by NIHSS scores of 
≤1 or ≤3 would be best suited for definition of minor 
stroke [29].

3.2.3 The overlap between transient 
ischemic attack and stroke, and the concept 
of an acute stroke syndrome (“brain attack” 
or “unstable brain ischemia”)

Because acute stroke treatment is restricted to the first 
hours after stroke onset an early differentiation between 
TIA and stroke would be of major interest because only 
patients with stroke are considered for acute stroke 
treatment.

The tissue‐based definition of TIA and stroke allows 
distinguishing between TIA and stroke in the early phase 
with the aforementioned restrictions due to the less than 
100% sensitivity of the imaging modalities.

Nevertheless, neither the tissue‐based nor the time‐
based definition of stroke can predict if symptoms will 
resolve spontaneously in the first 24 hours or not.

Of course, for patients whose symptoms have resolved 
within 24 hours of onset, they can be diagnosed retrospec
tively as having had a TIA on the time‐based definition. 
However, for those who still have symptoms within 24 hours 
of onset, with or without relevant physical signs, it is appro
priate to describe the acute presentation of focal cerebral 
ischemia by a term such as a “brain attack” or “acute stroke 
syndrome” or “unstable brain ischemia” [2]. This empha
sizes the need to rapidly exclude other differential diagnoses 
of TIA and stroke (e.g. hypoglycemia, brain tumor),  establish 
the pathological and etiological subtype of the stroke and 
risk of recurrent stroke, and intervene with appropriate 
treatments that may include reperfusion therapy for focal 
brain ischemia, maintenance of physiological homeostasis, 
prevention of complications of stroke, early prevention of 
recurrent stroke and other serious vascular events, and early 
rehabilitation [30]. “Time is brain” in this setting.

3.3  The diagnosis of a 
cerebrovascular event

The assessment of patients with a suspected TIA or 
stroke depends on the time that has elapsed since the 
onset of symptoms. If the patient is assessed within 3–8 
hours (or up to 24 hours in case of basilar artery occlu
sion) of stroke onset, the main focus is to establish the 
diagnosis of stroke, the pathological type and severity, the 
vessel that is narrowed or blocked and causing the neuro
logical deficit and whether early reperfusion, or antiplate
let therapy and/or carotid endarterectomy may be 
indicated. If the patient is assessed (or reassessed) after 
this time, the focus is not toward  reperfusion  therapy but 

The anachronistic term “cerebrovascular accident” (CVA) 
should be abandoned because it misleadingly implies 
that stroke is a chance event and that little can be done.
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to ascertaining and minimizing the risk of recurrent 
stroke and the adverse sequelae and complications of the 
stroke. The timing of the assessment may also influence 
the reliability of the clinical assessment and accuracy of 
the diagnosis [31]; focal neurological signs may resolve 
with time, which can make the diagnosis particularly dif
ficult if the only signs were, for example, visual‐spatial‐
perceptual dysfunction. But it can also make the diagnosis 
easier if neurological signs such as drowsiness and dys
phasia recover, so more history can be obtained from 
the patient.

The first contact between clinician and patient is a cru
cial opportunity to conduct an appropriate history and 
physical examination, and obtain relevant  information 
from any observers, family, friends, the patient’s medical 
records, and paramedic ambulance personnel (particu
larly when the patient is unable to communicate clearly 

due to dysphasia, depressed  consciousness, or speaks only 
a foreign language) [32]. The prior probability of a stroke 
among unscreened patients with neurologically relevant 
symptoms transported to an emergency  department 
is  about 10% [33]. However, in some countries (e.g. 
Australia), paramedic ambulance personnel attend most 
patients admitted to hospital with stroke and they cor
rectly identify about three‐quarters of stroke patients 
[34]. However, because such personnel tend to over‐diag
nose stroke (not being aware of other conditions that 
mimic the symptoms of stroke) several prehospital 
screening tools have been developed, based on a few core 
clinical features (Tables 3.5 and 3.6), to minimize the false 
positive diagnoses. These include:

 ● the Face Arm Speech Test (FAST) [35, 36];
 ● the Cincinnati Prehospital Stroke Scale (CPSS) [37];

Table 3.6 Motor and speech items assessed in several prehospital screening tools used for diagnosis of stroke [33–36].

Assessment item Normal response Abnormal response

Facial droop
Patient smiles or shows teeth Both sides move equally One side does not move
Arm drift
Patient closes eyes and extends both 
arms for 10 seconds

Both arms move equally One arm does not move or one arm drifts 
down, compared to the other

Hand grip
Place a hand in each hand of the patient 
and ask him/her to squeeze hands

Both grip equally Unilaterally weak or no grip

Speech
Patient repeats a sentence Normal language and articulation Slurred or incorrect words, or unable to speak

Table 3.5 Prehospital screening tools for the diagnosis of stroke: comparison of the Face Arm Speech Test (FAST), Los Angeles Paramedic 
Stroke Scale (LAPSS), Cincinnati Prehospital Stroke Scale (CPSS), and Melbourne Ambulance Stroke Screen (MASS).

Assessment FAST LAPSS CPSS MASS

History items
Age >45 years X X
Absent history of seizure or epilepsy X X
At baseline, not wheelchair bound or bedridden X X
Blood glucose concentration between 2.8 and 22.2 mmol/L X X
Physical assessment items
Facial droop X X X X
Arm drift X X X X
Hand grip X X
Speech X X X
Criteria for identifying stroke
Presence of any physical assessment item X X X X
All history items answered yes X X
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 ● the Los Angeles Paramedic Stroke Scale (LAPSS) [33];
 ● the Melbourne Ambulance Stroke Screen (MASS) [34].

These tools have proved particularly helpful in rapid 
assessment of stroke patients “in the field,” and in com
municating to regional stroke centers the imminent 
arrival of a patient with probable acute stroke.

History

When the patient is first assessed, take the patient and/or 
eyewitness back to the onset of symptoms, recording their 
own words and not just your interpretation of them. This 
can usually be achieved by asking the three questions:

 ● When did it happen?
 ● Where were you when it happened?
 ● What were you doing when it happened?

For clarification, it is always worth asking patients to 
describe their symptoms in an alternative way, particu
larly if the terms they use are rather vague (e.g. “dizziness” 
or “heaviness”). Also it can sometimes be useful to ask 
patients whether they would have been able to do a spe
cific task at the time of symptom onset; for example, if the 
patient describes an arm as being “dead,” asking whether 
they could lift the arm above their head would at least give 
a pointer as to whether the use of the word “dead” was 
referring to a motor or just a sensory deficit.

The history should obtain information about the 
following:

 ● The nature of the symptoms and signs (Sections 
3.3.1–3.3.7):

 – which modalities were/are involved (e.g. motor, 
 sensory, visual)?

 – which anatomical areas were/are involved (e.g. face, 
arm, leg, and was it the whole or part of the limb; 
one or both eyes)?

 – were/are the symptoms focal or nonfocal (Table 3.2 
and Table 3.3)?

 – what was/is their quality (i.e. “negative,” causing loss 
of sensory, motor or visual function; or “positive,” 
causing limb jerking, tingling, hallucinations)?

 – what were/are the functional consequences (e.g. 
unable to stand, unable to lift arm)?

 ● The speed of onset and temporal course of the neuro
logical symptoms (Section 3.3.8):

 – what time of day did they begin?
 – in wake‐up stroke: when was the “last seen normal time”?
 – was the onset sudden?
 – were the symptoms more or less maximal at onset; did 

they spread or progress in a stepwise, remitting, or pro
gressive fashion over minutes/hours/days; or were there 
fluctuations between normal and abnormal function?

 ● Were there any possible precipitants (Section 3.3.9)?
 – what was the patient doing at the time and immedi
ately before the onset?

 ● Were there any accompanying symptoms (Section 3.3.10), 
such as:

 – headache, epileptic seizures, panic and anxiety, 
vomiting, chest pain?

 ● Is there any relevant past or family history 
(Section 3.3.11)?

 – have there been any previous TIAs or strokes?
 – is there a history of hypertension, hypercholester
olemia, diabetes mellitus, angina, myocardial infarc
tion, intermittent claudication, or arteritis?

 – is there a family history of vascular or thrombotic 
disorders?

 ● Are there any relevant lifestyle habits/behaviors 
(Section 3.3.12)?

 – cigarette smoking, alcohol consumption, diet, physical 
activity, medications (especially the oral contracep
tive pill, antithrombotic drugs, anticoagulants, and 
recreational drugs such as amphetamines or cocaine).

Examination
The examination aims to:

 ● confirm the presence of focal neurological signs, if any, 
anticipated from the history;

 ● discover possible etiological explanations for the event 
(e.g. atrial fibrillation, carotid bruits, cardiac murmurs, 
etc.), some of which may not be anticipated (e.g. 
 malignant hypertension);

 ● identify contraindications to investigation (e.g. a 
 pacemaker – MR examination);

 ● anticipate nursing and rehabilitation needs (e.g. impaired 
swallowing, urinary incontinence, immobility, preexist
ing reduced visual or auditory acuity).

A sophisticated knowledge of neurology is not needed to 
elicit and recognize the clinical features of a cerebrovascu
lar event, as highlighted by the accurate paramedic and 
emergency room identification of stroke using simple 
stroke assessment tools (see earlier). However, a systematic 
approach is required as well as awareness of the discrimina
tory potential of symptoms and signs, in isolation and in 
groups (syndromes) (Table 3.7) [38, 39].

When a patient presents with a suspected transient 
ischemic attack, “brain attack,” or stroke, the first question 
to answer is whether it really is a vascular event or not. 
This begins with, and depends on, a sound, carefully 
taken clinical history.

The use of certain terms is often culturally determined, 
and it must not be assumed that your interpretation 
of  the term is the same as the patient’s. The most 
 appropriate response if you are unsure is “what do you 
mean by  that?” or “try and describe what you mean in 
another way.”
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Table 3.7 Neurological symptoms and signs among patients presenting with suspected transient ischemic attack and stroke in the 
Recognition of Stroke in the Emergency Room (ROSIER) study, subdivided into those occurring in patients with stroke or TIA and those 
with nonstroke [38].

% of patients

Symptoms Stroke or TIA (n = 176) Nonstroke (n = 167) Odds ratio

Neurological symptoms
Acute onset 96 47 27.6
Weakness

Face 23 6 4.8
Arm 63 24 5.3
Leg 54 22 4.1

Incoordination
Limb 5 2 2.2
Speech 53 22 4.0

Visual disturbance 11 7 1.7
Paresthesia

Face 9 7 1.3
Arm 20 16 1.4
Leg 17 11 1.6

Vertigo 6 5 1.2
Dizziness 13 33 0.3
Nausea 10 17 0.5
Vomiting 8 13 0.6
Headache 14 17 0.8
Confusion 5 25 0.2
Loss of consciousness 6 41 0.1
Convulsive seizures 1 10 0.1
Neurological signs
Weakness

Face 45 3 27.0
Arm 69 12 16.6
Leg 61 11 13.1

Visual field defect 24 2 12.8
Eye movement abnormalitya 27 1 62.2
Dysphasia/dysarthria 57 8 15.6
Visuospatial neglect 23 5 5.8
Limb ataxia 4 2 2.3
Hemiparetic/ataxic gait 53 7 14.5
Sensory deficits

Face 3 1 2.4
Arm 23 4 7.9
Leg 21 2 10.8

a Gaze palsy or ophthalmoplegia. TIA, transient ischemic attack.
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The National Institutes of Health Stroke Scale (NIHSS) 
is a graded neurological examination that can be used as 
a template upon which to base a systematic neurological 
examination. It assesses neurological impairments such 
as level of consciousness, ocular gaze, visual fields, speech 
and language function, inattention, motor and sensory 
impairments, and ataxia, and thereby helps ensure that a 
reasonably thorough neurological examination is under
taken in the acute phase. It is quick to perform (taking less 
than a few minutes), is valid, and is reliable among neu
rologists, non‐neurologist physicians, and non‐physician 
coordinators in clinical trials for measuring neurological 
impairment and stroke severity [40]. However, the scale 
was originally developed for use in trials of treatments for 
patients who had already been diagnosed with stroke (to 
measure impairments and grade stroke severity); it was 
not designed for, and has limited application in, diagnos
ing stroke and differentiating stroke from its mimics.

3.3.1 The nature of the symptoms and signs

The symptoms and signs of TIA and stroke reflect the areas 
of the brain that are affected by the focal ischemia or hem
orrhage [39]. For short duration events, such as TIA, the 
symptoms also reflect the activities in which the patient was 
engaged during the attack. For example, if the patient was 
not speaking or did not try to speak or read during a brief 
ischemic event, it is impossible to know whether aphasia or 
alexia was present or not. Similarly, a weak leg may well not 
be noticed if the patient was sitting down. As many hours of 
wakefulness are spent in an alert state with eyes open, an 
upright posture and often speaking or reading, it is not 
 surprising that most of the symptoms that TIA patients 
experience are of motor, somatosensory, visual or language 
function (Table 3.8) [41–43]. Other more transient activi
ties such as swallowing and calculation are, not surprisingly, 
less frequently reported. Presumably TIAs, like strokes, can 
start during sleep, but the patient will be unaware of them if 
they have resolved before waking.

Among patients admitted to hospital with symptoms of 
brain attack (defined as “apparently focal brain  dysfunction 
of apparently abrupt onset”), only about two‐thirds are 
subsequently diagnosed with stroke; one‐third are a stroke 
mimic [31]. Clinical features that increase the odds of a 
final diagnosis of stroke include a definite history of focal 
neurological symptoms (odds  ratio, OR = 7.2) and being 
able to determine the exact time of onset of symptoms 

(OR = 2.6) (Table  3.7) [38]. This is consistent with the 
common clinical  criteria for a cerebrovascular event (i.e. 
abrupt onset of focal neurological symptoms or signs of a 
presumed vascular etiology). A logistic regression model 
(Table  3.9) based on eight independent and significant 
predictors of the diagnosis of stroke (vs. nonstroke) 
resulted in 83% correct classifications in the data set from 
which it was derived (i.e. it was internally valid) [38]. 
Other studies, using modern neuroimaging, have shown 
that the presence of acute facial weakness, arm drift and/
or abnormal speech increased the  likelihood of stroke, 
whereas the absence of all three decreased the odds [44]. 
The Recognition of Stroke in the Emergency Room 
(ROSIER) scale has been developed and validated as an 
effective instrument to differentiate stroke from its mim
ics in the emergency room [39]. It consists of seven items 
(total score from –2 to +5) comprising discriminating ele
ments of the clinical history (loss of consciousness [score 
–1], convulsive seizures [score –1]), and neurological 
signs (face, arm, or leg weakness, speech disturbance, and 
visual field defect [each score +1]). A cutoff score >0 was 
 associated with a sensitivity of 92%, specificity of 86%, 
positive predictive value of 88%, and negative predictive 
value of 91% in the derivation data set (Table  3.7), and 
similar values in the test data set [39].

A sophisticated knowledge of neurology is not needed to 
elicit and recognize the clinical features of a cerebrovas-
cular event, but physicians must continually make efforts 
to refine their clinical abilities if the symptoms and signs 
are to be documented accurately and the diagnosis of 
stroke and its localization are to be optimized.

Table 3.8 Neurological symptoms during transient ischemic attacks.

%

Unilateral weakness, heaviness, or clumsiness 50
Unilateral sensory symptoms 35
Slurred speech (dysarthria) 23
Transient monocular blindness 18
Difficulty in speaking (aphasia) 18
Unsteadiness (ataxia) 12
Dizziness (vertigo) 5
Homonymous hemianopia 5
Double vision (diplopia) 5
Bilateral limb weakness 4
Difficulty in swallowing (dysphagia) 1
Crossed motor and sensory loss 1

From a series of 184 patients with a definite transient ischemic 
attack (TIA) in the Oxfordshire Community Stroke Project [45]. 
Many patients had more than one symptom (e.g. weakness as well as 
sensory loss) and no patients had isolated dysarthria, ataxia, vertigo, 
diplopia, or dysphagia. Lone bilateral blindness was excluded from 
this analysis but later considered to be a TIA [43].

No one symptom or sign can rule in or rule out the diag-
nosis of stroke and transient ischemic attack.
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3.3.2 Disturbance of conscious level

Consciousness may be defined as “the state of awareness 
of the self and the environment.” Coma is the total 
absence of such awareness. Vascular diseases are prob
ably the second most common cause of nontraumatic 
coma after metabolic/toxic disorders; up to 20% of 
patients with stroke – but not TIAs – may have some 
impairment of consciousness [38, 39, 42] (see also 
Section 11.3).

Clinical anatomy
Consciousness depends on the proper functioning of 
the  ascending reticular activating system (ARAS), its 
 connections to the cerebral cortex and of the cortex 
itself. The ARAS is a complex functional, rather than 
anatomical, grouping of neural structures in the parame
dian tegmentum of the upper brainstem, the  subtha
lamic region and the thalamus (mainly the intralaminar 
nuclei). Focal lesions that impair consciousness can dis
rupt the ARAS directly (i.e. mainly infratentorial lesions), 
or large supratentorial lesions, which cause secondary 
brainstem compression or distortion (Table  3.10; 
Figure  3.4) can lead to dysfunctions of the ARAS. In 
addition, extensive functional impairment or damage of 
the subcortical or cortical areas of both hemispheres also 
reduce  consciousness and can result in coma.

Clinical assessment
Conscious state is assessed by observing the patient’s 
spontaneous activity and their response to verbal, pain
ful, and other stimuli. The Glasgow Coma Scale (GCS) 
provides a structured way of describing conscious level, 
and is usually part of the standard ambulance and nurs
ing observation forms (Table 3.11). Because it was devel
oped for patients with head injury and so for more diffuse 
rather than focal neurological deficits, care is needed 
when applying it to patients with stroke. The motor 

Table 3.9 Logistic regression model for predicting the diagnosis 
of stroke [38].

Variable OR 95% CI

Known cognitive impairment 0.33 (0.1–0.8)
An exact onset could be determined 2.59 (1.3–5.1)
Definite history of focal neurological 
symptoms

7.21 (2.5–20.9)

Any abnormal vascular findingsa 2.54 (1.3–5.1)
Abnormal findings in any other systemb 0.44 (0.2–0.8)
NIHSS = 0c

NIHSS 1–4 1.92 (0.7–5.2)
NIHSS 5–10 3.14 (1.03–9.6)
NIHSS >10 7.23 (2.2–24.0)
The signs could be lateralized to the left 
or right side of the brain

2.03 (0.9–4.5)

OCSP classification possible 5.09 (2.4–10.7)

The model gives a predicted probability of stroke (ranging from 0 to 1).
a Systolic blood pressure >150 mmHg, atrial fibrillation, valvular heart 
disease, or absent peripheral pulses.
b Respiratory, abdominal, or other abnormal signs.
c National Institutes of Health Stroke Scale (NIHSS) = 0 was entered as 
the reference group (therefore it does not have a coefficient).
OCSP, Oxfordshire Community Stroke Project; OR, odds ratio; 
CI, confidence interval.

Table 3.10 Causes of impaired consciousness after stroke.

Primary damage to subcortical structures (e.g. thalamus) or to 
the reticular activating system in the brainstem (e.g. brainstem 
hemorrhage)
Secondary damage to the reticular activating system in the 
brainstem (e.g. large supratentorial hemorrhage or infarct with 
transtentorial herniation and midline shift due to edema)
Rarely bilateral extensive hemispheral strokes
Coexisting metabolic derangement (e.g. hypoglycemia, 
hypoxia, renal, or hepatic failure)
Drugs (e.g. sedatives)
To be distinguished from normal consciousness but with impaired 
responsiveness due to:
Locked‐in syndrome
Akinetic mutism
Abulia
Severe extrapyramidal bradykinesia
Severe depression
Catatonia
Hysterical conversion syndrome
Paralysis from neuromuscular disorders

Septum pellucidum
Crus of fornix

Corpus callosum

Thalamus

Hypothalamus

Midbrain
Pons

Medulla

CerebellumInterventricular
foramen

Ascending reticular
activating system

Aqueduct

IVth ventricle

Figure 3.4 Diagrammatic representation in the sagittal plane of 
the brainstem areas involved in consciousness (especially the 
ascending reticular activating system).
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deficit must be assessed on the “normal” side and not on 
the side with the motor deficit, and in the arm, not the 
leg, where the motor responses may be largely of spinal 
origin. The subscore of each item is probably more 
important than the total, since specific focal deficits, and 
particularly global aphasia, depress the overall score 
 disproportionately to the level of alertness.

The GCS has value as an initial prognostic indicator 
in acute stroke [46, 47]. It may also have value in 
 monitoring the patient’s neurological status over time. 
Any deterioration in the GCS is a prompt to consider 
whether it is because of the progression of the neuro
logical deficit or because of nonvascular factors, such as 
infection, metabolic disturbance, or the effect of drugs 
(Section 11.5). However, it is important not only to doc
ument the GCS scores (and over time), but to describe 
the patient’s neurological impairments qualitatively 
and  quantitatively (and over time) because the GCS 
measures only three of many important functions of the 
brain and frequently there is an obvious change in 
the  patient on conventional neurological examination 
but not in the GCS.

Clinical practice
Almost instantaneous loss of con sciousness caused by a 
stroke suggests either a subarachnoid hemorrhage 
(Section 3.7) or an intrinsic brainstem ischemia or hem
orrhage. Loss of consciousness within a few hours of 
onset is usually due to brainstem compression by a large 
intracerebral hematoma, or cerebellar hematoma or 
infarct. Early impairment of consciousness after 
supratentorial infarction is unusual. This is because the 
associated cerebral edema responsible for the mass 
effect, and so the midline shift and brain herniation usu
ally takes 1–3 days to develop, although some evidence 
of transtentorial herniation may be present within 24 
hours. Postmortem studies initially showed that infarc
tion of the complete middle cerebral artery territory was 
needed before significant lateral and caudal (inferior) 
displacement of midline structures occurs. These find
ings have been confirmed in several imaging studies dur
ing life. Not surprisingly, level of consciousness is one of 
the best predictors of survival after stroke (Section 10.2.7).

Loss of consciousness during a TIA is extremely  unusual 
and should prompt a search for alternative explanations 
such as hypotension (e.g. vasovagal and reflex syncope, 
cardiac arrhythmia), systemic disorders (e.g. hypoglyce
mia), and generalized epileptic seizures [48, 49]. Even 
when transient loss of consciousness is followed by focal 
neurological signs, such as a hemiparesis, it is more com
monly caused by an epileptic seizure resulting in a Todd’s 
paresis (Section 3.4.2) [48]. When loss of consciousness 
does occur during a TIA, it seems to be associated with 
brainstem (especially midbrain and upper pons or bilat
eral thalamic lesions) or bihemispheric ischemia caused 
by either vertebrobasilar or bilateral carotid occlusive dis
ease, respectively [49, 50]. A few cases may be due to 
ischemia in the territory of small, perforating arteries that 
supply the upper brainstem including components of the 
reticular activating system.

Impairment of consciousness must be distinguished 
from impaired responsiveness due to the following.

The “locked‐in” syndrome is a state of motor de‐effer
entation, where there is usually severe paralysis not only 
of the limbs but also of the neck, jaw, and face. Indeed, 
the only muscles remaining under voluntary control may 
be those concerned with vertical eye movements and 
blinking. All this occurs with clear, and often extremely 
distressing, retention of awareness. The patient is unable 
to communicate by word or movement other than by 
blinking or moving their eyes up and down, but is fully 
aware of the surroundings and attempts to respond to 
them. Hearing, vision, and often sensation are retained. 
There is usually an extensive, bilateral lesion in the ven
tral pons, which interrupts the descending motor tracts 
as well as the center for horizontal eye movements in 
the  pons, but the oculomotor nuclei and descending 

Table 3.11 The Glasgow Coma Scale.

Eye opening
E1 None
E2 To painful stimuli
E3 To command/voices
E4 Spontaneously with blinking
Motor response (best response in unaffected limb)
M1 None
M2 Arm extension to painful stimulus
M3 Arm flexion to painful stimulus
M4 Arm withdraws from painful stimulus
M5 Hand localizes painful stimulus in the face (reaches 

at least chin level)
M6 Obeys commands
Verbal response
V1 None
V2 Sounds but no recognizable words
V3 Inappropriate words/expletives
V4 Confused speech
V5 Normal

The score should be reported as: Ex, My, Vz, total score = x + y + z / 15.

The Glasgow Coma Scale is an insensitive measure of 
 neurological function and should not be the only meas-
ure to monitor the neurological status of the patient.
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pathways for vertical eye movements are spared together 
with the ARAS (Figure 3.5). Cognitive functions are nor
mal and so the patients must be given a full explanation 
of their predicament. Staff may need to be reminded to 
take appropriate account of the patient’s normal cogni
tion and sensation, since prolonged survival in this state 
is possible [51, 52].

Akinetic mutism and abulia are states where there is 
limited responsiveness to the environment, although the 
patients appear alert (or at least wakeful) in that their 
eyes are open and they follow objects. However, in 
 contrast to the locked‐in syndrome, the physical exami
nation does not reveal evidence of a major lesion of 
the  descending motor pathways. At its most extreme, 
patients with akinetic  mutism may lie with open eyes, 
follow objects and become agitated or even say the occa
sional appropriate word following noxious stimuli 
(thus distinguishing this state from that of coma or the 
persistent vegetative state); but otherwise they do not 
respond to their environment. Occasionally,  catatonic 
posturing may occur. If patients recover from this state, 

they have no recollection of it. Abulia describes a less 
severe presentation of reduced spontaneous movement 
and speech. Such patients often appear to have a marked 
flatness of affect, but with adequate stimulation they can 
be shown to be conscious and have relatively preserved 
cognition. Both akinetic mutism and abulia occur with 
bilateral damage to the cingulate gyri, caudate nuclei, 
and anterior limb of the internal capsules, but they can 
also occur with unilateral lesions of the caudate nucleus. 
Although these states are most commonly seen after 
head injury, following anterior communicating artery 
aneurysmal subarachnoid hemorrhage, or in multi‐
infarct states, they can occur with unilateral occlusion of 
the recurrent artery of Heubner.

3.3.3 Disturbance of higher cerebral function

Higher cerebral functions can be divided into those that 
are “distributed” – i.e. involve several areas of the cortex, 
such as attention, concentration, memory, and higher‐
order social behavior – and those that are more “local
ized,” such as speech and language, visuospatial function, 
and praxis [27]. Few tests are absolutely specific, how
ever, for a single aspect of higher cerebral function. 
The nature of the cognitive assessment means that it is 
often appropriate to blend aspects of history taking 
with  immediate confirmation by means of specific 

(a) (b)

Figure 3.5 MRI of a pontine infarct in a patient with locked‐in syndrome. (a) Diffusion‐weighted image, (b) T2‐weighted image.

The relatives and staff caring for patients with locked‐in 
syndrome need reminding regularly that sensation, cog-
nitive functions, and awareness are all normal.
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 examination. Skillful examiners often weave their assess
ment into a relaxed conversation with the patients, 
 making it more enjoyable for both. Many of the features 
of a brief cognitive assessment, an example of which is 
shown in Table  3.12 [27], can be modified to suit this 
style of assessment. It is important to determine the 
handedness of an individual patient to guide which 

 hemisphere is dominant for language. The descriptions 
below assume left‐hemisphere dominance.

Attention and concentration
Attention and concentration are the ability to maintain a 
coherent stream of thought or action. They are not syn
onymous with wakefulness.

Clinical anatomy
Attention and concentration are “distributed functions,” 
which depend on the integrated activity of the neocortex 
(predominantly the prefrontal, posterior parietal, and 
ventral temporal lobes), the thalamus, and brainstem. 
The reticular formation and other brainstem nuclei 
receive input from both ascending and descending path
ways and there are then major ascending tracts to the 
thalamus, particularly its intralaminar nuclei.

Clinical assessment
Failure of attention results in patients being unable to 
sustain concentration, and they are often reported to 
lack interest in things around them or to be tired or eas
ily distracted. Another common complaint is that they 
have problems with memory. This may or may not be 
true, but from a practical point of view, if there is a sig
nificant disorder of attention, then extreme care is 
required when interpreting the results of tests of other 
higher‐order functions such as memory. Attention and 
concentration can be assessed at the bedside (Table 3.13).

Clinical practice
Acute stroke patients who appear inattentive should be 
assessed carefully to exclude an underlying focal neurologi
cal disturbance such as aphasia, visuospatial or perceptual 
disturbance, hemianopia, or amnesia. If they really are inat
tentive they may have a metabolic/toxic encephalopathy, 
and an underlying treatable cause (e.g. hyponatremia, 
hypoglycemia, hypoxia, uremia, dehydration, sepsis).

Memory
Memory function can be divided into “explicit” memory 
(available to conscious access) and “implicit” memory 
(relates to learned responses and conditioned reflexes). 
Explicit memory may be “episodic” (dealing with specific 
events and episodes that have been personally 
 experienced) or “semantic” (dealing with knowledge of 
facts, concepts, and the meaning of words, e.g. “stroke 

Table 3.12 Features of the 12‐minute cognitive assessment [27].

Orientation
Time (day, date, month, season, year)
Place
Attention
Serial 7 s, or
Months of the year backwards
Language
Engage in conversation and assess articulation, fluency, 
phonemic paraphrasia (e.g. “the grass is green” – Broca’s area 
lesion) and semantic paraphrasia (e.g. “the grass is blue” –  
posterior perisylvian lesion)
Naming of some low‐frequency items (e.g. stethoscope, nib, 
cufflinks, watch winder)
Comprehension (of both single words and sentences)
Repetition (e.g. emerald, aubergine, perimeter, hippopotamus; 
no ifs, ands, or buts)
Reading
Writing
Memory
Anterograde: test recall of a name and address after 5 minutes
Retrograde: ask about recent sporting or personal events
Executive function
Letter (F) and category fluency (animals): e.g. name as many 
words beginning with the letter F or A or S (>15 words 
per minute is normal) and animals (15 is low average, 10 
is definitely impaired)
Praxis
Meaningful gestures (e.g. wave, salute)
Luria three‐step sequencing test (fist‐edge‐palm)
Visuospatial
Clock drawing, and overlapping pentagons
General neurological assessment with particular attention to:
Frontal lobe signs (grasp, pout, palmomental)
Eye movements
Presence of a movement disorder
Pyramidal signs
General impression
Slowness of thought
Inappropriateness
Mood

Table 3.13 Bedside testing of attention and concentration.

Digit span forwards and backwardsa

Recite months of the year, or days of the week, backwards
Serial subtraction of 7 s (although note that calculation ability 
needs to be intact)

a The normal range is forwards: 6 ± 1; backwards: 5 ± 1.
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is  a clinical syndrome”). Episodic memory (personally 
experienced events) comprises anterograde (newly 
encountered information) and retrograde (past events) 
components [27]. Working memory refers to the very 
limited capacity which allows us to retain information 
for a few seconds.

Clinical anatomy
Episodic memory depends on the hippocampal‐dience
phalic system, semantic memory on the anterior tempo
ral lobe, and working memory on the dorsolateral 
prefrontal cortex [32].

Clinical assessment
Patients with stroke are generally of an age when there is 
a natural decline in memory anyway (or have coexistent 
Alzheimer disease or vascular cognitive impairment). 
Therefore, many complain of memory problems before 
the stroke, and furthermore it is important to determine 
whether there really is a disturbance of memory (and not 
aphasia or disturbance of attention and concentration 
resulting in failure of registration of new information) 
and, if so, to identify what is a direct result of the stroke. 
It is important to understand that episodic and semantic 
memory testing presume an intact working memory. 
The function of the working memory can be checked 
together with the attention by the test for digit span (see 
earlier). Episodic verbal memory is tested by a word 
learning test and visual memory by face recognition. A 
suggested method for assessing memory is set out in 
Table  3.14. Semantic memory can be tested by object 
naming and by testing the verbal fluency (e.g. naming 
animals during one minute, normal >15 animals/min).

Clinical practice
Perhaps the most frequent stroke lesion causing amnesia 
is infarction of the medial temporal lobe (Figure  3.6). 
Because the cause is usually occlusion of the posterior cer
ebral artery or one of its branches, the patient may have a 
coexistent visual disorder (e.g. hemianopia or upper quad
rantanopia, color anomia, visual agnosia). A pure amnesic 
syndrome may be caused by a vascular lesion involving 
the mammillothalamic tract or anteriomedian territory of 
the thalamus (supplied by the polar and paramedian arter
ies) such as the anterior parts of the dorsomedian nucleus 
(Figure 3.7) [53, 54]. In general, there is relative sparing of 

The terms “short‐term memory” and “long‐term  memory” 
are used loosely by clinicians and often rather differently 
by neuropsychologists. In patients with stroke, in whom 
the time of onset is known, it may be easier to  distinguish 
anterograde amnesia (failure to acquire new memories) 
from retrograde amnesia (failure to recall previously 
learnt material).

Table 3.14 Bedside testing of memory.

First check that patient is attentive (Table 3.13) and that language 
function is adequate (see below, and Table 3.15).
Episodic memory
1) Anterograde verbal memory
Ask the patient to name three distinct objects (e.g. “Ball, Flag, 
Tree” or “Boston, Car, Daisy”)
Ensure that the patient has registered the information 
(repeat up to three times if necessary)
If the patient can immediately name the objects, ask the patient 
to repeat the three objects 3 minutes later
2) Anterograde visual memory
Show the patient faces in a magazine
Ensure they have recognized them
Retest after 5 minutes
3) Retrograde memory
Ask the patient to describe recent events on the ward, or visits 
from relatives
Ask about important historical events and major events in the 
patient’s life, e.g. date of marriage
Semantic memory

1) Object naming
2) Verbal fluency
Ask the patient to name as many animals during 1 minute 
as possible.

Figure 3.6 MRI DWI showing area of high signal intensity, 
consistent with infarction, in the left medial temporal lobe (arrow) 
and cerebral peduncle (arrowhead), due to occlusion of the left 
posterior cerebral artery at its origin.
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verbal memory with right thalamic lesions and visuospa
tial memory with left thalamic lesions, although the 
amnesia may be global with unilateral lesions. Particularly 
severe amnesia is more likely with paramedian thalamic 
infarction, which is frequently bilateral because the left 
and right paramedian arteries arise from one stem in 
many people (Figure 3.8) [54]. In most cases of thalamic 
amnesia there are also signs of upper midbrain dysfunc
tion, such as somnolence, vertical gaze palsies, and corti
cospinal and spinothalamic tract signs.

The syndrome of transient global amnesia is described 
in detail in Section 3.4.3.

Speech and language
Language is difficult to define, but may be considered as 
a system for the expression of thoughts and feelings by 
the use of sounds and conventional symbols. It involves 
the production (or expression) and comprehension 
(or reception) of speech, as well as reading and writing. It 
is worth noting, however, that language also comprises 
the inner speech, the disturbance of which has hardly 
been studied.

 ● Aphasia/dysphasia is an acquired disorder of the 
 production and/or comprehension of spoken and/or 
written language. Subtypes of aphasia include speech 
(verbal) apraxia, alexia, agraphia, and anomia.

 ● Speech apraxia/dyspraxia is a syndrome in which 
there is variable misarticulation of single sounds, in 
the absence of dysarthria (in which there is constant 
misarticulation). This is because of impairment of 
planning of movements required for speech sounds 
and articulation, despite the ability to articulate speech 
being intact (e.g. similar to gait apraxia).

 ● Alexia/dyslexia is an inability read. There exist several 
subtypes of dyslexia. For example in case of pure alexia 
the patient cannot read word by word but only letter 
by letter.

 ● Agraphia/dysgraphia is an acquired disorder of writ
ing, a subtype of aphasia.

 ● Anomia/dysnomia is an inability to generate a specific 
name. In the context of a vascular event, it is usually a 
manifestation of aphasia, but can be an amnesic 
disorder.

 ● Anarthria/dysarthria is a disorder of articulation of 
single sounds.

 ● Dysphonia is defined as a disorder of phonation of 
sounds.

Figure 3.7 Diffusion‐weighted MRI showing infarct of the 
left thalamus.

Figure 3.8 Diffusion‐weighted MRI showing acute bilateral 
thalamic infarction and subacute hemorrhage in the right 
thalamus in a patient with severe global amnesia.

Disorders of speech and language are not synonymous; 
speech involves language and articulation, whereas lan-
guage involves reading and writing as well as speech.
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Clinical anatomy
In general, nonfluent (expressive, Broca’s) aphasia is a 
syndrome with elements that range from initial mutism to 
speech apraxia and the classical pattern of agrammatism 
(inability to produce grammatical or intelligible speech, 
usually with simplified sentence structure – telegraphic 
speech – and errors in tense, number, and gender). It is 
likely to be due to a lesion involving the posterior, inferior, 
dominant frontal lobe cortex and subcortex. The articula
tory component (apraxia) is most heavily represented in 
the left insular region. Lesions of the dominant thalamus 
may also result in predominantly nonfluent aphasia. 
Fluent (receptive, Wernicke’s) aphasia is commonly 
caused by a more posterior lesion involving the temporal 
lobe cortex and subcortex. Most patients with stroke have 
a combination referred to as “mixed aphasia” (or, if severe, 
“global aphasia”), due to more extensive lesions within the 
dominant hemisphere. Consequently, there is often an 
associated right hemiparesis and hemianopia.

Occasionally, patients with nonfluent aphasia have 
preserved repetition. This is termed transcortical motor 
aphasia, and it is usually caused by lesions restricted to 
the anterior cerebral artery territory and which spare the 
arcuate fasciculus, between Broca’s area and Wernicke’s 
area (Section 4.2.2). Fluent aphasia with normal repeti
tion (transcortical sensory aphasia) occurs with strokes 
in the left temporo‐occipital region.

Dysarthria may be a result of cerebellar (ataxic), pyrami
dal (spastic), extrapyramidal (hypokinetic), or facial nerve 
(flaccid) dysfunction. Anarthria may occur as part of a 
pseudobulbar palsy caused by bilateral lesions of the inter
nal capsule (not necessarily at the same time) or with a 
single lesion involving both sides of the brainstem.

Dyslexia, with or without dysgraphia, may result from 
strokes that involve the medial aspect of the occipital 
lobe and the splenium of the corpus callosum and the 
dominant hemisphere. There is usually a right visual 
field defect but no hemiparesis, and it is thought that the 
lesion in the splenium interrupts the transfer of visual 
information from the normal left visual field (right 
occipital lobe) to the damaged left hemisphere language 
areas. Dyslexia can also be the result of lesions of the 
temporal lobe (direct alexia) or lesions in the nondomi
nant hemisphere (phonological dyslexia).

Clinical assessment
The first distinction to make is between aphasia/ 
dysphasia (a disorder of language), anarthria/dysarthria 
(a disorder of articulation), and dysphonia (a disorder of 
phonation). If the patient’s speech sounds “like a drunk,” 
and if the ability to understand and express spoken 
and  written language is preserved, then the problem 
is  dysarthria (or dysphonia or speech apraxia). If the 
main  difficulty is understanding or expressing spoken or 

 written language – such as difficulty in reading (the 
patient can see the letters but cannot make sense of 
them); difficulty in writing, even  though the use of the 
hand is otherwise normal (often not the case); or diffi
culty in producing sentences, with words not being in 
their proper place or even nonwords being used – then 
the problem is aphasia. Table 3.15 sets out a scheme of 
bedside testing that will detect most speech and language 
problems. There is a general tendency in everyday clini
cal practice to underestimate the receptive component of 

Table 3.15 Bedside testing of language function.

First ensure any hearing aid has a battery, is switched on and 
that appropriate, clean spectacles are worn
Also check that you are using the patient’s native language – if 
not, use an interpreter
Spontaneous speech
Consider output (whether fluent or nonfluent), articulation 
and content: during history‐taking and for a structured task 
(e.g. “describe your surroundings”)
Auditory comprehension
Simple yes/no questions (e.g. Is Russia the capital of Moscow? 
Can dogs fly? Do you put your shoes on before your socks?)
Give commands (being careful not to use nonverbal cues) of 
one, two, and three steps using common objects, such as the 
manipulation of three different‐colored pens (take care not to 
require the use of limbs with significant weakness or apraxia)
Naming
Ask the patient to name objects, parts of objects, colors, body 
parts, famous faces (certain groups, particularly the naming of 
people, may be more severely affected)
If visual agnosia is present, use auditory/tactile presentation, 
e.g. bunch of keys
Repetition
“West Register Street” (difficult if dysarthric)
“No ifs, ands, or buts” (difficult if aphasic)
Reading
Aloud, e.g. from a book or newspaper
Comprehension of the same piece
Writing
Spontaneous (“why have you come into hospital?”)
Dictation (“the quick brown fox jumped over the lazy black dog”)
Copying
Articulation
Ask the patient to say:
p/p/p/p/p/p (labial sounds, which test the orbicularis oris)
t/t/t/t/t/t (lingual sounds, which test the anterior tongue)
k/k/k/k/k/k (palatal sounds, which test the posterior tongue 
and palate)
p/t/k/p/t/k (tests the overall coordination of sounds)
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aphasia, particularly if the examiner does not go beyond 
questions requiring a yes/no answer, or simple social 
conversation.

Clinical practice

“Crossed” aphasia is a disturbance of language which 
occurs from a right hemisphere lesion in a right‐hand 
dominant patient and is seen in about 4% of such patients. 
It is presumed that some right‐handed patients have 
mixed cerebral dominance for language, but other causes 
include bilateral strokes (including the thalamus) and 
previous strokes. It is worth noting that many right‐
handed patients with right hemisphere strokes show 
subtle alterations in the affective aspects of speech, such 
as intonation (aprosody).

Isolated dysarthria may be the only manifestation of a 
lacune at the genu of the internal capsule or in the corona 
radiata. In such cases, there is specific impairment of 
corticolingual fibers [55].

Foreign accent syndrome is a rare, acquired disorder of 
speech in which native speakers listening to a patient 
speaking their language describe hearing a foreign‐
sounding accent – yet the patient may never have been 
exposed to any other language or dialect before the 
stroke. It is probably due to an inability to make 
the   normal phonetic and phonemic contrasts of the 
native language. The syndrome has most often been 
associated with small, subcortical infarcts in the left 
 cerebral hemisphere.

Visuospatial dysfunction
Many patients with stroke fail to respond to stimulation 
of, or to report information from, the side contralateral 
to the cerebral lesion. There are two broad categories of 
neglect: intrapersonal (i.e. with respect to the patient’s 
own body) and extrapersonal or topographical (i.e. with 
respect to the surrounding environment). There are a 
number of different types and/or degrees of severity of 
neglect in patients with stroke, and in many, a combina
tion of somatic sensory deficits and disturbed visual 
 perception contribute to the clinically apparent “neglect,” 
hence the use of the broader term “visuospatial dysfunc
tion.” Table 3.16 provides a glossary of the terms that are 
used [56]. Figure 3.9 shows an example of anosognosia; 
this patient denies the presence of weakness of the left 
leg [57]. Figure 3.10 shows an example of somatopara
phrenia (non‐belonging); this patient denies ownership 
of the paralyzed leg on the left side of the body, and even 
attributes the left leg to another person.

Clinical anatomy
Visuospatial dysfunction is most severe with posterior 
parietal lesions of the nondominant hemisphere, par
ticularly those that extend to the visual association areas. 
Among patients with ischemic stroke, the etiology may 
be middle cerebral or posterior cerebral artery occlusion 
[58]. Although it can occur with dominant hemisphere 

Beware of labeling a patient as dysphasic when a lack of 
other symptoms and signs suggest isolated nondomi-
nant hemisphere dysfunction.

Table 3.16 Glossary of terms describing disorders  
of visuospatial function.

Hemi‐inattention: where the patient’s behavior during 
examination suggests an inability to respond appropriately to 
environmental stimuli on one side, e.g. people approaching, 
noise, or activity in the ward
Sensory or tactile extinction: where the patient fails to register a 
tactile stimulus (light touch) of adequate intensity on one side 
of their body when both sides are stimulated simultaneously 
and adequately (i.e. double simultaneous stimulation) but 
where the stimulus has been registered when each side was 
stimulated separately
Visual inattention or extinction: where the patient fails to register 
a visual stimulus (e.g. finger movement) in one homonymous 
visual field (half field or quadrant) when the same stimulus is 
presented to both fields simultaneously, but where the patient 
had no field defect on normal testing
Allesthesia: where the patient consistently attributes sensory 
stimulation on one side to stimulation of the other; this is 
related to right/left confusion, where the patient consistently 
moves the limbs on one side when requested to move the limbs 
on the other
Anosognosia: denial of a sensorimotor hemisyndrome
Anosodiaphoria: indifference to/unconcern about a 
sensorimotor hemisyndrome
Asomatognosia: lack of awareness of a body part
Somatoparaphrenia (nonbelonging): lack of ownership of a 
paralyzed limb
Experience of supernumerary phantom limbs: reduplication 
of limbs on the affected side of the body
Personification: nicknaming a limb and giving it an identity 
of its own
Misoplegia: the morbid dislike or hatred of paralyzed limbs in 
patients with hemiparesis [56]

Related phenomena seen in parietal lobe dysfunction:
Astereognosis: unable to recognize objects placed in the 
affected hand yet cutaneous sensation is preserved
Agraphesthesia: unable to identify a number drawn on the 
palm of the affected hand yet cutaneous sensation is preserved
Geographical disorientation: where the patient becomes lost in 
familiar surroundings despite being able to see
Dressing apraxia: unable to dress, or dresses inappropriately, 
despite having no apparent weakness, sensory loss, visual, 
or neglect problems; this is occasionally seen in an isolated 
form and probably occurs because of a combination of 
disordered body image, sensory, and visual inattention rather 
than being a true apraxia
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lesions, when it does so detection is often hindered by 
coexistent language dis turbance and inability to use the 
dominant hand.

Clinical assessment
Relatives may report little more than “confusion” or 
“difficulty in dressing.” If visuospatial problems are 
 suspected from the history, they should be carefully 
sought in the examination. Simply observing how 
patients respond to their environment and carry out 
tasks, such as writing (Figure  3.11), copying flowers 
(Figure  3.12), and drawing a clock face (Figure  3.13) 

can be revealing. An obvious example would be if a 
patient (without a hemianopia) does not register the 
doctor’s presence when approached from one side, 
even when spoken to. Or they might be unable to find 
their way back to their hospital bed after being taken to 
the toilet, suggesting geographical disorientation. The 
nurses and therapists are often better placed than the 
doctor to identify visuospatial problems, so it is impor
tant that staff are trained to recognize and report them 
to other members of the team. Table  3.17 sets out a 
bedside examination that should detect significant 
visuospatial dysfunction.

Figure 3.9 Neglect and anosognosia: the photograph on the left shows how someone may normally view their hands and legs 
(before a stroke). The photograph on the right shows how the same person may view their hands and legs after a major right hemisphere 
stroke, causing neglect and anosognosia for the left hand and left leg.

Figure 3.10 Somatoparaphrenia (nonbelonging): the photograph on the left shows how someone may normally view their hands and 
legs (before a stroke). The photograph on the right shows how the same person may view their hands and legs after a major right 
hemisphere stroke causing somatoparaphrenia (i.e. the man denies ownership of the paralyzed arm and leg on the left side of the body, 
and even thinks the left arm and leg belong to another person, such as his wife – note the different left hand, wedding ring on the 
left hand, and the different left leg).
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Of the many cancellation tasks available, the star can
cellation test is easy to use and probably the most sensi
tive (Figure  3.14). Using two or three different tests 
increases the sensitivity of detecting visual neglect, but 
this may not always be practical in the setting of acute 
stroke [59]. Many aspects of these assessments of visuos
patial function require subjective judgments to be made 
by the physician – which probably accounts for the rela
tively poor interobserver reliability. Although many 
other tests to identify and quantify visuospatial dysfunc
tion have been described, the “gold standard” against 
which the tests are evaluated is often regarded as the 
functional assessment by an occupational therapist.

An elderly man who lived alone reported that he woke one 
morning and thought that there was “something in bed 
with me.” He said it felt warm, and was pressing against 
the left side of his body. He thought his cat had got into 
bed with him, but when he touched it with his right hand 
he realized that it was his left arm. He had had a right 
parietal infarct during the night.

Figure 3.11 A letter from a patient with left visual neglect, 
showing neglect of the left side of the page.

Figure 3.12 Abnormalities of copying flowers. Five patients with right 
hemisphere lesions were asked to copy pictures (a) and (b) in panel 1. 
The figures illustrate the variation seen in copying tasks. Panel 2: this 
patient has mainly neglected the information on the left side of the 
page. Panel 3: this patient has omitted the left‐hand components of 
the objects, but has shifted attention to the right‐hand side of 
another object placed to the left of the neglected space. Panel 4: this 
patient has drawn the right side of both flowers in the pot, but has 
completely neglected the left of the two separate flowers. Panel 5: 
this patient has transposed objects in the left field to the right field, 
i.e. both flowers are drawn on a single stem. Panel 6: this patient has 
produced a “hallucinatory” rabbit in the left field when copying the 
separate flowers; this has been termed “metamorphopsia.”

One can often deduce the presence of visuospatial prob-
lems by simply observing how the patient responds to 
the environment and carries out tasks around the ward.

Table 3.17 Bedside tests of visuospatial function.

Is the patient aware and reacting appropriately to their deficit?
Observe the patient’s response to the environment
Observe the patient’s ability to carry out a specific task
Check for sensory and visual extinction
Copy a simple picture, e.g. a flower (Figure 3.12)
Draw a clock face and put the numbers in (Figure 3.13); this 
may not be specific for visual neglect but rather reflect other 
cognitive problems, such as dementia
Perform the star cancellation test (Figure 3.14)
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Clinical practice
When there is an isolated problem with visuospatial 
function – i.e. when it is not accompanied by a more eas
ily recognized “stroke” deficit such as weakness – the 
patient’s behavior may seem extremely bizarre, and even 
be interpreted as psychiatric disease.

An elderly man was escorted to hospital by his concerned 
passenger after he drove his car along a street unaware 
that he was scraping along a whole row of other cars on 
the left‐hand side. Examination revealed normal visual 
fields (when each eye was tested in turn) but visual 
 inattention to the left (when the visual fields of each eye 
were tested simultaneously). There was also somatosen-
sory extinction on the left when the arms were touched 
simultaneously. Brain CT scan showed a small right 
 parietal hemorrhage.

A middle‐aged single lady was flying home from holiday 
when she became “confused.” On disembarking from the 
aircraft, she was staggering to the left, appeared unable to 
follow the signs to the customs point, and could not find 
her passport in her left‐hand jacket pocket. She was held 
initially by the police on suspicion of alcohol or drug 
intoxication, but then admitted to a psychiatric hospital. 
It was only a week later, when she had a transient ischemic 
attack affecting power in her left hand, that a right pari-
etal infarct and severe stenosis of the right internal carotid 
artery were discovered.

Perhaps not surprisingly, there is some evidence that 
patients who have varying degrees of indifference to 
their stroke are more likely to delay seeking medical 
attention [26, 28]. Visuospatial problems are a major 
cause of disability and handicap, and impede the patient’s 
functional recovery (Section 11.28).

Disorders of praxis
Apraxia is defined as inability to perform learned move
ments that cannot be explained by weakness, sensory 
loss, incoordination, inattention and other perceptual 
disorders, or by failure to understand the command. 
Dressing and constructional apraxias are best considered 
as disorders of visuospatial function rather than true 
apraxias (see earlier). Although the terms “verbal apraxia” 
or “speech apraxia” may be used by speech and language 
therapists when there are repeated phonemic substitu
tions, in practice such patients usually also have evidence 
of aphasia and/or dysarthria.

Clinical anatomy
It is thought that the programs of learned movements 
(engrams) are maintained predominantly in the left tempo
roparietal cortex. Messages then pass to the left premotor 

(a) (b) (c)

Figure 3.13 (a) A drawing of a clock face by a patient with left visuospatial disturbance after a stroke, showing crowding of the digits on 
the right and neglect of the left side of the clock face. (b) A drawing of a clock face by a confused, elderly patient who has not had a stroke. 
The crowding of digits on the right occurs because of failure of planning. Many normal people insert 12, 3, 6, and 9 before other numbers. 
(c) Rather bizarre drawing of a clock face by a patient with strokes affecting both cerebral hemispheres.
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Figure 3.14 Star cancellation test. The chart is placed in front of 
the patient, who is asked to cross out all the small stars while 
ignoring the large stars and letters. Source: Reproduced with 
permission of Thames Valley Test Company, Bury St Edmunds, 
Suffolk, UK.
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frontal cortex and finally, via the anterior corpus callosum, to 
the right premotor frontal cortex (Figure 3.15). Lesions in the 
posterior left hemisphere may result in bilateral apraxia 
(because the message is not transmitted); those in the pre
motor areas are usually associated with a hemiparesis and 
therefore apraxia may only be apparent in the nonparalyzed 
limbs; and finally, a lesion of the corpus callosum may cause 
isolated apraxia of the left limbs, with normal function of the 
right limbs.

Clinical assessment
Apraxia should always be considered as a potential 
explanation for disparity between the degree of deficit as 
tested at the bedside (when one often gives the patient 
relatively simple commands) and much more severely 
impaired functional abilities when the patient is observed 
around the ward (e.g. dressing, swallowing, speaking). 
Patients have difficulty with miming actions, imitating 
how an object is used, and even making symbolic 

 gestures. However, at other times they may be observed 
making the individual movements that would be needed 
to perform the action. In general, they will have most dif
ficulty in miming the action, less difficulty in imitating 
the examiner, and least difficulty when actually given the 
object to use. The more sequences there are to the action, 
the more difficult it is and so the more sensitive the test. 
These relatively common problems are sometimes 
referred to as “ideomotor apraxias,” and can be distin
guished from ideational apraxias when the patient has 
difficulty in performing a sequence of movements even 
though the individual movements can be performed 
normally. However, the latter probably occurs very rarely 
in a pure form, and the distinction between ideomotor 
and ideational apraxias is of little value to clinicians. 
Table 3.18 suggests ways of screening for apraxia.

Clinical practice
In patients with stroke, the main problem is being sure that 
the patient has understood the command, because lesions 
of the relevant areas will often result in aphasia. Nevertheless, 
80% of patients with aphasia also have evidence of apraxia 
with an imitation test (i.e. no verbal command). Because 
apraxic patients may perform actions reflexively that they 
are unable to do when asked, this should not be misinter
preted as a sign of a hysterical conversion disorder.

3.3.4 Disturbance of the motor system

Clinical anatomy
Particular areas of the motor cortex, when stimulated, 
result in movement of a particular body part. This locali
zation of function is traditionally portrayed by the 
homunculus (or manikin) [60]. Although the absolute 
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Figure 3.15 Diagrammatic representation of the lesions that can 
result in apraxia. (a) The dominant temporoparietal cortex is 
probably the site of the programs of learned movements (engrams). 
Lesions here result in bilateral apraxias, due to failure to transmit the 
information to both frontal lobes. The clinical signs may be difficult to 
identify because the interpretation of the command may be affected 
by receptive aphasia. (b) Although lesions of the dominant frontal 
lobe are often associated with expressive dysphasia, comprehension 
is usually relatively spared. The apraxia may only be apparent in the 
left limbs, since there will usually be a right hemiparesis. (c) Lesions in 
the anterior corpus callosum may result in isolated apraxia of the left 
limbs, because of failure of transmission of the motor information to 
the right frontal lobe, while the right arm and leg move normally. 
(d) Lesions of the nondominant frontal lobe are not normally 
associated with clinically apparent apraxias, because there is usually 
a left hemiparesis.

Table 3.18 Bedside testing of praxis.

Limbs
Ask the patient to:

Mime the use of a pen, comb, and toothbrush
Imitate the examiner’s use of the same objects
Use the actual objects

Orofacial
Ask the patient to:

Whistle
Put tongue out
Blow out cheeks
Cough

Serial actions
Ask the patient to:

Mime putting the address on a letter
Then seal it
Then put a stamp on it
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neuroanatomical relationships may be incorrect, it is still 
useful as an aide‐memoire (Figure 3.16). The corticospi
nal tract (Figure  3.17) descends from the primary and 
more anterior supplementary motor cortex, the fibers 
converging in the corona radiata. The fibers then pass 
through the internal capsule. The traditional view is that 
those relating to the head pass through the anterior limb; 
those relating to the mouth, larynx, and pharynx are in 
the genu; those relating to the arm are in the anterior 
part of the posterior limb; while those relating to the leg 
lie more posteriorly. In fact, the fibers almost certainly 
follow an oblique course through the capsule, becoming 
progressively more posteriorly placed in the caudal (infe
rior) segments of the capsule. The fibers then pass into 
the brainstem. Here, the fibers that originate in the pre
central gyrus lie in the cerebral peduncles of the mid
brain and the base of the pons before entering the 
medullary pyramids (i.e. the pyramidal tracts).

The facial nerve nucleus in the pons has a rostral  portion 
from which fibers innervate the muscles of the upper face, 
while the more caudal portion of the nucleus supplies 
 fibers to the muscles of the lower face. The caudal loop of 
the fibers to the facial nerve descends as far as the medulla 

and explains why lesions of the medullary pyramid or 
medial medulla can be associated with contralateral upper 
motor neuron‐type facial weakness [61, 62].

Most fibers in the corticospinal tract decussate in the 
lower medulla and come to lie in an anterolateral posi
tion in the spinal cord, although a variable proportion 
remain uncrossed. These uncrossed fibers project to 
motor neurons in the medial part of the ventral horns, 
subserving axial and proximal muscles, corresponding 
with movements of the trunk, or of two limbs together. 
The uncrossed corticospinal fibers cannot be invoked to 
explain residual function in distal parts of an otherwise 
plegic limb, nor deficits in contralateral limbs.

Clinical assessment
Motor symptoms are usually described as “weakness,” 
“heaviness,” and “clumsiness.” They are often accompanied 
by sensory symptoms of some sort, which can lead to 
 diagnostic confusion because a purely weak limb may be 
described by the patient as “numb” or “dead.” Descriptions 
such as “heaviness” and “numbness” should not simply be 
accepted as evidence of motor and sensory disturbance, 
respectively, and a little more questioning is often required.

Toes

Ankles
K

nee
H

ip
Tru

n
k

Sh
o

u
ld

er

Elb
o

w

W
rist

H
and

Li
tt

le
Ri

ng

M
id

dle

Index

Thumb

Neck

Brow

Eyelid and eyeball

Face

Lips

Jaw
Tongue

Swallowing

Vocalization

Masti

ca
tio

n
S

al
iv

at
io

n

Figure 3.16 Topographic organization of 
the motor cortex in the cerebral 
hemisphere, coronal view. Source: After 
Penfield W, Rasmussen T 1950 [60].
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In patients with suspected TIA, unilateral facial weak
ness is probably underreported, because they do not real
ize they have had facial weakness unless they have seen 
themselves in the mirror, or were seen by someone else. 
If there is a clear history of slurred speech, but no symp
toms of cerebellar or bulbar dysfunction, it is reasonable 
to  suspect facial weakness, because this may cause 
 dysarthria. However, care should be taken before accept
ing a patient’s or relative’s description of the side of a facial 
weakness. They should be asked, “Which side dropped?” 
and “Did saliva trickle from one side of the mouth?” Upper 
motor neuron facial weakness affects the lower half of the 
face, while function of the  forehead muscles is relatively 
preserved because of bilateral innervation of the forehead 
muscles. Mild weakness may only be apparent by observ
ing asymmetry of the nasolabial folds. If the examiner is 
uncertain whether a facial  weakness is present, or whether 
it is simply the normal side‐to‐side asymmetry, it may be 
useful to ask the patient to attempt to whistle, an action 
that requires fine control of the facial muscles. A mild 
upper motor neuron facial weakness can be overcome 
during emotionally generated movements (e.g. a smile).

Patients sometimes complain of being “generally weak.” 
This should be viewed as a nonfocal neurological symp
tom, as it is rarely described when they strictly mean 
motor weakness. It is sometimes used as a term for fatigue, 
tiredness, lethargy, and just occasionally loss of balance.

For the clinician, the difficulties with the physical 
examination lie not with the densely hemiplegic patient 
with increased tone, brisk deep tendon reflexes and an 
extensor plantar response, but rather with the patient 
with a mild neurological deficit. Subtle abnormalities of 
motor function may be detectable in the hand at a time 
when there is no objective weakness. Impairment of fine 
finger movements (or rapid alternating hand move
ments) is a sensitive clinical test of corticospinal func
tion. This equates with functional problems reported by 
patients who, in the presence of normal power, often 
have difficulty with delicate motor tasks such as doing up 
buttons or controlling a pen and so may describe the 
problem as “clumsiness.” Of course, they are much more 
likely to notice this in their normally dominant hand.

Drift of the outstretched pronated arm with the eyes 
closed is a good screening test of motor function 
(Figure 3.18). However, there are several other potential 
causes including loss of proprioception, when the fingers 
tend to move independently – so‐called “piano‐playing” or 
“pseudoathetosis”; neglect, when there tend to be much 
larger‐amplitude movements, including upward; or cere
bellar dysfunction, when there tend to be larger‐amplitude 
oscillations, particularly if sharp downward pressure is 
applied to the arm. Thus, as a screening test for motor dys
function, it is quite sensitive but not very specific and 
should be used in conjunction with the examination of 
fine finger movements. The test should be performed with 
the patient’s palms facing upward, and if asymmetrical 
internal rotation occurs without downward drift this can 
be taken as a sign of very subtle motor dysfunction.

Minor motor deficits affecting the leg are probably 
best detected by drift of the leg (when flexed at the hip 
against gravity in a supine patient) and rapid tapping of 
the foot against the examiner’s hand. Additionally, the 
patient’s gait should be carefully observed.

Lateral corticospinal
tract (crossed)

Anterior corticospinal
tract (uncrossed)

Pyramid Medulla 
oblongata

Pons

Midbrain

Corticospinal tract
Corticobulbar tract

Internal 
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Spinal cord

Cerebral peduncle

Figure 3.17 Diagrammatic representation of the corticospinal 
and corticobulbar tracts.

Impairment of fine finger or rapid hand movements is 
probably the most sensitive clinical test of corticospinal 
function.

Drift from the horizontal of the outstretched arm with 
the eyes closed, and rapid tapping of the foot against the 
examiner’s hand, are both good screening tests of motor 
function in the arm and leg, respectively, but neither test 
is very specific.
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The pattern of weakness within an individual limb 
is  traditionally taught to be of localizing value. In 
 particular, when the antigravity muscles (i.e. shoulder 
abductors; elbow, wrist, and finger extensors; hip 
and knee flexors; and ankle and toe dorsiflexors and 
ankle everters) are weaker than their counterparts (i.e. 
shoulder adductors; elbow, wrist, and finger flexors; 
hip and knee extensors; and ankle and toe flexors and 
ankle inverters), this is often described as a “pyrami
dal  distribution” of  weakness. It has been suggested 
that this pattern is  simply a function of the intrinsi
cally greater strength in antigravity muscles together 
with the effects of hypertonia – the actual pattern of 
weakness being equally common in patients with cen
tral or peripheral lesions causing muscle weakness 
[63]. The deep tendon reflexes were considered of 
more value as a localizing feature [63], although the 
interobserver reliability of two standard scales for 
grading tendon reflexes is probably no better than 
“fair” (kappa < 0.35) [64].

While the anatomical extent of the motor deficit is 
important for clinicoanatomical correlation, the  severity 

is helpful in the acute phase for determining prognosis, 
the potential risks and benefits of interventions (such as 
thrombolysis), and the functional management and 
rehabilitation of the patient. There are several methods 
of quantifying the severity of motor weakness, such as 
the Medical Research Council (MRC) scale (see 
Table  3.19), NIHSS, and Scandinavian Neurological 
Stroke Scale, which have an operational definition of 
the grades of weakness, and moderately good interob
server reliability [40]. In addition a description of some 
actions the patient can and cannot perform (e.g. holding 
a cup of water, combing hair) is helpful when trying to 
understand the problems that the patient is having and 
for appropriate goal setting during rehabilitation. And, 
for assessing change, it can be helpful to ask the patient, 
or note, what they can just do (e.g. can just extend the 
fingers against gravity, walk 10 minutes in 15 seconds); 
and worsening or improvement can then be easily 
observed, even if the weakness appears to have the same 
MRC grade.

An extensor plantar response is only one part of a 
nociceptive spinal flexion reflex, which in its complete 
form (the sign of Babinski) involves flexion at the hip, 
knee, and ankle as well as extension of the big toe 
(Figure  3.19) [65]. Failure to appreciate this perhaps 
explains, in part, the rather poor reliability of the sign. 
While the presence of a Babinski response signifies a 
lesion of the corticospinal tract, it is not invariable, par
ticularly if there is no weakness of the foot.

Although swallowing involves both the motor 
and sensory systems, mention will be made of it here. 

Figure 3.18 Downward drift of the outstretched left arm in 
a patient with a right corticospinal tract motor deficit causing 
a mild left hemiparesis.

Table 3.19 Quantification motor weakness with the Medical 
Research Council scale.

 ● Grade 5: Muscle contracts normally against full resistance.
 ● Grade 4: Muscle strength is reduced but muscle contraction 

can still move joint against resistance.
 ● Grade 3: Muscle strength is further reduced such that the 

joint can be moved only against gravity with the examiner’s 
resistance completely removed. As an example, the elbow 
can be moved from full extension to full flexion starting with 
the arm hanging down at the side.

 ● Grade 2: Muscle can move only if the resistance of gravity is 
removed. As an example, the elbow can be fully flexed only 
if the arm is maintained in a horizontal plane.

 ● Grade 1: Only a trace or flicker of movement is seen or felt in 
the muscle or fasciculations are observed in the muscle.

 ● Grade 0: No movement is observed.

Attention should focus on the anatomical extent of the 
weakness and the functional consequences, rather than 
solely trying to grade the severity with a motor scale.
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The gag reflex alone is not an adequate examination of 
the  ninth and tenth cranial nerves, nor is it a good 
indicator of swallowing ability (Section  11.17) [66]. 
Sensation on the two sides of the soft palate should be 
tested separately with an orange‐stick, elevation of the 
palate should be observed, and the patient should be 
asked to cough. Failure to oppose the vocal cords ade
quately will result in some air escaping, which should 
alert the physician that the patient may have swallow
ing difficulties.

Clinical practice

Weakness usually affects one side of the body: the face, 
arm, or leg in isolation (monoparesis or monoplegia), 
each limb as a whole or in part, or a combination of these 
(hemiparesis or hemiplegia). Lesions in the internal cap
sule and ventral pons tend to result in a hemiparesis/
hemiplegia that is equally severe (proportional) in the 

(a)

(c)

(b)

Figure 3.19 The Babinski sign: (a, b) evoked 
in this case by stroking the lateral part of 
the dorsum, rather than the sole, of the 
foot, in order to avoid voluntary withdrawal. 
The Babinski sign (c) involves contraction of 
the extensor hallucis longus simultaneously 
with other muscles that shorten the leg: 
tibialis anterior, the hamstrings (arrow), and 
the tensor fasciae latae. Source: van Gijn 
1995 [65]. Reproduced with permission of 
BMJ Publishing.

Most patients with stroke have motor symptoms or signs.
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arm and leg and is seldom accompanied by other 
 neurological symptoms and signs – a pure motor stroke 
(Section  4.3.2). When there is a brachial monoparesis 
(isolated weakness of the arm), or the weakness affects 
predominantly the face, hand or fingers even, it is more 
likely to be due to a cortical (where function is distrib
uted anatomically) rather than a subcortical (where 
function is concentrated) lesion [67]. When weakness 
involves the hand only, it is often referred to as a “cortical 
hand.” It can result from a small lesion in the hand notch 
of the motor cortex and can be confused with a radial 
nerve lesion. However, if such a patient tries to make a 
fist, dorsiflexion of the hand can be noted unlike in radial 
nerve palsy (Wartenberg’s sign). Isolated upper motor 
neuron facial weakness, however, seems to be of less 
localizing value, and it can certainly occur with very 
small infarcts in the genu of the internal capsule and in 
the pons.

When weakness is confined to, or predominates in the 
leg, the lesion is most likely to, but not invariably, involve 
the territory of the anterior cerebral artery or the sagittal 
venous sinus (Section 4.2.2) [68]. Crossed weakness (i.e. 
weakness of one side of the face and the contralateral 
limbs) indicates a brainstem lesion or bilateral lesions 
(e.g. both hemispheres, or one hemisphere and contralat
eral brainstem). Paraplegia, triplegia, and tetraplegia all 
occur more commonly from spinal than brain disorders 
(although see “locked‐in syndrome,” Section 3.3.2).

When bilateral motor signs develop simultaneously – 
particularly if a cranial nerve palsy or crossed sensory 
disturbance (pointing to a brainstem lesion) are not 
present – and there is no sensory or reflex level to sug
gest a spinal cord lesion, cardiogenic embolism (i.e. 
causing two or more lesions), some kind of multifocal 
arteriopathy (such as vasculitis), abnormalities of the 
circle of Willis (Section  4.2.2), or systemic hypoten
sion (resulting in bilateral boundary‐zone infarcts; 
Section  4.2.4) must be considered. Very rarely hypo
tension results in paralysis predominantly of both arms 
(the “man in the barrel” syndrome), with bilateral 
infarction in the boundary between the anterior and 
middle cerebral arteries.

Although most strokes causing facial weakness result 
in a typical upper motor neuron pattern, there are 
some exceptions, which can lead to the erroneous diag
nosis of Bell’s palsy if there is minimal associated limb 
weakness. The most obvious exception is that of a 
brainstem stroke affecting the facial nerve nucleus. 
Occasionally, patients with very severe lower facial 
weakness from a supranuclear lesion also have some 
weakness of the upper face as well, particularly in the 
first few days after a stroke. This may reflect individual 
variation in the bilateral innervation of the upper facial 
(forehead) muscles.

Sometimes patients seem at one moment to have 
(or are reported to have) a dense hemiplegia (usually left‐
sided) and yet, very soon afterwards, move the 
“ paralyzed” limbs. This may be misinterpreted as a hys
terical conversion disorder [69]. However, this pattern 
can also  be seen with the so‐called capsular warning 
 syndrome, or crescendo small‐vessel TIAs [70], although 
in such cases the episodes seem much more discrete 
(Section 6.7.3). It can also occur in patients with a hemo
dynamically significant internal carotid artery stenosis, 
presumably due to subtle changes in distal perfusion 
pressure. However, the majority are patients in whom 
this seems to be a manifestation of inattention/neglect, 
or even apraxia. In patients who are recovering from 
what appears to be an extensive nondominant hemi
sphere stroke, what seems to be a dense hemiplegia may 
improve very rapidly as the inattention/neglect begins to 
resolve – a fact that needs to be borne in mind when pre
dicting the eventual functional outcome.

Dysphagia is a common feature of acute stroke and an 
important cause of complications if not appropriately 
managed (Section 11.17), but it is of limited neuroana
tomical localizing value.

Movement disorders such as hemiballismus, unilateral 
asterixis, hemichorea, and focal dystonia occur in about 
1% of patients with TIA and acute stroke due to contralat
eral, and rarely ipsilateral, small deep vascular lesions of 
the subthalamic nucleus, striatum, or thalamus. Transient 
cerebral ischemia may also masquerade as paroxysmal 
dyskinesia, and involuntary tonic limb spasms may arise 
contralateral to ventral pontine  brainstem infarction. The 
abnormal movements usually regress spontaneously.

Occasionally, patients describe jerking movements of 
the limbs just before the onset of a stroke, or during a TIA 
(“limb‐shaking TIA”). The distinction from focal motor 
epilepsy may be difficult (Section 3.4.2) [48, 71]. However, 
in contrast to epileptic seizures, these attacks may be pro
voked by postural change (from lying to  sitting or standing 
up), hyperextension of the neck,  walking, coughing, or 
starting or increasing antihypertensive therapy, and they 

Lesions of the seventh cranial nerve nucleus involve both 
the upper and lower parts of the face; this pattern is not 
always due to Bell’s palsy.

It is always important to see whether a patient can sit up, 
get off the bed and walk, provided there is no risk to the 
patient or physician, whatever the motor deficit when 
tested on the bed. A severe deficit may be due to neglect 
and not weakness, and profound ataxia of gait may be 
associated with no motor deficit at all.
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may be alleviated promptly by sitting or lying down, all of 
which suggest they are due to “low flow” rather than 
embolism (Section  6.7.5). There is an association with 
severe internal carotid artery stenosis or occlusion 
(Figure 3.20) [71], and the attacks usually stop after carotid 
endarterectomy. This pattern has also been reported with 
internal boundary‐zone infarcts (Section 4.2.4).

Other disorders that sometimes need to be considered 
in the differential diagnosis of stroke are the Guillain‐
Barré syndrome, mononeuropathies, drop attacks, 
 cataplexy, and motor neuron disease (Section 3.4.11).

3.3.5 Disturbance of the somatic sensory system

There are broadly two types of sensory message passing 
from the periphery to the brain. Superficial sensation 
(also known as cutaneous or exteroceptive) includes 

light touch, pain, and temperature modalities. Deep and 
proprioceptive sensation refers to deep pressure and joint 
position sense, respectively. Synthesis and appreciation 
of these sensory inputs occurs at a cortical level. 
Discriminative sensation refers to stereognosis, two‐
point discrimination and graphesthesia. Paresthesiae are 
positive sensory phenomena (e.g. pins and needles) that 
are presumed to occur because of partial damage to the 
sensory tracts or posterior horn cells, which become 
hyperexcitable (perhaps akin to brisk reflexes), such that 
ectopic impulses are generated either spontaneously or 
after a normal stimulus‐evoked volley of impulses.

Clinical anatomy
The main sensory pathways are shown in Figure  3.21. 
Impulses for superficial sensation are conveyed in the 

Figure 3.20 (a) MR angiography showing high‐grade stenosis of the right internal carotid artery. (b) MR NOVA showing reduced CO2 
reactivity in the vessel territory of the right internal carotid artery. The patient presented with several episodes of jerking of the left leg 
that occurred only in the upright position, also called “limb‐shaking TIAs.” ((b) Also reproduced in color in the plate section.)

(a)

(b)
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 spinothalamic tracts, which synapse in the dorsal horn, 
cross the midline at about the same spinal level and then 
ascend through the lateral spinal cord and brainstem. 
Fibers carrying similar sensory impulses from the face 
enter the ipsilateral, descending (or spinal) trigeminal 
nucleus and cross the midline in the upper cervical spinal 
cord. They then ascend through the medulla medially, 
close to the medial lemniscus, and separate to join the 
medial part of the spinothalamic tract in the pons. The 
relevant fibers for deep sensation are primarily in the ipsi
lateral posterior columns of the spinal cord. Decussation 
(crossing) occurs in the caudal medulla, after which the 
fibers ascend through the brainstem in the medial lemnis
cus. Fibers carrying similar sensory impulses from the 
face enter the primary trigeminal nucleus in the pons and 
cross the  midline at this level to form the trigeminal lem
niscus, which lies adjacent to the medial lemniscus.

All these ascending fibers converge toward the mid
brain and project, in the main, to the posterior group of 
thalamic nuclei and in particular to the ventro‐postero‐
lateral nuclei (trunk and legs) and ventro‐postero‐medial 
nuclei (face, tongue, fingers). Lesions of the thalamus 
often involve all sensory modalities, although deep sensa
tion may be more affected than superficial sensation. 
From the thalamus there are probably two main projec
tions. The first is to the postcentral or primary somatic 
cortex where there is somatotopic representation, with 
the leg uppermost and the face lowermost. The areas of 
sensory representation in the cortex match those of the 
motor homunculus (Figure 3.16). A second projection is 
to the area adjacent to the upper part of the sylvian fissure 
and insula. Here there is less discrete localization, but in 
general, the face is rostral and the leg caudal. Interestingly, 
stimulation of this area may result in bilateral symptoms. 
Lesions confined to the parietal lobe generally affect 
higher‐level “discriminatory” functions (i.e. propriocep
tion, two‐point discrimination, astereognosis) rather 
than primary modalities of sensation (e.g. pain, tempera
ture), but sometimes the primary modalities are affected, 
giving rise to a “pseudothalamic” syndrome.

Clinical assessment
Somatosensory symptoms due to stroke are usually 
described by the patient as numbness (“like the numbness 
I have after going to the dentist”), tingling, or a dead sen
sation; occasionally as loss of temperature sensation when 
in the bath or shower; and very rarely as pain (at least at 
onset). Often, patients find it difficult to describe unusual 
sensations in a manner that allows accurate classification, 
and the descriptions seem to vary between cultures. 
Nevertheless, it is the distribution of the sensory distur
bance, usually involving the face and arm, or hand and 
leg, or face and arm and leg that stamp the disturbance as 
involving the central nervous rather than the peripheral 
nervous system. The difficulty lies with isolated sensory 
disturbances that are limited to a part of a limb or a part of 
the face, which can be central or peripheral in origin.

It is widely recognized that formal testing of the sen
sory system is one of the most unreliable parts of the 
neurological examination (see later). Quite frequently 
there is no detectable sensory loss. In general, therefore, 
sensory symptoms even in the absence of a deficit on 
examination should be noted. Indeed, on the assumption 
that the patients are able to communicate and do not 
have neglect, the only situation in which they will 
have  sensory loss without sensory symptoms is when 
there is  a restricted problem of discriminatory rather 
than  primary sensory function (due to a parietal lesion), 
something that is uncommon in clinical practice. 
Conversely, care needs to be taken over the interpreta
tion of very transient sensory symptoms, which can be 
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Figure 3.21 Diagrammatic representation of the main sensory 
pathways between the entry of the dorsal root to the spinal cord 
and the sensory cortex.
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within the range of normal experience, although the 
 clinician should not accept uncritically the patients’ 
common interpretation of sensory symptoms as being 
due to a “trapped nerve” or “lying in a draught.”

Superficial sensation should ideally be tested in the 
standard manner, using a wisp of cotton wool (light 
touch), the side of a tuning fork (cold temperature), and 
an appropriate pin (i.e. not a hat pin or hypodermic nee
dle) or other sharp object that can be disposed of after it 
has been used (pain). Proprioception may be assessed 
with the patient’s arms outstretched, the fingers spread, 
and the eyes closed. Look for drift of the patient’s arm in 
a “pseudoathetoid” or “piano‐playing” manner. This can 
be amplified by asking the patient to touch the tip of his or 
her nose with the forefinger while the eyes remain closed; 
those with disturbed proprioception will repeatedly miss 
the target. This screening test will assess proprioception 
around proximal as well as distal joints, but drift can also 
be due to a motor deficit or neglect/inattention. Therefore, 
if possible, one should always attempt the traditional 
method of testing joint position sense of the distal inter
phalangeal joints. If there is expressive aphasia, it is some
times worth asking the patient to indicate with gesture 
the direction of movement. Romberg’s test can be useful 
to assess position sense in the legs if there are no other 
deficits affecting them (e.g. cerebellar ataxia).

Clinical practice
The lacunar syndrome of pure sensory stroke is typically 
caused by a lateral thalamic infarct or hemorrhage [72]. The 
deficit may involve all modalities, or may spare pain and 
temperature sensation. If there is extension to the internal 
capsule, a sensorimotor stroke may occur (Section 4.3.2).

The Déjerine–Roussy syndrome is caused by more 
 extensive lateral thalamic infarction, and consists of a 
mild contralateral hemiparesis, marked hemianesthesia, 
hemiataxia, astereognosis, and frequently paroxysmal 
pain/ hyperesthesia and choreoathetotic movements. The 
original cases had extension of the infarcts into the internal 
capsule and toward the putamen, although most of the 
features of this syndrome result from involvement of the 
ventroposterior nuclei of the thalamus (Section 4.2.3) [53].

Central pain alone may be caused by lesions at any level 
of the somatosensory pathways. However, in our experi
ence, most patients with a diffuse pain in the body at the 
onset of the event often turn out to have a nonorganic/ 
functional disorder, and patients with severe localized 

limb pain tend to have other disorders, such as nerve root 
compression in the neck or low back, or even myocardial 
infarction if the pain is down the arm or in the hand. 
Nevertheless, we  have seen the occasional patient with 
 thalamic infarction or hemorrhage develop unpleasant sen
sation in the contralateral limb within 2–3 days of onset.

Some patients have restricted sensory syndromes that 
affect unusual combinations of body parts. The most fre
quent is the cheiro‐oral syndrome, where there is a sensory 
abnormality over the perioral area (sometimes bilaterally) 
and ipsilateral palm. In some patients, the foot may also 
be involved (the cheiro‐oral‐pedal syndrome) and, in 
both  the hand and foot, certain digits may be affected 
while others are spared (a pseudoradicular distribution). 
Although lesions at most levels of the sensory pathways 
can give these patterns, lesions in the ventro‐posterior 
nuclei of the thalamus are the most likely. It is thought 
that sensory projections from the face (with a particularly 
large representation for the lips), hand, and foot are soma
totopically arranged in the ventral portion of this nucleus, 
and the fingertips have particularly large representation 
areas, with that for the thumb more medial and the little 
finger more laterally. The projection areas for the trunk 
and proximal limbs are relatively small and sited more 
dorsally. However, a similar proximity of projection areas 
through the corona radiata and in the sensory cortex may 
also occur, and consequently lesions in these areas may 
also result in the cheiro‐oral syndrome. An isolated deficit 
in a pseudoradicular distribution (most often involving 
the thumb and forefinger) is probably more often caused 
by a cortical lesion, because a stroke of any given size 
would there affect fibers from a more restricted anatomi
cal area than in the thalamus. Bilateral symptoms may 
occur from midpontine lesions, because the sensory fib
ers from the mouth, arm, and leg are once again arranged 
somatotopically in the medial lemnisci.

A defect of pain and temperature sensation below a 
certain level on the trunk on one side is usually a sign of 
spinal cord disease, but this may occur from ischemic 
lesions in the lateral medulla on the contralateral side. 
This is thought to be due to the orientation of fibers from 
different body parts within the lateral spinothalamic 
tract. Although patients usually have contralateral facial 
sensory loss as well, during the recovery phase this can 
disappear, leaving only the pseudospinal sensory loss. It 
is also worth noting that infarction of the cervical spinal 
cord causing a partial Brown–Séquard syndrome can be 
due to bilateral vertebral artery dissection [73].

3.3.6 Disturbance of the visual system

When trying to assess the visual disturbances that occur 
in patients with cerebrovascular disease, one needs to 
consider: the reception of visual stimuli by the eyes; the 

Formal testing of the sensory system is the most  unreliable 
part of the neurological examination. However, the physi-
cian should always take due note of sensory symptoms, 
even when there is no deficit on examination.
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transmission of the visual information from the eyes to the 
occipital cortex and visual association areas; and the inter
pretation of the visual information in the occipital cortex. 
Additionally, we have included in this section information 
about pupillary reactions and eye movements.

Vision
Clinical anatomy
Lesions at different sites in the visual pathway give highly 
characteristic abnormalities (Figure 3.22).

Amaurosis fugax (meaning literally “fleeting blindness”) 
and transient monocular blindness (TMB) are terms used 
interchangeably to describe temporary loss of vision in 
one eye. TMB may be caused by transient ischemia in the 
distribution of the ophthalmic, posterior ciliary, or central 
retinal artery. Vascular lesions affecting the optic chiasm 
symmetrically (when one might detect a bitemporal 
hemianopia) are rare. Indeed, the only vascular lesion of 
note would be a large aneurysm of the circle of Willis.

Homonymous visual field deficits (i.e. loss of vision in 
the corresponding part of the visual fields in both eyes) 

signify a retrochiasmal lesion (Figure  3.23). Lesions 
of  the lateral geniculate nucleus may result in a 
 homonymous horizontal sectoranopia (i.e. a segmental 
defect  that respects the vertical but not the horizontal 
meridian) due to topographical organization within the 
 lateral geniculate nucleus, but these rarely occur in iso
lation. The optic radiations pass from the lateral genicu
late nucleus as the most posterior structures of the 
internal capsule. Involvement at this level is probably 
one of the causes of hemianopia in extensive middle cer
ebral artery territory infarction. The radiations do not 
seem to be affected by occlusion of a single perforating 
artery. Restricted lesions of the inferior optic radiation 
between the lateral geniculate nucleus and the calcarine 
cortex, where the fibers swing over the temporal 
horn of the lateral ventricle and deep into the temporal 
lobe  (Meyer’s loop), result in a homonymous supe
rior   quadrantanopia, while lesions of the superior 
optic  radiation in the  parietal lobe result in a homony
mous inferior quadrantanopia. On purely anatomical 
grounds, one might anticipate encountering an inferior 
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 quadrantanopia fairly  frequently, because the middle 
cerebral artery is traditionally considered to supply the 
area through which the superior but not the inferior 
optic radiation passes. However, in some patients, the 
area of supply of the middle cerebral artery extends 
much more posteriorly than is apparent on standard 
“maps” (Section  4.2.2), and a middle cerebral artery 
lesion thus produces a homonymous hemianopia by 
interrupting the optic radiations as they converge from 
the temporal and parietal lobe on their way to the occip
ital lobe [74]. Also, perforating arteries from the carotid 
system supply the optic tracts and lateral geniculate 
nucleus (Section 4.2.2). In other patients, the posterior 
cerebral artery may derive its blood supply via the poste
rior communicating artery, and therefore, like the mid
dle cerebral artery, be affected by embolism from the 
internal carotid artery. Perhaps the most likely explana
tion, however, is that in many patients there is a mixture 
of a true visual field loss and visual inattention.

If the entire calcarine cortex or optic tract on one side 
is damaged, there will be a complete homonymous hemi
anopia, including macular vision. When this is an isolated 
feature, it is most likely due to a lesion in the occipital 
lobe, and when this is an infarct it will most often be due 
to occlusion of the posterior cerebral artery. Embolism is 
probably the most frequent cause, but giant‐cell arteritis 
and migraine need to be considered. Sparing of macular 
vision with an otherwise complete hemianopia does 
occur in posterior cerebral artery territory infarction. 

The conventional explanation is that the infarction is 
confined to the lateral cortical surface and that the macu
lar cortex is spared because it receives sufficient collateral 
supply from the terminal branches of the middle cerebral 
artery (Section 4.2.2). In theory, if the deficit in the two 
eyes is incongruous, it is most likely to be due to a lesion 
of the optic tracts, whereas if the deficits are entirely con
gruous, the lesion is likely to be in the calcarine cortex. 
However, it can be difficult to make this distinction in 
routine clinical practice.

Visual agnosia is when primary visual perception is 
intact but the patient is unable to identify an object with
out resorting to the use of other sensory modalities such 
as touch. Prosopagnosia refers to the inability of patients 
to recognize familiar faces, even though they can describe 
them. In its pure form it is very rare, but it can result in 
enormous distress if patients deny recognizing their 
close family. Most lesions causing visual agnosia are in 
the anterior part of the dominant occipital lobe (the so‐
called visual association areas) and the angular gyrus, 
although most cases of prosopagnosia have occurred 
with bilateral lesions.

Clinical assessment
Many patients have great difficulty in describing visual 
symptoms, particularly when they have resolved. It is 
therefore very important to be clear what a patient 
means. For example, the term “blackout” may be used to 
mean bilateral blindness and also loss of consciousness, 

Homonymous hemianopia is a loss of corresponding �eld of vision in both eyes

When it affects the left visual �eld it looks like this:
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Figure 3.23 Homonymous hemianopia.
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and some patients who report “blurred vision” in both 
eyes are actually trying to describe double vision. We 
find it useful to establish the functional severity of the 
visual disturbance – for example were they unable to find 
their way around, or to recognize faces (neither of which 
would occur with either TMB or a homonymous 
hemianopia).

In vascular TMB the symptoms usually occur without 
provocation, but they may occasionally be precipitated 
by bright or white light, a change in posture, exercise, a 
hot bath, or a heavy meal, particularly in patients with 
severe ipsilateral carotid disease. Generally, the visual 
loss during vascular TMB is painless (although some 
patients do complain of a dull ache or numbness in or 
above the eye) and very rapid. It can be described as if a 
blind or shutter had come down from above or, less 
often, up from below. The visual loss may be restricted to 
either the upper or lower half of the visual field and, less 
frequently, to the peripheral nasal and/or temporal field 
(in which case, be suspicious that the visual loss is or was 
binocular; i.e. a homonymous hemianopia). A pattern of 
diffuse, constricting or patchy loss may also occur. TMB 
may recur, usually in a stereotyped fashion, but the area 
of visual impairment may vary from one episode to the 
next, depending on which part of the retina is ischemic.

A frequent and, from a vascular anatomical point of 
view, very important clinical problem is trying to differ
entiate a transient homonymous hemianopia from TMB. 
The single most important question to ask is whether the 
patient covered each eye in turn during the episode. For 
patients without any residual visual disturbance, it can 
be useful to cover one eye and ask whether that repro
duces the previously experienced effect. After covering 
the “good eye,” patients with TMB (of the “bad eye”) will 
have seen nothing, whereas patients with a homonymous 
hemianopia will have still seen something in the remain
ing half of the visual field. On the other hand, when 
patients cover the affected eye during TMB, they tend 
not to notice any visual disturbance because of normal 
vision from the other eye. In our experience, asking 
patients whether they saw half of everything often seems 
to cause confusion, and it may be better to ask them to 
look at your face and describe what they might have seen 
if they had been having an attack.

Patients may not recognize an isolated homonymous 
hemianopia, or they may simply describe it as “blurred 
vision” or “a shadow.” Even if they covered each eye in 
turn during the symptoms, it still may not be possible to 
be really confident, because homonymous hemianopia 
does not necessarily split macular vision and may be 
interpreted by the patient as loss of vision in one eye 
only. The presence of other symptoms may be help
ful – for example, if there are ipsilateral visual and brain 
symptoms the visual problem is likely to be a hemiano
pia, whereas if they are contralateral it points to TMB.

It may be difficult to test visual acuity formally (e.g. 
with a Snellen chart) in patients with acute stroke, 
because of drowsiness, aphasia, or the fact that they are 
bed‐bound, but at least testing with a handheld acuity 
chart or simply using everyday written material should 
be attempted. Many patients with stroke are elderly, and 
concomitant eye diseases such as glaucoma, senile mac
ular degeneration, cataracts, and diabetic retinopathy 
are therefore common. It is important to identify these 
conditions at an early stage, because they may well make 
rehabilitation significantly more difficult. Indeed, the 
improved visual acuity that follows a cataract extraction 
may make the difference between being able to live 
 independently (and safely) or not for a patient who has 
residual disability from a stroke.

Because of the very large representation of the macula 
area in the occipital cortex and the excellent collateral 
blood supply to this cortical area, even patients who have 
a complete homonymous hemianopia rarely ever have 
significantly reduced visual acuity per se, which is also 
explained by the anatomical architecture of the visual 
system. Half of the macula efferent fibers project to the 
ispilateral and half to the contralateral visual cortex. 
Since only half of all macula efferent fibers are necessary 
to maintain normal visual acuity, only bilateral lesions of 
the visual pathways will reduce visual acuity. This 
explains that only bilateral but not unilateral hemispheric 
or occipital lobar strokes affect visual acuity [75].

If the visual loss is persistent (i.e. beyond several hours) 
and ophthalmoscopy reveals pallor of all or a section of 
the retina (due to cloudy swelling of the retinal ganglion 
cells), then the diagnosis is retinal infarction (Figure 3.24). 
Additional findings may include an afferent pupillary 
defect, embolic material in the retinal arteries or 
 arterioles, and a cherry‐red spot over the fovea (due to 
accentuation of the normal fovea, which is devoid of 
 ganglion cells, against the abnormally pale retina) in 
cases of central retinal artery occlusion (Figure 3.25).

When a patient complains of transient loss of vision in 
one eye, do not assume that the visual loss was monoc-
ular; it may have been a homonymous hemianopia. Ask 
the patient if they covered each eye in turn during the 
episode of loss of vision, and if so if the visual 
 disturbance was present in both eyes or one (and if the 
latter, which eye).

Elderly patients rarely attempt, let  alone accomplish, 
tests of visual acuity without their own clean spectacles.
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If the eye is red and painful with a fixed, semidilated, oval 
pupil and cloudy/steamy cornea, then acute glaucoma is 
the likely diagnosis (Section 3.5.1) (Figure 3.26). Episcleral 
vascular congestion, a cloudy cornea, neovascularization 
of the iris (rubeosis iridis), and a sluggishly reactive mid‐
dilated pupil indicate chronic anterior  segment ocular 
ischemia, which may be due to carotid occlusive disease, 
or small‐vessel disease particularly in a diabetic. This is 

so‐called ischemic oculopathy (Figure 3.27) [76]. Because 
ischemic oculopathy is a gradual, chronic process it is 
commonly also called chronic ischemic oculopathy.

If there is a visual field defect of acute onset, such as 
an absolute or relative inferior altitudinal hemianopia, 
inferior nasal segmental loss, or central scotoma, and if 
ophthalmoscopy reveals swelling of a segment or all of 
the optic disc (which may be indistinguishable from 
that seen with raised intracranial pressure), flame‐
shaped hemorrhages near the disc and distended veins 
(Figure 3.28), then the diagnosis is likely to be anterior 
ischemic optic neuropathy (Section  3.5.2). Later the 
optic disc becomes pale.

Ophthalmoscopy may reveal retinal emboli but these 
are not necessarily symptomatic (up to 1–2% of the 
population over the age of 50 may have asymptomatic 
retinal emboli). The most common types are the bright 
orange or yellow crystals of cholesterol that originate 
from ulcerated atheroma in proximal arteries. Although 
cholesterol crystals are actually white, they appear 
orange or golden because their thin, fish‐scale contour 
permits blood to pass above and below them and thus 
produce their characteristic refractile appearance 
(Figure  3.29). Most of the crystals, because of their 
small size, thin, flat structure and lack of adhesiveness, 
pass through the retinal arterioles rapidly and rarely 
occlude the larger vessels, although it is probable that 
large clumps of crystals briefly occlude the central 
artery of the retina, producing TMB, before breaking up 
and being flushed away.

Figure 3.26 A photograph of the eye of a patient with acute 
glaucoma, showing congested sclera, cloudy cornea, and oval 
pupil. (Also reproduced in color in the plate section.)

Figure 3.24 An ocular fundus photograph of a patient with 
inferior temporal branch retinal artery occlusion, showing pallor of 
the inferior half of the retina due to cloudy swelling of the retinal 
ganglion cells caused by retinal infarction. The inferior temporal 
branch arteriole is attenuated and contains embolic material 
(arrow). (Also reproduced in color in the plate section.)

Figure 3.25 An ocular fundus photograph of a patient with 
central retinal artery occlusion, showing a cherry‐red spot over 
the fovea (arrow). The cherry red spot is the normal fovea (devoid 
of ganglion cells), which seems more obvious because the 
surrounding infarcted retina has lost its red color and appears 
pale. (Also reproduced in color in the plate section.)
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White plugs of fibrin, platelets, or fatty material are 
less common. They occur in all sizes and are more likely 
to be symptomatic. Calcium emboli are chalky white 
angular crystals that tend to arise from calcific aortic ste
nosis, and they may permanently occlude the central 
retinal artery (behind the cribriform plate), or one of the 
branch retinal arterioles near the optic disc. Other less 
common types of emboli include microorganisms (sep
tic), fat, and tumor cells. Roth spots, which are very small 
white infarcts encircled by hemorrhage, were thought to 
be caused by septic emboli, but it now seems more likely 
that they are due to rupture of retinal capillaries and the 
extrusion of blood cells. Whilst the interobserver and 
intraobserver agreement for the detection of retinal 
emboli is quite high (kappa = 0.73 and 0.63, respectively), 
agreement on a range of qualitative assessments of 
emboli type is much poorer.

Narrowing, focal irregularity/constriction and tortu
osity of retinal arterioles, arteriovenous nipping and 
fluffy white patches of transudate (“cotton‐wool patches,” 
which are thought to represent small focal infarcts in 
the  inner layers of the retina), indicate long‐standing 
hypertension. If papilledema and retinal hemorrhages 

(a)

(b)

Figure 3.27 (a) and (b) Ischemic oculopathy of the right eye; note 
episcleral vascular congestion, cloudy cornea, neovascularization of 
the iris (rubeosis of the iris) and mid‐dilated pupil on external 
examination of the eye, which indicate chronic anterior segment 
ischemia due to carotid occlusive disease. Source: Hankey GJ, Warlow 
CP 1994 [76]. Reproduced with permission. (Also reproduced in color 
in the plate section.)

Figure 3.28 An ocular fundus photograph of a patient with 
anterior ischemic optic neuropathy due to occlusion of the 
posterior ciliary artery as a result of giant‐cell arteritis. Note the 
edema of the optic disc and flame‐shaped hemorrhages (arrow). 
(Also reproduced in color in the plate section.)

Figure 3.29 An ocular fundus photograph showing golden 
orange cholesterol crystals (Hollenshorst plaques) in the 
cilioretinal artery (arrows). The cilioretinal artery is present in only 
about one‐third of the population. It originates from a branch of 
the short posterior ciliary artery and supplies the macula. (Also 
reproduced in color in the plate section.)
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are also present, this indicates malignant hypertension, 
but is now uncommon (Figure 3.30).

Retinal hemorrhages without the other changes of 
hypertensive or diabetic retinopathy in a patient with a 
nontraumatic, acute neurological event is strong evidence 
of a hemorrhagic stroke. They are usually caused by a very 
sudden increase in intracranial pressure transmitted to 
the distal optic nerve sheath, where it causes a temporary 
obstruction of retinal venous outflow. The subsequent 
rise in retinal venous pressure leads to secondary bleeding 
from retinal veins and capillaries. The appearance of the 
hemorrhage depends on its site. Small dot and blot hem
orrhages lie in the deep retinal layers; linear hemorrhages 
in the superficial (nerve fiber) layer; “thumbprint” hemor
rhages with frayed borders are preretinal or superficial 
retinal; and large subhyaloid hemorrhages (large round 
hemorrhages with a fluid level) lie between the retina and 
the internal limiting membrane. Subhyaloid hemorrhages 
and other types of retinal hemorrhage can be seen in 
about 20% of patients with subarachnoid hemorrhage 
(Section 3.7).

Assessment of the visual fields must be tailored to the 
patient’s overall condition. It is important that the physi
cian has a repertoire of methods and does not give up 
simply because “formal” testing by confrontation is 
impossible in a patient who is drowsy, aphasic, cognitively 
impaired, or just cannot sit up. Kinetic testing (i.e. using 
moving objects, waggling fingers, etc.) is a less sensitive 
way of detecting deficits than static methods such as 
counting fingers or comparing colors in each hemifield.

If the patient can understand and communicate, one 
should first ask them to describe what they see in front of 
them, perhaps using the same text as for testing visual 
acuity, and ideally testing each eye individually. After 
that, hold up fingers sequentially in each quadrant of 
vision in each eye and ask the patient to count them or, 
for greater sensitivity, use a pin with a red ball on its end. 
This will detect a hemianopia or quadrantanopia. 
Following this, perform bilateral, simultaneous finger 
movement to detect evidence of visual inattention. 
Testing of the visual fields with automated perimetry is 
extremely tiring and of little value in the acute situation. 
Indeed, it may produce bizarre deficits that are normally 
associated with nonorganic disorders. However, it may 
be necessary later when there is doubt about eligibility 
for driving.

If, for whatever reason, the patient cannot follow com
mands, one will need to use quite gross stimuli to be sure 
of eliciting and identifying a response if the visual fields 
are intact. Examples include observing if there is any 
response to moving a brightly colored object in one 
hemifield, getting a colleague to approach the patient 
from one side, or seeing whether the patient blinks when 
a threatening stimulus (e.g. a quickly moving finger) is 
brought toward the eye (one needs to be careful that the 
associated air current is not simply stimulating a corneal 
reflex). A hemianopia is almost always associated with 
ipsilateral loss of this blink reflex, although the reverse is 
not always true. If the patient is not aphasic and there are 
members of the team around the bed, ask the patient to 
point to each one of the team in turn. An asymmetrical 
response to any of these tests suggests a field defect, inat
tention, neglect or a combination of these. It is not sur
prising, given these difficulties, that the interobserver 
reliability of the assessment of visual fields is relatively 
poor (see Table 3.31).

Clinical practice
Some patients with severe stenosis or occlusion of one or 
both internal carotid arteries may experience a visual dis
turbance in one or both eyes on exposure to bright sun
light or white light. Blurring, dimming, or constriction of 
the visual field from the periphery to the center of vision 
of the involved eye develops over minutes rather than 
 seconds. Objects appear bleached like a photographic 
negative, or there may be a scotoma or complete visual 

Figure 3.30 An ocular fundus photograph showing narrowing 
and tortuosity of retinal arterioles, arteriovenous nipping, retinal 
hemorrhages, and papilledema. These are the features of 
hypertensive retinopathy seen in malignant hypertension. 
(Also reproduced in color in the plate section.)

Although testing the visual fields using conventional 
confrontation methods is often impossible because the 
patient is drowsy, dysphasic, cognitively impaired, or 
cannot sit up, one can usually use other methods to 
determine whether or not there is an abnormality.
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loss; an altitudinal defect is most unusual. Such transient 
episodes of monocular or binocular blindness are pre
sumed to be due to low flow in the choroidal circulation. 
They are typically less rapid in onset than the brief tran
sient attacks of  embolic origin, and sight returns more 
gradually. Sunglasses may be an effective symptomatic 
treatment.

Cortical blindness is a syndrome in which the patient 
has no vision despite normally functioning eyes and 
anterior visual pathways. Cases of sudden, spontaneous 
and simultaneous dimming or loss of vision in all of the 
visual field of both eyes are presumed to be due to bilat
eral occipital lobe (visual cortices and optic radiations) 
ischemia/infarction as a result of occlusion of the top of 
the basilar artery or both posterior cerebral arteries. If 
the visual symptoms occur in isolation (without associ
ated symptoms of focal cerebral ischemia, seizures, or 
reduction in consciousness) in an elderly patient and if 
they resolve within 24 hours, they are probably due to a 
TIA of the occipital lobes [43]. However, when the same 
symptom occurs in adolescents and young adults, inves
tigations are unlikely to reveal a cause, and the long‐term 
prognosis appears benign.

Occasionally, when the deficit persists, true cortical 
blindness has to be distinguished from nonorganic visual 
loss. This is best detected with an optokinetic drum or a 
long piece of material with vertical stripes (e.g. a scarf or 
tape measure) because it is impossible to suppress nys
tagmus voluntarily if there is visual function. Sometimes, 
genuine bilateral blindness is denied by the patient 
(Anton syndrome), which signifies involvement of the 
association areas adjacent to the primary visual cortex, 
but otherwise the pathogenesis is as unclear as that of 
the denial of left hemiplegia or anosognosia in general. 
Perhaps the right hemisphere component is crucial.

Visual hallucinations can occur in patients with stroke 
involving the occipital, temporal, and parietal cortices as 
well as the eye, optic pathways, and cerebral peduncle 
(Section  11.27.3). Those secondary to occipital lesions 
most commonly consist of elementary (unformed) visual 
perceptions, sensations of light and colors, simple 
 geometric figures, and movements. Posterior temporal 
lesions, involving the association cortex, result in more 
complex (formed) visual hallucinations, consisting of faces 
and scenes that may include objects, pictures, and people. 
Lesions in the high midbrain, particularly the pars 
 reticulata of the substantia nigra, and thalamic lesions 
may give rise to the so‐called “peduncular hallucinosis” of 
Lhermitte, in which the hallucinations are purely visual, 
appear natural in form and color, move about like 
an   animated cartoon, and are usually considered to be 
unreal, abnormal phenomena (i.e. insight is preserved). 
More commonly, however, visual hallucinations are due to 
nonvascular disorders such as migraine or focal seizures 

(in which case, the hallucinations are usually unformed), 
psychosis, or an adverse effect of a drug such as levodopa. 
Micropsia, which is the illusion of objects appearing 
smaller than normal, and palinopsia, which is the persis
tence or recurrence of visual images after the stimulus has 
been removed, can occur with parietal lobe lesions.

Flashing lights, shooting stars, scintillations, or other 
positive phenomena in the area of impaired vision occa
sionally arise during retinal or optic nerve ischemia, but 
are far more commonly features of migraine or glaucoma.

Pupils
Clinical anatomy
The size of the pupil is determined by the balance of 
tonic impulses from the pupillodilator fibers, which 
receive input from the sympathetic nervous system, and 
the pupilloconstrictor fibers, which receive  input from 
the parasympathetic nervous system. The sympathetic 
fibers descend ipsilaterally from the hypothalamus, 
through the lateral brainstem adjacent to the spinotha
lamic tract. They occupy a more central position in the 
lateral grey column of the cervical spinal cord and exit 
via the first thoracic root. The fibers then pass across the 
apex of the lung to enter the sympathetic chain, which 
ascends through the neck in association with the carotid 
artery. The fibers associated with sweating separate in 
the superior cervical ganglion and then travel in associa
tion with branches of the external carotid artery. The 
other fibers enter the cranial cavity on the surface of the 
internal carotid artery. The fibers innervate the pupil via 
the long ciliary nerves, whilst those supplying the tarsal 
muscles are carried in the third cranial nerve.

Following reception of light by the retina, impulses are 
conveyed in the optic nerve. After the optic chiasm, they 
are conducted in both optic tracts to both Edinger–
Westphal nuclei (a distinct part of the third nerve 
nuclear complex). The parasympathetic nerves exit 
alongside the third nerve and travel with it to the orbit 
(Figure 3.31). There, they synapse in the ciliary ganglion, 
which gives rise to the short ciliary nerves that innervate 
the sphincter pupillae and the ciliary muscle. Lesions 
anterior to the lateral geniculate body result in loss of 
the pupillary light reflex.

Clinical assessment
It is very uncommon for a patient to be aware of their own 
pupillary abnormalities, but others may notice. Just occa
sionally, patients notice that their pupils are unequal – they 
will usually think one is dilated, rather than the more 
common abnormality of one being constricted. With a 
truly dilated pupil, the patient may be distressed by 
abnormal brightness and difficulty focusing. The response 
of the pupils to light – both direct and consensual – should 
be tested, as well as accommodation, if possible.
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Interruption of the descending sympathetic pathway 
in the brainstem and at other sites before the carotid 
bifurcation results in a complete ipsilateral Horner 
 syndrome, i.e. miosis, ptosis, and loss of sweating on the 
side of the face. Lesions of the internal carotid artery 
(e.g.  carotid dissection; Section  7.2.1) generally spare 
facial sweating. Sometimes a transient Horner syndrome 
is the only clue to a carotid dissection.

Clinical practice
There are many causes of anisocoria (unequal pupils) in 
the elderly, most are not vascular. Perhaps the common
est is the use of drops to treat glaucoma, but any local 
inflammatory condition (e.g. iritis) can be responsible. 
Furthermore, physiological anisocoria may occur in up 
to 20% of the normal population. Therefore, anisocoria 
very much needs to be assessed in the context of any 
other signs (such as ptosis).

Because of the functional separation of fibers within 
the third nerve nuclear complex, it is possible for third 
nerve palsies from midbrain vascular lesions to spare the 
pupillary reaction, which remains normal to light. On 
the other hand, in an unconscious patient with extensive 
damage to the midbrain (either due to intrinsic disease 
or secondary to pressure from above), the pupils will 
both be fixed and either dilated or in mid‐position 
(4–5 mm), depending on whether the sympathetic as 
well as the parasympathetic fibers are involved. Bilateral 
“pinpoint” pupils in an unconscious patient suggests an 

extensive lesion in the pons if there is no evidence of 
drug overdose (e.g. opiates). This is thought to be due to 
a combination of damage to the sympathetic fibers and 
irritation of the parasympathetic fibers (lesions solely of 
sympathetic fibers do not usually result in such intense 
pupilloconstriction). Despite this, the pupils react to a 
bright light, although this may be difficult to observe.

External ocular movements and eyelids
Clinical anatomy
The external ocular muscles maintain fusion of the 
images from each retina. The oculomotor (third nerve) 
complex in the midbrain innervates the medial, superior 
and inferior recti, and inferior oblique muscles. The 
trochlear nerve (fourth nerve), also originating in the 
midbrain, innervates the superior oblique muscle, and 
the abducens nerve (sixth nerve) in the pons innervates 
the lateral rectus muscle. Other structures of importance 
include the medial longitudinal fasciculus (MLF), which 
effectively links the nuclei; the paramedian pontine retic
ular formation, sometimes known as the pontine lateral 
gaze center; and the rostral  interstitial nucleus of the 
MLF in the midbrain which  generates the vertical and 
torsional components of eye  movement (Figure  3.32). 
The cerebellum and vestibular nuclei are also important 
for the control of eye movements.

The supranuclear control of conjugate eye movement 
is of relevance to patients with stroke. Voluntary eye 
movements are initiated in the frontal eye field, which is 
anterior to the precentral gyrus, whilst the reflex visual 
pursuit movements involve the occipital cortex and vis
ual association areas. The fibers from these areas do not 
directly innervate the oculomotor nuclei, but rather their 
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Figure 3.31 The neurogenic control 
of pupil size: an outline of the 
parasympathetic and sympathetic 
pathways involved in pupil constriction 
(–) and pupil dilatation (–). The third 
cranial nerve nuclear complex consists of: 
the Edinger–Westphal nuclei concerned 
with parasympathetic innervation of the 
pupils; the midline nucleus of Perlia, 
concerned with convergence and 
accommodation; and the lateral nuclei, 
which innervate the levator palpebrae, 
superior recti, inferior oblique, medial 
recti, and inferior recti muscles. It is 
possible for vascular lesions to cause 
ischemia of the lateral nuclei (resulting 
in extraocular palsy) but spare the 
pupilloconstrictor fibers from the 
Edinger–Westphal nuclei.

Elderly patients with stroke may be using pupilloconstric-
tor drops for glaucoma, and this may cause unequal pupils.
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input is integrated by the paramedian pontine reticular 
formation and the rostral interstitial nucleus of the MLF.

The levator palpebrae superioris is innervated by the 
superior division of the oculomotor nuclei in the midline, 
as are the superior rectus muscles. Because of this, 
 movement of the eyelids is closely linked to vertical eye 
movements. The superior and inferior tarsal muscles 
receive sympathetic innervation via the third cranial 
nerve. They assist eye opening, and when they are para
lyzed (as in Horner syndrome), the palpebral fissure is 
narrowed (but there is not complete ptosis, as is seen with 
a third nerve palsy, or central nuclear third nerve palsy).

Nystagmus is an involuntary, biphasic ocular oscillation 
that occurs with lesions of the vestibular pathway and 
 cerebellum. In patients with vascular disease, there may be 
either ischemia of the labyrinth or of the vestibular nuclei 
in the brainstem, and the pattern of any associated signs 
may be of more use in localizing the lesions than attempts 
to analyze the nystagmus itself – i.e. with nuclear lesions, 
there are likely to be other signs of  brainstem disturbance.

Clinical assessment
Hemispheric stroke involving the frontal cortex results 
in a failure of voluntary conjugate gaze to the contralat
eral side. Because of the unopposed action of the intact 
frontal eye field of the hemisphere not affected by the 
stroke, there is conjugate deviation of gaze toward the 
side of the stroke lesion. This normally settles over a 
period of 1–2 weeks. The patients are usually drowsy so 
that reflex pursuit movements cannot be assessed, 
although if the lesion was confined to the frontal lobe 
one might expect such movements to be retained. If 
patients have an acute pontine lesion, conjugate devia
tion away from the side of the lesion may occur, but this 
is less likely to recover.

When a patient complains of double vision, the follow
ing questions help to identify the site of the problem:

 ● is the double vision present when one eye is closed 
(monocular diplopia), or only when both eyes are open 
(binocular diplopia)?

 ● are the images separated side by side (horizontal), one 
above the other (vertical), or at an angle to one another 
(oblique)?

 ● and in which direction of gaze are the images  separated 
maximally?

If the patient is conscious, communicative and cooper
ative, the eye movements can be tested in the normal way. 
However, it is difficult to do this if patients cannot follow 
commands. In such cases, spontaneous movements in 
each direction should be observed to confirm the absence 
of a gaze palsy. One can also stimulate patients to look in 
each direction by doing something “interesting” in differ
ent fields of vision – so that they follow the examiner’s 
face, for example, rather than a finger or a pen. This 
also has the advantage that the examiner can continually 
reinforce the command “watch my nose.”

Nystagmus of brainstem or cerebellar origin is proba
bly best appreciated by asking the patient to fixate on, 
and then follow, a moving target. A few irregular “jerks” 
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Figure 3.32 The role of the medial longitudinal fasciculus (MLF) in 
the control of conjugate gaze. Conjugate gaze requires 
coordinated action of the third, fourth, and sixth cranial nerve 
nuclei and nerves in the brainstem. The MLF links these nuclei and 
also provides a pathway for inputs from the frontal eye field (for 
voluntary eye movements – saccades) and the occipital lobe (for 
reflex movements), as well as the tectal field for vertical eye 
movements and the pontine field for horizontal eye movements. 
“x” indicates the site of the lesion that results in the classical 
bilateral internuclear ophthalmoplegia often associated with 
multiple sclerosis. Vascular lesions (“y”) more often result in 
unilateral internuclear ophthalmoplegia, presumably because 
they are more likely to respect the vascular territory of a 
paramedian pontine perforating artery, and thus the midline, than 
a plaque of demyelination. Conversely, a lesion of the lateral pons 
may prevent ipsilateral lateral gaze, and there may be a conjugate 
deviation of the eyes away from the side of the lesion.

The patient may be stimulated to look in each direction 
by doing something “interesting” in different fields of 
vision – so that he or she follows the examiner’s face, for 
example, rather than a finger or a pen.
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of the eyes are often seen in normal people when they 
move their eyes, particularly at the extremes of lateral 
gaze. Acquired pendular nystagmus (i.e. where there is a 
sinusoidal waveform) is associated with lesions of the 
tegmentum of the pons and medulla. Upbeat nystagmus 
is associated with pontine or cerebellar lesions, and 
downbeat nystagmus with lesions in the medulla or at the 
craniocervical junction. A torsional or rotatory compo
nent can occur from both central and peripheral lesions. 
Convergence retraction nystagmus (rhythmic oscillation 
in which a slow abduction of the eyes in respect to each 
other is followed by a quick movement of adduction, and 
is usually accompanied by a quick rhythmic retraction of 
the eyes into the orbits) is considered indicative of mid
brain disease; this is actually a disorder of horizontal eye 
movement rather than true nystagmus.

A number of related disorders, which are probably due 
to a disturbance of saccadic (voluntary) eye movements, 
are associated with cerebellar disease. These include 
ocular dysmetria (where there is overshoot of the eyes on 
attempted fixation), ocular flutter (where there are occa
sional bursts of rapid horizontal oscillations without an 
intersaccadic interval), and so‐called square wave jerks.

Clinical practice
Transient diplopia in isolation may be an indication of a 
brainstem ischemic event but can also be due to myasthe
nia gravis, for example. However, transient diplopia in 
association with other symptoms of brainstem or cerebel
lar dysfunction – such as unilateral or bilateral motor or 
sensory disturbances, vertigo, ataxia, or dysarthria – usu
ally signifies a TIA in the vertebrobasilar circulation.

Monocular diplopia is usually due to intraocular dis
ease causing light rays to be dispersed onto the retina 
(e.g. corneal disease, cataract, vitreous hemorrhage) or 
to functional (nonneurological) disturbance. It has been 
reported rarely after occipital lesions but it is not due to 
paralysis of extraocular muscles.

Even though it is sometimes claimed to be a pathogno
monic sign of multiple sclerosis, vascular disease can 
cause an internuclear ophthalmoplegia (failure of adduc
tion in the adducting eye, with nystagmus in the abduct
ing eye), due to involvement of the MLF on the side of 
the adducting eye (Figure  3.32). A failure of conjugate 
horizontal gaze to one side can occur with ischemia of 
the ipsilateral (the side to which the patient cannot look) 
paramedian pontine reticular formation. Additional 
involvement of the ipsilateral MLF (with failure of adduc
tion of the ipsilateral eye on attempted gaze to the other 
side) may result in the so‐called “one‐and‐a‐half syn-
drome,” where the only remaining horizontal eye move
ment is abduction of the contralateral eye.

An oculomotor (third cranial) nerve palsy at the onset 
of SAH frequently indicates a ruptured aneurysm at the 
origin of the posterior communicating artery from the 

internal carotid artery, less frequently an aneurysm of 
the carotid bifurcation, the posterior cerebral artery, the 
basilar bifurcation, or the superior cerebellar artery. 
Third nerve palsy may also occur with unruptured aneu
rysms (presumably by expansion) or several days after 
SAH as a result of swelling of the ipsilateral cerebral 
hemisphere because of delayed cerebral ischemia. Most 
often the pupil is dilated and unreactive, but in some 
patients it is spared.

Abducens (sixth cranial) nerve palsies, frequently 
bilateral in the acute stage, may develop after SAH as a 
false localizing sign of raised intracranial pressure, 
because of traction on the nerves against the petrous 
temporal bone, or by downward transtentorial hernia
tion of the diencephalon. Occasionally, posterior circula
tion aneurysms may cause a sixth nerve palsy as a result 
of direct compression.

Occasionally one encounters patients who are unable 
to open their eyes. If bilateral ptosis is associated with a 
vertical gaze palsy and there is no suggestion of myasthe
nia gravis, then it is probably due to a nuclear third nerve 
palsy (dorsal part, in the midline) or a massive right hem
isphere lesion (“cerebral ptosis”) [77]. “Cerebral ptosis” 
must be distinguished from blepharospasm, and from 
apraxia of eyelid opening in which patients are unable to 
open their eyes on command but can do so spontane
ously (i.e. the eyelid dysfunction is episodic and may be 
precipitated by eyelid closure, often in patients with 
extrapyramidal disorders).

Ocular bobbing is usually only present with an 
impaired conscious level and extensive pontine disease. 
The spontaneous rapid downward movement of the 
eyes is followed by a slow drift back to the original posi
tion. It is thought to occur because of the tendency of 
such patients to have roving eye movements but, with
out any horizontal gaze, the only possible movements 
are in the vertical plane.

Oscillopsia is an illusion of movement, or oscillation 
of the environment. The patient may complain that 
static objects are oscillating either from side to side or 
up and down. This can occur with nystagmus or any of 
the other tonic abnormalities of eye movement, but 
these can sometimes be difficult to demonstrate. This 
symptom, although uncommon, can be extremely 
 distressing and disabling.

Tortopia is the illusion of transient tilting or  inversion 
of the environment. This can occur with cerebellar 
ischemia.

If a patient presents following a sudden, severe head-
ache and is found to have a third cranial nerve palsy, rup-
ture of a posterior communicating artery aneurysm is 
highly likely.
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3.3.7 Disturbance of hearing, balance, 
and coordination

Clinical anatomy
“Dizziness” may refer to light‐headedness, imbalance, a 
feeling of faintness, a lack of mental clarity, or frank ver
tigo – the patient must be asked to explain exactly what 
he or she means by dizziness.

Vertigo is a subjective or objective illusion of motion 
(usually rotation) or position. It is a symptom of dysfunc
tion of the peripheral or central vestibulocerebellar system.

Dysequilibrium is a sensation of imbalance when 
standing or walking due to impairment of vestibular, 
 sensory, cerebellar, visual, or motor function, and con
sequently it may be due to lesions in many parts of the 
nervous system.

Ataxia (derived from the Greek meaning “lack of 
order”) is disordered coordination of the extremities 
(limb ataxia), and imbalance of sitting (truncal ataxia) or 
gait (gait ataxia). It is typically associated with disorders 
of the cerebellum or the cerebellar connections in the 
brainstem. However, lesions of the thalamus, particularly 

within the posterolateral territory supplied by the 
thalamogeniculate artery, may present with isolated con
tralateral ataxia – although more often there is an addi
tional motor and/or sensory deficit [53]. The most likely 
explanation is that the ventrolateral nucleus receives 
input from the cerebellar, vestibular, and spinothalamic 
systems (e.g. dentato‐rubro‐thalamic tract). A related 
condition in which patients are unable to stand or even 
sit unsupported, in the absence of marked motor deficit, 
has been termed astasia and is associated with lesions in 
the posterolateral thalamus.

Sudden unilateral hearing impairment, with or  without 
ipsilateral tinnitus, is a symptom of dysfunction of the 
cochlea, vestibulocochlear nerve, or cochlear nucleus. 
Bilateral hearing impairment can be of central origin, but 
usually is accompanied by several and mostly severe 
symptoms of brainstem affection or bilateral affection of 
the temporal lobes.

The relationship between the ascending and descend
ing fiber tracts and the cranial nerve nuclei in the brain
stem is shown in Figure 3.33.
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Figure 3.33 Diagrammatic representation of the main anatomical structures within the brainstem: (a) midbrain; (b) pons; (c) medulla.
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Clinical assessment
When patients complain of an illusory sense of move
ment, the first step is to distinguish rotatory vertigo or 
tilting of the visual axis from less specific symptoms such 
as faintness, and then to localize the disturbance to the 
brainstem (central) or to the vestibulocochlear nerve or 
labyrinth (peripheral) [78, 79]. To define as closely as 
possible the patient’s actual sensations, direct questions 
often have to be asked; for example, “is it a spinning feel
ing or just light‐headedness?” Descriptions that include a 
subjective or objective illusion of motion, such as spin
ning or whirling, which is usually so unpleasant that it 
makes the patient feel nauseated and also unable to 
stand, denote what is meant by vertigo. Feelings of light‐
headedness, swaying, a swimming feeling, walking on 
air, queer head or faintness (often with accompanying 
feelings of panic, palpitations, or breathlessness), with
out a feeling of motion, are nonspecific and may be 
caused by a wide variety of systemic disturbances (usu
ally hypotension, panic, or overbreathing). Precipitating 
factors and premonitory symptoms may be of diagnostic 
value, as also may be the mode of onset (whether sudden 
or gradual), the duration, and the presence of any associ
ated symptoms such as deafness, tinnitus, and ear pain 
or fullness. Indeed, it is not so much the character of the 
vertigo that helps to localize the disorder as the associ
ated features of the attacks. For example, vertigo accom
panied by features of brainstem dysfunction such as 
diplopia and face and limb sensory disturbance, with 
normal hearing, points to a central cause; whereas ver
tigo triggered by sudden movements and positional 
changes and associated with auditory or ear symptoms 
points to a peripheral cause [49].

Unsteadiness is a fairly common symptom in stroke/
TIA patients, but unless it is associated with clearly focal 
symptoms or residual neurological signs of weakness or 
ataxia, it can be difficult to decide whether the patient 
means weakness, incoordination, vertigo, presyncope or 
anxiety, or indeed a combination of these. Sometimes it 
is helpful to ask patients whether they felt unsteady in 
the head or in the legs, or whether it was a visual prob
lem. Patients often complain of being unsteady when 
they have rotational vertigo, but it is useful to ask quite 
specifically if there was persisting unsteadiness after the 
vertigo had stopped – a positive response suggesting a 
central rather than a peripheral problem.

The most common manifestation of cerebrovascular 
disease involving the cerebellum or its connections is 
truncal ataxia. Signs in the limbs are traditionally consid
ered to need involvement of the ipsilateral cerebellar 
hemisphere rather than the midline structures, and thus 
there are often no cerebellar signs when the limbs are 
examined on the bed. Consequently, the problem may 
be overlooked if the patient’s gait is not examined. If the 

disorder is mild, asking the patient to turn round quickly 
may be the most sensitive way of detecting an abnormal
ity. It is also worth asking about the impact of loss of 
visual fixation, e.g. in the dark, in a shower, or perform
ing Romberg’s test. Most ataxic syndromes are some
what worse when visual fixation is lost, but a marked loss 
of balance should make one think of disordered proprio
ception (i.e. sensory ataxia).

Care must be taken when faced with a resolving hemi
paresis, since at this time cerebellar‐like signs can be elic
ited that are probably just a manifestation of impaired 
corticospinal control. This is most relevant when trying to 
distinguish the lacunar syndromes of pure motor stroke 
and ataxic hemiparesis from each other (Section 4.3.2).

Clinical practice
Many patients complain of dizziness, either around the 
onset of a stroke or at other times, but this term alone is 
too imprecise to be of localizing value, even between 
carotid and vertebrobasilar territories, although it is 
probably more frequent in the latter. Other sensory 
experiences, such as giddiness, light‐headedness, swim
miness, or a feeling of passing out may be caused by dif
fuse cerebral ischemia due to postural hypotension, 
vasoactive medication, cardiac dysrhythmias (all com
mon in the elderly), and also with anxiety states, panic 
attacks, and hyperventilation. These symptoms are of no 
localizing value and should not be considered to be 
indicative of a stroke/TIA.

The tendency to label any episode of “dizziness,” espe
cially in the elderly, as vertebrobasilar ischemia or – worse – 
insufficiency, should be strongly resisted [49]. All too 
frequently one sees patients who have complained of 
 dizziness when turning their neck, have then had a 
 cervical spine X‐ray that shows some degenerative changes 
(extremely common in the elderly population), and are 
then told that they are “trapping the blood supply to 
the brain.” What little work there is to support this theory 
is  mainly based on postmortem studies or dynamic 
 arteriography in highly selected patients. Furthermore, 
many of the patients initially described under this banner 
had clear focal disturbances of brainstem and occipital lobe 
function. There is thought to be a considerable propriocep
tive input from structures in and around the cervical spine 
to the vestibular system, and therefore for the vast majority 
of patients with these nonfocal symptoms, the terms sim
ply engender undue anxiety about impending strokes and 
divert attention from more likely and potentially treatable 
explanations of their dizziness.

Cerebellar disorders may be missed if the patient’s gait is 
not examined.
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When vertigo is an isolated phenomenon induced by 
head movement, severe, and short‐lived, it is almost always 
a symptom of peripheral rather than central  dysfunction. 
The relatively common condition of benign  paroxysmal 
positional vertigo is described in Section  3.4.7. On the 
other side isolated vertigo of central origin seems to be 
more common than traditionally thought: up to 11% of iso
lated cerebellar strokes present with isolated vertigo [80] 
and in a series of 275 vertebrobasilar strokes 23 of 59 
patients (39%) with preceding TIA reported isolated ver
tigo [81]. Multidirectional nystagmus that is not suppressed 
by visual fixation, an inability to stand without support and 
a negative “head impulse test” in a patient with a first‐ever 
attack of acute, spontaneous vertigo points to a central 
rather than a peripheral process [78, 79]. The head impulse 
test is a simple clinical test comprising high acceleration 
head rotation [82]; with severe unilateral vestibular weak
ness the normal vestibulo‐ocular reflex is replaced by a 
misalignment of the eyes followed by a series of corrective 
saccades that are evident to the examiner [82].

Acute vestibular syndrome, characterized by rapid 
onset vertigo, nausea/vomiting, gait unsteadiness, head 
motion intolerance, and nystagmus lasting days to weeks, 
can be of peripheral vestibular or central origin. In a pro
spective analysis of 101 patients with acute vestibular 
syndrome the initial MRI performed during the first 48 
hours was false negative in 12% [83]. However, the pres
ence of normal horizontal head impulse test, direction‐
changing nystagmus in eccentric gaze, or skew deviation 
was 100% sensitive and 96% specific for stroke.

Sudden hearing loss may be caused by trauma, tym
panic membrane rupture, viral and other infections, toxic 
and metabolic disorders, and ischemia [84]. How often 
sudden unilateral hearing loss in isolation (without ver
tigo or other brainstem dysfunction) is due to vascular 
disease is unknown, however, because histopathological 
examination of the temporal bone and labyrinth at post
mortem is not performed routinely and, if it is, it is usually 
carried out so long after the onset of any hearing loss that 
the clinical details are unclear. Nevertheless, there is some 
histopathological evidence of labyrinthine infarction due 
to vascular disease. Even greater uncertainty prevails as to 
whether transient deafness in isolation is ever due to a 
TIA in the internal auditory artery territory, but we do not 
see why this should not sometimes be the case.

Acute cerebellar syndromes that can mimic strokes may 
be caused by drug toxicity, Wernicke’s encephalopathy, 
and Creutzfeldt–Jakob disease (Sections 3.4.5 and 3.4.6).

3.3.8 The speed of onset of the symptoms 
and temporal course

Patients with a TIA or stroke usually describe their 
neurological symptoms as coming on abruptly, without 
warning, and as being more or less maximal at onset. 

However, patients are often frightened by their symp
toms and are probably not very accurate about the exact 
time (seconds vs. minutes) they take to develop. If 
 several parts of the body (e.g. face, arm, and leg) are 
affected, the symptoms usually start in each part almost 
simultaneously rather than intensifying or spreading 
(“marching”) from one part to another – a pattern more 
typical of focal epilepsy [48] or a migrainous aura [85], 
but some TIA or stroke patients also report a marching 
of symptoms.

Less commonly, other patterns are encountered: the 
symptoms may evolve steadily over minutes or hours, 
they may develop in a stuttering/stepwise fashion over 
several hours, and occasionally they may continue to 
increase over a few days. In the last case, it can be virtu
ally impossible to decide whether this is due to the pri
mary condition continuing to evolve, or to other factors 
such as the development of cerebral edema, infection, or 
metabolic upset. Not surprisingly, there is no agreed def
inition of the widely used term “stroke‐in‐progression” 
(Section 11.5) [86, 87]. Of course, in the face of a pro
gressing deficit, it may not be possible to be absolutely 
certain whether the diagnosis is actually that of stroke/
TIA at all, and the degree of diagnostic uncertainty will 
influence the extent of the investigations needed to firm 
up the clinical diagnosis.

3.3.9 Possible precipitants

In addition to giving an impression of the suddenness of 
onset of the symptoms, asking the patients (or witnesses) 
what they were doing at the time of symptom onset can 
also support a diagnosis of a vascular event.

 ● Vigorous physical activity and coitus have been 
 associated with hemorrhagic stroke, particularly sub
arachnoid hemorrhage. However, apart from isolated 
case reports, there is no evidence that such activities 
precipitate TIAs and ischemic stroke.

 ● Paradoxic embolism in patients with PFO may be 
 triggered by valsalva maneuver due to direction 
change of shunt flow.

 ● A change in posture, neck turning, exposure to 
bright or white light, bending, straining, or sneezing, 
exercise, a hot bath, or a heavy meal, may provoke cer
ebral and ocular ischemic symptoms in people with 
severe carotid and vertebrobasilar occlusive disease 
and a compromised collateral  cerebral and ocular 

Because it is the suddenness of onset that stamps the 
event as vascular, it is useful to ask patients what they 
were doing at the time; if they were awake and do not 
remember, the onset was probably not all that sudden.
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circulation. Of course, some of these stimuli may also 
provoke nonvascular symptoms, such as those due to 
hypoglycemia (after a large carbohydrate meal) and 
seizures (after exposure to bright flashing lights).

 ● Certain circumstances may predispose to arterial 
 dissection, such as neck manipulation, road traffic 
accidents, and head injuries. There can often be a delay 
of days or weeks between the trauma and the first 
 neurological symptoms (Section 7.2.1).

 ● Drug abuse is increasingly common, it is not confined 
to the very youngest age groups (Section 7.17), and one 
should therefore have a relatively low threshold for 
specific questioning and toxicology screening.

 ● Symptoms beginning shortly after starting or increas
ing the dose of hypotensive drugs should raise the pos
sibility of a so‐called “low‐flow” stroke/TIA due to the 
combination of systemic hypotension, focal arterial 
stenosis/occlusion/compression, and poor collateral 
circulation (Section 6.7.5). A similar argument might 
also apply to symptoms present on waking from a gen
eral anesthetic, although other factors such as intra
vascular thrombosis may be present, particularly if the 
symptoms are referable to the posterior circulation. 
Obviously, patients undergoing cardiac or carotid sur
gery are at special risk, and this should be explained to 
them prior to surgery (Section 7.15).

 ● Pregnancy and the puerperium are times when 
 otherwise healthy young women may be predisposed 
to stroke as a result of paradoxical embolism from 
the  venous system of the legs or pelvis, intracranial 
hemorrhage due to eclampsia, or intracranial venous 
sinus thrombosis (Section 7.18).

 ● There is a complex relationship between migraine and 
cerebrovascular disease, and this is discussed in detail 
in Sections 3.4.1 and 7.6.

 ● There is some evidence that significant “life events” in 
the preceding year may increase the risk of a stroke 
(Section 6.6.19).

3.3.10 Accompanying symptoms

Any accompanying symptoms may be useful in sorting 
out whether the pathogenesis is vascular.

Headache
Headache occurs in about one‐sixth of patients at the 
onset of a TIA of the brain or eye, about one‐quarter of 
patients with acute ischemic stroke, about one‐half of 
patients with nontraumatic intracerebral hemorrhage, 
and nearly all patients with SAH [88–92]. Headache is 
also frequent as an early symptom of basilar artery 
occlusion.

Cortical ischemia causes headache more often than 
small, deep, lacunar infarcts (Section 6.7.6) [88, 90, 92]. 
Given that ischemic strokes are four times as common as 

hemorrhagic strokes, the predictive value of headache 
for the presence of hemorrhagic stroke is about 33%, 
while the predictive value of “no headache” for ischemic 
stroke is about 86%. The cause of the headache associ
ated with ischemic events is unknown. It has been sug
gested that it is due to the release of vasoactive substances 
such as serotonin and prostaglandins from activated 
platelets during cerebral ischemia. Other possibilities 
include distortion or dilatation of collateral blood ves
sels, and mechanical stimulation of intracranial nocicep
tive afferents. Very occasionally, external carotid artery 
territory emboli can result in ischemia of the scalp, and 
so pain. And, some headaches are probably due to anxi
ety and muscle tension.

Headache may not only be a consequence of the vascu
lar event, but also a marker of the underlying cause of the 
event. Headache in anyone over the age of 50 or so pre
senting with ischemia of the brain or eye demands imme
diate consideration of giant‐cell arteritis (Section 7.4.1). 
Similarly, severe pain on one side of the head, face, eye, 
or neck before or around the time of onset is highly 
suggestive of carotid or vertebral arterial dissection 
[93], and may even be the only symptom of dissection 
(Section 7.2.1) [94]. Other causes of headache with focal 
neurological signs include migrainous stroke, meningi
tis, and intracranial venous thrombosis, but usually there 
are other clues to these diagnoses [95].

Epileptic seizures
About 2% of stroke patients have an epileptic seizure 
(Sections 3.4.2, 6.7.6, and 11.8) at the onset; about half 
are generalized and half are partial seizures [96]. These 
are more common with intracerebral or subarachnoid 
hemorrhage than with arterial ischemic stroke [96]. They 
are, however, a characteristic feature of intracranial 
venous infarction (Section  7.22) [3]. Onset seizures 
probably indicate irritation or damage to the cerebral 
cortex by the stroke, and are associated with an increased 
risk of further seizures.

Poststroke seizures may worsen outcome of acute 
stroke treatment. Onset seizures and early seizures 
within the first 24 hours after stroke onset were inde
pendent predictors of worse outcome and death and 
were associated with a 1.6‐fold higher risk for unfavora
ble outcome and a 2.2‐fold higher risk for death after 
acute endovascular treatment in a series of 805 acute 
stroke patients [97]. Risk factors for early seizures after 
stroke are hemorrhages, higher baseline NIHSS, younger 
age, infections, diabetes mellitus, history of TIA, cortical 
involvement, and watershed infarcts.

Epileptic seizures may not only complicate stroke but 
also be a marker of increased risk of stroke. Looking for
ward, from the time of diagnosis of epilepsy, older people 
(>60 years of age) diagnosed with new‐onset idiopathic 
epilepsy have an almost threefold risk of subsequent 
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stroke compared with others of the same age with no 
 history of seizures [98]. Looking back, since the time of 
diagnosis of stroke, about 3% of patients with acute stroke 
have a past history of epileptic seizures, one‐third of these 
occurring for the first time in the previous year  [96]. 
Older people (>60 years of age) diagnosed with new‐onset 
idiopathic epilepsy should therefore be screened for risk 
factors for stroke and treated appropriately.

Vomiting
Vomiting is very rare during TIA and is uncommon even 
in patients with stroke, at least near the onset. When it 
does occur, it suggests SAH (see Section 3.7.1), posterior 
fossa stroke (because of vertigo in some cases, and pre
sumably because of direct involvement of the “vomiting 
center” in the area postrema in the floor of the fourth 
ventricle in others), or large supratentorial stroke caus
ing raised intracranial pressure. Vomiting within 2 hours 
of stroke onset is highly predictive of intracranial hemor
rhage. Occasionally, patients with brainstem ischemia 
can have profuse vomiting with little or no vertigo and 
few other clinical signs.

Neck stiffness
Meningism means painful resistance to passive or volun
tary neck flexion because of irritation of the cervical 
meninges by subarachnoid blood, or by inflammation. 
Neck stiffness caused by meningism is a common symp
tom and sign of blood in the subarachnoid space, but it 
does not occur immediately; it takes some 3–12 hours, 
and may not develop at all in deeply unconscious patients, 
or in patients with minor SAH (Section 3.7.1).

Photophobia
Patients are often photophobic and irritable for several 
days after SAH, presumably as a result of meningeal 
 irritation by the blood (Section 3.7.1).

Hiccups and abdominal pain
Hiccups are brief bursts of intense inspiratory activity, 
involving the diaphragm and inspiratory intercostal 
muscles, with reciprocal inhibition of the expira
tory  intercostal muscles. Glottic closure occurs almost 
 immediately after the onset of diaphragmatic contrac
tion, generating the characteristic sound and sense of 
discomfort. Hiccups usually resolve spontaneously after 
a few minutes. If they persist for days, they may indicate 
underlying structural or functional disturbances of 
the  medulla (in the region of the vagal nuclei and 
 tractus solitarius), or of afferent or efferent nerves to the 
 respiratory muscles, or diaphragmatic irritation. Hiccups 
are well recognized in patients with lateral medullary 
infarction, but may also occur with a lesion of any part of 
the medullary region that is associated with respiratory 

control. Neurogenic hiccup rarely occurs in isolation; 
usually there are associated brainstem or long tract signs 
(Section 11.10).

If patients who have presented with a stroke also com
plain of abdominal pain, they may have ischemia of the 
bowel or viscera – particularly if there are pointers to 
cardiogenic embolism being the underlying cause of the 
stroke (such as atrial fibrillation).

Chest pain, palpitations, and shortness of breath
Chest pain and/or palpitations at the time of onset of the 
stroke/TIA suggest the possible coexistence of an acute 
coronary syndrome (due, among other things to simulta
neous inflammation and rupture of cerebral and  coronary 
atheromatous plaque) and cardiac dysrhythmias (as a 
consequence of cardiac ischemia and as a possible source 
of embolism to the brain) (Section  6.5). Other relevant 
causes of chest pain and/or shortness of breath include 
aortic dissection, pulmonary embolism, and pneumonia.

Panic and anxiety
Sudden loss of limb power, speech, or vision is a frighten
ing experience that often evokes considerable anxiety and 
panic in patients and carers. Patients may consequently 
hyperventilate and in turn develop presyncopal or sen
sory symptoms including perioral and distal limb pares
thesia bilaterally, and even unilateral sensory symptoms. 
Under these circumstances, it is important to try to dis
tinguish between the primary (stroke/TIA) and  secondary 
(panic/anxiety) symptoms. It is also important to be clear 
about the timing of the symptoms; for example, palpita
tions occurring immediately before or concurrently with 
stroke/TIA are less likely to be a consequence of panic 
and anxiety than similar symptoms that clearly follow the 
onset of the neurological symptoms.

3.3.11 Past medical history

It is important to ask more than once about previous neu
rological symptoms. Many patients have told us several 
days after their TIA or stroke about prior TIAs, having 
not recalled them for a number of reasons at the time of 
their first consultation. Sometimes this is because of anxi
ety, and of course a few patients are affected by altered 
awareness or amnesia during the event. Others may not 
wish to disclose such information for fear of potential 
repercussions for their employment or driving status. It is 
the doctor’s responsibility to explore these possibilities 
with insight, sensitivity, and confidentiality, using all 
available sources of information. Sometimes a detailed 
history of previous episodes helps confirm an alternative 
diagnosis such as focal epilepsy or migraine, while a 
detailed drug history may identify previous use of aspirin, 
or warfarin given after an otherwise forgotten event. 



3.4 Differential diagnosis of focal cerebral symptoms of sudden onset 81

We  would recommend working through a checklist of 
focal neurological symptoms such as those in Table 3.20.

It is also important to ask specifically about:

 ● common vascular risk factors (e.g. hypertension, 
hyperlipidemia, diabetes, smoking);

 ● other manifestations of vascular disease (e.g. angina, 
intermittent claudication of the legs);

 ● heart disease (e.g. valvular heart disease or cardiomyo
pathy – many lay people think a stroke is a form of 
heart attack);

 ● pointers to a thrombotic tendency (e.g. prior unex
plained deep venous thrombosis);

 ● and clues to vasculitis (e.g. arthralgia, skin rashes, 
renal problems (Sections 6.7.6, 6.7.7, and 7.3).

3.3.12 Lifestyle, behavior, and family history

Relevant and potentially modifiable lifestyle factors include 
tobacco, alcohol, saturated fat, salt, recreational drug con
sumption, and physical activity. A family  history of stroke 
or myocardial infarction is a risk  factor for ischemic stroke, 
which is attributable, at least partly, to a familial predispo
sition to hypertension (Section 6.6.3) [99, 100].

3.4  Differential diagnosis of focal 
cerebral symptoms of sudden onset

There is a wide differential diagnosis of focal cerebral 
symptoms of rapid onset of short duration (Table 3.21) 
and long duration (Table 3.23). Tables 3.22 and 3.24 show 
the frequency of these possibilities in practice.

Because there is a continuum of the duration of neuro
logical symptoms caused by focal neurological ischemia 
[45], patients who are being assessed within 24 hours of 
symptom onset and who still have focal neurological 
symptoms are temporarily classified as having a 
“brain  attack” (“acute stroke syndrome” or “unstable 
brain ischemia”; Section 3.2.3). Another way of consider
ing the differential diagnoses according to duration 
of symptoms is outlined in Table 3.25.

The clinical diagnosis of stroke (differentiating 
“stroke” from “not stroke”) is accurate more than 95% 
of the time if there is a clear history (from the patient 
or carer) of focal brain dysfunction of sudden onset (or 
first noticed on waking), with symptoms persisting for 
more than 24 hours. This is particularly true if the 
patient is elderly or has other vascular diseases or risk 
factors, because the risk – i.e. the prior (or pretest) 
probability of stroke – is greater in elderly people with 
vascular disease than in younger people who have no 
evidence of vascular disease. However, the accuracy of 
the diagnosis of stroke is also influenced by the timing 

Table 3.20 Checklist of symptoms of cerebrovascular disease.

 ● Have you ever been told that you have had a stroke, mini‐stroke, 
transient ischemic attack, or brain attack? If so, when did this 
occur and can you describe what happened?

 ● Have you ever suddenly:
 – Lost vision or gone blind in one eye?
 – Had double vision for more than a few seconds?
 – Had jumbled speech, slurred speech, or difficulty in talking?
 – Had weakness or loss of feeling in the face, arm, or leg?
 – Had clumsiness of an arm or leg?
 – Had unsteadiness walking?
 – Had a spinning (dizzy) sensation?
 – Lost consciousness?

 ● How long did the symptoms last?
 ● Do you still have these symptoms?
 ● Did you see a doctor about the episode and, if so, who was it 

and what were you told, and were you admitted to hospital?
 ● What medications/drugs/tablets are you taking? (particularly 

aspirin, clopidogrel, dipyridamole, warfarin, new 
anticoagulants)

Table 3.21 Differential diagnosis of transient ischemic attack (in 
approximate order of frequency, depending on referral patterns).

Syncope
Migraine aura (with or without headache)
Labyrinthine disorders
Partial (focal) epileptic seizures
Hyperventilation, anxiety or panic attacks, somatization 
disorder
Intracranial structural lesion:

meningioma
tumor
giant aneurysm
arteriovenous malformation
chronic subdural hematoma

Transient global amnesia
Acute demyelination (multiple sclerosis)
Drop attacks
Metabolic disorders: hypoglycemia, hyperglycemia, 
hypercalcemia, hyponatremia
Mononeuropathy/radiculopathy
Myasthenia gravis
Cataplexy

The top five differential diagnoses of brain attack 
(TIA and stroke) are the “5 Ss”: seizures, syncope, sepsis, 
subdural hematoma, and somatization.
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Table 3.22 Final diagnosis of all 512 patients with suspected 
transient ischemic attacks notified to the Oxfordshire 
Community Stroke Project.

Confirmed transient ischemic attacks: 209
Incident (i.e. first‐ever) 184
Prevalent (i.e. had previous attacks) 11
Lone bilateral blindnessa 14
Not transient ischemic attacks: 303
Migraine 52
Syncope 48
Possible TIAb 46
“Funny turn”c 45
Isolated vertigo 33
Epilepsy 29
Transient global amnesia 17
Isolated diplopia 4
Drop attack 3
Intracranial meningioma 2
Miscellaneous 24

Source: Modified from Dennis et al. 1989 [101].
a Lone bilateral blindness was later classified as a transient ischemic 
attack after following up these patients and noting their similar 
prognosis to patients with definite transient ischemic attack [43].
b Possible transient ischemic attack was diagnosed in patients with 
transient focal neurological symptoms in whom the clinical features 
were not sufficiently clear to make a diagnosis of definite transient 
ischemic attack or of anything else.
c “Funny turn” was used to describe transient episodes of only 
nonfocal symptoms not due to any identifiable condition (e.g. isolated 
and transient confusion).

Table 3.23 Differential diagnosis of stroke (in approximate order 
of frequency, depending on referral patterns).

Systemic illness, or seizure, causing apparent deterioration 
of previous stroke
Epileptic seizure (postictal Todd’s paresis) or nonconvulsive 
seizures
Structural intracranial lesion:

subdural hematoma
brain tumor
arteriovenous malformation

Metabolic/toxic encephalopathy:
hypoglycemia
nonketotic hyperglycemia
hyponatremia
Wernicke–Korsakoff syndrome
hepatic encephalopathy
alcohol and drug intoxication
septicemia

Functional/nonneurological (e.g. hysteria)
Hemiplegic migraine
Encephalitis (e.g. herpes simplex virus)/brain abscess
Head injury
Peripheral nerve lesion(s)
Hypertensive encephalopathy
Multiple sclerosis
Creutzfeldt–Jakob disease
Wilson disease

Table 3.24 Final diagnosis in two recent studies of patients presenting with suspected TIA and stroke [38, 39].

Stroke mimic Nor et al. [39] Hand et al. [38]

(n = 59) (n = 109)

Seizure 8 (14%) 23 (21%)
Sepsis 8 (14%) 14 (13%)
Metabolic/toxic encephalopathy 12 (11%)
Space‐occupying intracranial lesion 7 (12%) 10 (9%)

Tumor 4 (7%)
Subdural hematoma 3 (5%)

Syncope/presyncope 13 (22%) 10 (9%)
Acute confusional state 7 (6%)
Vestibular dysfunction (labyrinthitis) 3 (5%) 7 (6%)
Acute mononeuropathy 6 (5%)
Functional/somatization 7 (12%) 6 (5%)
Dementia 4 (4%)
Migraine 3 (3%)
Spinal cord lesion 3 (3%)
Other 13 (22%) 3 (3%)
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Table 3.25 Differential diagnosis of sudden focal neurological symptoms by duration of symptoms.

Transient ischemic attack Brain attack Stroke

Migraine +++ ++ +
Epilepsy

Partial seizures +++ ++ +
Todd’s paresis +++ ++ +

Transient global amnesia +++ ++ –
Structural intracranial lesions

Subdural hematoma ++ ++ ++
Tumor + ++ ++
Arteriovenous malformation/aneurysm ++ ++ +

Metabolic/toxic disorders
Hypoglycemia +++ ++ +
Hyperglycemia +++ ++ +
Hyponatremia ++ ++ +
Hypercalcemia ++ ++ +
Hepatic encephalopathy + ++ ++
Wernicke’s encephalopathy + ++ ++
Hypertensive encephalopathy + ++ ++
Posterior reversible encephalopathy syndrome + ++ ++

CNS infections
Encephalitis + ++ ++
Brain abscess + ++ ++
Subdural empyema + ++ ++
Creutzfeldt–Jakob disease – – +
Progressive multifocal leukoencephalopathy – – +

Labyrinthine disorders
Vestibular neuronitis + ++ ++
Ménière disease ++ – –
Benign paroxysmal positional vertigo ++ – –
Benign recurrent vertigo ++ + –
Psychological disorders

Hyperventilation +++ –
Panic attacks +++ – –
Somatization/conversion disorder +++ ++ ++

Head injury + + ++
Multiple sclerosis + + ++
Neuromuscular disorders

Mononeuropathy ++ ++ ++
Radiculopathy ++ ++ ++
Myasthenia gravis ++ ++ +
Motor neuron disease – – +

+++, common or frequent; ++, encountered regularly in a busy practice or important, treatable condition; +, infrequent; –, rare.
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of the assessment, the experience and confidence of the 
examiner, and the likelihood of other differential diagno
ses in the community (Table 3.24) [31, 35, 102–104]. For 
example, the diagnosis of stroke (vs. not stroke) can be 
quite difficult within the first few hours of symptom onset 
if it is not possible to obtain a clear  history of the onset, or 
even the nature of the symptoms, because the patient is 
unconscious, confused, forgetful, or dysphasic. In these 
patients in particular, a persistent focal neurological defi
cit may not be due to stroke but to epileptic seizures (pos
tictal), sepsis, encephalitis, brain  abscess, brain tumor, 
head trauma, or a chronic  subdural hematoma [103].

Symptoms or signs that are unusual in uncomplicated 
stroke, such as papilledema and unexplained fever, should 
also call into question the diagnosis. Further, a persistent 
focal neurological deficit may be due to a previous stroke, 
and the new clinical presentation may be caused by a non
vascular problem such as pneumonia (Section 11.12). In 
the absence of information about the rate of onset and pro
gression of symptoms, it is helpful to search for indirect 
clues to their cause in the past history and physical exami
nation, and to continue to assess the patient over time for 
the development of new signs such as fever, and for the 
improvement that characterizes most nonfatal strokes.

3.4.1 Migraine

Transient ischemic attack
Migraines are not considered to be TIAs, because 
the clinical features (Table 3.26) and prognosis for seri
ous vascular events are very different [105]. Classical 
migraine (migraine with aura) usually starts in younger 
patients who may have a family history of migraine. The 
attack begins with an aura that commonly consists of 
positive symptoms of focal cerebral dysfunction that 
develop gradually over 5–20 minutes and last less than 
60  minutes [85, 106]. The most common aura consists 
of homonymous, unilateral or central visual symptoms, 
such as flashes of light, zigzag lines, crescents, scintilla
tions, or fortification spectra, which gradually “build up,” 
expand and migrate across the visual field. Somatosensory 
or motor disturbances, such as paresthesiae or heaviness 
in one or more limbs, may also occur, evolving and 
spreading over a period of minutes in a “marching” fash
ion (e.g. spread of tingling from hand to arm to face to 
tongue over several minutes). This serial progression 

from one accompaniment to another without delay, such 
as from visual symptoms to paresthesiae and then to 
aphasia, is quite characteristic of migraine but can occur 
with cerebral ischemia [107]. Sometimes, however, the 
symptoms are negative and consist of “blind patches” 
(often a homonymous hemianopia) and, rarely, even loss 
of color vision. Headache and nausea usually follow the 
focal neurological symptoms immediately or in less than 
an hour, but in some patients they precede the neurologi
cal symptoms and in others they occur simultaneously. 
Often there is associated photophobia and phonophobia, 
which clearly help distinguish migraine attacks from 
TIAs. The headache usually lasts 4–72 hours [85].

It is not unusual for patients who have experienced clas
sical migraine to suffer identical auras, but without head
ache (acephalgic migraine aura), particularly as they get 
older (otherwise referred to as “migraine aura without 
headache” or “late‐life migraine accompaniments”) [108]. 
This should not cause confusion with TIA. However, diag
nostic difficulty arises when an older patient (>40 years) 
with no previous history of classical migraine presents fol
lowing a first‐ever episode of transient symptoms of focal 
neurological dysfunction that are typical of a migraine 
aura, but without any associated headache. Patients with 
these late‐life migraine accompaniments have a favorable 
prognosis with a lower risk of stroke and other serious 
vascular events compared with TIA patients [105].

A 69‐year‐old former general practitioner was referred by 
a  cardiologist for suspected ocular TIAs, a diagnosis that 
caused him some alarm. He had unexpectedly suffered a 
myocardial infarction at the age of 59, and had been 
receiving beta‐ blockers and aspirin since then. The attacks 
in question, of which he had now had nine, had first 
occurred more than 2 years previously, but had increased 
in frequency. Each attack began with a small, bright spot 
on the left or right side of the center of vision. He verified 
that it occurred in both eyes by covering each eye in turn. 
In  the course of 1–3 minutes, the bright spot would 

The diagnosis of a cerebrovascular event is usually made 
at the bedside, not in the laboratory or in the radiology 
department. It depends on the history of the sudden 
onset of focal neurological symptoms in the appropriate 
clinical setting (usually an older patient with vascular risk 
factors) and the exclusion of other conditions that can 
present in a similar way.

Table 3.26 Features of migraine aura that help distinguish 
it from TIA.

Gradual onset over minutes (usually)
Positive neurological symptoms such as visual scintillations, 
not blindness
Intensification and “spread” of symptoms from point to point, 
or from one symptom to another symptom, over minutes
Gradual resolution of symptoms over 20–60 minutes
Headache (often unilateral and pulsatile) and nausea usually 
follow (but not always)
Onset in young and middle‐aged adults
Family history of migraine is common
Recurrent attacks are usually stereotyped
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 gradually enlarge and change into a cloudy area, until the 
center of vision became obscured; the border of the opaque 
zone consisted of intensely bright and flickering shapes: 
 zigzag lines, stars, and sparks (Fig. 3.34). This phenomenon 
would remain for about 15 minutes; if he tried to read, 
he could not make out the words in the center. Finally, the 
visual disturbance would disappear over a few minutes. He 
never had headache or other symptoms with the attacks, 
and was able to resume his normal activities afterwards. 
He could not recall that he had suffered similar attacks, or 
migraine, earlier in his life. This was migraine, not TIA.

A detailed history eliciting the slow onset, and spread 
and intensification of neurological symptoms – particu
larly if positive and visual or referable to more than one 
vascular territory during the same attack – points toward 
the diagnosis of migraine [85, 105]. Careful questioning 
about childhood or menstruation‐related headaches, and 
a family history of migraine, may suggest a predisposition 
to migraine. If the patient is young (i.e. less than about 
40 years old), with a normal heart and no other clinical 
manifestations of arterial disease, it is most unlikely that 
the symptoms are those of a TIA caused by atherothrom
bosis. Perhaps this explains why young female patients 
with suspected TIA, with or without a family history of 
migraine, do not seem to have any higher risk of stroke 
than other women of the same age. In this group, there 
is  a remote possibility of thrombophilic and vasculitic 
disorders but, for the most part, these patients can be 
reassured that they have not “had a stroke.” Because the 
risks of stroke are very low in absolute terms in people 
with migraine, they do not require any potentially haz
ardous or costly investigations or prophylactic treatments 
(Section 7.6) [109, 110].

There is no convincing evidence that arteriovenous 
malformations or aneurysms occur more frequently 
than can be accounted for by chance in patients with 
migraine aura. There can, however, be particular con
cern about migraine occurring for the first time during 
pregnancy, because of the recognized propensity for 
meningiomas and possibly arteriovenous malforma
tions to become symptomatic at this time [111]. In this 
group of patients, we would suggest careful clinical 
 examination looking for residual focal signs following a 
single attack, and a low threshold for MR scanning after 
the baby has been born if the attacks are multiple and 
stereotyped, particularly if the same side of the brain is 
always involved.

In older patients, particularly those with their first 
attack of acephalgic migraine and if the neurological 
symptoms are other than positive visual ones, the dis
tinction from TIAs can be much more difficult. From a 
purely pragmatic point of view, if there is a suspicion that 
the attack was a TIA, it seems prudent to modify any 
vascular risk factors and recommend aspirin. Although 
drugs used to lower blood pressure and cholesterol, and 
antiplatelet drugs such as aspirin, are not free of risk or 
expense, some of them (e.g. propranolol and aspirin) 
may also prevent migraines.

Spread and intensification of neurological symptoms 
can also occur in TIA or at the onset of stroke. Therefore, 
if a patient with a history of migraine presents a new type 
of aura, which has never occurred before and which is 
not familiar to the patient, investigations and manage
ment should be like in TIA or stroke.

Stroke
Occasionally, the aura of a previously experienced and 
otherwise unremarkable attack of migraine persists for 
days or longer – a so‐called migrainous stroke (Section 7.6). 
The simultaneous occurrence of a stroke and a migraine 
attack may be:

 ● coincidental because, after all, both conditions are 
common, the prevalence of migraine in the general 
adult white population is about 10% and ischemic cer
ebrovascular disease about 0.8%;

 ● causal, either migraine may predispose to cerebral 
ischemia by leading to platelet activation, arteriolar 
constriction and dehydration, or cerebral ischemia 
may trigger a migraine attack;

 ● a misdiagnosis (e.g. arterial dissection may cause head
ache and a neurological deficit due to thromboembo
lism that is misinterpreted as migraine); or

 ● both are a manifestation of a disorder such as a patent 
foramen ovale, an arteriovenous malformation, or a 
mitochondrial disorder (Sections 6.5.10, 7.20, and 
8.2.4) [112–114].

Figure 3.34 A drawing by a physician who experienced “late‐life 
migraine accompaniments.” He wrote the following caption: 
“These zigzag lines appear during an attack in both eyes, more 
often to the left than to the right of center of vision, sometimes on 
both sides. The lines flicker on and off, about six times per second; 
they are colorless. Sometimes a dazzling white spot will appear 
within a line, which also turns on and off.”
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The 69‐year‐old wife of a general practitioner had  suffered 
from classical migraine since she was a teenager. Her 
attacks always began with visual fortification spectra, 
progressing to a hemianopia (either left or right) over the 
next 10 minutes. The visual disturbance would resolve 
after about 30 minutes, and she would then get a severe 
throbbing headache, nausea, and vomiting. She had 
always recognized bright light as a potential trigger factor. 
Because of a family history of glaucoma, an optician 
 recommended that she have her visual fields tested using 
a Humphrey perimeter. She found the flashes of white 
light uncomfortable, and by the end of the examination 
she was aware that she had her typical  migrainous visual 
disturbance in her right visual field. The headache was 
unusually severe and she went straight to bed. When she 
woke 6 hours later, the headache had resolved but  the 
right hemianopia was still present. A brain CT scan later 
that day showed a recent left occipital infarct. No 
other explanation for the stroke was found despite detailed 
investigation. The hemianopia persisted, and it was 
 presumed that this had been a migrainous stroke.

3.4.2 Epilepsy

Transient ischemic attack
Partial (focal) seizures can be distinguished from TIAs 
because they usually cause sudden positive sensory or 
motor symptoms that spread or “march” fairly quickly to 
adjacent body parts (Table 3.27) [48]. Although positive 
symptoms such as tingling and limb jerking can occur in 
TIAs (limb‐shaking TIA) [71], they tend to arise in 
all affected body parts at the same time (i.e. in the face, 
arm, and leg together), whereas the symptoms of partial 
 seizures spread from one body part to another over a 
minute or so (cf. migraine aura, where any spread is 
 usually over several minutes; Section  3.4.1). Negative 
motor symptoms, such as postictal or Todd’s paresis, 

are  well recognized after a partial motor seizure or a 
 generalized seizure with partial onset, but this should be 
obvious from the history unless the patient was asleep, 
or is aphasic and there is no witness (Section 3.3.10).

Difficulty arises in the very rare patient in whom epi
leptic seizures actually cause transient “negative” symp
toms during the electrical discharge. One then has to 
rely on other factors, such as the patient’s age, any past 
 history of seizures, and the nature of the symptoms. For 
example, transient speech arrest (as opposed to aphasia 
with muddled language output), which is characterized 
by the sudden onset of cessation of speech, often accom
panied by aimless staring and subsequent amnesia for 
the details of the episode, is usually epileptic rather than 
ischemic. Transient aphasia and rarely bilateral blind
ness or amnesia can also sometimes be epileptic.

Distinguishing between seizures and TIAs is occasion
ally very difficult [71]. Sometimes it requires prolonged 
and careful observation of, and interaction with, the 
patient (and witnesses) over several visits. The diagnosis 
should not be rushed, as patients may have several types 
of attack with different causes. Initially, it is important to 
explain the diagnostic uncertainty to the patient and why 
it is necessary to establish the precise diagnosis; to exclude 
a structural intracranial lesion (with brain imaging); and 
to advise the patient not to drive or put themselves in a 
position in which they would be a danger to themselves or 
others if they were to have another attack. Clues to the 
diagnosis of epilepsy can be obtained by taking a careful, 
targeted history, particularly with respect to previous 
 epileptic seizures and any symptoms that immediately 
preceded the onset of the neurological deficit (e.g. epigas
tric discomfort and olfactory or gustatory hallucinations 
may be due to an initial partial sensory seizure involving 
the temporal or frontal lobes). The interictal electroen
cephalogram (EEG) can be normal but not usually in 
patients having several seizures a day. Ambulatory or 
telemetered EEG requires skilled and careful analysis 
because of the potential for a false positive diagnosis of 
epilepsy. Nevertheless, concomitant video recording of 
an attack can be very useful.

If recurrent partial seizures are suspected, brain MR 
should be performed to seek a focal structural lesion 
too  small to be seen on CT, such as mesial temporal 
 sclerosis, a hamartoma, or a tumor, usually in the frontal 
or temporal lobe. However, transient abnormalities that 
might be mistaken for areas of ischemia on brain MR 
have been reported in patients with partial status epilep
ticus, although the abnormalities tend not to respect 
normal vascular distributions and to resolve with time.

A 64‐year‐old woman described about 20 attacks of pins 
and needles in her right arm and leg over a period of six 
weeks. Each attack lasted for about 5 minutes, and there 

Table 3.27 Features of partial epileptic seizures that help 
distinguish them from TIAs.

Young and middle‐aged adults commonly, but also patients 
with previous cortical stroke
Antecedent symptoms may occur (e.g. epigastric discomfort) 
which are the beginning of the seizure
Onset over several seconds or 1–2 minutes
Positive neurological symptoms usually
March or “spread” of symptoms over seconds
Rapid resolution of symptoms over a few minutes
Amnesia for the event
Family history of epilepsy may be present
Recurrent attacks are usually stereotyped and reduced with 
antiepileptic treatment (if necessary)
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were no associated symptoms. On closer interrogation, 
she said that the sensation started in the right foot and 
then over a period of about 1 minute spread “like water 
running up my leg” to involve the whole leg and arm. Each 
attack was identical. A brain CT scan showed a glioma in 
the left parietal lobe. A diagnosis of partial sensory sei-
zures secondary to the glioma was made.

Stroke
An epileptic seizure is one of the most common reasons 
for the misdiagnosis of stroke [35, 38, 39, 104]. The usual 
scenario is a patient with postictal confusion, stupor, 
coma, or hemiparesis (Todd’s paresis) where the preced
ing seizure was unwitnessed or unrecognized [104]. 
Todd’s paresis refers to a focal deficit that may follow a 
focal motor seizure. In general, the deficit  usually resolves 
very quickly (within minutes), but in patients with prior 
cerebral damage (e.g. an earlier stroke) the deficit can last 
for several days, or there may be permanent deteriora
tion, making the dis tinction from a recurrent stroke very 
difficult. Brain MR  normally helps to distinguish between 
stroke and Todd’s paresis if performed in the acute stage 
during persistence of the paresis. In case of epileptic sei
zures MRA typically shows a reactive hyperperfusion in 
parts of the contralateral hemisphere.

It is noteworthy that involuntary convulsive‐like 
 movements sometimes occur in patients with brain
stem  strokes [115]. These movements vary in nature, 
 frequency, and triggers, including fasciculation‐like, 
shivering, jerky, tonic‐clonic and intermittent shaking 
movements. The episodes usually consist of brief clonic 
contractions of the proximal and distal upper extremities 
and occur in paroxysms lasting for 3–5 seconds [115]. 
Their pathogenesis is uncertain but may be related to 
ischemia or hemorrhage in the corticospinal tracts. They 
should not be misinterpreted as decerebrate postures 
or seizures.

3.4.3 Transient global amnesia

Transient global amnesia (TGA) is not considered to be 
a TIA because its prognosis is so much better. It is a 
very characteristic clinical syndrome that typically 
occurs in a middle‐aged or elderly person [116]. There 
is a sudden disorder of memory, which is often reported 
as confusion [117]. For some hours, the patient cannot 
remember anything new (anterograde amnesia) and 
often cannot recall more distant events over the 
past weeks or years (retrograde amnesia). There is no 
loss of personal identity, personality, problem‐solving, 
 language or visuospatial function, and the patient 
can  perform complex activities such as driving a car 
(Table 3.28). The patient seems healthy, but repetitively 
asks the same questions and has to be reminded 

 continually of  what he or she has just asked or done. 
There are no  other symptoms, apart from perhaps 
headache (migraine is more common in TGA patients 
than in controls, and there are some theoretical reasons 
to implicate migraine in its pathogenesis) [118].

In women, episodes are mainly associated with an 
emotional precipitating event, a history of anxiety and a 
pathological personality. In men, they occur more fre
quently after a physical precipitating event (e.g. diving 
into a swimming pool) [116].

After the attack, anterograde memory returns to 
 normal, but the patient cannot remember anything that 
happened during the amnesic period. The retrograde 
amnesia tends to diminish with recovery, but leaves 
a  short retrograde gap for the period of the TGA. 
Recurrences are not very common, about 3% per year.

The early reports tended to view TGA as a type of TIA, 
and of course one does encounter patients with pure 
amnestic strokes (Section 3.3.3). However, careful case–
control studies have shown that both the prevalence of 
vascular risk factors and the rates of subsequent stroke 
or myocardial infarction are much lower in the TGA 
group and are indeed approximately similar to those in 
the age‐matched general population [116, 119, 120].

There is no overall difference in the prevalence of epi
lepsy between TGA patients and control groups, but an 
important minority (7%) of TGA patients go on to develop 
epilepsy, usually within a year of presentation. These 
patients tend to have had shorter attacks of “TGA,” lasting 
less than 1 hour, and to have already experienced more 
than one attack at the time of presentation. It must be pre
sumed that in this minority of cases with “TGA,” the cause 
was temporal lobe epileptic seizures from the beginning. 
Because of this, driving is generally allowed after a single 
episode of TGA but not after multiple attacks.

Table 3.28 Features of transient global amnesia that help 
distinguish it from TIAs.

Older adults
Sudden onset
Anterograde and retrograde memory disturbance
Repetitive questioning
Able to recognize familiar individuals and places with no loss 
of personal identity
Headache can occur
No focal neurological symptoms or signs
All but complete recovery within a few hours to a day or so, 
leaving a dense amnesic gap for the attack itself
Recurrent attacks are unusual, and if they occur may be due to 
migraine or partial seizures
Diagnosis is very difficult without a witness
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Functional imaging, such as perfusion CT, has shown 
transient bilateral hypoperfusion of the medial temporal 
lobes or basal ganglia, and unilateral left opercular and 
insular hypoperfusion, during the TGA attack [121]. 
However, it is not known whether this perfusion defect 
is  a primary event or secondary to a reduction in 
 cerebral metabolic activity in these areas, or due to other 
 factors.  Diffusion‐weighted MRI during episodes of 
TGA shows  transient signal abnormalities, consistent 
with edema, in  the uncal‐hippocampal region unilater
ally or  bilaterally in a variable proportion of patients 
[120, 122, 123]. Ischemia, due to arterial thromboemboli 
or venous  stasis, has been proposed as a potential mech
anism [120, 124, 125]. It has also been hypothesized that 
diverse stressful precipitants may trigger a release of an 
excitotoxic neurotransmitter (such as glutamate), which 
then temporarily shuts down normal memory function 
in the medial temporal regions via spreading depression, 
 leading in turn to a fall in cerebral perfusion.

3.4.4 Structural intracranial lesions

Although structural intracranial lesions often cause focal 
brain dysfunction, the symptoms and signs generally 
 progress over several days or weeks, or even months, they 
are not abrupt like strokes or TIAs. About 5–10% of 
patients who are initially diagnosed as having an acute 
stroke on the basis of the history and examination turn 
out to have a structural intracranial lesion on brain imag
ing, such as a subdural hematoma, tumor, or arterio
venous malformation [38, 39]. Possible explanations for 
transient  neurological symptoms are listed in Table 3.29.

Nontraumatic intracerebral hemorrhage
Nontraumatic intracerebral hemorrhage almost invaria
bly causes prolonged or permanent focal neurological 
dysfunction, although there are isolated reports of neuro
logical deficits that have resolved within a few days, and 
even 24 hours. However, one sometimes needs to probe 
quite hard to be sure about the  duration of  symptoms 
from the history. For example, “I got  better in 24 hours” 
does not necessarily mean “I got  completely back to nor

mal,” which is what we are referring to when defining a 
TIA. Intracerebral hemorrhage can be misinterpreted as 
TIA, or ischemic stroke, if CT brain imaging is not done 
early, and certainly within 10–14 days after the onset of 
symptoms by which time the characteristic changes will 
have resolved (Section 5A.3) [10]. Fortunately, intracere
bral  hemorrhage is visible indefinitely on gradient echo 
MRI sequences as a low signal (black) ring or dot.

A 77‐year‐old man, while standing in his garden, suddenly 
developed weakness of the right arm and unsteadiness on 
walking. He had no headache or vomiting. He sat down 
and within 3 hours was “better,” although on closer ques-
tioning it emerged that his arm had not returned to nor-
mal for about three days. A CT brain scan eight days later 
showed a small resolving hemorrhage in the left putamen. 
This was not a TIA in either its duration or pathology.

Subdural hematoma
Transient focal neurological symptoms such as hemipare
sis, hemisensory loss, aphasia, and speech arrest may 
occur as a consequence of a chronic subdural hematoma 
(SDH) [126] (Section 8.7). And SDH may rarely present 
with the abrupt onset of focal neurological signs, which 
then persist and so mimic a stroke [39]. Usually the patient 
has a confusional state and a history of minor neurologi
cal symptoms starting a few days to a few weeks previ
ously. SDH should be suspected if there is any evidence of 
subacute onset of focal neurological symptoms and signs; 
persistent headache; more con fusion and drowsiness than 
expected from the neurological deficit; or a progressive or 
fluctuating clinical course. Although SDH occurs in all 
age groups, it is more  frequent among the elderly, alcohol
ics, and patients receiving anticoagulants or who have a 
bleeding  disorder. About 50% of patients recall sustaining 
a head injury, which may have been mild. SDH is a rare 
complication of  lumbar puncture, and spontaneous or 
traumatic intracranial hypotension.

In the acute phase, the brain CT scan usually shows 
unilateral hyperdensity in the subdural space, ipsilateral 
effacement of sulci, and a mass effect causing shift of 
the  midline and distortion of the ventricular system 
(Figure 3.35). There is a transitional stage between 7 and 
21 days, during which clotted blood evolves on the CT 
scan from a region of hyperintensity to one of isointen
sity. This can easily be missed, particularly if the subdural 
hematomas are bilateral, when there is little if any 
 midline  shift or asymmetrical ventricular compression. 
Thereafter, the hematoma becomes hypodense and 
thus  more easily visible. MRI is more sensitive than 
CT for detecting subdural hematomas. (More details of 
the appearance of blood in CT and MRI are given in 
Chapter 5A.) In a few cases, a s ubdural hematoma may 
prove to be an incidental  finding, and the TIA can be 

Table 3.29 Possible explanations for transient neurological 
symptoms in patients with a structural intracranial lesion.

Partial epileptic seizure
Spreading depression of Leao (as some suppose occurs in 
migraine)
Vascular “steal,” leading to focal brain ischemia adjacent to the 
tumor
Vessel encasement or direct compression by the tumor mass
Indirect compression of vessels by herniating tissue or coning 
(usually a preterminal event)
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attributed to more commonly recognized factors such as 
carotid artery disease.

Tumor
Occasionally – perhaps if there is bleeding into a 
tumor – there can be a sudden focal neurological deficit 
caused by a brain tumor, although this usually lasts 
longer than 24 hours [127, 128]. Greater diagnostic dif
ficulty arises when a structural lesion causes a partial 
and nonconvulsive seizure, with or without postictal 
(Todd’s) paresis, or intermittent focal neurological 
symptoms (so‐called “tumor attacks”) that do not seem 
to be epileptic in origin [38, 39, 44]. The clinical features 
associated with these tumor attacks are usually focal 
jerking or shaking, pure sensory phenomena, loss of 
consciousness, and isolated aphasia or speech arrest 
[127]. With time, a more obvious epileptic syndrome 
often declares itself (Figure 3.36).

Of course it is always important to consider intracra
nial tumors in the differential diagnosis of a patient with 
a progressing neurological deficit, particularly if the rate 
of progression is relatively slow (over days, weeks, or 
months) and there is a history of recent headache or epi
leptic seizures, papilledema, or any evidence of a primary 
extracranial source of malignancy. In practice, most 

(a) (b)

Figure 3.35 (a) A plain CT brain scan showing acute left‐sided subdural hematoma as an area of high density in the subdural space (arrows). 
(b) A plain CT brain scan showing right‐sided chronic subdural hematoma as an area of low density in the subdural space.

Figure 3.36 A postcontrast MR scan showing a left facial 
meningioma in a patient who had a transient episode with right 
facial weakness and aphasia.
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patients with suspected stroke who turn out to have a 
cerebral tumor have actually had a focal neurological 
deficit (e.g. hemiparesis) gradually evolving over several 
weeks to several months (Figure 3.37).

The brain tumors that tend to bleed are glioblastoma, 
choroid plexus papilloma, meningioma, neuroblastoma, 
melanoma, hypernephroma, lymphoma, endometrial 
carcinoma, bronchial carcinoma, and choriocarcinoma 
(Section 8.5.1). The CT scan may then disclose intracer
ebral hemorrhage in an unusual location or associated 
with considerable surrounding edema, or multiple hem
orrhages, or it may show other metastatic deposits 
(Figure  3.38). If there has been no hemorrhage into 
the  tumor, the CT scan usually shows a region of low 
attenuation (due to cerebral edema) with imprecise 
boundaries and some mass effect, causing effacement of 
sulci or  ventricular compression. If there is a breakdown 
of the blood–brain barrier, as commonly occurs in 
patients with cerebral tumors, then intravenous injection 
of iodinated contrast material leaks into the tumor and is 
seen on CT as an area of diffuse or peripheral enhance
ment (Figure  3.38). A similar, but nevertheless distinc
tive, appearance of enhancement of the gyri, which 
may  be  seen within 1–2 weeks of a recent cerebral 
infarct,  is  also  due to breakdown of the blood–brain 
 barrier  (Figure  3.39). This can make interpretation 
 difficult,   particularly if only a contrast‐enhanced scan 

Papilledema is very uncommon in acute stroke.

Figure 3.37 T2‐weighted MR image of a patient with a brain 
stem glioma and gradually evolving dysarthria, gait instability, 
and dysphagia.

Figure 3.38 A plain CT brain scan showing an area of high 
intensity due to bleeding into a melanoma metastasis.

Figure 3.39 Postcontrast CT brain scan 8 days after ischemic 
stroke showing a region of low attenuation in the territory of the 
left middle cerebral artery, and a gyral pattern of high attenuation 
due to breakdown of the blood–brain barrier (arrows).
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is   performed. If the clinical examination and CT are 
ambiguous, patients should be followed up clinically 
(because with a tumor they usually deteriorate), and a 
follow‐up CT or MRI performed within a few weeks to a 
few months (depending on the patient’s progress) to 
see if the lesion has resolved or, if it is a tumor, continued 
to grow.

Aneurysms and arteriovenous malformations
Intracranial aneurysms and cerebral arteriovenous 
 malformations (Sections 8.2.3, 8.2.4, and 9.1.1), and par
ticularly cavernous malformations (Section  8.2.7), can 
cause transient focal neurological deficits mimicking a 
TIA or ischemic stroke, and even transient monocular 
blindness [129, 130]. In the Scottish Intravascular 
Vascular Malformation Study, focal neurological deficits 
accounted for about 7% of presentations of symptomatic 
arteriovenous malformations (Rustam Al‐Shahi Salman, 
personal communication). Possible explanations are 
embolization of thrombus from within an aneurysm 
(Section 7.2.7), a partial seizure, a small intraparenchy
mal hemorrhage (e.g. from a cavernous malformation) 
and venous hypertension. Vascular steal around an arte
riovenous malformation is not a certain mechanism. In 
many cavernoma cases it is impossible to identify the 
cause of some transient focal neurological attacks which 
do not sound epileptic, and where early imaging shows 
no fresh blood or is done too late (or is not done at all in 
known cases); a psychogenic cause would not be surpris
ing given the stress of knowing there is an intracranial 
lesion that might bleed.

Although aneurysms and arteriovenous malforma
tions are one of the more common causes of intracere
bral hemorrhage (Sections 8.2.3 and 8.2.4), they may also 
cause focal neurological symptoms and signs as a direct 
consequence of their mass effect and compression of 
surrounding structures, e.g. a third cranial nerve palsy 
from a posterior communicating artery aneurysm.

Brain CT, with and without contrast, MRI or 
 intraarterial cerebral angiography, may be required to 
make  the  diagnosis. Just occasionally, arteriovenous 
 malformations can be suspected clinically, e.g. if there 
is cutaneous evidence of the Sturge–Weber syndrome 
or hereditary hemorrhagic telangiectasia, a past history 
of subarachnoid hemorrhage, or, reputedly, a cranial 
bruit [129].

3.4.5 Metabolic and toxic disorders

Encephalopathies due to metabolic or toxic distur
bances generally present with epileptic seizures or a 
subacute alteration in consciousness, and few if  any 
focal neurological signs (perhaps only generalized 
hyperreflexia, with or without extensor plantar 

responses). However, occasionally the presentation 
may be acute, with focal neurological symptoms and 
signs, which can therefore mimic a stroke or TIA 
[38, 39]. The causes of the metabolic encephalopathy 
include hypoglycemia, hyperglycemia, hyponatremia, 
hypercapnia, and hypoxia.

Hypoglycemia
Hypoglycemia may cause both transient and perma
nent focal neurological symptoms and signs, which 
can occur without any of the characteristic adrenergic 
symptoms [35, 104, 131, 132] (Section  11.18.4). The 
patient is almost always being treated with hypoglyce
mic agents, but other possibilities include factitious 
hypoglycemia, insulinoma, Addison’s disease, hypopi
tuitarism, hypothyroidism, sepsis, terminal malig
nancy, liver failure, starvation, or drugs whose adverse 
effects include hypoglycemia. The symptoms tend to 
be stereotyped in an individual, and are most likely to 
occur before meals (i.e. before breakfast or during the 
night, after fasting for some time), after exercise, or 
2–3 hours after the ingestion of sugars and starch; they 
are relieved by glucose administration. The blood glu
cose is usually less than 2.5 mmol/L at the onset of an 
attack, but it may have normalized spontaneously or 
with glucose administration by the time the patient is 
seen. Particularly if a diabetic patient presents with a 
suspected stroke early in the morning, it is imperative 
that hypoglycemia be considered and appropriate 
treatment given rapidly, although a blood glucose 
 estimation should be mandatory for all patients with 
suspected stroke.

A 63‐year‐old man was admitted to a surgical ward 
because of abdominal pain, diarrhea, and signs of intes-
tinal obstruction, two months after a partial gastrectomy 
for a gastric ulcer. He was treated with intravenous fluids 
and received nothing by mouth, while awaiting investiga-
tions. Five days after admission, he became restless and 
confused. Two hours later, left‐sided weakness was noted. 
The neurology resident found a left hemiplegia and 
hypoesthesia, including the face, with completely normal 
consciousness. The provisional diagnosis was ischemic 
stroke, but the next morning the nurses found him unre-
sponsive. On repeat examination, there was no eye open-
ing to pain, extension of the arm was the best motor 
response, and there was no verbal response. The pupils 
were normal, but no oculocephalic responses could be 
elicited. The glucose level was 1.5 mmol/L. After admin-
istration of 100 mL of 50% glucose, he quickly recovered.

The blood glucose concentration should be assessed in 
all patients with suspected stroke.
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Hyperglycemia
The hyperosmolarity of hyperglycemia can itself cause 
regional reduction of cerebral blood flow, focal neuro
logical deficits, focal epilepsy, stroke‐like syndromes, 
and cerebral infarction [133] (Section  11.18.3). These 
 deficits usually resolve as the blood glucose returns 
to normal.

Hyponatremia
The most frequent neurological manifestation of 
 hyponatremia is reduced level of attention or conscious
ness. Long tract signs (6%), tremor (1%), hallucinations 
(0.5%), myoclonus and seizures (3%) may also occur. The 
reason for the appearance of focal symptoms, such as 
long tract signs, is unclear. The deficits usually respond 
to correction of the hyponatremia, but this should be 
done cautiously to minimize the risk of developing 
 central pontine myelinolysis. Of course, a stroke and in 
particular SAH, may be the cause of hyponatremia 
(Section 11.18.2) and many cases are iatrogenic (e.g. use 
of intravenous fluids, diuretics, and carbamazepine). 
Given that many patients with stroke have been smokers, 
a bronchial carcinoma should be considered if the  pattern 
of serum and urine osmolalities suggests the syndrome 
of inappropriate ADH secretion.

Hypercalcemia
The usual neurological manifestations of hypercalcemia 
are either psychiatric symptoms or an encephalopathy, 
often accompanied by headache and sometimes seizures. 
Occasionally, cerebral infarction occurs. A proposed 
mechanism is vasospasm but this has not been 
established.

Hepatic encephalopathy
It is most unlikely that an acute or subacute portosystemic 
encephalopathy would be mistaken for a stroke or TIA. 
One case report in the literature describes a woman who 
developed a left hemiparesis following a general anes
thetic for manipulation of her left shoulder and at the 
time of transfer to the rehabilitation hospital was found to 
have a mild hepatic encephalopathy [134]. Acquired (non‐
Wilsonian) hepatocerebral degeneration can present with 
dysarthria, ataxia, and intention tremor as well as upper 
motor neuron signs in the limbs, although there is usually 
a history of progressive deterioration. The catch is that 
routine liver function tests may be normal but the serum 
ammonia is raised and other tests of liver function may be 
abnormal (e.g. prothrombin time).

Wernicke’s encephalopathy
Wernicke’s encephalopathy can sometimes be mistaken 
for a stroke because of an unusually sudden onset of 
diplopia (due to abducens and conjugate gaze palsies and 

nystagmus), ataxia, and mental confusion, either singly 
or, more often, in various combinations [135]. It is due to 
thiamine deficiency and is seen mainly, although not 
exclusively, in alcoholics and the malnourished elderly.

The diagnosis can be difficult because the history of 
symptom onset may be unclear due to recent alcohol 
intoxication or Korsakoff ’s psychosis, in which retentive 
memory is impaired out of all proportion to other 
 cognitive functions in an otherwise alert and responsive 
patient. Pointers to the diagnosis on examination 
are  signs of peripheral neuropathy (present in more 
than 80% of patients), postural hypotension (autonomic 
 neuropathy), disordered cardiovascular function (tachy
cardia, exertional dyspnea, minor ECG abnormalities), 
and impaired capacity to discriminate between odors (in 
the chronic stage of the disease due to a lesion of the 
medial dorsal nucleus of the thalamus). The diagnosis is 
supported by a marked reduction in red cell transketo
lase activity (one of the enzymes of the hexose monophos
phate shunt that requires thiamine pyrophosphate as a 
cofactor) and striking improvement in the oculomotor 
disorder (but not other disorders such as amnesia, 
 polyneuropathy, and blindness) within hours of the 
administration of thiamine; completely normal values 
of  transketolase are usually attained within 24 hours. 
Failure of the ocular palsies to respond to thiamine 
within a few days should raise doubts about the diagno
sis. The medial thalamic and periaqueductal lesions 
may be demonstrated on brain MRI.

Hypertensive encephalopathy
Although encephalopathy caused by malignant or accel
erated phase hypertension is now rare, it occurs most 
commonly in patients with an established history of 
hypertension, although only when the diastolic blood 
pressure exceeds about 150 mmHg. However, it is also 
seen in previously normotensive patients whose cerebral 
autoregulation is normal and so easily exceeded by a 
rapid rise in blood pressure, sometimes with a diastolic 
blood pressure of no more than 100 mmHg (i.e.  associated 
with conditions such as preeclampsia, acute nephritis, 
pheochromocytoma, renin‐secreting tumor, ingestion of 
sympathomimetic drugs and tricyclic antidepressants, 
ingestion of tyramine in conjunction with a monoamine 

If Wernicke’s encephalopathy is a diagnostic possibility, 
take blood (for red cell transketolase, thiamine, and glu-
cose levels) and then treat immediately with thiamine 
(200 mg i.v. thrice daily for at least five days, followed by 
100 mg orally, daily [and until no improvement in signs and 
symptoms] and a glucose infusion [since hypoglycemia 
can precipitate Wernicke’s disease]) [136]; do not waste 
time waiting for the blood results to come back.
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oxidase inhibitor, head injury, autonomic hyperactivity 
in patients with the Guillain–Barré syndrome or spinal 
cord disorders, and with baroreceptor reflex failure after 
bilateral carotid endarterectomy). The cause is thought 
to be widespread cerebral edema resulting from a break
down of cerebral blood flow autoregulation. The patho
logical hallmark is fibrinoid necrosis in resistance vessels 
in the retina and kidneys. The clinical picture is usually 
dominated by the subacute onset of headache, nausea, 
vomiting, confusion, declining conscious state, blurred 
vision, seizures, and focal or generalized weakness. 
There may be focal neurological signs and hypertensive 
retinopathy (including papilledema) (Figure 3.30).

Hypertensive encephalopathy can sometimes be mis
taken for intracranial venous thrombosis (particularly in 
pregnancy) or an arterial ischemic stroke, especially if 
there is doubt about the onset of symptoms (i.e. if the 
patient is confused or obtunded) and if the blood pressure 
is only moderately elevated. Even a severely elevated blood 
pressure can be a consequence as well as a cause of stroke, 
but in these cases there is unlikely to be any evidence of 
end‐organ damage such as retinopathy (Section 11.7.1).

The aim of treatment should be a smooth reduction in 
blood pressure over hours rather than minutes; indeed 
precipitous falls in blood pressure can cause ischemic 
stroke (Section 4.2.4).

Posterior reversible encephalopathy syndrome
Posterior reversible encephalopathy syndrome (PRES), 
also called the reversible posterior leukoencephalopathy 
syndrome, is a clinico‐neuroradiological syndrome that 
has many clinical and imaging similarities to hyperten
sive encephalopathy, and eclampsia, except there is usu
ally no evidence of hypertensive end‐organ damage, and 
the prognosis is generally very good [137]. Patients pre
sent with cortical blindness, headache, altered mental 
function (drowsiness, coma) and seizures, and brain MR 
usually shows very extensive white matter abnormalities, 
typical of edema, in the posterior regions of both hemi
spheres (Figure  3.40). The anterior circulation of the 
brain is known to have better autoregulatory capacity 
than the posterior circulation, which seems to be the rea
son for the isolated affection of brain areas supplied by 
the posterior circulation.

This syndrome has been associated with a number of 
immunosuppressive therapies (e.g. cyclosporin, cisplati
num, tacrolimus, and intravenous immunoglobulin ther
apy), vasculitis, and drug withdrawal (e.g. clonidine). 
Several cases with no typical posterior distribution have 
been described (RES) and in some cases white matter 
changes persist. The pathophysiology is uncertain, but 
endothelial dysfunction (sometimes induced by cyto
toxic therapies), breakdown of the blood–brain barrier 
and vasogenic edema are thought to play a role, as in 

(a)

(b)

Figure 3.40 (a) T2‐weighted MR scan in posterior 
leucoencephalopathy syndrome. The patient had an epileptic 
seizure and visual deficits. (b) One month later, there were no 
residual visual deficits and the brain scan was normal.
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hypertensive encephalopathy. Indeed, PRES and hyper
tensive encephalopathy are probably the same syndrome, 
but with different causes.

There is usually, but not always, fairly rapid improve
ment of both the clinical and MR abnormalities with 
treatment that removes the cause (e.g. stopping cytotoxic 
drugs and lowering blood pressure) and controls the 
symptoms (antiepileptic drugs). However, the condition 
is not always reversible, confined to the posterior regions 
of the brain, or the white matter, and we agree with  others 
that PRES is a misnomer [137].

Wilson disease
Wilson disease may very rarely present as an acute 
stroke‐like problem [138].

3.4.6 Central nervous system infections

Encephalitis, brain abscess, and subdural empyema
If a patient with a focal neurological deficit has an 
altered conscious state and a fever, then focal or multifo
cal  infection of the brain (meningoencephalitis, brain 
abscess, progressive multifocal leucoencephalopathy, or 
subdural empyema) or elsewhere in the body (e.g. pneu
monia, urinary tract infection, venous thrombophlebi
tis,  septicemia) needs to be considered (and perhaps 
even treated empirically), particularly if the prevalence 
of infection (e.g. HIV) in the community is high [102, 
139]. Indeed, among patients with a focal neurological 
deficit from a previous stroke, a subsequent systemic 
infection may lead to neurological decompensation and 
apparent worsening of the neurological deficit, prompt
ing an incorrect diagnosis of recurrent stroke or “exten
sion” of the initial stroke. There may also be a history of 
subacute evolution of systemic upset (fever, malaise, 
lethargy) and focal neurological symptoms, as well as 
seizures, meningism, or a predisposing condition such 
as sinusitis, mastoiditis, otitis, pneumonia, or congenital 
heart disease. Of course, it is conceivable that the diag
nosis of stroke is correct, and the cause of the stroke is 
an infection (Section 7.10).

The EEG, brain CT, MR scan, and cerebrospinal fluid 
(CSF) are usually characteristically abnormal. For exam
ple, the parasitic infection cysticercosis may present like 
a stroke, but the patient will probably have lived in an 
endemic area and the CT scan often shows an area of 
calcification within a cyst, as well as scattered foci of 
parenchymal calcification. In unilateral subdural empy
ema, the EEG shows extensive unilateral depression of 
cortical activity and focal delta waves lasting up to 2 sec
onds, and the CT shows a nonhomogeneous lenticular 
or semilunar extracerebral lesion with mass effect. 
However, CT can be normal early on, and MRI may be 
required to identify the subdural empyema. Likewise, 
brain CT or MRI of a cerebral abscess usually shows a 

low‐density lesion that is not in a specific vascular terri
tory and has peripheral ring enhancement following 
intravenous contrast; but sometimes the presentation is 
acute and the typical CT findings of an abscess can be 
delayed for several weeks. It can also be difficult to dis
tinguish radiologically between herpes simplex encepha
litis of the frontotemporal lobes and a middle cerebral 
artery territory infarct (Figure 3.41).

Creutzfeldt–Jakob disease
Sporadic Creutzfeldt–Jakob disease (CJD) typically  presents 
with a combination of rapidly progressive (over weeks) 
dementia and myoclonus, which may be accompanied by 
symptoms and signs of visual, pyramidal, and cerebellar 
dysfunction. However, CJD may occasionally present 
acutely with a stroke‐like syndrome (Figure 3.42) [140, 141].

If the patient has focal neurological signs, is systemically 
unwell with fever and has what looks like a normal CT 
scan, then an abscess, subdural empyema, and menin-
goencephalitis need to be excluded by MR scan, EEG 
and – if safe to do so – cerebrospinal fluid examination.

Figure 3.41 A plain CT brain scan showing a region of low 
intensity in the left temporal lobe (arrows) due to herpes simplex 
encephalitis.

If a patient with stroke deteriorates and develops myo-
clonus or dementia, think of sporadic Creutzfeldt–Jakob 
disease and perform MRI, liquor analysis, and EEG.
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3.4.7 Labyrinthine disorders

Vestibular neuronitis (labyrinthitis)
This is probably the commonest cause of severe acute 
 vertigo [142–144]. There is associated nausea, vomiting, 
 nystagmus, and ataxia, but no deafness or tinnitus. The 
acute symptoms usually last for several days and may be 
followed by positional vertigo for some weeks or months. 
There is scant evidence for viral involvement of the supe
rior part of the trunk of the vestibular nerve. A very similar, 
if not  identical, clinical syndrome can clearly be caused 
by  minor cerebellar strokes and multiple sclerosis, 
and  the  diagnosis is only revealed by MR imaging [80] 
(Section  3.3.7). The arterial territory most commonly 
involved in cerebellar infarction causing vertigo is the 
medial branch of the posterior inferior cerebellar artery 
territory, followed by the anterior inferior cerebellar 
artery territory. Patients with infarcts in the territory of the 
superior cerebellar artery or  multiple cerebellar arteries 
only rarely have isolated spontaneous prolonged vertigo.

Ménière disease
Ménière disease is characterized by repeated crises of 
quite severe rotatory or whirling vertigo, sometimes 
causing falling to one side, which can be sudden in onset 
and last from several minutes to a few days [145]. Varying 

degrees of nausea and vomiting, unilateral (initially) low‐
pitched tinnitus, sensorineural deafness, and a feeling of 
fullness or pressure in the ear are almost always present 
as well. It usually begins in middle age. The diagnostic 
difficulty may come with the first attack, when the audi
tory symptoms may be mild or nonexistent and caloric 
tests normal. In these cases, cerebellar infarction is a 
possible differential diagnosis (Section 3.3.7).

Benign paroxysmal positional vertigo
Benign paroxysmal positional vertigo is characterized by 
recurrent episodes of vertigo and nystagmus that occur 
only after suddenly changing the position of the head – for 
example, when looking up, rolling over in bed and turn
ing the head toward the affected ear, lying down, bending 
over, and straightening up [143]. The vertigo is usually 
severe but very brief in duration, certainly less than 
1  minute, and usually less than 15 seconds. Hearing is 
normal. There may be a history of recent head trauma, 
viral illness, stapes surgery, or chronic middle ear  disease, 
but many cases are idiopathic. The cause in most cases is 
canalolithiasis – particles shed by the otolith membrane 
float freely in the endolymph of the posterior semicircu
lar canal. A much less common cause is cupulolithiasis in 
which detritus gets caught on the cupula and causes 
positional vertigo due to excessive loading of the cupula. 
The diagnosis is established from the history and using 
the Dix–Hallpike maneuvre. Rarely the lateral or  anterior 
semicircular canals are involved.

Benign recurrent vertigo
Attacks of spontaneous vertigo not accompanied by 
cochlear or neurological symptoms in young or middle‐
aged adults, lasting from 20 minutes to a few hours, have 
been called “benign recurrent vertigo.” The demograph
ics and precipitants of this condition are very similar 
to  those of migraine, and the attacks may respond to 
standard migraine prophylactic drugs, suggesting that 
it may be a migraine variant – but the exact pathophysi
ology remains uncertain [146].

3.4.8 Psychological disorders

Psychological factors may give rise to subjective experi
ences (i.e. symptoms), such as hemiparesthesia during a 
panic attack, that commonly need to be differentiated 
from symptoms that arise from disease (e.g. TIA or 
stroke), physiological factors (e.g. physiological tremor), 
behaviors (e.g. excessive rest), and cultural or external 
factors (e.g. compensation and the welfare state). When 
there is no disease pathology it becomes tempting to 
suggest that the symptom must be “not real” and that it is 
psychogenic and due to a conversion disorder. Conversion 
disorder is a psychoanalytic concept that describes the 
occurrence of motor or sensory neurological symptoms 

Figure 3.42 Diffusion‐weighted MRI with high signal intensity in 
left middle cerebral artery territory in a patient with acute signs of 
aphasia. Due to gradual symptom progression follow‐up MRI was 
performed and Creutzfeld–Jakob disease was diagnosed.
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other than pain and fatigue that cause distress, are not 
explained by disease, not malingered (simulated for clear 
financial or material gain) and are thought to relate to 
psychological factors [69]. Whatever the cause of the 
symptoms, those unexplained by disease may be as or 
even more distressing than those caused by disease. 
The  most common psychogenic symptoms mistaken 
for TIA and stroke are functional weakness and sensory 
loss [104].

Functional weakness
Patients with functional weakness are likely to show 
inconsistency on observation of their behavior. For exam
ple, their gait on entering the consulting room or at the 
beginning of the examination may differ from their gait 
when they leave the consulting room, or at the end of the 
examination. Further, their weakness when they have to 
take their clothes on or off may be inconsistent with their 
weakness when they do another functional task, such as 
when they have to get something from their bag.

If the patient complains of unilateral leg weakness, 
Hoover’s sign of functional weakness is the only test that 
has been found in controlled studies to have good sensi
tivity and specificity [147]. It relies on the principle that 
we extend our hip when flexing our contralateral hip 
against resistance. It can be performed in two ways:

Hip extension. Look for a discrepancy between volun
tary hip extension (which is often weak) and involuntary 
hip extension (which should be normal) when the oppo
site hip is being flexed against resistance. It is important 
when testing involuntary hip extension to ask the patient 
to concentrate hard on their good leg.

Hip flexion. Test hip flexion in the “weak” leg while 
keeping your hand under the good heel. Feel for the 
absence of downward pressure in the good leg.

A similar principle can be used to examine weakness of 
hip abduction, which may initially be weak but then 
come back to normal if tested simultaneously with the 
“good side.”

These tests, although useful, should be interpreted 
cautiously because:

 ● pain in the affected hip may produce greater weakness 
on direct, compared with indirect, testing as a result of 
attentional phenomena (related to pain rather than 
weakness);

 ● cortical neglect can cause a positive Hoover’s sign;
 ● the test may be mildly positive in normal individuals 

because of a splinting effect;
 ● none of the studies testing its utility were blinded and 

none mention the problem of neglect.

“Collapsing” and “give‐way” weakness are commonly 
present in patients with functional weakness: one 
moment the limb is strong, the next it is not. This should 

be not be described as “intermittency of effort” since it is 
not possible to directly assess someone’s effort. In this 
situation, normal power can often be achieved tran
siently with encouragement, for example by saying to the 
patient, “At the count of three, stop me from pushing 
down ….” Alternatively, gradually increase the force 
applied to the limb, starting gently and building imper
ceptibly up to normal force. Inability to understand the 
instruction, pain in the relevant joint, being generally 
unwell, and a misguided eagerness of some patients to 
“convince the doctor” may be problematic. These con
cerns have been vindicated in the small number of valid
ity studies that have found that this sign is a rather poor 
discriminator between functional and disease‐related 
symptoms [69]. However, it is our impression in daily 
practice that it is quite a good discriminating test, and 
more reliable than Hoover’s sign.

Functional sensory disturbance
Functional sensory disturbance may be reported as a 
symptom, or detected first by the examiner. While a 
number of functional sensory signs have been described, 
none appear to be specific and they should not therefore 
be used carelessly to make a diagnosis.

 ● Patients may describe sensory loss that ends where the 
leg or arm ends, at the shoulder or groin.

 ● The hemisensory syndrome is a disturbance that is usu
ally considered by the patient as “something is not right 
down one side” or that they feel “cut in half.” It is usually 
more patchy than complete, and of variable intensity. 
There are often accompanying symptoms of intermit
tent blurring of vision in the ipsilateral eye (asthenopia) 
and sometimes ipsilateral hearing problems.

 ● Exact splitting of sensation in the midline is said to be 
a functional sign because cutaneous branches of the 
intercostal nerves overlap from the contralateral side, 
so organic sensory loss should be 1 or 2 cm from the 
midline. However, midline splitting can also occur in 
thalamic stroke. Similarly, patients with disease should 
not report a difference in the sensation of a tuning fork 
placed over the left compared to the right side of the 
sternum or frontal bone, as these bones are a single 
unit and must vibrate as one. But these signs seem to 
be as common in patients with disease and so cannot 
be recommended [69, 148].

 ● Asking patients to “Say yes when you feel touch and no 
when you don’t,” in order to see whether they say “no” 
when the affected area is touched, is difficult to inter
pret because the patient may be saying “no” to mean 
“not as much.”

 ● Although often considered left‐sided, a systematic 
review found only a slight left‐sided preponderance for 
functional motor and sensory symptoms [149].
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 ● “La belle indifférence,” an apparent lack of concern 
about the nature or implications of symptoms or disa
bility, has no value in discriminating whether the 
patient is making an effort to appear cheerful in a 
 conscious attempt to avoid being labeled as depressed, 
or factitious because he or she is deliberately making 
up the symptom and is not concerned about it.

Dizziness
Panic attacks can present somatically with dizziness, a 
fear of embarrassment, and an inability to escape from 
situations in which they are likely to occur, such as super
markets. However, anxiety and phobic avoidance of situ
ations, or head positions, that bring on dizziness does 
not necessarily indicate a psychogenic etiology. For 
example, physiological vestibular sensitivity to certain 
visual stimuli such as patterned lines or bright lights 
(sometimes called visual vertigo) may cause symptoms 
that also come on in crowded places. Asking the patient 
to hyperventilate to see if that reproduces the symptoms 
might appear straightforward, but this is often falsely 
positive in patients with dizziness caused by disease.

Depersonalization and derealization also may be 
described by the patient as “dizziness.” If this sensation is 
there all the time, the patient may have depersonaliza
tion disorder (a chronic form of dissociation).

Speech and swallowing symptoms
Dysphonia is the most common functional speech com
plaint. Often the clinical presentation is of whispering or 
hoarse speech that is initially thought to be laryngitis by 
the patient, but then persists for months or years. The 
possibility of spasmodic adductor or abductor dysphonia 
must always be considered. Functional dysarthria typi
cally resembles a stutter or is extremely slow with long 
hesitations that are hard to interrupt. The speech may be 
telegrammatic, consisting only of the main verbs and 
nouns in a sentence. In its extreme form the patient may 
become mute. However, these types of speech distur
bance can also be seen in patients with disease.

Word‐finding difficulty is a common symptom in anyone 
with significant fatigue or concentration problems and may 
compound any functional dysarthria. True dysphasia as a 
more severe functional symptom, however, is rare.

Globus pharyngis or functional dysphagia is also 
 common. The patient normally complains of a sensation 
of a “ball in the throat” and investigations do not reveal 
a cause.

Visual symptoms
Intermittent blurring of vision that returns to normal if 
the patient screws up their eyes tight and then relaxes 
them again is commonly reported. Some of these patients 
have convergence or accommodation spasm, with a ten
dency for the convergence reflex to be transiently over
active, either unilaterally or bilaterally. In this situation 
lateral gaze restriction can sometimes mimic a sixth 
nerve palsy, but miosis reveals the diagnosis. Voluntary 
nystagmus appears to be a “talent” possessed by around 
10% of the population.

Tests for functional visual acuity problems are des
cribed in detail elsewhere [150]. Simple bedside tests for 
a patient complaining of complete blindness are to ask 
them to sign their name or bring their fingers together in 
front of their eyes (which they should be able to do). 
They may have a normal response to menace and optoki
netic nystagmus with a rotating drum. Decreased acuity 
in one eye can be assessed with a “fogging test” in which 
plus lenses of increasing power are placed in front of the 
“good” eye until the patient can only be using their “bad” 
eye to see.

Spiral or tubular fields are common, and are often 
asymptomatic. Remember to test the fields at two dis
tances when looking for a tubular field. Patients with 
functional hemianopia have been described who have 
homonymous hemianopia with both eyes open and then, 
inconsistent with this, a monocular hemianopia in one 
eye with a full field in the other eye. Monocular diplopia 
or polyopia may be functional but can be caused by 
 ocular pathology.

3.4.9 Head injury

Head injury may cause a stroke, and a stroke may cause 
head injury. Without a detailed history of the onset from 
relevant people as well as the patient (witnesses, family 
members, ambulance officers, family doctor) it can be 
difficult to be sure what has happened. For example, 
head injury may cause intracranial hemorrhage, which 
can be mistaken for a primary stroke if the patient is 
amnesic for the injury and has no external scalp evidence 
of injury. Head injury can also cause ischemic stroke as a 
result of arterial dissection (Section  7.2). Conversely, 
stroke can precipitate a fall, causing head injury and, if 

The diagnosis of functional motor and sensory symp-
toms depends on demonstrating positive functional 
signs as well as the absence of signs of disease. Most 
of  these signs relate to inconsistency, either internal 
(for example, Hoover’s sign reveals discrepancies in leg 
power) or external (for example, tubular field defect is 
inconsistent with the laws of optics). However, although 
inconsistency may be evidence that the signs are func-
tional, it does not indicate whether they are consciously 
or unconsciously produced, and a positive functional 
sign does not exclude the possibility that the patient also 
has disease.
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the CT scan shows intracranial hemorrhage, the primary 
stroke event may be missed. Brain imaging may shed 
some light on the cause; intracranial hemorrhage from 
head injury tends to be more common in the frontal and 
anterior temporal regions, superficial and multiple, and 
there may be accompanying extension into the subarach
noid space and associated skull fractures (Section 9.2.4). 
One can often see soft tissue swelling of the scalp and 
brain contusions on CT and MR scans, and MR scans 
depict shearing injuries as well.

3.4.10 Multiple sclerosis

Patients with multiple sclerosis usually develop focal 
neurological symptoms in their third or fourth decade 
(as opposed to the seventh and eighth decades for 
stroke). The onset is typically subacute, with the symp
toms coming on over days or even weeks. The diagnosis 
is seldom difficult because these patients are usually 
young without any vascular diseases or risk factors, the 
symptoms are as often positive as negative, there are 
usually more neurological signs than symptoms (com
pared with TIA and stroke, in which there are often more 
symptoms than signs), and some may have evidence of 
disease in other parts of the central nervous system that 
is asymptomatic but readily detected by clinical exami
nation or brain/spinal cord MRI. Also, there may be a 
history of previous episodes that are typical of multiple 
sclerosis, such as optic neuritis or transverse myelitis. 
However, sometimes symptoms do seem to start abruptly 
and so can mimic a TIA or stroke [151].

The location and shape of the lesions on brain imaging 
are usually fairly characteristic (Figure 3.43) (i.e. discrete 
round or oval lesions in the white matter of the cerebral 
or cerebellar hemispheres and brainstem, in the corpus 
callosum, and adjacent to the temporal horns of the lat
eral ventricles, not corresponding to territories supplied 
by specific cerebral arteries). In addition, the cerebrospi
nal fluid usually shows raised immunoglobulin (IgG) and 
oligoclonal bands, which are not present in the serum. 
However, none of these features is specific; for example, 
oligoclonal bands may be found in patients with acute 
stroke, particularly if due to vasculopathies associated 
with Behçet’s disease, systemic lupus erythematosus, 
and sarcoidosis, although in many of these cases oligo
clonal bands are also present in the serum (Section 7.3).

3.4.11 Neuromuscular disorders

Mononeuropathy and radiculopathy
It is not uncommon for TIA and stroke affecting just the 
hand or arm to have to be distinguished from a median 
neuropathy at the wrist (carpal tunnel syndrome), an 
ulnar neuropathy at the elbow, a radial nerve palsy, or 

cervical radiculopathy [38, 152]. This is because periph
eral nerve and nerve root lesions may occasionally cause 
sudden onset (or sudden awareness, perhaps waking up 
from sleep) of persisting focal sensory or motor symp
toms, which can be confused with “pseudoradicular” 
strokes (those due to small lesions in the contralateral 

(a)

(b)

Figure 3.43 (a) A fluid‐attenuated inversion recovery (FLAIR) MR 
brain scan showing typical periventricular white matter lesions 
(white areas) in a patient with multiple sclerosis. (b) T2‐weighted 
images, sagittal plane, of the same patient.
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precentral or postcentral gyrus, corona radiata, or thala
mus) (Section  3.3.5). Similarly, acute tetraparesis and 
cranial polyneuropathy associated with acute polyradic
uloneuropathy (e.g. Guillain‐Barré syndrome and its 
Miller Fisher variant) can sometimes be mistaken for a 
brainstem stroke [153–155]. However, the physical signs 
(i.e. lower motor neuron signs and/or sensory loss to 
pain in a dermatomal or nerve distribution) are different 
from those of an intracranial cortical/subcortical lesion 
which tend to be associated with upper motor neuron 
signs and/or loss of discriminative/“cortical” sensations, 
such as joint position sense and two‐point discrimina
tion ability. Nevertheless, there are patients with the 
“cortical hand syndrome” (Section 3.3.4) in whom such 
distinguishing features are not present. Nerve conduc
tion studies will usually identify a peripheral mononeu
ropathy unless the problem is very acute, but they are 
less helpful for more proximal radicular problems unless 
there are clearly absent F waves.

Myasthenia gravis
Although the symptoms of myasthenia gravis usually 
come on gradually, there are instances of fairly rapid 
development, sometimes precipitated by infection (usu
ally respiratory), drugs, or emotional upset [156, 157]. 
If  the muscles of the eyes (levator palpebrae and 
 extraocular muscles) and less often the face, jaw, throat, 
and neck are the first to be affected (causing ptosis, diplo
pia,  dysarthria, or dysphagia), this can be mistaken for a 
brainstem vascular event, but the weakness tends to per
sist (if left untreated) and to fluctuate, increasing as the 
day wears on. Excess fatigability can be demonstrated by 
asking the patient to sustain the activity of the sympto
matically involved muscles. Conversely, muscle power 
improves after a brief rest, or in response to 10 mg of 
edrophonium (tensilon) intravenously, or neostigmine 
(1.5 mg) intramuscularly. A preceding dose of atropine 
0.5 mg i.v. not only counteracts parasympathetic over
stimulation but also serves as a placebo control for the 
motor effects. However, because false positive (e.g. motor 
neuron disease) and false negative (about 10% of cases) 
results are fairly common, and adverse reactions can 
occur rarely, the tensilon test is not used unless neuro
physiological tests are unavailable or a rapid diagnosis is 
required. The presence of antiacetylcholine receptor or 
antiMuSK antibodies confirms the diagnosis in most 
patients but in those presenting acutely with a suspected 
stroke the test result takes too long to obtain to be useful.

Motor neuron disease
It is surprising how often patients with bulbar motor neu
ron disease (MND) are said to have had a brainstem stroke. 
This is probably because MND symptoms sometimes 
seem to start surprisingly quickly and, early on, there may 

be little more than subtle dysarthria without any typical 
features of MND. What then tends to happen is that a 
brain CT or MRI is performed, and shows  leukoaraiosis, 
which is linked with stroke, despite this  finding being 
quite common in the MND age group. The more useful 
investigation is electromyography, which may reveal sub
clinical evidence of denervation that could not be caused 
by a stroke. Also, the MND patient continues to deterio
rate, quite unlike a stroke patient.

3.4.12 Important nonfocal disorders

Syncope or transient loss of consciousness
Syncope or transient loss of consciousness is probably 
the most important nonfocal syndrome of impaired con
sciousness to distinguish from TIA and stroke, account
ing for about one‐fifth of patients presenting to the 
emergency room with a suspected brain attack in a 
recent study [39]. In another study, in which at least two 
neurologists aimed to validate the diagnosis of TIA made 
by general practitioners (GPs) and by hospital emergency 
physicians, the most frequent conditions misdiagnosed 
as TIAs were transient disturbances of consciousness, 
mental status, and balance [158]. Compared with neu
rologists, GPs  considered “confusion” and “unexplained 
fall” more often compatible with TIA, and “lower facial 
palsy” and “monocular blindness” less often compatible 
with TIA.

Syncope is defined as a loss of consciousness and pos
tural tone due to a sudden fall in blood flow to the brain 
[159–162]. Sometimes this may occur abruptly, without 
any warning (e.g. due to aortic stenosis, complete heart 
block), but more commonly there is a preceding feeling of 
light‐headedness, faintness, or dizziness (not rotational 
vertigo), bilateral dimming or loss of vision (not to be 
confused with lone bilateral blindness), sounds seeming 
to be distant, generalized weakness, and symptoms of 
adrenergic activity such as nausea, hot and cold feelings, 
and sweating [48]. During the attack, the patient is pale, 
sweaty, clammy and floppy, rather than cyanosed and 
rigid as in an epileptic seizure. The pulse is absent or dif
ficult to feel (but this cannot be relied on) and the patient 
may be incontinent of urine. If the patient is lying flat and 
not held upright (by someone or by an obstacle), then 
consciousness is regained within seconds, and there is 
very little mental confusion or difficulty in recalling the 
warning symptoms (unless there has been head trauma). 
Additional features during unconsciousness may include 
multifocal, arrhythmic, myoclonic jerks (particularly in 
patients who are held upright), head turns, oral automa
tisms, righting movements (sustained head‐raising or 
 sitting up), eye movements (upward or lateral deviation 
of  the eyes), and visual and auditory hallucinations, 
all of which are likely to lead to an erroneous diagnosis 
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of  epilepsy. There are usually no focal neurological 
 symptoms unless the drop in blood pressure occurs in the 
presence of severe occlusive arterial disease in the neck, 
or impaired cerebral autoregulation due to a previous 
stroke. The key to the diagnosis is a sound history from a 
witness as well as the patient – use the telephone if neces
sary [160–162]. Making a correct diagnosis is important, 
because some causes are quite serious (e.g. Stokes–
Adams attacks) and if misdiagnosed as a TIA may lead to 
the patient being denied an effective and possibly life‐ 
saving treatment (e.g. a pacemaker).

Drop attacks
“Drop attacks” are episodes of sudden loss of postural 
tone, which cause the patient – usually a middle‐aged or 
elderly woman – to fall to the ground without apparent 
loss of consciousness, vertigo, or other sensation. The 
attack occurs without warning and is not induced by a 
change of posture or movement of the head. The patient 
may be unable to rise immediately after the fall, despite 
being uninjured, perhaps because of the surprise. The 
most common differential diagnosis is vertebrobasilar 
ischemia, but here there is usually some warning that the 
patient is going to fall, there are brainstem symptoms, 
such as vertigo or diplopia, and the limb weakness is per
sistent [49, 163]. Not a single patient in the New England 
Medical Center Posterior Circulation Registry had a 
drop attack as the only symptom of posterior circulation 
ischemia [50].

Drop attacks have also been attributed to syncope, epi
lepsy, tumors in the region of the foramen magnum or 
third ventricle, vestibular disease, myxedema, old age, 
and even subconscious guilt. In the vast majority of cases 
no cause is found, and although the attacks may persist, 
the patients do not seem to have a high risk of stroke or 
other vascular events and so the episodes are called 
“cryptogenic drop attacks.” Rarely the patient may have 
parasagittal motor cortex/subcortex ischemia in the 
 territory of both anterior cerebral arteries [164].

Cataplexy
Cataplexy is characterized by transient episodes of sud
den bilateral loss of muscle tone, weakness, and areflexia 
provoked by emotions, and is highly specific to the narco
lepsy syndrome [165–167]. Although excessive daytime 
sleepiness usually begins several months before the onset 
of cataplexy, up to 10% of patients have cataplexy first. 
Laughter is the most common precipitant, but other 
forms of emotion and athletic activities can induce cata
plexy. The three typical situations that trigger cataplexy, 
and differentiate it from other types of muscle weakness, 
are: when hearing and telling a joke, while laughing, and 
when angry. Severe attacks cause complete paralysis 
except for the respiratory muscles, whereas the more 

common partial episodes cause patients to drop objects 
or to sit down or stop walking. Less than 1% of attacks 
cause unilateral weakness and so might be confused with 
a TIA. Momentary attacks are the usual pattern, and they 
generally last less than a minute. Prolonged episodes may 
be associated with hallucinations. Rarely, cataplexy can 
be almost continuous (“status cataplecticus”). Despite the 
discovery of hypocretin deficiency in the lateral hypo
thalamus as a cause of narcolepsy, the cause of cataplexy 
remains unclear.

Serotonin syndrome
The serotonin syndrome is a dose‐related range of toxic 
symptoms caused by excessive stimulation of the 
 central and peripheral nervous system serotonergic 
(5‐HT1A and 5‐HT2) receptors. It is a result of increased 
serotonin concentrations associated with serotinergic 
drug use (e.g. serotonin precursors, serotonin agonists, 
serotonin releasers, serotonin reuptake inhibitors, 
monoamine oxidase inhibitors, some herbal medicines, 
and antimigraine medications such as sumatriptan and 
dihydroergotamine). The clinical picture includes men
tal‐status changes, neuromuscular abnormalities, and 
autonomic hyperactivity [168], which may be mistaken 
for stroke (with or without a complication such as 
infection) because the onset is quite rapid and patients 
have hyperreflexia and clonus (often greater in the legs 
than arms).

3.4.13 Neuroimaging in the diagnosis of focal 
neurological symptoms of sudden onset

Transient ischemic attacks
The main purpose of brain imaging in patients with a 
suspected TIA is to identify a relevant focal ischemic 
lesion on MR DWI in cases in which the diagnosis of TIA 
is uncertain, and to exclude any underlying structural 
intracranial lesion and, rarely, an intracerebral hemor
rhage, which may present like a TIA [10, 169–171]. 
Additionally acute imaging should include always a CT 
or MR angiogram to exclude persistent vessel occlusions 
despite symptom relief and to search for symptomatic 
arterial stenosis.

We image patients with (potentially transient) “brain 
attacks” with MR DWI and MRA of intracranial arteries 
and neck vessels. This is because DWI may not only help 
confirm the diagnosis [170], but also helps localize the 
ischemia to one or more arterial territories and so dif
ferentiate carotid from vertebrobasilar ischemia, and 
sometimes cardiac embolism in clinically uncertain 
cases. This is particularly important when carotid sur
gery is being considered. However, there are limited data 
on the cost‐effectiveness of brain imaging in TIA patients 
[169, 172].
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Stroke
The diagnosis of stroke remains primarily clinical, and 
the main role of brain imaging is to exclude nonvascular 
structural pathology as the cause of the symptoms, and 
establish the underlying vascular pathology (Chapter 5) 
and etiology (Chapters 6–9). The choice of CT or MRI 
will depend on the question being asked of the test; local 
availability; how ill, confused, or restless the patient is; 
and cost and effectiveness.

If CT is available, the imaging strategy producing the 
highest number of quality adjusted life years (QALYs) at 
lowest cost is to scan all patients immediately with CT, 
because CT is practical, quick (a few minutes to scan the 
brain), widely available, easy to use in ill patients, afford
able, it accurately identifies intracranial hemorrhage as 
soon as it occurs (Section  5A.3), and it is essential to 
image suspected SAH (Section 3.7.3) [10, 169]. Strategies 
that delay CT scanning reduce QALYs and increase cost. 
However, CT has limitations. Intracerebral hemorrhage 
will be misinterpreted as ischemic stroke if CT is not 
done within 10–14 days after stroke [169]; delays in seek
ing medical attention or poor access to CT for stroke will 
result in failure to identify up to three‐quarters of cases 
of intracerebral hemorrhage, and may lead to inappro
priate treatment (e.g. antiplatelet drugs or carotid revas
cularization) for many.

Although CT shows positive features of ischemic 
stroke in many patients with moderate and severe stroke 
scanned 2–7 days after the event, early signs of ischemia, 
within 3–6 hours, are difficult to recognize on CT 
(Section  5A.3). Furthermore, many patients with mild 
stroke never develop a visible infarct on CT, irrespective 
of when they are scanned. The Acute Cerebral CT 
Evaluation of Stroke Study (ACCESS), in which as many 
doctors and radiologists as possible worldwide interpret 
typical CT scans of stroke over the Internet, aims to 
improve recognition of early signs of infarction [169].

The advantage of MRI DWI is that it shows ischemic 
changes as early as a few minutes after stroke as a bright 
white lesion (“light bulb”), and so shows more ischemic 
strokes than CT or conventional MRI [10, 11, 170, 173, 
174]. It also shows more ischemic strokes several weeks 
later, and therefore is particularly useful for positive iden
tification of an ischemic stroke in patients presenting up 
to 8 weeks after stroke [15]. For detection of acute hemor
rhage MR with proton density images, fluid attenuation 
inversion recovery (FLAIR), and susceptibility‐weighted 
imaging (SWI) is at least as sensitive as CT imaging [175, 
176]. In subacute stage, when hyperdensity on CT scans 
decreases gradually, MR with FLAIR and T2‐star images 
(and probably SWI) is better for detecting blood [177].

However, a limitation of MRI is that it is difficult to use 
routinely in acute, particularly severe, stroke; it is less 
often available than CT; it requires more cooperation by 

the patient for a longer time; it is very noisy and it upsets 
confused patients. About a quarter of patients with 
stroke cannot undergo MRI because they are too ill or 
confused, or have an intraocular or intracerebral metallic 
foreign body or pacemaker.

3.4.14 Electroencephalography in the diagnosis 
of focal neurological symptoms of sudden onset

With the increasing availability of neuroimaging, the 
indications for an EEG in patients with suspected TIA or 
stroke are now very limited. An EEG may be helpful 
when the clinical diagnosis of TIA is in doubt and focal 
seizures are a possibility. However, while about one‐third 
of all patients with clinically definite epilepsy consist
ently have epileptiform discharges on the waking interic
tal EEG, and about one‐half do so on some occasions 
with repeated sleep‐deprived recordings [178], we know 
very little about the sensitivity and specificity of the test 
when the diagnosis is in doubt.

The role of the EEG in patients with persisting neuro
logical signs is to help exclude a number of conditions 
that may mimic stroke, particularly when brain imaging 
is normal. For example, nonconvulsive status epilepticus 
can present with a sudden confusional state, and in both 
CJD and herpes simplex encephalitis, where there can be 
clinical deterioration with new focal neurological signs, 
the EEG can have characteristic abnormalities (although 
not in all the patients all the time). But it is worth noting 
that only a minor fraction (about one‐quarter) of focal 
epileptic seizures that occur during EEG recording are 
detectable by noninvasive surface EEG.

The usual abnormal EEG findings in acute stroke, at 
least in fairly large hemispherical cortical and subcortical 
stroke, are a localized reduction of normal cortical 
rhythms and presence of localized slow‐wave abnormal
ity. Focal EEG slowing, however, is not specific, and only 
indicates the presence and side of the lesion. Although it 
has been suggested that the EEG may help distinguish 
between small deep (lacunar) and cortical infarction, the 
clinical features and brain CT or MRI scan are far more 
effective tools. A normal EEG may help to confirm the 
diagnosis of locked‐in syndrome caused by a lesion in 
the ventral pons (Section 3.3.2), and can also lend some 
support to a diagnosis of a somatization disorder, at least 
if the clinical deficit is extensive.

3.5  Differential diagnosis 
of transient monocular blindness

Transient monocular blindness (TMB) and amaurosis 
fugax are two different terms for describing exactly the 
same symptom – blurring or loss of vision in the whole or 
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part of the visual field of one eye. It is commonly caused 
by ischemia of the retina (usually as a result of embolism 
from atherothrombosis of an artery between the heart 
and the eye, or from embolism from the heart), and 
sometimes by ischemia of the anterior optic nerve (usu
ally due to disease of the posterior ciliary artery; 
Section 3.5.2) [179, 180]. However, there are other causes 
of TMB that are important to differentiate because the 
prognosis and treatments differ (Table 3.30). Many are 
uncommon and frequently go unrecognized if the patient 
is not examined during the acute episode (which of 
course is very difficult to achieve).

Patients with TMB should be considered for a compe
tent ophthalmological examination to exclude primary 

disorders of the eye before concluding that the explana
tion is necessarily vascular disease.

3.5.1 Retinal disorders

Retinal migraine or “vasospasm”
Migraine with aura (classical migraine) is usually ushered 
in by “positive” binocular visual symptoms. However, 
transient monocular visual symptoms followed by pulsa
tile headache have occasionally been described in patients 
with known migraine, and classified as “retinal migraine” 
[181–187].

TMB as a result of thromboembolism is distinguished 
from retinal migraine on the basis of the symptoms; the 
former is characterized by the abrupt onset of “negative” 
monocular visual phenomena (blindness), which is pain
less and usually lasts only a few minutes, while the latter 
is characterized by the gradual build‐up of transient 
monocular visual impairment (i.e. scotoma or blind
ness), which is usually incomplete and may be associated 
with “positive” visual symptoms (e.g. scintillations) last
ing for up to an hour, as well as a pulsatile headache or 
orbital pain. Sometimes, however, it can be very difficult 
to distinguish retinal ischemia from retinal migraine, 
particularly in older patients without any headache. It 
has been suggested that noninvasive investigations, such 
as carotid ultrasound, may help distinguish between the 
two – i.e. tight stenosis of the internal carotid artery on 
the symptomatic side suggests retinal ischemia (due to 
artery‐to‐artery embolism), and the absence of carotid 
disease favors retinal migraine. However, this is only cir
cumstantial evidence.

Patients have been described with frequent (1–30 epi
sodes per day), stereotyped episodes of brief (lasting less 
than 3 minutes) unilateral visual loss caused by pre
sumed vasospasm. Fundus examination during the epi
sodes shows constriction of the retinal arteries and 
segmentation in a thin and slowly moving column of 
blood. The caliber of the retinal vessels is restored with 
the return of vision. Occasional patients have responded 
to a calcium channel blocker. However, as there is really 
no proof of vasospasm, we have to be very cautious in the 
interpretation of these observations in what appear to be 
very rare patients.

Patients with TMB have a better prognosis than 
patients with TIA of the brain, despite similar degrees of 
carotid stenosis [188] (Section  16.11.8). The reason 
remains uncertain, but is unlikely to be that some of the 
cases of TMB were really cases of retinal migraine.

The question therefore arises, how do we define retinal 
migraine? Is it a diagnosis based on the clinical symp
toms and signs, the results of investigations, the response 
to treatment, or the prognosis? It has been traditionally 
diagnosed on the basis of the clinical history, but this 

Table 3.30 Causes of transient monocular blindness.

Retinal disorders (Section 3.5.1)
Vascular

Atherothromboembolism or other arterial disorders (e.g. 
dissection affecting the proximal internal carotid artery, and 
giant‐cell arteritis affecting the posterior ciliary artery)
Embolism from the heart (Section 6.5)
Low retinal artery perfusion pressure
Retinal migraine

High resistance to retinal perfusion
Intracranial vascular malformation
Central or branch retinal vein thrombosis
Raised intraocular pressure (glaucoma)
Raised intracranial pressure
Increased blood viscosity (Section 7.14)
Malignant arterial hypertension (Section 3.5.2)
Retinal hemorrhage

Retinal detachment
Paraneoplastic retinopathy
Phosphenes
Lightning streaks of Moore
Chorioretinitis
Optic nerve disorders (Section 3.5.2)
Anterior ischemic optic neuropathy
Malignant arterial hypertension (Section 3.5.2)
Papilledema
Optic neuritis and Uhthoff symptom
Dysplastic coloboma
Eye/orbital disorders (Section 3.5.3)
Vitreous hemorrhage
Reversible diabetic cataract
Lens subluxation
Orbital tumor (e.g. optic nerve‐sheath meningioma)
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may be nonspecific, and it is seldom possible to examine 
the patient during the episode to see if vasospasm is pre
sent. Any carotid disease may be coincidental, and of 
course the response to treatment and the prognosis are 
hardly helpful at the time the diagnosis has to be made. 
We cannot, therefore, provide any definitive answer.

Arteriovenous malformation
Anterior and middle fossa dural arteriovenous malfor
mations very rarely cause TMB. When they do it is prob
ably because of transient lowering of retinal arterial 
pressure associated with shunting of blood away from 
the ophthalmic artery.

Central or branch retinal vein thrombosis
Thrombosis of the central retinal vein, or branch 
r etinal  vein, sometimes presents with attacks of TMB 
[179]. The  visual loss tends to be patchy rather than 
 complete. The fundoscopic appearance is characteristic: 
engorged retinal veins and multiple retinal hemorrhages 
(Figure 3.44).

Angle‐closure glaucoma
This typically presents in people over the age of 50 years 
who are hypermetropic (long‐sighted). Apposition of the 
peripheral iris to the trabecular meshwork decreases the 
outflow of the aqueous humor, which in turn increases 
the intraocular pressure and reduces perfusion pressure 
to the choroid, retina, and disc. Transient monocular 

visual disturbance may occur, particularly in poor light 
when the pupil is dilated. The onset is usually subacute. 
Vision may be decreased, blurred, foggy, or smoke‐like, 
and the patient may see haloes around lights. Some 
patients complain of light sensitivity during the attack 
and most, but not all, have eye pain, which may radiate to 
the side of the head. The symptoms may last from a few 
minutes to hours. Eye pain and the stereotyped recur
rence of attacks under certain lighting conditions 
are useful clues to the diagnosis, as are red eye, cloudy 
cornea, and oval pupil (Figure  3.27). The intraocular 
pressure should be checked in most, if not all, patients 
with TMB, but in those who have glaucoma it is not 
always raised between attacks.

Retinal and other intraocular hemorrhages
A small retinal hemorrhage may cause sudden reduced 
vision in one eye that resolves within hours. The diagno
sis should be evident on ophthalmoscopy, particularly if 
the pupil is dilated. Similarly, vitreous and anterior 
chamber hemorrhage may cause TMB. The cause may 
be suspected from the history; for example, preretinal 
hemorrhage may occur during physical exertion, sexual 
activity, or Valsalva maneuvre.

Paraneoplastic retinopathy
Transient episodes, lasting seconds to minutes, of pain
less monocular dimming of the central field of vision 
and  overwhelming visual glare and photosensitivity 
when exposed to bright light suggest not only photo
receptor dysfunction due to transient retinal ischemia, 
but also  paraneoplastic retinopathy. Patients may 
also   experience transient bizarre entoptic symptoms 
( alterations in  normal light perception resulting from 
intraoptic  phenomena, akin to the subjective perception 
of light  resulting from mechanical compression of the 
eyeball – phosphenes). Ophthalmoscopy usually reveals 
attenuated retinal arterioles, electroretinography dem
onstrates abnormal cone‐ and rod‐mediated responses, 
and antiretinal antibodies may be identified in the serum. 
Over the subsequent months, progressive visual loss 
occurs, during which time a small‐cell carcinoma of the 
lung often declares itself.

Phosphenes
Phosphenes are flashes of light and colored spots that are 
induced by eye movement in a dark environment and 
occur in the absence of luminous stimuli. They may 
occur with disease of the visual system at many different 
sites, such as optic neuritis in the recovery phase, per
haps as a result of the mechanical effects of movement of 
the optic nerve. However, mechanical pressure from a 
sharp tap on the normal eyeball may also induce a phos
phene, as every child discovers, by stimulating the retina. 

Figure 3.44 CT brain scan showing an astrocytoma in the brain 
stem causing obstructive hydrocephalus
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Phosphenes may also occur in a healthy dark‐adapted 
closed eye after a saccade (flick phosphene).

Lightning streaks of Moore
In a dark environment, elderly people frequently expe
rience recurrent, brief, stereotypic, vertical flashes of 
light in the temporal visual field of one eye, which are 
elicited by eye movement. These are known as Moore’s 
lightning streaks and are benign. It is believed that, with 
advanced age, the posterior vitreous may collapse and 
detach from the retina, leading to persistent vitreoreti
nal adhesions. The mechanical forces associated with 
eye movement exert traction on the macula and retina, 
and induce the photopsias (subjective sensations of 
sparks or flashes of light).

Chorioretinitis
Macular disease due to chorioretinitis or retinal pigmen
tary degeneration can sometimes lead to loss of vision in 
bright light.

Central serous retinopathy
This typically affects young men. Over a period of 
hours to  days, central vision becomes blurred associ
ated with various degrees of metamorphopsia (defec
tive, distorted vision), micropsia (objects appear smaller 
than their actual size due to segregation of the photo
receptors), chromatopsia (objects appear unnaturally 
colored), central scotoma, and increasing hyperopia 
(far‐sightedness). It lasts for days to weeks, usually 
resolving within 4–8 weeks.

Visual acuity in the acute stage ranges from 6/6 to 6/60 
and averages 6/9. On fundoscopy, there is an accumula
tion of transparent fluid between the retinal pigment 
epithelium and the outer segments in the macular area, 
elevating the retina and causing a circumscribed area of 
retinal detachment at the posterior pole. The diagnosis is 
confirmed by fluorescein angiography. Typically the flu
orescein enters into the blister and stains its contents, 
identifying one or more leakage points.

3.5.2 Optic nerve disorders

Anterior ischemic optic neuropathy
Anterior ischemic optic neuropathy (AION) is due to 
ischemia in the territory of supply of the posterior ciliary 
arteries, which are branches of the ophthalmic artery, 
and which supply the anterior part of the optic nerve, the 
choroid and outer retina. Because the optic disc is close 
to an arterial border zone between the territories of the 
two major posterior ciliary arteries, it is particularly lia
ble to ischemia when the systemic blood pressure falls, 
when the intraocular pressure rises, or when there is 
occlusive disease of local small arteries. Less often, AION 

is caused by embolism from the heart or proximal arter
ies to, or in situ occlusion of, the posterior ciliary arteries 
or the arterioles feeding the anterior part of the optic 
nerve, for example by giant‐cell arteritis (Figure  3.45) 
and other types of vasculitis, such as polyarteritis nodosa 
(Section  7.3). Atherosclerosis of the posterior ciliary 
artery is another presumed cause, given that patients 
with AION have an increased prevalence of hyperten
sion and diabetes and an increased risk of subsequent 
cerebrovascular and cardiovascular events, but we are 
not aware of any histological proof of atheromatous 
occlusion of these arteries.

Ischemia of the optic disc is characterized clinically by 
the sudden onset of painless visual loss in one eye [189]. 
This may involve the whole field, but it tends to be more 
severe in the lower half because the upper segment of the 
optic disc is more vulnerable to ischemia. In the early 
stages, the circulation may be so precariously balanced 
that minor postural change may have profound effects on 
the degree of visual loss. The visual loss tends to be severe, 
nonprogressive and prolonged, but it can be brief (and 
present as transient monocular blindness), or it can pro
gress over several hours or days. In AION due to giant‐cell 
arteritis, the visual loss may develop sequentially in both 

Figure 3.45 A photomicrograph of anterior ischemic optic 
neuropathy caused by giant‐cell arteritis. The arrow indicates the 
infarcted optic nerve head. Source: Courtesy of Dr. JF Cullen, 
Western General Hospital, Edinburgh. (Also reproduced in color in 
the plate section.)
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eyes within a few days and, rarely, almost simultaneously. 
Normal visual acuity does not exclude AION, and almost 
any part of the visual field can be affected.

The common patterns of visual loss are an altitudinal 
hemifield defect (loss of either the upper or, more fre
quently, the lower half of the field in one eye), an inferior 
nasal segmental loss, and a central scotoma. The disc 
may appear normal at first, but within a few days it 
becomes pale and swollen, often with small flame‐shaped 
hemorrhages radiating from the disc margin (ischemic 
papillopathy), distended veins and, occasionally, cotton‐
wool spots due to ischemic change in the surrounding 
retina. The swelling may involve only one segment of the 
disc, or may be more marked in one segment than in 
another. The disc swelling is attributed partly to leakage 
of plasma from damaged blood vessels and partly to 
arrest of axoplasmic transport along damaged nerve 
 fibers. The disc swelling itself may be indistinguishable 
from that seen with raised intracranial pressure, but 
the vision is usually normal in the latter. In about half of 
the eyes with AION due to giant‐cell arteritis, the disc 
swelling has a chalky white appearance. Later, the swell
ing subsides, to be succeeded by optic atrophy with 
attenuation of the small blood vessels on the disc surface. 
The prognosis for recovery of vision is variable. Many 
patients recover good central vision, but are left with 
arcuate and sectorial visual field defects  corresponding 
to loss of bundles of nerve fibers. In other patients, visual 
loss may be complete and permanent.

Malignant arterial hypertension
Some patients with malignant hypertension experience 
TMB due to ischemia of the optic nerve head. Associated 
headache, seizures, encephalopathy, renal impairment, 
high blood pressure, and the characteristic ophthalmo
scopic features of hypertension point to the diagnosis 
(Figure 3.30).

Papilledema
Patients with papilledema (Figure 3.46) from any cause 
may experience transient visual blurring or obscurations, 
with or without photopsias. The visual loss in chronic 
papilledema is often postural, occurring as patients get 
up from a chair (or bend over), and may involve either eye 
alone, or both eyes together. The visual loss is typically 
“grey” rather than “black” and lasts for seconds rather 
than minutes.

The explanation may be transient optic nerve ischemia 
secondary to a relative decrease in orbital blood flow, as 
a result of raised cerebrospinal fluid pressure in the suba
rachnoid space around the optic nerve, and so increased 
pressure in the veins draining the optic nerve head. 
Episodes of visual blurring or blindness in someone with 
papilledema should lead to urgent investigation and 

appropriate action because permanent visual loss will 
eventually follow, gradually or suddenly.

Optic neuritis and Uhthoff symptom
Patients with acute and chronic optic nerve demyelina
tion due to multiple sclerosis may experience transiently 
decreased vision in one or both eyes during exercise 
(Uhthoff symptom), or in association with other causes 
of increased temperature, emotional stress, increased 
illumination, eating, drinking, smoking, and menstrua
tion [189, 190]. The pathophysiology is unknown, 
although reversible conduction block in demyelinated 
nerve fibers secondary to an increase in body tempera
ture or to changes in blood electrolyte levels or pH are 
believed to play a role. Ophthalmoscopy may be normal, 
but if the optic nerve head is inflamed, the optic disc will 
be swollen and will look similar to papilledema.

Optic disc anomalies
Transient monocular visual obscurations are occasion
ally associated with an elevated optic disc without 
increased intracranial pressure. Examples include con
genital anomalies of the disc, such as drusen or posterior 
staphyloma.

3.5.3 Orbital disorders

Transient changes in the ocular media or intraocular 
pressure, such as vitreous floaters, vitreous hemorrhage, 
anterior chamber hemorrhage, lens subluxation, revers
ible cataract (in a diabetic), and glaucoma may cause 

Figure 3.46 An ocular fundus photograph showing papilledema. 
Note the congested, swollen disc, with loss of the physiological 
cup, a blurred disc margin and congested retinal veins. (Also 
reproduced in color in the plate section.)
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transient monocular visual disturbance. Most of these 
conditions can be excluded by a competent ophthalmo
logical examination.

An intraorbital mass, such as an optic nerve sheath 
meningioma, may produce gaze‐evoked TMB; the 
 blindness is limited to the duration of gaze in the 
affected direction (usually abduction of the affected 
eye) and the visual  acuity usually returns to normal 
about 30 seconds after the eye moves back to the pri
mary position. The loss of vision is possibly caused by 
a reduction in flow to the blood vessels surrounding 
the optic nerve itself.

3.5.4 Corneal and eyelid disorders

Fuch’s corneal endothelial dysfunction (corneal guttatae)
In the seventh and eighth decade, the corneal endothe
lial cells may become deficient and malfunction due to 
abnormal excrescences of the basement (Descemet’s) 
membrane, called corneal guttatae. The corneal epithe
lium may then fail to pump fluid out of the cornea and 
patients complain of blurred vision (due to hydration of 
the cornea). It tends to occur in the morning and gradu
ally clears as the day evolves, and as the cornea clears 
due to evaporation of tears. Similar symptoms can occur 
due to endothelial cell loss as a consequence of intraocu
lar surgery.

Ptosis
Intermittent ptosis (e.g. myasthenia gravis) can cause 
transient monocular visual loss.

3.6  Improving the reliability 
of the clinical diagnosis

For every patient who presents to their family doctor 
with a definite TIA, there are many more who present 
with transient neurological symptoms due to other dis
orders. For example, in the Oxfordshire Community 
Stroke Project (OCSP), 512 patients were referred by 
their family doctor or a hospital doctor with a diagnosis 
of “possible TIA,” of whom 317 (62%) were considered 
by the OCSP neurologists not to have had a TIA 
(Table 3.22) [101].This problem is not unique to family 
doctors and junior hospital doctors. The interobserver 
agreement for the diagnosis of TIA of the brain among 
eight senior and interested neurologists from the same 
department who interviewed 56 patients in alternating 
pairs revealed that both neurologists agreed that 36 
patients had a TIA and 12 had not, but they disagreed 
about eight (kappa = 0.65; for perfect agreement kappa 
would be 1.0) [191].

The interobserver agreement for the diagnosis of 
stroke (vs. not stroke) is made with moderate to good 
reliability (kappa = 0.77) [31].

The clinical features associated with high inter
observer agreement for the diagnosis of stroke or TIA 
versus no vascular event are a sudden change in 
speech, visual loss, diplopia, numbness or tingling, 
paralysis or weakness, and nonorthostatic dizziness 
(kappa = 0.60) [44].

Several studies have shown that clinicians can differ 
in  the interpretation of even isolated elements of the 
 history, such as loss of power, loss of sensation, “blurred 
or foggy vision,” and headache [31, 192]. When assessing 
patients with suspected stroke, the interobserver agree
ment for most items of the clinical history is moderate to 
good (kappa statistics for vascular risk factors range 
from 0.44 to 0.69) but there is much less interobserver 
agreement for various features of the neurological exam
ination (Table 3.31) [31, 192, 193].

3.6.1 Reasons for clinical disagreement

There are several factors that can increase the likelihood 
of clinical disagreement.

For patients with suspected TIA, the main problem is 
eliciting and interpreting the history of an event that has 
resolved by the time the history is taken. For example, 
since the symptoms of most TIAs resolve within about 
15–60 minutes, the diagnosis is almost always based 
entirely on the clinical history, which for a number of 
reasons may not be very clear: the patient may have for
gotten the symptoms (because of poor memory or delay 
in presenting to medical attention); the symptoms may 
have been remembered, but are difficult to describe (e.g. 
transient homonymous hemianopia); or the patient may 
have been so frightened by the attack that he or she was 
more preoccupied with the immediate outcome than the 
exact nature of the deficit. All of these problems are more 
common in the elderly. For patients with suspected 
stroke, the interobserver reliability of the clinical assess
ment is affected by a variety of factors, such as the time 
since the onset of symptoms; there is a trend for worse 

Even experienced neurologists with an interest in 
 cerebrovascular disease show considerable interob-
server variability in the diagnosis of transient ischemic 
attack. This does not imply lack of skill, but rather it is 
inherent in the clinical assessment of symptoms and 
signs. Sometimes the available information does not 
allow one to come to a “right answer” as to whether the 
event was a transient ischemic attack or not – in which 
case one ends up working on the basis of probability.
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interobserver reliability among patients assessed very 
early and very late after symptom onset [31].

Another problem is that the generally accepted defini
tions of stroke and TIA lack specific detail about which 
“focal” symptoms are not acceptable. In the context of 
TIAs, what is an acceptable lower time limit for the dura
tion of symptoms? Is a sudden focal neurological deficit, 
particularly a sensory deficit, of less than 5 seconds’ 
duration a TIA?

Diagnostic conformity can only be achieved if precise 
criteria are available that are valid, reliable, and generally 
accepted. In the particular case of TIA, it is difficult to 
determine the validity of any single diagnostic criterion, 
because there is no gold standard against which to judge 
it, other than perhaps the prognosis. For example, 
patients with lone bilateral blindness were followed up 
and found to have a similar prognosis to patients with 
TIA, implying that lone bilateral blindness is also a TIA 
[43]. Whether the prognosis of patients with isolated 
dysarthria is similar is an important research question.

More widespread and consistent consideration, dis
cussion, and application of the diagnostic criteria could 
enhance diagnostic accuracy and interobserver agreement, 
and might improve patient management and care [192]. 
However, as the diagnostic criteria become more specific, 
sensitivity is sacrificed and so an increasing number of 

 genuine TIAs may be discarded and left untreated. 
Conversely, if the criteria become less specific, there may 
be a tendency to overdiagnose TIA, but this too can have 
adverse consequences such as the loss of a job, driver’s or 
pilot’s license, money, and self‐esteem, as well as resulting 
in inappropriate investigation and the prescription of 
numerous unnecessary drugs.

The interobserver reliability of the clinical assessment 
of stroke is also improved by the experience and confi
dence of the assessor [31].

3.6.2 Strategies to reduce interobserver variation

The clinical skills required to obtain an accurate and 
 useful history are listed in Table  3.32, and strategies 
for  preventing or minimizing clinical disagreement in 
Table 3.33. If these principles are applied with knowledge 
of the diagnostic criteria (Table  3.5), then diagnostic 
inconsistency should be minimized. If there is still uncer
tainty about the diagnosis at the end of the history, then 
the general examination and special investigations aimed 
at detecting vascular diseases and risk factors may pro
vide useful circumstantial evidence (Table 3.34) [38, 39, 
44]. The odds of an event being due to cerebrovascular 
disease are likely to be substantially less if the patient is 
young and has no vascular risk factors, compared with 

Table 3.31 Interobserver agreement for neurological signs in stroke patients.

Kappa value

Signs examined Lindley et al. [193] Shinar et al. [192] Hand et al. [31]

Conscious level 0.60 0.38 0.70
Confusion 0.21 NS 0.45
Dementia NS 0.34 NS
Weakness of arm 0.77 NS 0.65
Weakness of hand 0.68 0.58 (R) 0.49 (L) 0.72
Weakness of leg 0.64 NS 0.57
Weakness of face 0.63 0.51 (R) 0.66 (L) 0.50
Sensory loss on hand 0.19 0.50 (R) 0.32 (L) 0.49
Sensory loss on arm 0.15 NS 0.49
Aphasia/language problem 0.70 0.54 0.66
Dysarthria 0.51 0.53 0.41
Visuospatial dysfunction 0.44 NS 0.41
Hemianopia 0.39 0.40 0.46
Cerebellar signs/ataxia 0.46 0.45 NS
Cranial nerve palsy 0.34 NS NS
Extraocular movement disorder 0.30 0.77 NS

NS, not stated.
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an elderly patient who has several vascular risk factors, 
clinical evidence of established vascular disease (e.g. 
carotid or femoral bruits, absent peripheral pulses), or 
symptomatic vascular disease elsewhere (e.g. angina, 

intermittent claudication) – i.e. make sure that you use 
all the clinical evidence available to you.

If the history is elicited independently by a second 
 physician, a subsequent comparison of the symptoms as 
well as their interpretation may lead to a greatly increased 
reliability of the diagnosis. Teaching hospitals in particu
lar are in a privileged position to apply this powerful but 
expensive diagnostic “instrument,” but even so, it is still 
unrealistic except for the occasional very difficult case. 
What is often available to those in hospitals, however, is 
an account by the referring physician who saw the patient 
at an earlier time after the onset of symptoms – be sure to 
read it carefully and go over any symptoms described 
that were not reported to yourself by the patient. Implicit 
within this is the responsibility for all clinicians who take 
a history to document it in the patient’s or witness’s own 
words and not simply record their own interpretation.

The use of checklists written in simple language 
improves interobserver reliability, and is likely to be use
ful for computer‐aided diagnosis and further research 
studies. However, although checklists may encourage 

Table 3.32 Clinical skills required to obtain an accurate  
and useful history.

The ability to:
Establish understanding
Establish information
Interview logically
Listen
Interrupt only when necessary
Observe nonverbal cues
Establish a good relationship
Interpret the interview
Tell the story in plain language
Tell the story in chronological order
Make the story “human”

Like this:
This 85‐year‐old widow was standing at the kitchen table 
peeling potatoes at 7 p.m. on 26 November 2006, with 
her daughter, when she suddenly stopped talking, dropped the 
potato peeler she was holding in her right hand, and fell to 
the floor. She was unable to get up and has not been able 
to speak or move her right arm or leg since.
Not like this:
This lady developed sudden dysphasia and right hemiparesis.

Table 3.33 Strategies for preventing or minimizing clinical 
disagreement.

Assess the patient in a suitable consulting environment, 
i.e. quiet room, minimal interruptions if possible
Necessary equipment available: ophthalmoscope, 
sphygmomanometer, etc., telephone on desk to call witnesses 
(to clarify history) or colleagues (to obtain advice)
Clarify and confirm key points
Repeat key elements of the history or examination
Corroborate important findings with witnesses, documents 
and, if necessary, appropriate tests
Ask “blinded” colleagues to see the patient also (e.g. at ward 
teaching sessions)
Record evidence as well as inference, making a clear distinction 
between the two, reporting exactly what the patient said and then 
your interpretation (e.g. “the patient complained of heaviness of 
the right arm and leg” and not “the patient complained of right‐
sided weakness” or “the patient complained of right hemiparesis”)
Apply the art and social sciences of medicine, as well as the 
biological sciences of medicine
Make sure you have enough time for the entire consultation

Table 3.34 Clinical features (i.e. the milieu) influencing 
the probability that the event was a stroke or transient 
ischemic attack.

Very likely to be vascular, almost definite
Atrial fibrillation and rheumatic heart disease
Frequent carotid‐distribution transient ischemic attacks and 
focal, long, loud bruit over the carotid bifurcation on the 
symptomatic side
History and physical signs suggestive of infective endocarditis 
(i.e. fever, splinter hemorrhages, cardiac murmur)
Recent myocardial infarction (in last 3–4 weeks)
Likely to be vascular, but less definite
Atrial fibrillation and nonrheumatic valvular heart disease (but 
a few fibrillating stroke patients have primary intracerebral 
hemorrhage as the cause of the stroke)
Arterial bruits anywhere (e.g. carotid, orbital, aortic, femoral)
Prosthetic heart valve, taking anticoagulants (but some strokes 
are hemorrhagic, and some transient ischemic attacks are 
related to coexistent carotid artery disease)
Unlikely to be vascular (particularly if neurological symptoms 
are transient)
Less than 40 years of age, no symptomatic vascular disease, no 
vascular risk factors, no family history of thrombosis or 
premature vascular disease, normal heart

When coming to a view about whether an event was a 
transient ischemic attack or stroke, make use of all the 
clinical evidence, both general and neurological, that is 
available after a detailed history and examination.
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more thorough history taking, the symptoms still have to 
be interpreted correctly. Very short checklists have been 
used successfully by paramedic personnel for diagnosing 
cerebrovascular events hyperacutely (Section  3.3, 
Table 3.6) [33, 34, 36, 37, 44].

The relatively poor interobserver agreement for physi
cal signs (Table  3.31) is not peculiar to patients with 
stroke. The advent of MRI technologies such as DWI, 
which is becoming more widespread and can show what 
were hitherto unseen and yet recent relevant ischemic 
lesions, has also improved the sensitivity, specificity, and 
reliability of the diagnosis of TIA and minor ischemic 
stroke [170] (Section 3.2.1).

3.7  Is it a subarachnoid hemorrhage?

Subarachnoid hemorrhage (SAH) refers to the sponta
neous extravasation of blood into the subarachnoid 
space when a blood vessel near the surface of the brain 
ruptures. It is a condition, not a disease, which has 
many causes (Section 9.1) [194, 195]. Although, as we 
will see (Section 5A.3), the clinical distinction between 
ischemic stroke and intracerebral hemorrhage is unre
liable and we have to rely on imaging, the clinical fea
tures of SAH are reasonably distinct; at least this type 
of stroke can be diagnosed clinically with reasonable 
confidence. However, confirmatory investigations are 
needed in almost all cases.

3.7.1 Clinical features

Blood in the subarachnoid space is a meningeal irritant 
and incites a typical clinical response, regardless of the 
source. Patients usually complain of headache, photo
phobia, stiff neck, and nausea, and they may also vomit. 
Confusion, restlessness, and impaired consciousness are 
also frequent (Table 3.35).

Precipitating factors
More often than not, there is no obvious precipitating 
factor [196]. Among the 33 patients with SAH in the 
Oxfordshire Community Stroke Project, 6 (18%) 
occurred while resting (none occurred while asleep), 13 
(39%) during moderate activity, and 6 (18%) during 
strenuous activity, such as weight‐lifting and sexual 
intercourse; the activity at onset was not known in the 
other eight patients [197]. In a more recent series, higher 
proportions (up to 50%) of aneurysmal SAHs occurred 
during physical exertion [198]. Sexual activity may pre
cipitate not only SAH [199], but also – and more 
often – relatively harmless headaches, migrainous or not 
(Section 3.7.2) [200].

Headache
Headache is the cardinal clinical feature of SAH. It is 
the only symptom in about one‐third of patients [198, 
201], but a symptom at some stage in almost every 
patient [202, 203]. Conversely, in a prospective series of 
patients with sudden headache in general practice, SAH 
was the cause in 1 out of 4 patients, and only in 1 out of 
10 patients in whom sudden headache was the only 
symptom [201].

In SAH, the headache is generally diffuse and poorly 
localized but tends to spread over minutes to hours to 
the back of the head, neck, and down the back as blood 
tracks into the spinal subarachnoid space. Sometimes 
the headache is maximal behind the eyes. The headache 
is often described by patients as the most severe head
ache they have ever had, but it can occasionally be milder. 
It is the suddenness of onset that is most characteristic.

Speed of onset and disappearance
The headache arises suddenly, classically in a split second, 
“like a blow on the head” or “an explosion inside the head,” 
reaching a maximum within seconds. A potential pitfall is 

Table 3.35 Diagnosis of subarachnoid hemorrhage.

Principal symptoms
headache

 – usually sudden, maximal in seconds, severe, and occipital 
or retro‐orbital

 – duration: hours (possibly minutes, we do not know) to weeks
nausea
vomiting
neck stiffness
photophobia
loss of consciousness
Neurological signs
none (very often)
meningism (after several hours)
focal neurological signs: third nerve palsy (mostly posterior 
communicating artery aneurysm), dysphasia, hemiparesis 
(arteriovenous malformation, intracerebral hemorrhage)
subhyaloid hemorrhages in optic fundi
fever
raised blood pressure
altered consciousness

One out of every four patients with sudden, severe head-
ache has a ruptured cerebral aneurysm, or one out of ten 
if sudden headache is the only symptom.
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that patients may sometimes use the word “sudden” to 
describe an episode of headache that came on over half 
an hour or longer, perhaps depending on the interval 
after which the history is taken. And even if the headache 
really comes on within seconds or minutes, this is not 
specific for ruptured aneurysms, or even for SAH in gen
eral. The reason is that in general practice, exceptional 
forms of common headaches outnumber common forms 
of a rare disease, in this case a ruptured aneurysm. This is 
one of the many examples of the risk paradox. Another, 
more striking example is that most children with Down 
syndrome are born of mothers under 30 years old, despite 
older mothers being at higher risk. In the same way, most 
patients with ischemic stroke are not severely hyperten
sive, etc. Given that the incidence of aneurysmal hemor
rhage is about 10 per 100 000 population per year, a family 
physician with a practice of 2,000 people will, on average, 
see only one such patient every 5 years.

Patients with rare manifestations of common head
ache syndromes (i.e. sudden onset of migraine) probably 
outnumber those with common manifestations of rare 
headache syndromes (i.e. sudden headache in SAH).

The exact speed of onset of “sudden” headache, sec
onds or minutes, in patients without any other deficits, 
is of little help for the hospital physician in distinguish
ing aneurysmal hemorrhage from innocuous head
aches, or from nonaneurysmal perimesencephalic 
hemorrhage (Section 9.2.8). The predictive value of the 
speed of onset (seconds vs. 1–5 minutes) can be calcu
lated from two data sets. First, SAH from ruptured 
aneurysms is nine times as common as nonaneurysmal 
perimesencephalic hemorrhage [205], and in hospital 
series these two forms of SAH together are twice as 
common as innocuous headaches [206]. Second, head
ache develops almost instantaneously in 50% of patients 
with aneurysmal SAH, in 35% of patients with nona
neurysmal perimesencephalic hemorrhage, and in 68% 
of patients with benign “thunderclap headaches”; for an 
onset within 1–5 minutes these proportions are 19%, 
35%, and 19%, respectively [198]. If, for the sake of 
 simplicity, we ignore patients with sudden headache 
from other serious (nonhemorrhagic) brain disease, 
such as intracranial venous thrombosis [207], a simple 

 calculation leads to the disappointing conclusion that 
an onset within seconds correctly predicts aneurysmal 
 hemorrhage in only 55%, and that headache onset in 
5–10 minutes correctly predicts innocuous headache in 
only 30%.

The headache of SAH usually lasts 1–2 weeks, some
times longer. We do not know exactly how short in dura
tion a headache may be and still be due to SAH. However, 
we have not come across anyone with a headache due to 
proven SAH that resolved within 1 hour. However, since 
there is no prospective study that has addressed this 
question it is still conceivable that this may occur, so it is 
perhaps best to consider SAH in anyone with a sudden 
unusually severe headache that lasts longer than – shall 
we say – 1 hour?

In brief, there are no single or combined features of the 
headache that distinguish reliably, and at an early stage, 
between SAH and innocuous types of sudden headache. 
The discomfort and cost of referring most patients for a 
brief consultation in hospital (which should include CT 
scanning and a delayed lumbar puncture if the scan is 
negative) is probably outweighed by avoidance of the 
potential disaster of missing a ruptured aneurysm and 
the patient later being admitted with rebleeding, or 
another secondary complication.

A biphasic headache may occur in patients whose SAH 
is due to dissection of a vertebral artery (Section  9.2): 
First, a severe occipital headache radiating from the back 
of the neck, followed after an interval of hours or days by 
sudden exacerbation of the headache but of a more dif
fuse type.

A history of one or more previous episodes of sudden‐
onset headache (“sentinel headaches”) is generally 
believed to be common in patients with aneurysmal SAH 
and these are often attributed to a “warning leak” of the 
finally rupturing aneurysm. However, the notion of 
“minor leaks” does not really hold up (Section 9.4.3).

Patients with headache may present not only to general 
practitioners but also to an accident and emergency 
department where they make up around 1% of all 
attendances. The proportion with a serious neurological 
condition ranges from 16% for all patients with any 
headache, to 75% for those with sudden headache spe-
cifically referred to a neurologist [204].

There is no feature of the headache that distinguishes 
reliably, and at an early stage, between subarachnoid 
hemorrhage and innocuous types of sudden head-
ache. Therefore, although most people with a sudden 
severe headache have not had a subarachnoid 
 hemorrhage, they must all be investigated to exclude 
this diagnosis.

It is doubtful if patients with aneurysmal  subarachnoid 
hemorrhage often have preceding and unrecognized 
“warning leaks.” Whatever the case, doctors must be edu-
cated to consider subarachnoid hemorrhage in any 
patient who reports a sudden severe headache.
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Vomiting
Vomiting (and nausea) is common at the outset, in contrast 
to other differential diagnoses, such as migraine, in which 
vomiting more often comes after the headache starts.

Neck stiffness
Meningism refers to painful resistance to passive or 
 voluntary neck flexion, mainly because of irritation of 
the cervical meninges by subarachnoid blood, or by 
inflammation. This sign can be elicited in the supine 
patient by placing both hands behind the patient’s head 
and, as one attempts to lift the head up off the pillow the 
patient does not allow the neck to be flexed and so the 
examiner lifts the patient’s head, neck, and shoulders off 
the bed, as if the patient were like a board. In contrast, 
passive  rotation of the neck is achieved with ease.

Neck stiffness is a common symptom and sign of blood 
in the subarachnoid space, but it does not occur immedi
ately; it takes some 3–12 hours to appear and may not 
develop at all in deeply unconscious patients, or in 
patients with minor SAH [208]. Therefore, its absence 
cannot exclude the diagnosis of SAH in a patient with 
sudden headache. Brudzinski’s sign (flexion at the hip 
and knee in response to forward flexion of the neck) is 
also associated with blood in the subarachnoid space but 
its sensitivity and specificity in this context are unknown.

Pain and stiffness in the back and legs may follow SAH 
after some hours or days because blood irritates the lum
bosacral nerve roots.

Photophobia
Patients are often photophobic and irritable for several 
days after SAH.

Loss of consciousness
Loss of consciousness occurred in 50% of a large group 
of patients with presumed aneurysmal SAH who were 
well enough to be entered into a clinical trial of medi
cal treatment [209]. As these figures did not include 
the 10% or so of patients with SAH who die at home or 
during transportation to hospital [210], or the 20% 
who reach hospital and die within the first 24 hours 
[211], it is likely that at least 60% of all patients with 
SAH lose consciousness at, or soon after, onset. The 
patient may regain  alertness and orientation or may 
remain with various degrees of lethargy, confusion, 
agitation, or obtundation. An acute confusional state 
can occur and be misinterpreted as psychological in 
origin (grimacing, spitting, making sucking or kissing 
sounds, spluttering, singing, whistling, yelling, and 
screaming) [212–214].

The impaired consciousness may be caused by the 
large amount of blood in the subarachnoid space, the 
reduced cerebral blood flow caused by the sudden 

increase in  cerebrospinal fluid pressure, or by a compli
cation of SAH such as brain displacement by hematoma 
or hydrocephalus, or a fall in systemic blood pressure or 
arterial oxygen concentration.

Epileptic seizures
Epileptic seizures (partial or generalized) may occasion
ally occur at onset or subsequently, as a result of  irritation 
or damage to the cerebral cortex by the subarachnoid 
and any intracerebral blood. In the Oxfordshire Com
munity Stroke Project, 2 of the 33 patients (6%) with 
SAH had an epileptic seizure at onset, but neither had 
later seizures [96]. Data from other series indicate that 
about 10% of patients with SAH develop epileptic sei
zures, most occurring on the first day of the SAH, but 
one‐third not having their first seizure until 6 months 
later and one‐third even more than a year later [215–
218]. The only independent predictors of epilepsy after 
SAH are a large amount of  cisternal blood on brain CT, 
and rebleeding [216].

Subhyaloid hemorrhage
Intraocular hemorrhage develops in approximately 20% 
of patients with a ruptured aneurysm and may also 
complicate nonaneurysmal SAH, or intracranial hem
orrhage in general. The hemorrhage is caused by a sus
tained increase in the pressure of the cerebrospinal 
fluid, with obstruction of the central retinal vein as it 
traverses the optic nerve sheath, in turn leading to con
gestion of the retinal veins [219]. Mostly, the hemor
rhages appear at the time of aneurysmal rupture, but 
exceptionally later without evidence of aneurysmal 
rebleeding. Linear streaks of blood or flame‐shaped 
hemorrhages appear in the preretinal layer (subhya
loid), usually near the optic disc (Figure 3.47); one‐third 
lie at the periphery [220]. If large, the preretinal 
 hemorrhage may extend into the vitreous body (Terson 
syndrome). Patients may complain of large brown blobs 
obscuring their vision.

Focal neurological signs
Focal neurological signs may occur when an aneurysm 
has compressed a cranial nerve or has bled into the brain 
substance, causing an intracerebral hematoma 
(Section 9.1.1). Sometimes, therefore, the clinical mani
festations of a ruptured aneurysm may be indistinguish
able from a stroke syndrome due to intracerebral 
hemorrhage or cerebral infarction, particularly if little or 
no blood has entered the subarachnoid space.

Systemic features
Fever, hypertension, albuminuria, glycosuria, and elec
trocardiographic (ECG) changes may be present in the 
acute phase. Pyrexia rarely exceeds 38.5 °C during the 
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first 2–3 days, but thereafter it may rise to over 39 °C, 
presumably due to accumulation of breakdown products 
of blood in the subarachnoid space; the pulse rate is not 
raised concomitantly [221].

Hypertension is a well‐established risk factor for SAH 
[222]; a quarter to one‐third of patients have a history of 
hypertension [209, 223]. On admission, about 50% of 
patients with aneurysmal SAH have a markedly raised 
blood pressure. Unfortunately, high blood pressure is 
found in many patients presenting to an accident and 
emergency department for any reason, which makes the 
predictive value of blood pressure readings in that situa
tion abysmally low. In many patients this raised blood 
pressure is a reactive phenomenon, and not a marker of 
long‐standing hypertension; often the blood pressure 
returns to normal within a few days. The blood pressure 
changes probably serve to counteract the decrease in 
cerebral perfusion resulting from increased cerebrospi
nal fluid pressure and later ischemia (Chapter 15).

Cardiac arrhythmias and ECG abnormalities are com
mon after SAH (Chapter 15) [224]. The mechanism is 
unexplained but is thought to be sustained sympathetic 
stimulation, perhaps caused by dysfunction of the insular 
cortex, which results in reversible structural neurogenic 

damage to the myocardium, such as contraction bands, 
focal myocardial necrosis, and subendocardial ischemia.

3.7.2 Differential diagnosis

The abrupt onset of a severe headache may not only be 
caused by SAH, but also by several other conditions, 
such as meningitis or encephalitis, ICH (particularly 
posterior fossa hemorrhage), obstruction of the cerebral 
ventricles, intracranial venous thrombosis, a rapid rise 
in  blood pressure and, finally, a variety of alarming 
but  innocuous conditions. Associated features such as 
female sex, the presence of seizures, loss of conscious
ness or focal symptoms, vomiting, or exertion at onset 
increases the probability of aneurysmal SAH [198], but 
the predictive value of these characteristics is far from 
helpful. Only a sudden headache during sleep should 
suggest hypnic headache (see later).

Acute painful neck conditions to be distinguished 
from meningism
Meningism may be a feature of SAH, meningitis, a 
 posterior fossa mass, and cerebellar tonsillar coning. 
However, it characteristically disappears as coma deep
ens. Other causes of a painful or stiff neck include bony 
lesions (i.e. trauma or arthritis) and ligamentous strain 
in the neck, extrapyramidal rigidity, systemic infections 
such as pneumonia, cervical lymphadenitis, parotitis, 
tonsillitis, and upper lobe pneumonia. However, it is 
usually quite easy to distinguish meningism from these 
other acute painful neck conditions. For example, pain 
arising from the cervical spine may not only be felt in 
the neck and back of the head but also in the shoulder 
and arm, it is often evoked or exacerbated by certain 
movements or positions of the neck other than flexion, 
and there is usually tenderness to palpation over 
 segments of the cervical spine.

Meningitis
Meningitis is an acute febrile illness that usually presents 
subacutely over 1 or 2 days with generalized headache, 
meningism, photophobia, and fever. However, it can be 
difficult to distinguish from SAH if the patient is found 
confused or comatose, with marked neck stiffness and 
no available history. Clues to the diagnosis of meningitis 
include a high fever, tachycardia, and a purpuric skin 
rash (meningococcal meningitis). If the patient is fully 
conscious and has no focal neurological signs and if 
meningitis is suspected, a lumbar puncture should be 
done immediately. But if the patient is very ill, antibiotics 
and steroids should be given at once, i.e. after venepunc
ture for blood cultures but before proceeding to brain 
CT and then, if no blood or intracranial mass is seen, a 
cerebrospinal fluid examination (Section 3.7.3).

Figure 3.47 Ocular fundus of a patient with subhyaloid 
hemorrhage, appearing as sharply demarcated linear streaks of 
brick red‐colored blood or flame‐shaped hemorrhage in the 
preretinal layer, adjacent to the optic disc and spreading out from 
the optic disc. (Also reproduced in color in the plate section.)

The important distinguishing feature between pyrexia due 
to blood in the subarachnoid space and pyrexia due to 
intercurrent infection is the pulse rate; it remains dispro-
portionately low in the former and rises with the latter.
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Cerebellar stroke
Cerebellar stroke often gives rise to sudden severe head
ache, particularly if it is hemorrhagic, and also to nausea 
and vomiting, but is usually accompanied by neurologi
cal symptoms and signs, such as vertigo, dysarthria, 
and unsteadiness, which help distinguish it from SAH. 
However, if the lesion is large, the patient may present in 
coma due to direct brainstem compression or obstruc
tion of cerebrospinal fluid flow from the fourth ventricle, 
causing hydrocephalus and raised intracranial pressure, 
or there may be meningism without signs of definite 
brainstem dysfunction. In a consecutive series of 100 
patients with an initial diagnosis of subarachnoid hem
orrhage, eight had a cerebellar hematoma (and another 
seven had supratentorial intracerebral hemorrhage) 
[225]. Urgent brain CT is required to confirm the diag
nosis of cerebellar hematoma, and lumbar puncture 
should certainly not be done; indeed, lumbar puncture 
should almost always be preceded by brain CT in uncon
scious patients, even if there are no focal signs of a mass 
lesion and no clinical evidence of raised intracranial 
pressure (such as papilledema).

Intracerebral hemorrhage
More than 50% of patients with spontaneous ICH have 
headache at onset, particularly those with superficial 
lobar hemorrhages, but the headache is generally not as 
strikingly sudden in onset as SAH [88]. Furthermore, 
focal neurological deficits are almost always present, but 
they can also occur in about 20–30% of aneurysmal 
SAHs where there is intraparenchymal extension of the 
hemorrhage [226]. Conversely, some intracerebral hem
orrhages, particularly those that are deep, have less 
prominent focal neurological signs and can easily be 
mistaken for SAH. CT brain scanning is always required.

Intraventricular hemorrhage
Intraventricular hemorrhage, which may arise within the 
ventricles or from immediately beneath the ependymal 
lining, or by extension from an ICH (i.e. from a caudate 
hemorrhage or ruptured subependymal vascular malfor
mation into the intraventricular system), may mimic 
SAH. Also, intraventricular hemorrhage may occur 
together with SAH, usually from a ruptured aneurysm, 
most frequently at the anterior communicating artery 
complex. Patients present with sudden severe headache, 
confusion, vomiting, or collapse with loss of conscious
ness [227]. Again, brain CT or MR scan is required for 
diagnosis during life.

Carotid or vertebral artery dissection
Dissection of the wall of the internal carotid artery may 
cause a fairly distinctive headache syndrome, which is 
ipsilateral, involving the forehead, periorbital region, 

face, teeth, or neck, and has a burning or throbbing qual
ity (Section 7.2.1.). The headache may be associated with 
an ipsilateral Horner’s syndrome or monocular blind
ness, and with contralateral focal neurological symptoms 
or signs. Dissection of the wall of the vertebral artery 
generally causes pain in the upper posterior neck and 
occiput, usually on one side, and may be associated with 
symptoms and signs of posterior circulation ischemia, 
such as the lateral medullary syndrome. Transmural 
 dissection of an intracranial artery can cause SAH 
(Section 9.1.3).

Acute obstructive hydrocephalus
Any acute obstruction of the flow of cerebrospinal 
fluid causes headache through a rapid increase in 
intracranial pressure. The headache is commonly 
 bilateral and exacerbated by coughing, sneezing, 
straining, or head movement. Intermittent obstructive 
 hydrocephalus may therefore cause severe paroxysmal 
headaches. A colloid cyst of the third ventricle is the 
classical cause of this syndrome; sometimes more than 
one family member is affected [228]. A decreased level 
of consciousness may follow the headache [229]. The 
outcome can be lethal if a diagnosis is not made [228]. 
Brain CT or MRI usually identifies the offending lesion 
(Figure 3.48).

Figure 3.48 CT brain scan showing a tumor in the third ventricle 
(arrow) at the foramen of Monro, causing obstructive 
hydrocephalus.
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Migraine
Migraine headache can sometimes arise suddenly 
(“crash” migraine), be severe and prostrating, unilateral 
or generalized, and associated with photophobia, irrita
bility, mild confusion, anorexia, mild fever, extraocular 
muscle palsy (ophthalmoplegic migraine), or symptoms 
of brainstem disturbance (basilar migraine) and thus be 
mistaken for SAH. However, migraineurs generally have 
a past or, less diagnostically helpful, a family history of 
migraine and the headache is commonly unilateral and 
throbbing, not so rapid in onset and of shorter duration 
than the headache of SAH [85]. Vomiting tends to 
start well into the migraine attack, in contrast to SAH, 
in which it commonly occurs at or soon after onset of 
the headache.

Idiopathic stabbing headache
Three specific varieties of sudden sharp stabbing head
ache have been described: ice‐pick‐like pains, “jabs and 
jolts syndrome,” and ophthalmodynia [230, 231]. The 
pains are mostly at the temples or orbits but on occasion 
are elsewhere in the head [232]. Migraineurs are particu
larly susceptible [232]. Precipitants – which are seldom 
present – may be postural change, physical exercise, or 
head motion. As these pains are transient and lancinat
ing, they are unlikely to be confused with the headache of 
SAH. The mechanism is unknown.

“Exploding head” syndrome
Clusters of attacks characterized by a sensation of sudden 
noise in the head and terror, rather than pain, can strike 
individuals over the age of 50 years, particularly during 
the twilight of sleep [233, 234]. The cause is uncertain.

Cough headache
Idiopathic cough headache is defined as head pain 
brought on by coughing or other Valsalva maneuvres, but 
not by prolonged physical exercise, in the absence of any 
intracranial disorder [235, 236]. It is probably caused by 
distension of venous structures in the brain. It is a sud
den‐onset headache and lasts from 1 second to 30 min
utes, tends to be bilateral and posterior, does not begin 
earlier than the fifth decade of life, is more frequent in 
men, is not accompanied by other neurological manifes
tations and often responds to indomethacin. These clini
cal characteristics allow its differential diagnosis from 
posterior fossa lesions, especially herniation of the cere
bellar tonsils (Chiari‐I malformation), even though a 
craniocervical MRI study is useful to rule this out.

Hypnic headache
Hypnic headache wakes patients up in the middle of the 
night, 2–6 hours after sleep onset; it is usually diffuse 
and bilateral, or in the neck [237, 238]. It occurs almost 

exclusively in middle age, twice as often in women as in 
men. Patients usually get out of bed and walk around 
until the pain subsides, within 10 minutes to 3 hours. 
Typically, the attacks are recurrent, from once a week to 
six times per night. There are no known precipitating 
factors, there is no photophobia, phonophobia, or nau
sea and there are no concomitant autonomic features, 
such as in cluster headache or chronic paroxysmal 
hemicrania.

Post‐traumatic headache
Immediately after a head injury there is often headache; 
this may be pulsating and made worse by head move
ment, jolting, coughing, sneezing, and straining [230]. 
Normally, the headache gradually disappears as the soft 
and any bony tissue damage resolves. In a series of 200 
patients admitted to hospital with head injury only 83 
still had a headache by a day or so afterwards; only 22 of 
those 83 (11% of all patients) complained spontaneously, 
and only 3 required an analgesic [239].

The diagnosis of post‐traumatic headache should not 
be confused with SAH if there is a history of head injury, 
but the patient may be amnesic and there may be no wit
ness, in which case acute head injury with secondary 
bleeding into the subarachnoid space can be confused 
with spontaneous SAH.

Benign orgasmic cephalalgia and benign 
exertional headache
Acute, severe, explosive occipital or generalized head
ache, usually occurring at the moment of sexual orgasm 
or during strenuous exercise (benign orgasmic cephalal
gia and benign exertional headache, respectively) may 
mimic SAH [200, 240, 241]. The history of onset during 
sexual intercourse (or masturbation) may not be forth
coming without specific and sensitive enquiry. Points in 
favor of the diagnosis are a history of similar previous 
sexual or exertional headaches, no alteration in con
sciousness, short duration of the headache (minutes to 
hours) and no signs of meningeal irritation such as neck 
stiffness, or low back pain, nor sciatica in the ambulant 
patient. These headaches can occur at any time in life 
and do not necessarily occur every time the patient 
 experiences orgasm, or exercises strenuously. If patients 
present soon after their first‐ever sudden orgasmic head
ache, it is not possible to exclude SAH without brain 
CT  and lumbar puncture. If a patient presents after 

If the circumstances of a traumatic head injury are 
unclear, and there is a reasonable chance that spontane-
ous intracranial hemorrhage was the cause of the acci-
dent and so the head injury, then brain CT should be 
done as soon as the patient’s condition allows, regardless 
of the severity of the head injury.
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recurrent attacks, and the history is characteristic, 
 investigation is seldom necessary.

Reaction to monoamine oxidase inhibitor drugs
People taking classic monoamine oxidase inhibitors 
(MAOIs), of which phenelzine and tranylcypromine are 
the most commonly used, may experience sudden severe 
headache after ingesting sympathomimetic agents, red 
wine or foods with a high tyramine content, such as 
mature cheese, pickled herrings, game, and yeast extract. 
This is because MAOIs irreversibly block the ability of 
both MAO isoforms (A and B) to metabolize dietary 
tyramine in the liver (A) and gut wall (B). The combina
tion of a classic MAOI and oral tyramine can provoke 
dangerous hypertension. The headache tends to be over 
the occipital region of the head and is associated with a 
rapid rise in blood pressure. It can be relieved by the 
alpha noradrenergic blocking agent, phentolamine.

Pheochromocytoma
Patients with a pheochromocytoma experience acute pres
sor reactions; in about 80% of attacks they complain of 
headache [242, 243] often in combination with palpitations 
or sweating [244]. The headache is usually of sudden onset, 
bilateral, severe, and throbbing. It appears to be related to a 
rapid increase in blood pressure and lasts less than an hour 
in about 75% of patients, but it may last from a few minutes 
to a few hours. Some patients may collapse with loss of 
consciousness or develop focal neurological signs during 
the episode, as a result of cerebral edema or sometimes 
hemorrhage. Attacks may be provoked by exertion, strain
ing, emotional upset, worry, or excitement [243].

The diagnosis depends on clinical suspicion being 
aroused when the history is first taken (which can be 
difficult because the condition is so rare) and is con
firmed by finding increased excretion of catechola
mines (metanephrine and vanillylmandelic acid) in 
three 24‐hour specimens of urine, or raised plasma free 

metanephrine or normetanephrine levels during the 
attack [245]. The blood sugar is usually raised at the 
time of the attack, a useful distinction from hypoglyce
mic attacks, which may simulate pheochromocytoma 
because of secondary release of adrenaline in response 
to low blood sugar. The tumor may arise at any point 
along the line of development of the sympathetic chain 
from the neck to the pelvis and scrotum.

Headache may also reflect idiopathic surges of hyper
tension, not associated with phechromocytoma or any 
other identifiable condition [246].

Occipital neuralgia
Occipital neuralgia is characterized by an aching or par
oxysmal jabbing pain in the posterior neck and occipital 
region in the distribution of the greater or lesser occipital 
nerves (Figure 3.49). It may rarely present quite dramati
cally, like SAH [247], but there is usually diminished 
 sensation or dysesthesiae of the affected area (C2 distri
bution), focal tenderness over the point where the greater 
occipital nerve trunk crosses the superior nuchal line, 
and a therapeutic response to infiltration of local 
 anesthetic near the tender area on the nerve trunk.

Benign “thunderclap headache”
“Thunderclap headache” is not a true disease entity, but 
a convenient term to describe unclassifiable varieties of 
sudden‐onset, severe, generalized pain in the head, 
sometimes with vomiting [248]. It may last up to a day or 
so. Clinically, the syndrome cannot be reliably distin
guished from SAH, but the chances of aneurysmal SAH 
are increased in the presence of female gender, epileptic 
seizures, loss of consciousness at onset, focal neurologi
cal symptoms (e.g. diplopia), vomiting, or exertion pre
ceding the onset of headache [198]. The diagnosis is 
therefore made by exclusion, mainly of SAH. About 50% 
of these patients have a history of typical migraine or 
tension‐type headache (with gradual onset).

Greater occipital
nerve

Lesser occipital
nerve

Figure 3.49 Diagram showing the 
anatomical distribution of the sensory 
innerva tion of the greater and lesser occipital 
nerves.
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The prognosis is benign; a 3‐year follow‐up of 71 
patients seen in hospital found identical recurrences in 
12, again without evidence of SAH, whereas nearly 50% 
developed episodes of more obvious migraine or tension 
headache [249]. Of 93 such patients identified in general 
practice and followed up for a median of 5 years, again 
none suffered SAH; recurrent attacks of thunderclap 
headache occurred in 8 patients, and 13 developed new 
tension headache or migraine [250].

3.7.3 Investigations to confirm the diagnosis 
of subarachnoid hemorrhage

Investigations are essential in making the diagnosis of SAH, 
given the clinical features are relatively nonspecific [251].

Brain CT or MR scan
All patients presenting with a suspected recent SAH (i.e. 
within the last few days, Figure 3.50) should initially have 
an urgent brain CT or MR to determine:

 ● whether there is blood in the subarachnoid space;
 ● the site of any SAH or intracerebral or intraventricular 

hemorrhage and therefore the likely cause;

 ● the presence of any complications, such as hydro cephalus;
 ● any contraindications to lumbar puncture such as 

 cerebral edema or hematoma with brain shift, or a 
large cerebellar infarct, when there is no blood evident 
on imaging;

 ● and whether there is any other intracranial abnormality 
that may account for the symptoms and signs.

The sensitivity of CT in SAH depends on the amount 
of subarachnoid blood, the resolution of the scanner, 
the  skills of the radiologist and the timing of the CT 
after  symptom onset. The sensitivity is greatest in the 
first few days and falls thereafter, as blood in the suba
rachnoid space is resorbed (Figure 9.19). In fact, the term 
“ resorption” may not always be appropriate to describe 
this process, diffusion and sedimentation being other 
explanations. CT evidence of subarachnoid blood can 
disappear very rapidly. If brain CT is done within 1–2 
days after SAH onset, extravasated blood will be demon
strated in more than 95% of patients [206]. But the 
chance of finding subarachnoid blood on brain CT then 
decreases sharply, to 50% on day 7, 20% on day 9, and 
almost nil after 10 days [252, 253].

Of course, minute amounts of subarachnoid blood 
may be overlooked by the uninitiated. Depending on the 
amount of blood in the cisterns and the delay before 
scanning, an absent or missing (isodense) cistern, or 
absent cortical sulci, may be the only clue to the presence 
of subarachnoid blood.

Hemorrhage from an intracranial aneurysm can 
result not only in SAH but also in an intracerebral 
hemorrhage, which is easily seen on plain CT and gen
erally persists for longer than subarachnoid blood, 
because the resorption of intraparenchymal blood, as 
seen on CT, occurs over several days to weeks rather 
than a few days [252]. However, small intracerebral 
hemorrhages can also resolve very quickly, within 

Headache is common in clinical practice, but “ thunderclap” 
headache is not. No physical sign can definitely exclude 
subarachnoid hemorrhage if a sudden onset headache 
persists for a few hours.

Figure 3.50 CT scan of a patient with subarachnoid hemorrhage 
due to rupture of an aneurysm of the callosomarginal artery.

If brain CT is done within 1–2 days after subarachnoid 
hemorrhage onset, extravasated blood will be demon-
strated in more than 95% of patients.

If subarachnoid hemorrhage is suspected and yet the 
brain CT scan appears normal, look carefully at the interpe-
duncular cistern, ambient cisterns, quadrigeminal cistern, 
the region of the anterior communicating artery and pos-
terior inferior cerebellar artery, the posterior horns of the 
lateral ventricles and the cortical sulci. If blood is present in 
these sites, it may be isodense or slightly hyperdense, and 
hence the normally hypodense cisterns and sulci may be 
difficult to see and seem “absent.”
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days. About one‐quarter of unselected patients who 
reach hospital alive after aneurysmal hemorrhage have 
an intracerebral hemorrhage on CT [226, 252].

MR imaging with proton density images, FLAIR, and 
SWI is at least as sensitive as CT imaging for acute detec
tion of SAH [175, 176]. In subacute stage, when hyper
density on CT scans decreases gradually, MR with FLAIR 
and T2‐star images (and probably SWI) is better for 
detecting blood [177].

However, a limitation of MRI is that it is difficult to use 
in severe stroke, patients may have contraindications for 
performing MR and the duration for performing MR is 
usually longer than that for a CT scan.

False positive evidence of SAH on CT scans
A false positive diagnosis of SAH may be made on the 
CT brain scan, for example in patients who are coma
tose and brain dead (i.e. have no cerebral blood flow at 
the time of the scan). The CT scan not only shows cer
ebral edema, but hyperdense material in the subarach
noid space, which represents blood in congested 
subarachnoid blood vessels (Figure  3.51) [254–256]. 
Increased density of the tentorium and basal cisterns as 
a false positive sign of SAH on an unenhanced CT scan 
has also been described in polycythemia [257], purulent 

meningitis,[258]  subdural hematoma [259, 260], glio
matosis cerebri [261], and spontaneous intracranial 
hypotension [262].

Lumbar puncture
According to a consecutive series from the Netherlands, 
the negative predictive value of CT scanning performed 
within 12 hours of onset of sudden headache is 97% 
[206]. In other words, there is an important small minor
ity (of about 3%) with sudden headache and normal CT 
within 12 hours who do have xanthochromia in the cer
ebrospinal fluid, and in whom angiography subsequently 
confirms a ruptured aneurysm. Therefore a lumbar 
puncture is necessary in any patient with sudden head
ache and a normal CT scan, even though the results will 
be normal in most patients.

Lumbar puncture without prior brain CT is potentially 
dangerous in patients with an intracerebral hemorrhage 
[263]. Brain herniation may occur even in patients with
out focal signs or a decreased level of consciousness [264].

Once the decision has been taken to do a lumbar punc
ture, the next requirement is to do it well. This is more 
difficult than it seems. Before drawing cerebrospinal 
fluid, the first rule is to wait until at least 6 and preferably 
12 hours have elapsed after the headache onset. This 
delay is absolutely essential because if cerebrospinal fluid 
obtained earlier turns out to be bloodstained, it is abso
lutely and irrevocably impossible to distinguish between 
blood that was there before (genuine SAH) and blood 
that was introduced by the needle (a bloody tap). With 
preexisting blood in the cerebrospinal fluid, bilirubin will 
have been formed in the interval from SAH onset, from 
the breakdown of erythrocytes in the cerebrospinal fluid 
(see later), but of course not with a traumatic tap. A false 
positive diagnosis of SAH can be almost as damaging as 
a missed one, because insurance companies are bound to 
remain wary, despite negative investigations for an aneu
rysm. Never believe a colleague, however senior, who 
tells you that “the tap went so smoothly, it is impossible 
that the blood was traumatic.” Even the smoothest punc
ture can hit a vein. Also the “three‐tube test” (a decrease 
in red blood cells in consecutive tubes) is notoriously 
unreliable [265]. Immediately proceeding with CT or 
MR angiography in all patients with bloodstained cere
brospinal fluid is not a good idea either, despite some 

Figure 3.51 Brain CT scan of a patient who died because of 
general hypoxia due to sepsis. There is generalized edema, with 
effacement of the cisternal cerebrospinal fluid spaces. These 
spaces appear hyperdense, through venous stasis, which may 
falsely suggest subarachnoid hemorrhage.

Always do a lumbar puncture if the history is sugges-
tive of subarachnoid hemorrhage and the CT scan 
( performed early, within a few days) is normal. 
Frequently, the cerebrospinal fluid will be normal 
too,  but occasionally in this setting an abnormal 
 cerebrospinal fluid will provide the only evidence of 
subarachnoid hemorrhage.
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people advocating this way of circumventing the “bloody 
tap” problem: a small (<5 mm) unruptured aneurysm can 
be expected in every 50th adult and should in most cases 
be left untreated.

Keeping patients in the emergency department or 
admitting them to hospital until 6–12 hours after symp
tom onset may be a practical problem. However, there is 
no other option. If red cells have entered the cerebrospi
nal fluid during the headache episode, sufficient lysis will 
take place during that time for bilirubin and oxyhemo
globin to be formed [208]. These pigments give the 
 cerebrospinal fluid a yellow tinge after centrifugation 
(xanthochromia), a critical feature in the distinction 
from a traumatic tap; these pigments are almost invaria
bly detectable until at least two weeks later [266]. 
Bilirubin is the most important pigment of the two, since 
it can be formed only in vivo, whereas hemoglobin can 
be broken down to oxyhemoglobin in a test tube that has 
been left unattended for too long.

At least two test tubes should be filled with cerebrospi
nal fluid, with an extra tube for the microbiology 
 laboratory in case of pleocytosis (meningitis, after all?). 
If the cerebrospinal fluid seems clear do not forget to 
measure the cerebrospinal fluid pressure, because sud
den headache may be a first manifestation of high intrac
ranial pressure. After you have withdrawn the needle, 
had it properly disposed of and made sure your patient is 
comfortable, take a good look at the cerebrospinal fluid. 
There are roughly four possibilities:

 ● the cerebrospinal fluid is bloodstained;
 ● it is colorless but not clear;
 ● it is clear but there is some color (mostly yellowish or 

pink); or,
 ● it is crystal‐clear.

So there are essentially two qualities to the fluid: color 
and clarity. Clarity refers only to whether one can see 
through the tube, irrespective of the color (a good glass 
of Burgundy rouge is red but clear).

Each cerebrospinal fluid specimen should be sent to the 
clinical chemistry laboratory. If it is colorless, the cells 

should be counted. If there are no or only a few (<100) red 
cells, a recent SAH has been ruled out. And if there are no 
white cells and the pressure is normal, the patient can be 
sent home. If the cerebrospinal fluid is bloodstained, ask 
the laboratory to spin it down immediately at appropriate 
speed and to call you when they have done so. It is per
haps unconventional but absolutely essential that you go 
to the laboratory yourself to have a look at the supernatant 
after centrifugation and to  compare it in bright light with 
water in a similar test tube, against a white background. If 
the supernatant is yellow, the diagnosis of subarachnoid 
hemorrhage is  certain – though the cause of course still 
needs to be determined.

Of course the presence of bilirubin can be confirmed 
by spectrophotometry the next day. This test should cer
tainly be performed if one is in any doubt and perhaps 
even if the supernatant seems crystal‐clear, although 
many neurologists can confidently exclude xanthochro
mia by visual inspection alone [267]. The specimen 
should be stored in darkness, preferably wrapped in tin
foil because the ultraviolet components of daylight can 
break down bilirubin – not only in icteric newborns but 
also in test tubes.

Spectrophotometry can confirm the presence of 
 bilirubin [268]. In most cases this is accompanied by 
oxyhemoglobin, but the presence of oxyhemoglobin 
alone is irrelevant to the diagnosis of SAH. Although 
the sensitivity and specificity of spectrophotometry 
have not yet been confirmed in a series of patients with 
suspected SAH and a negative CT scan [269], it is the 
best technique currently available.

Late presentation with a history of sudden headache
It is not uncommon in clinical practice to encounter 
patients who describe having had a severe headache of 
sudden onset three weeks (or more) ago, sounding very 
much like an SAH, which resolved after a few hours 
or days. If patients present two weeks or more after an 
 episode of sudden headache, the diagnostic value of a 
normal CT scan is very limited and a MR scan is more sen
sitive. A lumbar puncture showing crystal‐clear cerebro
spinal fluid with no bilirubin on spectrophotometry will 
generally suffice to exclude SAH, provided the  interval is 
not more than one week. With an initially  positive CT 
scan, the cerebrospinal fluid is invariably xanthochromic 
for two weeks [266], but the point has been made that 

It is a widely held myth that the distinction between sub-
arachnoid hemorrhage and a traumatic “bloody” tap can 
be made reliably by collecting the cerebrospinal fluid in 
three consecutive test tubes and counting the number 
of red cells in each tube.

Lumbar puncture should be done after a negative CT 
scan, but not until at least 6–12 hours have elapsed since 
the onset of headache.

Bloodstained cerebrospinal fluid should be immediately 
centrifuged; if the supernatant is yellow this proves hem-
orrhage. Xanthochromia is almost invariably found 
between 12 hours and 2 weeks after subarachnoid 
hemorrhage.



119References

xanthochromia may not last as long in the 5% of patients 
with SAH in whom early CT scanning is negative [269]. 
Indeed there is a report of a patient with aneurysmal rup
ture in whom not only CT scanning was normal on day 7, 
but also the cerebrospinal fluid, on the next day [270].

In a patient presenting late, if there has been associated 
loss of consciousness, or if the patient has been severely 
ill for several days, the probability of a ruptured aneu
rysm is considerable, and there is a good case for angiog
raphy, at least CT or MR angiography. The issue of 
distinguishing patients with nonhemorrhagic thunder
clap headache from those with ruptured aneurysms has 
been unnecessarily complicated by a few case reports of 
impressive but rare events. There is one report of fatal 
aneurysmal rupture in which the presence of iron‐con
taining macrophages was interpreted as evidence of an 
earlier hemorrhage, in a patient with a preceding episode 
of headache [271]. This interpretation is questionable, as 
the patient survived the second episode for a few days. A 
second type of case report, exemplified by two patients 
from different sources, relates that an aneurysm can be 
found on cerebral angiography in patients with sudden 
headache and negative findings on CT as well as on lum
bar puncture, accompanied by arterial narrowing [272, 
273]. At operation no evidence of hemorrhage around 

the aneurysm was found in either case, but it was claimed 
that the aneurysm had suddenly enlarged, without rup
turing. Although a growing aneurysm may occasionally 
cause headache, a much more probable explanation is 
that in the course of life a few percent of all adults develop 
asymptomatic aneurysms and that indiscriminate use of 
angiography is bound to reveal some of them 
(Section 15.2.1). If it is assumed that the aneurysm was 
incidental in the two case reports cited earlier, migraine 
might explain both the headache and the arterial nar
rowing (vasospasm). Segmental and fully reversible 
vasospasm has been demonstrated in patients with 
severe headache but without an aneurysm [274], and 
even in a patient with benign exertional headache [275]. 
Thunderclap headache does not warrant the potentially 
dangerous procedure of catheter angiography if both the 
CT, or better, MR scan and the cerebrospinal fluid are 
normal within one week of the event.
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4.1  Introduction

Once a diagnosis of a cerebrovascular (vs. nonvascular) 
event has been made in someone presenting with an 
acute stroke syndrome (Chapter 3), the clinician needs a 
framework on which to base further subclassification of 
the event. Although time‐based schemes of subclassifica-
tion have been promoted, the distinction between stroke 
and transient ischemic attack (TIA) is arbitrary, and does 
not have any pathophysiological basis (Section  3.2). 
Similarly, classifying strokes according to whether symp-
toms clear within days or weeks does not convey useful 
etiological information.

Much of the recent focus in the medical literature has 
been on classifications based on the underlying cause of 
the stroke, which are limited by the inability to deter-
mine stroke etiology even after imaging and other diag-
nostic studies.

Subclassification of stroke has the potential to refine 
the practice of healthcare professionals, many of whom 
are more interested in the functional consequences 
resulting from the brain lesion (e.g. nursing and rehabili-
tation) than in the underlying cause. Subclassification 
may also be helpful when considering the general man-
agement of cerebrovascular disease and the overall bur-
den to the community (Table  4.1). Diversity of need 
perhaps explains why there is still no universal method of 
subclassification used equally by stroke physicians, ther-
apists, health service managers, and others.

For a method of subclassification to be applicable to all 
patients during life, irrespective of age, disability, and 
geographical location, clinical data must be used as the 
core component because they are available to every clini-
cian; subsequently obtained investigative data appropri-
ate to the individual situation can then be used to refine 
that clinical subclassification. After the clinical history 
and examination, the clinician will have some informa-
tion about the site of the brain lesion, the vascular terri-
tory affected, and possibly the potential etiology (e.g. 
atrial fibrillation). This information needs to be organ-
ized in a manner that allows complementary levels of 
subclassification.

Traditional neurological teaching has always focused 
on first determining the site of the lesion. Strokes with 
similar brain and arterial lesions are likely to be caused 
by similar types of vascular disease. Lesion localization 
and etiology each depend on clinical syndromes and 
diagnostic investigation, especially imaging. Of course, 
neither clinical findings nor investigations are 100% sen-
sitive and specific, being subject to interobserver and 
intraobserver variability, false positive and false negative 
results, and exceptions to the rules.

Not all infarcts are visible even on diffusion‐weighted 
MR imaging (DWI), and the nature of the DWI “lesion” 
does not appear to give additional prognostic informa-
tion to clinical data [1, 2]. Although imaging has been 
useful in the subclassification of intracerebral and suba-
rachnoid hemorrhage (Chapters 5, 8, and 9), it has so 
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Figure 4.1 Sequential T2‐weighted MR brain scans of a patient with a pure motor stroke affecting the right arm and leg, showing the 
decreasing size of the small, left deep infarct over time (thin white arrows): (a) day 1, (b) 2 months, (c) 19 months post‐stroke. Note that 
there is some swelling of the lesion in the acute phase. There is slight compression of the adjacent left lateral ventricle (black arrow) and of 
the sylvian fissure (thick white arrow), which decreases with time, so that at 19 months, there is an ex‐vacuo effect – the left lateral ventricle 
is now larger (black arrow) and the sylvian fissure more visible (thick white arrow).

far  failed on its own to provide a useful framework for 
classification of ischemic stroke and TIA. Reasons for 
this include variability of the pattern of the vascular sup-
ply to the brain (Section 4.2); inability of even the most 
sophisticated imaging technology to produce reliable 
results in all patients with stroke – particularly within 
hours of onset; variations in technology between centers; 
problems with generalizability, given limitations on the 
funding of healthcare worldwide; and lack of data corre-
lating cross‐sectional imaging with outcome.

Section  4.2 reviews the relevant vascular anatomy; 
Section 4.3 describes a system linking vascular anatomy 
with the features of the clinical examination that assist 
lesion localization and provide a basis for etiological 
classification.

4.2  Cerebral arterial supply

4.2.1 Introduction

The cerebral circulation is a dynamic system with large 
interindividual and intraindividual variability (e.g. 
between hemispheres and even varying with time); ath-
eroma or other arterial disease in one part of the system 
may have complex and unpredictable effects on the pat-
terns of vascular supply [3–5]. Moreover, early lesions 
may not be evident on imaging unless powerful MRI 
technologies are used, and even when such lesions are 
visible, their size may change with time (Figure 4.1) [6]. 
Thus, attributing an infarct to a particular underlying 
pathogenesis on the basis of its site and size is often 
incorrect [7, 8]. Occlusion of a specific artery may pre-
sent clinically in different ways. Recognizing such uncer-
tainties, this section attempts to relate each part of the 
vascular anatomy to the symptoms and signs commonly, 
but not always, encountered in clinical practice.

Table 4.1 Potential benefits of subclassifying patients with strokes 
and transient ischemic attacks.

Aid cost‐effective and timely search for the cause of the stroke 
or transient ischemic attack
Aid planning of immediate supportive care and rehabilitation 
program
Improve prognostication for survival, functional outcome, and 
recurrence
Stratify entry to clinical trials to reduce heterogeneity and 
thereby increase the likelihood of demonstrating treatment 
benefit in subgroups
Help put the results of clinical trials into the context of an 
individual physician’s own practice
Provide more sensitive assessment of case mix in individual 
units, for comparative audit and contracting purposes
Aid audit of management

The pathogenesis of a cerebral infarct cannot be deter-
mined purely on the basis of its site and size.
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The cerebral vascular anatomy can be described in two 
main parts: the anterior (carotid) and posterior (verte-
brobasilar [VB]) systems. With the exception of the basi-
lar, anterior communicating, and innominate arteries, 
the precerebral and intracerebral arteries are paired 
although only one artery will be described in each sec-
tion unless there is significant side‐to‐side variation.

For each system, there are three components: the 
extracranial arteries, the major intracranial arteries, and 
the small (in terms of diameter) superficial and deep per-
forating arteries. These component arteries have differ-
ent structural and functional characteristics, which 
means that infarction within their territory of distribu-
tion is likely to be caused predominantly by different 
causes (Table 4.2):

 ● The extracranial vessels (e.g. the common carotid 
artery) have a trilaminar structure (intima, media, and 
adventitia) and act as capacitance vessels (Figure 4.2a). 
There are a limited number of anastomotic channels 
between these arteries.

 ● The larger intracranial arteries (e.g. the middle cerebral 
artery) have potentially important anastomotic con-
nections over both the pial surface of the brain and also, 
via the circle of Willis and choroidal circulation (see 
later), at the skull base. The adventitia of these large 

intracranial arteries is thinner than that of the extrac-
ranial vessels, with little elastic tissue (Figure  4.2b). 
The media is also thinner, although the internal elastic 
lamina is thicker (such changes occurring gradually as 

Table 4.2 Functional characteristics of the intracranial arteries.

Main parent arteries (e.g. middle cerebral artery)
Anastomotic potential via circle of Willis, extracranial 
connections, and pial collaterals
Thus, marked variability in the area of ischemia as a result of 
occlusion
Embolism or in situ thrombosis is the most likely cause of 
occlusion
Cortical branch arteries
Anastomotic potential via pial collaterals
Thus, moderate variability in the area of ischemia as a result of 
occlusion
Embolism is the most likely cause of occlusion
Deep perforating arteries
Limited anastomotic potential
Thus, very restricted areas of ischemia as a result of occlusion
Intrinsic small‐vessel disease is the most likely cause of 
occlusion

(a) (b) (c)

Figure 4.2 (a) Internal carotid artery just above the common carotid bifurcation (elastic van Gieson [EVG] × 120). The intima at the top of 
the photograph is barely visible, lying inside an ill‐defined internal elastic lamina. The relatively thick media is rich in elastic tissue. The 
adventitia is thin and poorly defined. (b) Cross‐section of the middle cerebral artery (EVG × 50). The intima is barely visible, and lies internal 
to the folded internal elastic lamina, which shows mild focal reduplication. Both media and adventitia are thinner than in extracranial 
arteries of comparable size. The media is virtually devoid of elastic tissue. There is no definite external elastic lamina. (c) A pair of basal 
ganglionic perforating vessels (EVG × 250). Each of these vessels has an indistinct internal elastic lamina, and a media composed of two to 
three layers of smooth muscle cells; arterioles are devoid of an internal elastic lamina. Source: Photographs courtesy of Dr. Alistair Lammie, 
Department of Neuropathology, University of Wales College of Medicine.
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the arterial diameter decreases). Thus, these vessels are 
more rigid than extracranial vessels of similar size.

 ● The small, deep perforating (e.g. the lenticulostriate 
arteries) and superficial perforating arteries from the 
pial surface are predominantly end‐arteries, with very 
limited anastomotic potential, and are primarily resist-
ance vessels (Figure 4.2c).

 ● The overall resistance in any part of the arterial tree is 
inversely proportional to the vascular density, which, 
on average, is approximately four times greater in grey 
matter (cortical and subcortical) than in white matter.

4.2.2 Anterior (carotid) system

Common carotid artery
The left common carotid artery (CCA) usually arises 
directly from the left side of the aortic arch, whereas the 
right CCA arises from the innominate (brachiocephalic) 
artery (Figures 4.3 and 6.2). The CCA ascends through 
the anterior triangle of the neck, and at the level of the 
thyroid cartilage divides into the internal carotid artery 
(ICA) and the external carotid artery (ECA). Throughout, 
the CCA is intimately associated with the ascending 
sympathetic nerve fibers. Thus, lesions of the CCA 
(trauma, dissection, or sometimes thrombotic occlu-
sion) may cause an ipsilateral oculosympathetic palsy 
(Horner syndrome) with involvement of sudomotor fib-
ers to the face. Damage to the CCA, or thrombus within 
it, may also result in carotidynia, a syndrome character-
ized by tenderness over the artery and pain referred to 
the ipsilateral frontotemporal region. It may also be the 
site of radiotherapy‐induced damage (Section 7.16.6).

Carotid bifurcation
The carotid bifurcation is usually at the level of the 
 thyroid cartilage, but the exact site may vary by several 
centimeters (Figure 4.4). It contains the carotid body (see 
later). The ICA is usually posterior to the ECA. The 
carotid body and carotid sinus nerve receive their blood 
supply from the ECA. The bifurcation is one of the most 
common sites for atheroma to develop in whites, and it is 
over this area that bruits can be heard (Section  6.7.7). 
However, there is no way of telling on auscultation 
whether a bruit arises from the ICA, ECA, or both. In 
most people carotid ultrasound can image the bifurcation 
and ICA/ECA for a few centimeters distally, but in patients 
with a high bifurcation only the CCA may be imaged.

The carotid body responds to increases in the arte-
rial partial pressure of oxygen (PaO2), blood flow and 
arterial pH, and to decreases in PaCO2 and blood tem-
perature. It has a modulatory role on pulse rate, blood 
pressure, and hypoxic ventilatory drive [9]. Increased 
discharges in the carotid sinus nerve can be caused by 
stretching of its wall, and will increase both the depth 
and rate of respiration and peripheral vascular resist-
ance. Carotid sinus hypersensitivity, probably an 
underrecognized cause of collapse in the elderly, is not 
necessarily associated with structural disease of the 
bifurcation [10].

Figure 4.3 An anteroposterior projection of a contrast‐enhanced 
MR angiogram, showing the origins of the major vessels from the 
aorta, the cervical course of the carotid and vertebral arteries, 
and the intracranial connections of anterior and posterior arterial 
systems. R, right; L, left; 1, aortic arch; 2, innominate artery; 3, 
right common carotid artery; 4, right subclavian artery; 5, left 
common carotid artery; 6, left subclavian artery; 7, right 
vertebral artery; 8, left vertebral artery; 9, right internal carotid 
artery; 10, left internal carotid artery; 11, basilar artery; 12, right 
external carotid artery; 13, left external carotid artery. (See also 
Figure 6.2.)

Lesions of the common carotid artery (trauma, dissec-
tion, or sometimes thrombotic occlusion) may cause an 
ipsilateral oculosympathetic palsy (Horner syndrome) 
with involvement of sudomotor fibers to the face.
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External carotid artery
The branches of the ECA (ascending pharyngeal, supe-
rior thyroid, lingual, occipital, facial, posterior auricu-
lar, internal maxillary, and superficial temporal) are 
mainly of interest because of their potential for anasto-
moses with branches of the intracranial ICA (either 
spontaneously or by surgery) and their involvement in 
giant‐cell arteritis (Section  7.4.1). The presence of 
extracranial branches distinguishes the ECA from the 
ICA on arterial studies (Figure 4.4). In the presence of 
an extracranial ICA occlusion or severe stenosis, blood 
flow may be maintained in the ipsilateral intracranial 
circulation by ECA–ICA collaterals (see later). Transient 
monocular blindness might occur due to intermittent 
failure of perfusion through ECA–ICA collaterals 
because of stenosis of the ECA origin, particularly when 
there is ipsilateral ICA occlusion or severe stenosis. 
Palpable pulsation of the superficial temporal artery 
may be reduced or absent with ipsilateral CCA or ECA 
occlusion and, conversely, may be increased when there 
is ipsilateral ICA occlusion.

Extracranial internal carotid artery
The extracranial ICA arises from the carotid bifurcation, 
ascends through the neck to the carotid canal of the 
petrous temporal bone, before passing through the fora-
men lacerum in the skull base. Along the petrosal section, 
it gives off small branches to the tympanic cavity and the 
artery of the pterygoid canal, which may anastomose with 
the internal maxillary artery, a branch of the ECA. When 

neurological symptoms occur from disease of the ICA, 
they may be due to artery‐to‐artery embolism, low distal 
flow, or occlusion due to local arterial thrombosis. The 
clinical picture may range from a transient disturbance of 
ipsilateral cortical or ocular function to hemiplegia, 
hemianesthesia, hemianopia, and profound disturbance 
of higher cortical function. The variability in clinical pres-
entation does not seem to depend on the presence of col-
lateral flow, but the risk of stroke and TIA is increased 
when there is severely impaired cerebrovascular reactiv-
ity [11, 12]. Occlusion of the ICA is not always sympto-
matic; in a series of 994 consecutive autopsies, only 42 of 
54 (78%) cases with an ICA occlusion had postmortem 
evidence of ipsilateral infarction, and in about 20% the 
occlusion had not caused any symptoms [13, 14].

The proximal extracranial ICA just beyond the bifurca-
tion is commonly affected by atheroma, and when symp-
toms occur they are most often due to instability and 
rupture of an atherosclerotic plaque causing artery‐to‐
artery embolism or, much less often, low flow distal to an 
occlusion [15] (Section 6.3.2). Other conditions involving 
the extracranial ICA include arterial dissection (usually 
associated with trauma but sometimes occurring sponta-
neously, Section 7.2.1); pseudo‐aneurysm (caused by dis-
section), which may be a source of emboli (Section 7.2.1); 
fibromuscular dysplasia (Section 7.11.2); and local arteri-
tis secondary to paratonsillar infections (Section 7.10.5).

The sympathetic nerve fibers lie on the surface of the 
ICA and can be affected by any of the aforementioned 
processes. The resulting oculosympathetic palsy should 
spare the sudomotor (sweating) fibers to the face because 
they are associated with the branches of the ECA. 
Around the origin of the ICA are the superior laryngeal 
and hypoglossal nerves, which may be affected by opera-
tive procedures and cause hoarseness and tongue weak-
ness, respectively (Section 17.11.4, Figure 17.31).

Carotid siphon and cavernous sinus
After passing through the skull base, the next part of the 
ICA is the S‐shaped carotid siphon which lies within the 
venous plexus of the cavernous sinus adjacent to cranial 
nerves III, IV, V1, V2, and VI, which run in the lateral wall 
of the sinus. There are several small branches (the most 
important of which is the meningo‐hypophyseal trunk), 
which may anastomose with branches of the ECA. A 
notable congenital variant is persistence of the trigemi-
nal artery, which may arise from the ICA as it enters the 
cavernous sinus and link with the basilar artery, usually 
between the superior cerebellar artery and the anterior 
inferior cerebellar artery.

Atheroma may affect the ICA in the siphon, but 
although this may be a source of embolism, flow restric-
tion, and in a few cases complete occlusion, the resulting 
symptoms are similar to those originating from more 

Figure 4.4 Lateral view of catheter carotid angiogram. ECA, 
external carotid artery and its branches (curved arrows); ICA, 
internal carotid artery (straight arrows); CCA, common carotid 
artery (arrow with tail).
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proximal ICA disease. The degree of atheroma is not 
necessarily related to that at the carotid bifurcation, and 
when occlusion occurs in the siphon it is more likely to 
be due to impaction of an embolus from a proximal site 
than in situ thrombosis [15].

Cavernous sinus thrombosis classically presents with 
varying degrees of ophthalmoplegia, eye swelling (che-
mosis), and proptosis (sometimes bilateral, because the 
venous plexus communicates across the midline) in a 
patient with facial or sinus infection (Figure  4.5) [16]. 
Aneurysms of the ICA at the level of the cavernous sinus 
are relatively common and may present with oculomotor 
nerve dysfunction. Rupture of the artery within the sinus 
can produce a carotid‐cavernous fistula, with pulsatile 
proptosis, ophthalmoplegia, and reduced visual acuity 
(Section 8.2.9).

Supraclinoid internal carotid artery
The short supraclinoid part of the ICA lies in the suba-
rachnoid space close to the oculomotor (III) cranial nerve. 
The most important branch from this part of the ICA 
is the ophthalmic artery, which enters the orbit through 
the optic foramen. Along with its branches (lacrimal, 
supraorbital, ethmoidal, palpebral), the ophthalmic artery 

is probably the most important anastomotic link with the 
ECA (Figure 4.6).

Transient monocular blindness (amaurosis fugax) may 
be due to emboli passing from the ICA to the ophthalmic 

Figure 4.5 A T1‐weighted, gadolinium‐enhanced, coronal MR 
scan, showing thrombosis within the left cavernous sinus. The 
thrombus (long arrow) is seen separate from the flow void in the 
left internal carotid artery (short arrow). Enhancement is seen in 
the sphenoid sinus (broad arrow), which is due to infection. The 
patient had a fever, chemosis and a partial third nerve palsy.

(a)

(b)

Figure 4.6 (a) A selective intra‐arterial catheter angiogram, lateral 
view, showing occlusion of the left internal carotid artery (ICA, 
short arrow) and filling of the external carotid artery (ECA, long 
arrow). (b) Intracranial views (lateral projection), showing 
retrograde filling of the ophthalmic artery (long arrow) from the 
ECA, which provides a collateral supply to the distal ICA (short 
arrow, showing the carotid siphon).
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artery [17] (Section 3.3.6). However, a large proportion 
of such patients have no evidence of either ICA disease 
or cardiac or aortic sources of embolism; local atheroma 
within the ophthalmic artery are probably the cause in 
many cases. Fixed deficits can follow retinal artery occlu-
sion (usually considered to be embolic) and ischemic 
optic neuropathy (Section  3.5.2), although the latter is 
surprisingly infrequent with ICA occlusion, presumably 
because of adequate collateral flow.

The combination of ocular and cerebral hemisphere 
ischemic attacks on the same side is a strong pointer 
toward severe ICA stenosis or occlusion, although the 
symptoms rarely occur simultaneously. When ICA 
occlusion occurs, the distal extent of the thrombus usu-
ally ends at the level of the ophthalmic artery [18]. The 
supraclinoid ICA may also be involved by inflammatory/
infective processes, such as tuberculous meningitis, in 
the basal subarachnoid space. Severe stenosis or occlu-
sion of the distal supraclinoid ICA is always present in 
the moya‐moya syndrome (Section 7.12).

There are also a number of small perforating branches 
that supply the pituitary gland, hypothalamus, and optic 
chiasm. Other branches may pass through the anterior 
perforated substance to supply the genu and part of the 
posterior limb of the internal capsule, and the globus 
pallidus.

Posterior communicating artery
The next branch of the ICA is usually the posterior 
 communicating artery (PCoA). Arising from the dorsal 
aspect of the ICA, it runs posteriorly above the oculomo-
tor (III) nerve to join the posterior cerebral artery (PCA) 
(Figure 4.7). The PCoA gives off small branches which 
contribute to the blood supply of the basal ganglia.

Aneurysms at the origin of the PCoA may present with 
a painful oculomotor (III) nerve palsy usually but not 
always with a fixed, dilated pupil, or with subarachnoid 
hemorrhage (Section 9.5). In some patients, both PCoAs 
are absent, resulting in more marked neurological deficits 
from lesions of the posterior circulation than in patients 
with a functionally intact circle of Willis (see later).

Anterior choroidal artery
Just before its terminal bifurcation into the anterior 
 cerebral artery and middle cerebral artery (MCA), the 
ICA usually gives rise to the anterior choroidal artery 
(AChA) (Figure 4.8); occasionally the AChA arises from 
either the proximal stem of the MCA or the posterior 
communicating artery. It is a small artery which supplies 

the choroid plexus and, variably, the globus pallidus, 
anterior hippocampus, lower part of the posterior limb 
of the internal capsule, and anterior part of the midbrain, 
including the cerebral peduncle [19–21]. It accompanies 
the optic tract and sends branches to the lateral genicu-
late nucleus (LGN) and the anterior part of the optic 
radiation. It may anastomose with the posterior choroi-
dal artery (a branch of the posterior cerebral artery).

The cause of AChA occlusion is variable; when infarc-
tion is restricted to the internal capsule it is probably 
more often due to intrinsic atheromatous disease than 
embolism from more proximal sources. The AChA may 
be particularly susceptible to the effects of intracarotid 
chemotherapy [22]. AChA territory infarcts typically 
produce contralateral hemiparesis and hemisensory loss, 
the latter often sparing proprioception. Isolated motor 
neglect (“spontaneous underutilization of the affected 
limb, with near‐normal strength”) followed infarction of 
that part of the right posterior limb of the internal cap-
sule supplied by the AChA [23]. Large AChA territory 
infarcts have an additional visual field defect. This can be 
a homonymous hemianopia (due to ischemia of the optic 
tract) but the pathognomonic pattern is considered to be 
a homonymous horizontal sectoranopia due to involve-
ment of the lateral geniculate nucleus of the thalamus. 

Figure 4.7 Demonstration of the components of the circle of 
Willis by intra‐arterial catheter angiography (anteroposterior 
projection). The whole of the circle is filled from a selective left 
vertebral artery injection in a patient who had bilateral internal 
carotid artery occlusions. The components are: 1, anterior 
communicating artery; 2, anterior cerebral artery; 3, middle 
cerebral artery; 4, posterior communicating artery; 5, posterior 
cerebral artery.

The combination of ocular and cerebral hemisphere 
ischemic attacks on the same side is a strong pointer 
toward severe internal carotid artery stenosis or occlusion.
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Cognitive disorders associated with AChA occlusion 
include aphasia, amnesia, apraxia, spatial neglect, and 
impaired executive function [24, 25].

Distal internal carotid artery
At the bifurcation of the ICA, the main continuing 
branch is usually the middle cerebral artery, while the 
smaller anterior cerebral artery and the posterior com-
municating artery form the anterior portion of the circle 
of Willis (Figure 4.7). This is not a common site for ath-
eroma, but it can be the superior extent of a carotid dis-
section (Section  7.2.1). It is also a common site of 
aneurysm formation (Section 9.3).

Circle of Willis
In the embryo, a large branch from the ICA provides 
most of the blood supply to the occipital lobes. From this 
branch, the future posterior communicating artery 

(PCoA) and post‐communicating (P2) segment of 
the PCA will develop. These usually link with the pre‐
communicating (P1) segment of the PCA, which devel-
ops from the basilar artery. The arterial components of 
the circle of Willis and the origins of its branches (i.e. the 
anterior cerebral arteries [ACAs], the PCAs, the ACoA 
and the PCoAs) are formed by 6–7 weeks of gestation. At 
this stage, the PCoA and the P1 segment of the PCA are 
usually of approximately similar diameter and contribute 
equally to the supply of the P2 segment of the PCA. This 
“transitional” configuration is present in nearly 80% of 
fetuses under 20 weeks’ gestation, but over the next 
20  weeks (and particularly between the 21st and 29th 
weeks of gestation, which coincides with the period of 
most rapid growth of the occipital lobes) there is a change 
[26]. In the majority, the P1 segment of the PCA becomes 
larger than the PCoA, resulting in the “adult” configura-
tion, with the occipital lobes supplied primarily by the 
posterior circulation. However, in a minority the PCoA 
becomes larger and the occipital lobes then obtain most 
of their blood supply from the carotid circulation, a situ-
ation which is referred to as a “fetal” configuration. The 
“transitional configuration” persists in less than 10% of 
adults [26, 27].

Anomalies of the circle of Willis are reported in 
between half and four‐fifths of normal individuals, and 
anomalies are more prevalent in patients with cerebro-
vascular disease [27, 28]. The distribution of the abnor-
malities found in a study of 994 autopsies is shown in 
Figure  4.9 [27]. In this study, hypoplasia of part of the 
anterior part of the circle of Willis was found in 13%, of 
the posterior part in 32%, and of both parts in 36%. When 
there was maldevelopment of either the P1 segment of 
the PCA or the pre‐communicating (A1) segment of the 
ACA, there was usually an ectopic origin of the distal 
branches. These anatomical factors result in considera-
ble variation in the area of supply of the major intracer-
ebral arteries and the ability of the cerebral circulation to 
respond to changes in perfusion pressure when more 
proximal arteries are diseased [29]. Not surprisingly, one 
cannot identify any particular clinical syndrome related 
to any specific anomaly of the circle of Willis.

Anterior cerebral artery
The ACA) arises as the medial branch of the bifurcation 
of the ICA at the level of the anterior clinoid process. The 
proximal (A1) segments of the ACAs pass medially and 
forward over the optic nerve or chiasm and corpus cal-
losum to enter the interhemispheric fissure, where they 
are linked by the ACoA (Figure  4.10). After the ACoA 
the distal (A2) segments of the ACAs run together in the 
interhemispheric fissure and continue posteriorly as the 
A3 segments, the anterior pericallosal and callosomar-
ginal arteries. Other branches include the orbitofrontal, 

(a)

(b)

Figure 4.8 Carotid catheter angiograms, showing the anterior 
choroidal artery (arrows): (a) lateral view, (b) anteroposterior view.
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frontopolar, anterior, middle and posterior internal 
frontal, paracentral, and superior and inferior parietal 
arteries. The anterior pericallosal arteries may form 
anastomoses with posterior pericallosal arteries from 
the PCA. The potential minimum and maximum areas 
of supply are shown in Figure 4.11.

Infarction of the ACA territory can follow “vasospasm” 
complicating subarachnoid hemorrhage (Chapter 15). 
Isolated infarction of the ACA territory is otherwise 
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Figure 4.9 Anomalies of the circle of Willis. (a) In the center is a 
complete circle of Willis (1). There are 21 possible variants. Those 
involving the anterior cerebral arteries (ACA) and anterior 
communicating artery (ACoA) are shown at the top (2–5) and 
some of those involving the posterior communicating arteries 
(PCoA) below (6–10). The anterior part of the circle provides poor 
collateral supply in 24% of people and no collateral supply in 7%. 
The most common anomaly of the PCoA is direct origin from the 
internal carotid artery (ICA) (6 and 9), which occurs in 30% of 
people. BA, basilar artery; PCA, posterior cerebral artery; MCA, 
middle cerebral artery. (b) An MR angiogram of the circle of Willis 
demonstrating absence of both posterior communicating arteries 
(1) and hypoplasia of the left ACA (2).

(a)

(b)

Figure 4.10 Selective catheter carotid angiogram of the anterior 
intracranial circulation: (a) anteroposterior projection (b) lateral 
projection. 1, internal carotid artery; 2, middle cerebral artery and 
its branches; 3, anterior cerebral artery and its branches; 4, 
ophthalmic artery; 5, anterior choroidal artery; 6, vestigial stump 
of the posterior communicating artery (normal variant); 7, 
lenticulostriate arteries.
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comparatively rare, perhaps because of collateral blood 
supply from the other ACA via the ACoA. Most cases of 
ACA territory infarction are probably due to either car-
dioembolism or artery‐to‐artery embolism from an 
occluded or stenosed internal carotid artery [30, 31]. 

Among East Asians, ACA dissection or ACA atheroscle-
rosis is more often the mechanism [32, 33]. Bilateral 
ACA territory infarction should always prompt a search 
for a recently ruptured ACoA aneurysm. Bilateral infarc-
tion can also be caused by thromboembolism when both 

(a)

(d)

(b) (c)

Figure 4.11 Ischemia in the territory of the 
anterior cerebral artery (ACA). (a) The typical 
appearance on an axial CT brain scan of ACA 
territory infarction (arrows). However, there is 
great interindividual and interhemispheric 
variability in the area supplied by the ACA (b, 
c). The dark purple areas show the only part of 
the cortex on the superolateral surface (b) and 
the medial surface (c) of the hemisphere, 
which was always supplied by the ACA in a 
large pathological study. The pale purple 
represents the maximum extent of the area 
that may be supplied by the ACA in some 
patients. (d) There is a similar degree of 
variability for the intracerebral territory 
supplied by the ACA. The figure shows the 
minimum (dark purple) and maximum (pale 
purple) areas of supply at three levels in the 
same pathological study. Source: Van der Zwan 
A. The Variability of the Major Vascular Territories 
of the Human Brain, MD dissertation, 1991, 
University of Utrecht. Reproduced with 
permission from Dr. A. van der Zwan.
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ACAs receive their supply from the same carotid artery 
via the ACoA, or more rarely when the distal branches 
cross the midline in the interhemispheric fissure [34].

The motor deficit in the leg usually predominates over 
that in the arm and is often most marked distally. 
Involvement of the arm is usually attributed to extension 
of the ischemic area to the internal capsule, although in 
some cases it may be a form of motor “neglect” through 
involvement of the supplementary motor area [30, 35, 36]. 
There is often no sensory deficit, and when present it is 
usually mild, although sensory loss without weakness in 
the contralateral distal leg was described in a woman 
with infarction restricted to the parietal paracentral 
lobule [37]. When the motor deficit is bilateral, ACA 
territory infarction needs to be distinguished from a 
lesion in the spinal cord or brainstem. A woman with 
 stenosis of the right pericallosal artery developed 
limb‐shaking TIAs of the contralateral leg [38].

Other frontal lobe features associated with ACA 
 territory infarction include urinary incontinence, abulia, 
or, paradoxically, agitation and social disinhibition 
(Section 3.3.2). A grasp reflex may be elicited. Language 
disturbance, with reduced spontaneous output but pre-
served repetition, may suggest transcortical aphasia, but 
distinguishing the disturbance from abulia can be diffi-
cult. Severe abulia – akinetic mutism – usually reflects 
bilateral lesions (not unusual following ACoA aneurysm 
rupture, congenital absence of an A1 segment, or a con-
genital azygous (single) ACA [39, 40]. Occlusion of the 
ACA can also cause apraxias and other disconnection 
syndromes [41]. Involvement of the corpus callosum 
may result in ipsilateral hand ideomotor apraxia, 
agraphia, and tactile anomia [42] (Section  3.3.3). 
Interruption of the frontocerebellar tracts can result in 
incoordination of the contralateral limbs which may 
mimic cerebellar dysfunction. When there is also a corti-
cospinal deficit, it may mimic the lacunar syndrome of 
homolateral ataxia and crural paresis (see later) [43]. 
Amnesic disorders are also encountered, particularly 
after rupture of an ACoA aneurysm. The “alien‐hand 
sign” refers to a variety of dissociative movements 
between right and left hands due to a lesion of the medial 
frontal lobe and/or corpus callosum [44–46]. A woman 
with bilateral ACA territory infarction developed utiliza-
tion behavior (compulsive use of objects presented visu-
ally) and Kluver–Bucy syndrome (hyperorality and 
bulimic eating) [47]. Bilateral infarction was also associ-
ated with parkinsonian‐like gait (perhaps related to 

caudate nucleus involvement) and echopraxia (imitation 
behavior) [48]. A woman with occlusion of the A2 seg-
ment of the right ACA developed Capgras syndrome 
(delusional misidentifications) [49].

Recurrent artery of Heubner
This artery is an inconstant branch of the ACA; if pre-
sent, it usually arises at the junction with or just beyond 
the level of the ACoA [50]. It may supply the head of the 
caudate, the inferior portion of the anterior limb of 
the internal capsule, and the hypothalamus (Figure 4.12). 
Unilateral occlusion is associated with weakness of the 
face and arm, often with dysarthria [51]. Recurrent 
hemiparetic TIAs progressing to permanent hemiplegia 
(“capsular warning syndrome”) was described in associa-
tion with severe stenosis of the contralateral recurrent 
artery of Heubner [52]. Akinetic mutism or abulia 
(Section 3.3.2) also occur but are usually associated with 
bilateral lesions.

Anterior cerebral artery: deep perforating arteries 
(medial striate)
A variable number of small branches from the A1 seg-
ment of the ACA and ACoA enter the anterior perfo-
rated substance and supply the anterior striatum, the 
superior anterior limb of the internal capsule, and the 
anterior commissure. They may also supply the optic 
chiasm and tract [53]. As with the recurrent artery of 

Figure 4.12 A CT brain scan showing the typical area of infarction 
(arrow) resulting from occlusion of the recurrent artery of Heubner.

Bilateral anterior cerebral artery territory infarction 
should always prompt a search for an anterior communi-
cating artery aneurysm.



4 Which arterial territory is involved?140

Heubner, occlusion of medial striate arteries can cause 
face and arm weakness.

Middle cerebral artery: mainstem
The first segment (M1) of the MCA passes laterally 
between the upper surface of the temporal lobe and the 
inferior surface of the frontal lobe until it reaches the lat-
eral part of the Sylvian fissure (Figure 4.10). The lenticu-
lostriate arteries mostly arise from the proximal part of 
the MCA mainstem (see later).

Atheroma and thrombotic occlusion may develop in 
situ, but this is uncommon in whites and perhaps more 
frequent in East Asians (Section  6.3.1). Other mecha-
nisms of occlusion include impaction of an embolus, 
extension of a more proximal thrombus (e.g. from the 
internal carotid artery), or less commonly intracranial 
dissection [54, 55]. Occlusion of the MCA mainstem 
is  nearly always symptomatic, although some young 
patients with very good cortical collateral supply may 
have remarkably few symptoms. In most cases, the 
occlusion occurs in the proximal mainstem, thereby 
involving the lenticulostriate arteries, and producing 
ischemia of both the deep and superficial territories of 
the MCA. Typically, this presents as a contralateral 
weakness and sensory loss, with homonymous hemiano-
pia and aphasia or visuospatial disturbance. If the corti-
cal collateral supply from the ACA and PCA is good, the 
brunt of the ischemia tends to fall on the subcortical 
structures, resulting in a striatocapsular infarct (see 
later). If the occlusion is more distal in the mainstem and 
there is no ischemia in the lenticulostriate territory, the 
leg may be relatively spared because most fibers to 
the leg originate in cortical areas usually supplied by the 
ACA [56].

Middle cerebral artery: deep perforating arteries 
(lenticulostriate)
Arising at right angles from the MCA mainstem, 6 to 12 
lenticulostriate arteries enter the anterior perforated 
substance. Three groups can be identified: medial, mid-
dle, and lateral. These may supply the putamen, lateral 
head of the caudate nucleus, posterior limb of the inter-
nal capsule, and part of the globus pallidus (Figure 4.13). 
Some, particularly those in the lateral group, have their 
origins from a cortical branch of the MCA or from either 
the superior or inferior divisions of the MCA [57].

When a thrombus or embolus in the MCA mainstem 
blocks the origins of all of the lenticulostriate arteries, 
a  “comma”‐shaped infarct (when viewed in the axial 
plane)  may develop – a so‐called striatocapsular infarct 
(Figure 4.14, and see Figure 6.20) (Section 6.7.2) [58]. Up 
to one‐half of cases are the result of embolism; other 
causes include atherosclerotic disease of the ICA or of 
the MCA mainstem itself [59]. Angiographic studies 

show that MCA mainstem occlusion of this type may be 
short‐lived, probably due to fragmentation of an embo-
lus [54]. Weakness exceeds sensory loss and is often 
equally severe in the arm and leg. There may be symp-
toms of cortical dysfunction, usually mild and resolving 
rapidly. The pathogenesis of the cortical symptoms prob-
ably reflects cortical ischemia not imaged by CT or MR. 
Alternative explanations include deafferentation of the 
cortex, direct interruption of subcortical–cortical path-
ways, or involvement of subcortical structures subserv-
ing language functions. Hemianopia is unusual.

Occlusion of a single lenticulostriate artery results in a 
“lacunar infarct” (Figure 4.15), there being no functional 
anastomoses between adjacent perforating arteries [58]. 
(“Lacunar infarction” is a pathological term, and for clar-
ity the radiological equivalent is best referred to as a 
“small, deep infarct.”) Most occlusions of single, deep 
perforating arteries from the MCA mainstem are caused 
by local in situ small‐vessel disease [60] (Section  6.4). 
There is considerable interindividual variation in the 

Figure 4.13 Postmortem demonstration of the deep perforating 
arteries arising from the mainstem of the middle cerebral artery 
(arrow).
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number of lenticulostriate arteries, and in general the 
largest area is supplied by the most lateral branch. 
Additionally, the volume of an individual infarct depends 
on the actual site of occlusion, i.e. the more proximal the 
occlusion of the deep perforating artery, the larger the 

lacune. The tendency for studies not to consider small, 
deep infarcts greater than 1.5 cm diameter as the radio-
logical equivalent of lacunes probably leads to underre-
porting, this cutoff size emanating originally from 
pathological studies [61]. When the results of acute 

(a)

(b) (c)

Figure 4.14 Striatocapsular infarction. (a) The typical appearance of a right striatocapsular infarct on a CT brain scan, axial views (arrows). 
(b) A T2‐weighted axial MR scan, showing a left striatocapsular infarct (arrows) and an MR angiogram (c) from the same patient, showing 
lack of flow in the proximal segment of the left middle cerebral artery (broad arrow). Normal flow is seen in the right middle cerebral 
artery (narrow arrow). The patient had had a recent anterior myocardial infarction, and it was presumed that an embolus had lodged in 
the proximal left middle cerebral artery. (See also Figure 6.20e.)
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(b)

(a)

Lacunar infarct
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Figure 4.15 Lacunar infarction. (a) The typical appearance of a 
small, deep infarct confined to the territory of a single, deep 
perforating artery on a T1‐weighted, coronal MR scan (curved 
arrow). (b) A diagrammatic representation of the case, 
demonstrating the likely underlying vascular process (coronal 
brain section); one of the lenticulostriate arteries is occluded 
(broken line).

imaging and subsequent autopsy are compared directly, 
the lesion at autopsy is significantly smaller than that 
seen on brain imaging [62]. Single lacunes may pre-
sent  with one of the classical “lacunar syndromes” 

(Section  4.3.2). However, 80% of lacunes are clinically 
silent (or at least clinically unrecognized), occurring 

most frequently in the lentiform nucleus [61].
Multiple supratentorial lacunes, also referred to as 

état lacunaire, can cause pseudobulbar palsy, with or 
without marche à petits pas, an abnormality of gait that 
superficially suggests Parkinson’s disease [63, 64]. It is 
important to distinguish état lacunaire from the dilata-
tions of perivascular spaces (état criblé) that are often 
present in the basal ganglia of hypertensive individuals, 
and which may be difficult to differentiate on MR scans 
(Figure 4.16). These are not due to infarction and have 
not been convincingly associated with any particular 
clinical presentation.

Middle cerebral artery: cortical branches
In the sylvian fissure, the M2 section of the MCA usually 
bifurcates into superior and inferior divisions. The supe-
rior division gives rise to orbitofrontal, prefrontal, pre‐
rolandic, rolandic, anterior parietal, and posterior 
parietal branches, while the inferior division gives rise to 
the angular, temporo‐occipital, posterior temporal, mid-
dle temporal, anterior temporal, and temporopolar 
branches. However, there are many variations in this pat-
tern. The potential minimum and maximum area of sup-
ply of these branches is shown in Figure 4.17 [3]. At their 
origins, the luminal diameter of these vessels is usually 
about 1 mm, but by the time they anastomose with the 
cortical branches of the anterior and posterior cerebral 
arteries, they are usually less than 0.2 mm in diameter. 
There is almost no collateral connection between indi-
vidual branches of the MCA.

The branches of the MCA are not often affected by 
local atherosclerotic disease, but they can be affected 
by  vasculitis, amyloid angiopathy, and mycotic aneu-
rysms. The main causes of MCA branch ischemia are 
probably either embolism or low flow secondary to more 
proximal vascular lesions [54, 65, 66]. The usual clinical 
syndrome resulting from occlusion of the superior divi-
sion is similar to occlusion of the MCA mainstem, but 
the motor and sensory deficits are usually greater in the 
face and arm than in the leg. Occlusion of the inferior 
division usually causes homonymous hemianopia or 
superior quadrantanopia and fluent aphasia (in the dom-
inant hemisphere) or hemispatial neglect (in the nonlan-
guage hemisphere). There may be little or no weakness, 
but higher‐level discriminatory sensory functions may 
be affected. A similar pattern can occur with occlusion of 

“Lacunar infarction” is a pathological term, and for clarity 
the radiological equivalent should be referred to as a 
“small, deep infarct.”
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the posterior cerebral artery (Section  4.2.3). Infarcted 
areas in MCA branch territories can be so small that 
the distinction on CT from cortical atrophy is difficult. 
As a result, very restricted clinical deficits can occur, for 
example, isolated arm weakness [67].

Fronto‐parietal opercular lesions cause dysarthria and 
contralateral facial weakness; when they are bilateral, 
there is bilateral facial weakness and inability to speak 
and chew (Foix–Chavany–Marie syndrome) [68]. Left‐
sided isolated shoulder palsy followed infarction involv-
ing a cortical branch of the right MCA [69].

Although there is a large volume of classical neurologi-
cal literature correlating various restricted “MCA” syn-
dromes (most of which include some disturbance of 
higher cortical function) with ischemia or hemorrhage in 
specific areas of brain parenchyma, variability of the vas-
cular anatomy makes it difficult to link them reliably 
with occlusions of particular MCA branches [70]. 
Furthermore, many reports do not deal with deficits in 
the acute phase of stroke.

Middle cerebral artery: medullary 
perforating arteries
Medullary perforating arteries arise from distal branches 
of the MCA on the surface of the hemispheres. They are 
usually 20–50 mm in length and descend to supply the 
subcortical white matter (i.e. centrum semiovale), con-
verging centripetally toward the lateral ventricle [71] 
(Figure  4.18). These are functional end‐arteries, and 
their distal fields are part of the internal boundary zone 
(Section 4.2.4).

Isolated, acute infarcts of the centrum semiovale are 
thought to be uncommon but are recognized more often 
with the greater use of MR diffusion‐weighted imaging 
[72]. The majority are small (<1.5 cm in diameter) and 
probably arise from occlusion of a single medullary per-
forating artery. The spectrum of clinical presentation is 
similar to that of single deep MCA perforating artery (i.e. 
lenticulostriate artery) occlusions, with the classical 
lacunar syndromes of pure motor stroke, sensorimotor 
stroke, and ataxic hemiparesis predominating. In such 
cases, there is rarely evidence of large‐vessel disease or 
cardioembolism. Larger infarcts in this area can cause a 
syndrome similar to more extensive MCA cortical infarc-
tion, with weakness/sensory loss which is more marked 
in the face and arm than leg, aphasia or visuospatial dis-
turbance, and, if the optic radiation is involved, homony-
mous hemianopia. Such infarcts are often associated 
with large‐vessel disease (internal carotid artery/MCA 
occlusion or stenosis), yet are in the internal boundary 
zone, particularly when there are multiple lesions 
[72, 73]. The explanations for deficits of “cortical” modal-
ities are similar to those for striatocapsular infarction.

4.2.3 Posterior (vertebrobasilar) system

The vertebrobasilar (VB) system develops quite sepa-
rately from the carotid system and is subject to many 
more changes during gestation. Variation in arterial 

(a)

(b)

Figure 4.16 The appearance of état criblé: (a) on a T2‐weighted 
MR brain scan (arrows); (b) in a pathological specimen.
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(a)

(b)

(c) (e)

(d)

Figure 4.17 Ischemia in the territory of the middle cerebral artery (MCA). (a) The typical appearance on a CT brain scan of extensive MCA 
territory infarction (arrows) in a patient who had an occluded mainstem of the MCA. (b) The typical appearance on a T2‐weighted MR scan 
of MCA branch occlusion (arrows). (c) The patient whose scan is shown in (b) was a young man with dissection of the proximal internal 
carotid artery (ICA) (arrow) in a road accident. The intra‐arterial digital subtraction catheter angiogram shows a smooth, tapering, 
complete occlusion of the proximal ICA, typical of dissection. (d) However, there is great interindividual and interhemispheric variability in 
the area of brain supplied by the MCA. The dark purple area shows the only part of the cortex on the lateral surface of the hemisphere 
which was always supplied by the MCA in a large pathological study [3]. (e) There is a similar degree of variability for the intracerebral 
territory supplied by the MCA. The figure shows the minimum (dark purple) and maximum (light purple) areas of supply at three levels in 
the same pathological study. Source: Van der Zwan A. The Variability of the Major Vascular Territories of the Human Brain, MD dissertation, 
1991, University of Utrecht. Reproduced with permission from Dr. A. van der Zwan.
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configuration within the VB system may contribute to 
the development of ischemia [74, 75].

Extracranial vertebral artery
The right vertebral artery (VA) arises as the first branch 
of the right subclavian artery (which arises from the 
innominate artery), while the left VA arises as the first 
branch of the left subclavian artery (which arises directly 
from the aortic arch) (Figures 4.3 and 4.19). The V1 seg-
ment of the VA is from the origin to the transverse fora-
men at either C5 or C6. The V2 segment is within the 
transverse foramina from C5/6 to C2. The V3 segment 
circles the arch of C1 and passes between the atlas and 
occiput. The major branch outside the skull is the single, 
midline anterior spinal artery, formed by a contribution 
from both VAs

The origin of the VA can be affected by atheroma, 
either within the VA itself or by overlying plaque in the 
subclavian arteries, and may be the site of occlusion or a 
source of emboli [76, 77]. It may also be involved in 
inflammatory disorders, such as Takayasu arteritis 
(Section  7.4.2) or be the site of arterial dissection 

(Section 7.2.1). Trapping of the VA by cervical spondylosis 
is frequently cited as a cause of symptoms attributed to 
“vertebrobasilar insufficiency,” but in reality, both the 
symptoms (which are generally nonfocal) and the radio-
graphic changes of cervical spondylosis are very com-
mon in older people, and rarely is there a convincing 
cause‐and‐effect relationship. However, dissection and 
thrombus may occur in the VA after prolonged or unu-
sual neck posturing [78, 79].

Intracranial vertebral artery
The V4 segment of the VA is intracranial until the two 
arteries unite to form the midline basilar artery at the 
pontomedullary junction (Figure 4.19). As the VAs pierce 
the dura, there is decreased thickness of the adventitial 
and medial layers, with marked reduction in both medial 
and external elastic laminae. Vertebral branches supply 
the medulla.

Occlusion of a VA may be asymptomatic or there may 
be extensive infarction of the lateral medulla and inferior 
cerebellar hemisphere. Severe atherosclerotic stenosis of 
one or both VAs can result in TIAs with visual blurring 
or visual loss, diplopia, vertigo, and ataxia provoked by 
standing, hypovolemia, or decreased blood pressure 
[80]. Atheroma is a common cause of stenosis or occlu-
sion [81, 82]. Dissection of the intracranial VA may pre-
sent with subarachnoid hemorrhage (Section 7.2.2). The 
subclavian steal syndrome occurs when there is hemody-
namically significant stenosis of the subclavian artery 
proximal to the origin of the VA. In this situation, the 
direction of blood flow is normal in the contralateral VA 
but reversed in the ipsilateral VA, with blood passing 
into the axillary artery from the VA. The blood pressure 
will be lower in the affected arm. Exercise of the ipsilat-
eral arm increases the flow away from the brainstem, 
causing neurological symptoms. However, reversed flow 
in VA is often present on ultrasound and angiographic 
studies in the absence of neurological symptoms [83].

Posterior inferior cerebellar artery
The posterior inferior cerebellar arteries (PICAs) usually 
arise from the intracranial VAs, although one may be 
absent in up to 25% of patients (Figures 4.19 and 4.20). 
Sometimes the VA terminates in the PICA, i.e. there is 
no distal connection with the basilar artery. Small 
branches from the PICA may supply the lateral medulla, 
but more frequently it is supplied by direct branches 
from the VA [80, 84]. There are medial and lateral 

Figure 4.18 Pathological demonstration of the medullary 
perforating arteries arising from the cortical surface. 
Source: Courtesy of Dr. Nigel Hyman, Taunton, UK.

Reversed flow in one vertebral artery is often present in 
patients with no neurological symptoms – it is a rare 
patient who has symptoms of the subclavian steal 
syndrome.
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branches of the PICA, the medial branch usually supply-
ing the cerebellar vermis and adjacent cerebellar hemi-
sphere and the lateral branch the cortical surface of the 
cerebellar tonsil and suboccipital cerebellar hemisphere.

Lateral medullary infarction causes Wallenberg 
 syndrome, which consists of an ipsilateral Horner syn-
drome (descending sympathetic fibers), loss of pain 
and temperature sensation over the contralateral limbs 
(spinothalamic tract) and ipsilateral face (descending 
trigeminal tract), vertigo, nausea, vomiting, and nystag-
mus (vestibular nuclei), ipsilateral ataxia of limbs (infe-
rior cerebellar peduncle), and ipsilateral paralysis of 
palate, larynx, and pharynx, resulting in dysarthria, 
 dysphonia, and dysphagia (nucleus ambiguus) [85]. 
Cerebellar infarction within the PICA territory causes 
vertigo, ataxia (of gait and limbs), nystagmus, and head-
ache. There may be ipsilateral axial lateropulsion, which 
seems to patients as if they are being pushed to one side 
[86]. Isolated vertigo following PICA territory infarc-
tion can be difficult to distinguish from peripheral 
causes of vestibular dysfunction unless the patient 
remains ataxic after any rotational component has 
cleared and there is an appropriate infarct on brain 
imaging [84, 87, 88] (Section 3.3.7). (Favoring a periph-
eral lesion causing vertigo are catch‐up saccades on 
head‐thrust testing; favoring a central lesion are nystag-
mus that changes direction on eccentric gaze and skew 
deviation [89].) Infarcts restricted to the territory of 
either the medial or lateral branches of the PICA usually 
cause less impairment [86, 90].

Medial medullary infarction causes contralateral 
hemiparesis sparing the face, contralateral loss of pro-
prioception and discriminative sensation, and ipsilateral 
tongue weakness; occlusion of the anterior spinal artery 
or adjacent vertebral artery is usually responsible [91]. 
Bilateral medial medullary infarction causes quadriple-
gia and tongue paralysis [92].

Basilar artery
The basilar artery has short paramedian (perforating) 
branches, which supply the base of the pons at either side 
of the midline as well as paramedian aspects of the pon-
tine tegmentum. Lateral aspects of the base of the pons 
and the tegmentum are supplied by paired short and 
long circumferential arteries, which also supply the cer-
ebellar hemispheres.

Occlusion of a single paramedian artery, resulting in 
restricted infarction in the brainstem, can be the result of 
occlusion of the mouth of the perforating artery by an 
atheromatous plaque in the parent basilar artery or of 
intrinsic small‐vessel disease [93]. Characteristic of 
brainstem lesions are bilateral long‐tract motor or sen-
sory signs and crossed (e.g. left face and right limb) motor 
or sensory signs [94, 95]. There can be nystagmus and 
disconjugate eye movements (from lesions affecting cra-
nial nerves III, IV, or VI) or internuclear ophthalmoplegia 
(from lesions affecting the median longitudinal fascicu-
lus). Ataxia results from involvement of cerebellar pedun-
cles [96]. Involvement of the reticular activating system 
can cause stupor or coma. There can be impairment of 

(a) (b)

Figure 4.19 Angiographic demonstration of 
the vertebrobasilar arterial system. (a) 
Anteroposterior projection of an MR 
angiogram, showing the extracranial vertebral 
arteries. The numbers refer to the segments of 
the artery: 0, the origin; 1, the precanal 
portion; 2, the intracanalicular part; 3, the 
horizontal part. The large arrow shows an 
intravertebral disc. (b) Lateral projection of an 
intra‐arterial catheter angiogram, showing: 1, 
the distal vertebral artery; 2, the posterior 
inferior cerebellar artery; 3, the basilar artery; 4, 
the anterior inferior cerebellar artery; 5, the 
superior cerebellar artery; 6, the posterior 
cerebral artery.
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cranial nerves not usually affected by unilateral cerebral 
hemispheric infarcts (e.g. unilateral deafness or pharyn-
geal palsy) [97, 98]. Unilateral involvement of the corticob-
ulbar/corticospinal tract in the upper pons can cause the 

“lacunar syndromes” of pure face, arm, and leg weakness 
or ataxic hemiparesis [99, 100] Bilateral involvement 
of  corticobulbar/corticospinal tracts causes locked‐in 
 syndrome, with complete paralysis of cranial and limb 
muscles except for eye movement (and sometimes only 
vertical eye movement) but with preserved alertness and 
automatic breathing [101].

“Top of the basilar syndrome” occurs when an embo-
lus impacts in the distal basilar artery, resulting in bilat-
eral ischemia of upper brainstem structures and of 
posterior cerebral artery territories [102]. Variably pre-
sent are altered pupillary responses, supranuclear pare-
sis of vertical gaze, ptosis or lid retraction, somnolence, 
hallucinations, involuntary movements such as hemibal-
lism, visual abnormalities such as cortical blindness 
(from involvement of the occipital lobes), and an amne-
sic state (from involvement of the temporal lobes or 
thalamus).

An elongated, tortuous, and dilated basilar artery 
(dolichoectasia) (Figures 4.21 and 6.5) is often unrecog-
nized [103, 104] (Sections 6.3.6 and 9.2.1). Complications 
include direct compression of the brainstem, resulting in 
a mixture of cranial nerve and long tract signs; disrup-
tion of laminar flow, in situ thrombosis, and occlusion of 
the origins of paramedian or long circumferential 
branches; distal embolization from in situ thrombosis; 
changes in contour of the basilar artery resulting in dis-
tortion at the origins of the perforating arteries; and rup-
ture causing subarachnoid hemorrhage.

Anterior inferior cerebellar artery
The anterior inferior cerebellar arteries (AICAs) arise 
from the proximal basilar artery (Figures  4.19 and 
4.20) and give off branches to the upper medulla and 
base of the pons before supplying the anterior cere-
bellum. In most people, they also give rise to the inter-
nal auditory arteries, but these may come directly 
from the basilar artery or, occasionally, the superior 
or posterior inferior cerebellar arteries. The internal 
auditory arteries, which are effectively end‐arteries, 
supply the seventh and eighth cranial nerves within 
the auditory canal and, on entering the inner ear, 
divide into the cochlear and vestibular arteries, which 
supply auditory and vestibular components of the lab-
yrinth [105].

Isolated occlusion of the AICA, which is uncommon, 
causes infarction in both the cerebellum and pons, with 
tinnitus, vertigo and nausea, ipsilateral Horner syn-
drome, ipsilateral nuclear facial palsy, dysarthria, nystag-
mus, ipsilateral trigeminal sensory loss, and cerebellar 
ataxia in the ipsilateral limbs [106, 107]. Ischemia in the 
territory of the internal auditory artery can cause sudden 
unilateral deafness or vertigo, alone or together [108–110] 
(Section 3.3.7).

(b)

(a)

Figure 4.20 (a) An axial CT brain scan, showing dolichoectasia of 
the basilar artery extending into the cerebellopontine angle 
(curved arrow). At this stage, the patient presented with trigeminal 
neuralgia. (b) Postmortem demonstration of the vertebral artery 
(closed arrows) and basilar artery (open arrow) in the same patient 
2 years later, after massive infarction of the brainstem and 
cerebellum. 
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Superior cerebellar artery
The superior cerebellar arteries (SCAs), arising from the 
basilar artery immediately before its terminal bifurcation 
(Figures  4.19 and 4.20), usually supply the dorsolateral 
midbrain, superior cerebellar peduncle, and superior 
surface of the cerebellar hemispheres. Infarction involv-
ing the whole territory of the SCA causes ipsilateral 
Horner syndrome and limb ataxia, contralateral spi-
nothalamic sensory loss and upper motor neuron‐type 
facial palsy, and sometimes contralateral fourth nerve 
palsy. SCA territory infarction in pure form is rare, but it 
is often associated with other infarcts in the distal terri-
tory of the basilar artery and may then have a poor prog-
nosis [111]. Infarcts that involve only the cerebellar 
territory of the SCA have a better prognosis [112, 113]. 
In these cases, headache, limb and gait ataxia, dysarthria, 
vertigo, and vomiting are prominent [114]. Vertigo is 
much less common in SCA than posterior or anterior 
inferior cerebellar artery territory infarction [90]. 
Embolism (either cardiac or artery‐to‐artery) is probably 
the most frequent cause of both complete and partial 
SCA territory infarcts.

The arterial supply of the cerebellum
The cerebellum is supplied by the three long circumferen-
tial arteries described earlier: posterior inferior cerebellar 
artery (PICA), anterior inferior cerebellar artery (AICA), 
and superior cerebellar artery (SCA). The PICA usually 

supplies the inferior surface, the AICA the anterior sur-
face, and the SCA the superior, tentorial surface 
(Figure  4.20). Territorial infarction is usually caused by 
thromboembolism, but these arterial systems also have 
perforating arteries, which lack anastomoses. Small, deep 
infarcts in the territory of these vessels can be secondary 
to low flow without acute occlusion as a result of large‐
vessel atherothrombosis (Figure 4.22).

Posterior cerebral artery
The two posterior cerebral arteries (PCAs) are usually the 
terminal branches of the basilar artery (Figures 4.19 and 
4.20). The P1 segment of the PCA is between the basilar 
bifurcation and the PCoA; the P2 segment is between the 
PCoA and the posterior aspect of the midbrain. From the 
P1 segment, small paramedian mesencephalic arteries 
and thalamic–subthalamic (thalamoperforating) arteries 
supply the medial midbrain and thalamus. In about 30% 
of individuals, these vessels arise from a single pedicle 
(artery of Percheron); bilateral midbrain infarction can 
thus result from a unilateral proximal PCA occlusion. 

Anterior inferior
cerebellar artery

Posterior inferior
cerebellar artery

Anterior spinal
artery

Vertebral artery

Occipital lobe

Pons

Posterior cerebral
artery

Middle cerebral artery

Anterior cerebral
artery

Internal carotid
artery

Posterior communicating
artery

Temporal lobe

Superior cerebellar
artery

Basilar
artery

Perforating
arteries

Figure 4.21 Arterial supply of the cerebellum. 
The brainstem, cerebellum, and inferior surface 
of the temporal and occipital lobes viewed from 
antero‐inferiorly. The cerebellum, on the 
left‐hand side of the drawing, has been cut 
away to reveal the inferior temporal and 
occipital lobes. Three major pairs of arteries 
supply the cerebellum: the superior cerebellar, 
the anterior inferior cerebellar (both branches 
of the basilar), and the posterior inferior 
cerebellar arteries (branch of the vertebral 
arteries). Perforating branches of the basilar 
artery supply the pons. The medial parts of the 
medulla are supplied by the anterior spinal 
artery and the lateral parts by branches of the 
vertebral arteries. The posterior cerebral arteries 
supply the posteromedial temporal lobes and 
the occipital lobes. The superior surface of the 
cerebellum (not shown) is predominantly 
supplied by the superior cerebellar arteries.

Cerebellar infarction may be misdiagnosed as “labyrin-
thitis,” vestibular neuronitis, or even upper gastrointesti-
nal disease if vertigo, nausea, and vomiting are 
prominent.
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(a) (b)

(c) (d)

Figure 4.22 A montage of MR scans and one CT scan, showing various cerebellar infarcts (arrows). (a) Small cerebellar cortical infarcts in 
the posterior inferior cerebellar artery (PICA) territories. (b) A unilateral small right cerebellar cortical infarct (medial branch of PICA). (c) A 
cortical infarct in the left PICA territory. (d) A left cerebellar cortical infarct (lateral branch of superior cerebellar artery). (e) An infarct in the 
left brainstem just inferior to the pons (perforating branch of basilar artery). (f ) A CT scan, showing a left superior cerebellar infarct (medial 
branch of the superior cerebellar artery).
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From the P2 segment, small thalamogeniculate arteries 
supply the lateral thalamus, and the posterior choroidal 
artery (PChA) supplies part of the lateral geniculate 
nucleus. Passing around the free medial edge of the ten-
torium, the PCA usually divides into two divisions, with a 
total of four main branches. The anterior division gives 
rise to the anterior and posterior temporal arteries, which 
supply the undersurface of the temporal lobe. The poste-
rior division gives rise to the calcarine and parieto‐
occipital arteries, which supply the visual cortex and the 
medial parieto‐occipital cortex. The posterior pericallosal 
arteries are usually branches of the parieto‐occipital 
arteries and pass anteriorly to form a potential anasto-
mosis with the anterior pericallosal arteries from the 
anterior cerebral artery. The potential minimum and 
maximum areas of supply of these branches are shown in 
Figure 4.23. During early fetal development, the internal 
carotid artery (ICA) supplies most of the posterior aspect 
of the cerebral hemispheres and brainstem through the 
PCoA. In some adults this pattern persists, with only a 
vestigial basilar artery–PCA connection, and in about 
30% one or both PCAs are supplied from the ICA via the 
PCoA [26, 27] (Section 4.2.2).

Occlusions of the PCA origin are usually associated 
with intrinsic PCA atheroma or embolism from the 
heart or proximal arteries. An embolus might stop at the 
basilar bifurcation and then fragment [102, 115–117]. In 
East Asians, intrinsic PCA atherosclerosis is more com-
mon than embolism [118]. In many cases the etiology of 
PCA territory infarction cannot be determined [119]. As 
with occlusion of the mainstem of the MCA, ischemia 
can occur in both the deep and superficial territory of 
the PCA.

Occlusion of the deep perforating branches results in 
ischemia of the thalamus and upper brainstem, as 
described later. Such patients have hemiparesis in addi-
tion to their visual defects and so mimic extensive MCA 
territory infarction [120, 121]. Visual field defects are the 
most commonly encountered syndrome from PCA 
infarction. A macular‐sparing homonymous hemianopia 
is explained by collateral flow from the MCA supplying 
the occipital pole [122]. More restricted infarcts can 
result in small homonymous sectoranopias. Bilateral 
occipital infarction may result in cortical blindness, 
sometimes with anosognosia for blindness (Anton syn-
drome) and amnesia (Dide–Botcazo syndrome) [123]. 

(e) (f)

Figure 4.22 (Continued)
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(a)

(b) (c)

(d)

Figure 4.23 Ischemia in the territory of the 
posterior cerebral artery (PCA). (a) The typical 
appearance on a T2‐weighted MR scan of PCA 
territory infarction (arrows). However, there is 
great interindividual and interhemispheric 
variability in the area supplied by the PCA (b, c). 
The dark purple areas show the only part of the 
cortex on the lateral surface (b) and the medial 
surface (c) of the hemisphere, which was always 
supplied by the PCA in a large pathological 
study [3]. The pale purple represents the 
maximum extent of the area which may be 
supplied by the PCA in some patients. (d) There 
is a similar degree of variability for the 
intracerebral territory supplied by the PCA. The 
figure shows the minimum (dark purple) and 
maximum (pale purple) areas of supply at three 
levels in the same pathological study. Source: Van 
der Zwan A. The Variability of the Major Vascular 
Territories of the Human Brain, MD dissertation, 
1991, University of Utrecht. Reproduced with 
permission of Dr. A. van der Zwan.
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There may be altitudinal hemianopia [124]. A variety of 
visual agnosias are described [125, 126]. When vision is 
less severely affected, disorders of color vision (discrimi-
nation, naming) may be apparent. Ischemia in the PCA 
territory sometimes produces “positive” visual phenom-
ena, but such phenomena are quite different from the 
scintillating scotomas of migraine [127]. There may be 
bizarre illusions or hallucinations in the intact ipsilateral 
visual field [128]. Visual perseverations, such as seeing 
an object several times despite continued fixation, and 
continuing to see an object as an after‐image (palinopsia) 
can also occur [129].

Disorders of language function can also follow PCA 
territory infarction, probably due to involvement of the 
thalamus (see later) or its projection fibers. Alexia with-
out agraphia results from a language‐dominant hemi-
sphere PCA occlusion (Section  3.3.3). Whether alexia 
without agraphia is the result of posterior callosal dis-
connection is controversial. Amnestic disorders occur 
because of involvement of the temporal lobes or the thal-
amus [130, 131] (Section 3.3.3). Nonlanguage‐dominant 
hemisphere PCA territory infarcts that extend into the 
parietal lobe cause constructional apraxia or hemine-
glect. Other neuropsychological impairments associated 
with PCA territory infarction include color naming or 
matching, writing, calculation, praxis, semantic demen-
tia, and executive dysfunction [132–134].

Arterial supply of the thalamus
The thalamus is involved in about one‐quarter of all 
 posterior circulation ischemic strokes, either in isolation 
following perforating artery occlusion or in combination 
with other structures following large artery thrombosis 
or artery‐to‐artery embolism. The blood supply to the 
thalamus comes from four groups of arteries, which over 
the years have, confusingly, been called by several differ-
ent names [135] (Figure  4.24). Unlike other lacunar 
infarcts, those in the thalamus are associated with a wide 
range of clinical syndromes, which can make localization 
difficult [136, 137].

Thalamic–subthalamic arteries
Thalamic–subthalamic arteries (also known as parame-
dian, thalamoperforating, and posterior internal optic 
arteries) arise from the proximal (P1) posterior cerebral 
artery (PCA) [138]. They are usually 200–400 µm in 
luminal diameter and supply the thalamus and upper 
midbrain. In 30% of people, the branches to both sides of 
the thalamus have a common pedicle (artery of 
Percheron) from just one PCA [139]. They supply the 
posteromedial thalamus, including the posterior dorso-
medial nucleus and the intralaminar nuclei. The typical 
syndrome of unilateral infarction is of acute reduction 
of consciousness, memory dysfunction, and impaired 
upgaze, with little or no motor or sensory disturbance. 

The neuropsychological abnormalities are difficult to 
distinguish from cortical syndromes, and they have a 
wide nonstroke differential diagnosis. Symptoms result-
ing from bilateral infarcts due to occlusion of a common 
vascular pedicle are similar to those from unilateral 
infarction, but are usually much more severe [140]. 
Hypersomnolence can persist for many weeks, presum-
ably due to involvement of the intralaminar nuclei and 
rostral fibers of the reticular activating system. In some 
cases hypothalamic involvement probably contributes to 
pathological sleepiness, which can persist after recovery 
of consciousness [141]. Akinetic mutism can occur 
(Section 3.3.2). In many people paramedian arteries sup-
ply anterior thalamic structures; in such cases memory 
impairment can be severe [142]. Mood disturbances may 
mimic frontal lobe syndromes. “Thalamic dementia” 
consists of impaired attention, slowed responses, poor 
motivation, and amnesia.
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Figure 4.24 Diagrammatic representation of the arterial supply of 
the thalamus, showing the anterior, medial, lateral, and posterior 
nuclei. The branches are: (a) thalamic–subthalamic (paramedian, 
thalamoperforating, posterior internal optic) arteries (in addition 
to the thalamus, branches supply the midbrain, and in about 30% 
the branches to the thalamus in the other hemisphere arise from a 
common pedicle); (b) polar (tuberothalamic, anterior internal 
optic) arteries; (c) thalamogeniculate arteries; (d) posterior 
choroidal arteries.

The neuropsychological abnormalities caused by 
ischemia in the territory of the thalamic–subthalamic 
arteries are difficult to distinguish from cortical syn-
dromes and they also have a wide nonstroke differential 
diagnosis.
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Polar arteries
Polar arteries (also known as tuberothalamic and anterior 
internal optic arteries) usually arise from the posterior 
communicating artery (PCoA), although in about 30% of 
people the PCoA is absent and blood supply comes from 
the thalamic–subthalamic arteries. The polar arteries 
supply anteromedial and anterolateral areas, including 
the dorsomedial nucleus, the reticular nucleus, the 
mammillo‐thalamic tract, and part of the ventrolateral 
nucleus. These nuclei have substantial connections with 
the frontal lobes, and the dorsomedial nuclei link with 
medial temporal lobe structures. The deficits from polar 
infarcts are mainly neuropsychological; patients tend to 
be apathetic and lack spontaneity. Typically, left‐sided 
infarcts result in aphasia that is nonfluent, with poor 
naming but preserved comprehension and repetition, 
and impaired learning of verbal material [143]. Right‐
sided infarcts result in hemineglect syndromes and 
impaired visuospatial processing. Polar infarcts, particu-
larly if bilateral, may result in acute amnesia [144].

Thalamogeniculate arteries
These five or six small branches arising from the more dis-
tal posterior cerebral artery are, like the lenticulostriate 
branches of the middle cerebral artery, usually 400–800 µm 
in luminal diameter. They supply the ventro‐postero‐lateral 
and ventro‐postero‐medial nuclei, i.e. specific sensory 
relay nuclei, infarction of which causes pure sensory stroke 
[145] (Section 4.3.2). There may be a full hemianesthesia 
or partial syndromes such as hand and mouth (cheiro‐
oral), hand, foot, and mouth (cheiro‐podo‐oral), and pseu-
doradicular sensory loss [146, 147] (Section  3.3.5). The 
deficit can involve all modalities, spare proprioception, or 
spare pain and temperature sensation [148]. If there is 
extension to the internal capsule, a sensorimotor stroke 
occurs [149] (Section  4.3.2). Hemiataxia results from 
interruption of fibers in the dentato‐rubro‐thalamic path-
way projecting to the ventrolateral nucleus. Ataxic hemi-
paresis occurred with infarction affects crossed cerebellar 
efferent fibers entering the thalamus and the adjacent cor-
ticospinal tract [150]. The Dejerine–Roussy syndrome 
includes marked hemianesthesia and paroxysmal pain and 
allodynia (often of delayed onset) contralateral to the 
lesion [151, 152]. Infarction associated with intrinsic 
small‐vessel disease is more likely to cause pure sensory 
loss compared to infarction associated with posterior cer-
ebral artery atherosclerotic disease, which often produces 
additional symptoms such as ataxia and hemiparesis [145].

Medial and lateral posterior choroidal arteries (PChAs) 
also arise from the posterior cerebral artery; they supply 
the pulvinar and posterior thalamus, the geniculate nuclei, 
and the anterior nucleus. Involvement of the PChA 
causes visual field deficits (upper or lower homonymous 
quadrantanopia and rarely homonymous horizontal sec-
toranopia), with or without hemisensory loss. Some cases 

have associated neuropsychological deficits such as trans-
cortical aphasia and disturbance of memory [153].

4.2.4 Arterial boundary zones

Arterial boundary zones may be defined as areas of the 
brain where distal fields of two or more adjacent arteries 
meet (Section 6.7.5). Such areas are particularly vulner-
able to hemodynamic stresses, such as hypotension and 
low focal or global cerebral perfusion pressure. There 
are two types of boundary zone: (i) those at the junction 
of two arterial systems with functional anastomoses, e.g. 
on the pial surface between the major cerebral arteries or 
at the base of the brain between the choroidal circula-
tions; (ii) those at the junction of two non‐anastomosing 
arterial systems, e.g. deep perforating and pial medullary 
perforating arteries in the centrum semiovale.

With the former, the boundary zone will occur at 
points of equal pressure between the two arterial sys-
tems. Consequently, changes in arterial pressure in one 
of the systems may result in a shift of the boundary zone 
toward the compromised artery (Figures  4.11, 4.17, 
4.23). With the latter, the boundary zone is likely to be 
more or less fixed in the cerebral hemisphere 
(Figure 4.25). Both types of boundary zone are present 
in the cerebellum.

Major boundary zones tend to occur at symmetrical, 
predictable sites in the hemispheres. Consequently, 
imaged infarcts in these areas are likely to be hemody-
namic rather than embolic in origin, i.e., due to low flow 
rather than acute arterial occlusion. As shown in 
Figures 4.11, 4.17, 4.23, and 4.25, however, both types of 
boundary zone have considerable interindividual and 
intraindividual variation, and it is not always possible to 
identify “typical” CT or MR patterns associated with 

boundary zone infarction [5, 7] (Section 6.7.5).
While cortical boundary zone infarcts may have many 

causes (not just low flow), the deep or internal boundary 
zone is most vulnerable to low blood flow [154]. Whereas 
with cortical infarcts the principal alternative diagnosis 
is distal field embolism, in the subcortical region it is 
intrinsic disease of the perforating arteries [3, 72, 73].

4.3  Clinical subclassification of stroke

4.3.1 Introduction

Traditional teaching of cerebrovascular neurology is 
based on the general assumption that particular symp-
toms and signs arise from restricted areas of damaged 

It is not always is possible to identify “typical” CT or MR 
patterns associated with boundary zone infarction.
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brain, which, in turn, receive their vascular supply in a 
reasonably predictable manner. In fact, most “classical” 
vascular syndromes occur infrequently (at least in their 
pure forms), and when they do, they rarely have a par-
ticularly distinctive cause. Moreover, classical descrip-
tions nearly always relate to ischemic rather than 
hemorrhagic strokes.

Clinically based classifications attempt to distinguish 
anterior (carotid) circulation strokes and posterior (ver-
tebrobasilar) circulation strokes, but there can be con-
siderable overlap of symptoms between the two 
territories (Table 4.3). In terms of the intracranial circu-
lation (both anterior and posterior), there are striking 
differences between the structure, anastomotic poten-
tial, vascular pathology, and functional areas of the 
brain perfused by the main stems of parent arteries, 
cortical branch arteries, and small, deep perforating 
arteries (Table 4.2).

There is also good evidence that the prognosis of 
these groups differs (Section 10.2). A case can therefore 
be made for further subdividing strokes into those 
restricted to deep, subcortical areas (supplied by small 
perforating arteries); those restricted to superficial cor-
tical areas (supplied by small pial branch arteries); and 
those that involve both deep and cortical structures 
(implicating the whole area of supply of the parent cer-
ebral artery).

4.3.2 Lacunar syndromes

The clinical syndrome
Ischemia in the territory of a single, deep perforating 
artery can cause a restricted area of infarction known as 
a “lacune” (Section  6.4) (Figure  4.26). Technically, it 
should be described as an ischemic lacune because simi-
lar sized areas of tissue destruction can be caused by 
small hemorrhages. The term “lacune” refers pathologi-
cally to a small (3–15 mm) cerebrospinal fluid (CSF)‐
filled cavity. Terminology then becomes confusing [155]. 
As defined by one investigator, the term “lacunar stroke” 
refers to “a clinical stroke syndrome with the typical 
symptoms and signs referable to a small subcortical or 
brainstem lesion” [156]. The term “lacunar infarct” refers 
to “a clinical stroke syndrome of lacunar type where the 
underlying lesion is an infarct on brain imaging” [156]. 
Clinically evident acute lacunar infarcts can evolve with 
time into lacunes. MRI evidence of progression to cavita-
tion occurs in nearly all using T1‐weighted imaging [157] 
but in only 20% using FLAIR or T2‐weighted imaging 
[158]. In the absence of clinical stroke, therefore, such 
lesions on T2 or FLAIR are difficult to distinguish from 
white matter hyperintensities (WMH; “leukoaraiosis”) 
that usually reflect diffuse small‐vessel disease [159]. Not 
surprisingly, there is considerable variation in definition 
and description of lacunar lesions in studies based on 
imaging [160].

WMH and lacunes share risk factors and small‐vessel 
pathology. The Leukoaraiosis and Disability Study (LADIS) 
demonstrated that WMH and lacunes progress over time 
and that the rate of progression correlates with the amount 
of WMH and lacunes at baseline and with the presence of 
vascular risk factors [161].

Figure 4.25 Variability of the internal 
boundary zones. The purple shaded areas 
represent the minimum areas of 
intracerebral supply at three levels of the 
anterior, middle, and posterior cerebral 
arteries in a large pathological study [3], as 
shown individually in Figures 4.11d, 4.17e, 
and 4.23d. The adjacent unshaded areas 
represent the areas of variation within which 
the boundaries between these territories 
were found. Source: Van der Zwan A. The 
Variability of the Major Vascular Territories of 
the Human Brain, MD dissertation, 1991, 
University of Utrecht. Reproduced with 
permission of Dr. A. van der Zwan.

Despite being well known, many of the “classical” vascu-
lar syndromes occur rather infrequently in routine clinical 
practice.
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Most lacunes occur in “non‐eloquent” areas such as 
the lentiform nucleus and do not cause stroke syn-
dromes. Other lacunes occur at strategic sites such as in 
the internal capsule and pons, where clinically “eloquent” 
ascending and descending neural tracts are concen-
trated, with the result that an extensive clinical deficit 
can occur from an anatomically small lesion (Sections 
3.3.4 and 3.3.5). However, these lesions are much less 
likely to cause an acute disturbance of higher cognitive 
or visual function than those involving the cortex.

A number of clinical syndromes associated pathologi-
cally or radiographically with lacunes are regarded as 
“classical” lacunar syndromes [162–165]. Such syn-
dromes can predict both anatomical localization and 
vascular pathology (Section 6.7.3).

Pure motor stroke
The association of pure motor deficits and lacunes was 
noted early in the twentieth century [166]. Pure motor 
stroke (PMS) is defined as “a paralysis complete or 
incomplete of the face, arm and leg on one side unac-
companied by sensory signs, visual field defect, aphasia, 
or apractagnosia. In the case of brainstem lesions the 
hemiplegia will be free of vertigo, deafness, tinnitus, 
diplopia, cerebellar ataxia, and gross nystagmus” [162] 
(Table 4.4). An infarct presenting with PMS is likely to be 
located in an area where the motor tracts are closely 
packed together; a lesion of the motor cortex sufficiently 
extensive to involve the face, arm, and leg areas of the 
homunculus would very likely also affect neural path-
ways subserving sensory, cognitive, or visual functions. 
The definition applies to the maximum deficit in 
the acute phase of a single stroke but not to less recent 

Figure 4.26 Postmortem demonstration of a lacune (closed arrow) 
in the internal capsule (open arrow) of a coronal brain slice.

Table 4.3 Which arterial territory are the neurological problems in?

Likely arterial territory

Anterior Either Posterior

Dysphasia +
Monocular visual loss +
Unilateral weaknessa +
Unilateral sensory 
disturbancea

+

Dysarthriab +
Ataxiab +
Dysphagiab +
Diplopiab +
Vertigob +
Bilateral simultaneous 
visual loss

+

Bilateral simultaneous 
weakness

+

Bilateral simultaneous 
sensory disturbance

+

Crossed sensory/motor loss +
a Usually assumed to be “anterior,” but see under lacunar syndromes 
(Section 4.3.2).
b In isolation, these symptoms are not usually regarded as indicating a 
cerebrovascular event (Section 3.2.1)
Note: whether the neurological symptoms are transient or persistent, 
and irrespective of whether there are abnormal neurological signs, it 
can be difficult to tell which arterial territory is involved, because 
often the symptoms are not specific for one particular arterial 
territory. Arterial anatomy and collateral circulation vary, and one 
function can be distributed through both arterial territories (e.g. the 
corticospinal tract is supplied in the cerebral hemispheres by the 
anterior circulation and in the brainstem by the posterior circulation).

Table 4.4 Lacunar syndromes.

Definition
Maximum deficit from a single vascular event
No visual field deficit
No new disturbance of higher cognitive function
No signs of brainstem disturbancea

Categories
Pure motor stroke
Pure sensory stroke
Ataxic hemiparesis (including dysarthria–clumsy hand 
syndrome and homolateral ataxia and crural paresis)
Sensorimotor stroke
To be acceptable as a pure motor, sensory, or sensorimotor 
stroke, the relevant deficit must involve at least two out of 
three areas of the face, arm, and leg, and, with particular 
reference to the arm, should involve the whole limb and not 
just the hand.

a Some brainstem syndromes may be caused by lacunar infarcts.
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strokes in which other signs might have been present to 
begin with but subsequently resolved.

In the original report of nine autopsied PMS cases, six 
of the lacunes were in the internal capsule and three in 
the pons. Since then, cases of PMS have been reported 
with lacunes at other sites along the corticospinal tract, 
including the corona radiata, the cerebral peduncle, and 
the medullary pyramid [167]. Cases with slightly more 
restricted pure motor deficits (e.g. weakness of just the 
face and arm, or arm and leg) can be associated with 
small, deep infarcts [62, 168]. The whole of the arm or leg 
should be affected, however. Such infarcts are usually in 
the corona radiata or the junctional zone between it and 
the internal capsule, where nerve fibers are relatively 
more dispersed than in the capsule or pons [62, 169].

The more restricted a deficit, the more likely it is to 
arise from a cortical lesion. Probably less than a quarter of 
strokes causing isolated upper or lower limb motor deficit 
are lacunar infarcts, although lacunar infarcts may be 
more likely to cause an isolated facial weakness [67, 170].

The term “capsular warning syndrome” refers to recur-
rent TIAs in the territory of a lenticulostriate artery, 
typically producing contralateral hemiparesis. Symptoms 
tend to be refractory to pharmacotherapy, and a 40% 
10‐day stroke risk is reported [171].

Pure sensory stroke
Pure sensory stroke (PSS), the sensory counterpart of 
pure motor stroke, is encountered much less frequently 
[163, 172, 173]. Sensory loss usually involves face, arm, 
and leg, but as noted in Section 3.3.5, lesions within the 
thalamus can cause restricted syndromes such as hand 
and mouth (cheiro‐oral) and hand, mouth, and foot 
(cheiro‐oral‐pedal) [174]. Most lesions causing PSS are in 
the ventral posterior nucleus of the thalamus and are the 
smallest of the symptomatic small, deep infarcts [175].

Sensory loss can involve pain and temperature sensa-
tion while sparing proprioception and discriminative 

modalities, or an opposite dissociation can occur [148]. 
“Thalamic central pain” with allodynia (Dejerine–Roussy 
syndrome) develops in about one‐fifth of patients with 
thalamic ventral posterior nucleus lacunes, usually 
evolving within weeks or months after stroke [176, 177].

Homolateral ataxia and crural paresis, dysarthria–clumsy 
hand syndrome, and ataxic hemiparesis
Homolateral ataxia and crural paresis consists of weak-
ness of the lower limb, especially the ankle and toes, a 
Babinski sign, and “striking dysmetria of the arm and leg 
on the same side” [164]. Dysarthria–clumsy hand syn-
drome consists of dysarthria and clumsiness of one hand, 
although two of the three original patients had signs sug-
gestive of pyramidal dysfunction in the ipsilateral leg, 
and both had an ataxic gait [165]. Three further patients 
with vertical nystagmus, pyramidal weakness, and cere-
bellar signs led to the proposal that the term “ataxic 
hemiparesis” be used for such cases as well as those with 
homolateral ataxia and crural paresis [178]. Relevant 
lacunes are described in the pons, with variable distribu-
tion of weakness in different cases attributed to involve-
ment of motor fibers where they are relatively dispersed 
by the pontine nuclei [137]. Dysarthria–clumsy hand 
syndrome is described with lesions in both the contralat-
eral pons and the internal capsule [179, 180]. Homolateral 
ataxia and crural paresis is also described with infarcts in 
the anterior cerebral artery territory [43]. Thus, these 
syndromes are less anatomically predictive than PMS 
and PSS.

Sensorimotor stroke
Sensorimotor stroke (SMS), with severe hemiparesis and 
hemisensory loss, is associated with lacunes affecting the 
posterior thalamus plus the posterior limb of the internal 
capsule [149]. The syndrome can also occur with small 
deep infarcts affecting only the posterior limb of the 
internal capsule or the corona radiata. Such lesions inter-
rupt both descending corticospinal fibers and ascending 
thalamocortical sensory projections [149]. On CT and 
MR imaging infarcts causing SMS are larger than other 
LACS, although probably within the territory of a single 
perforating artery [181, 182]. In CT‐negative cases of 
SMS, MRI identified a lesion in the medial part of the 
medulla [183].

The brain lesion
The term “lacunar syndrome” is misleading. Strokes 
other than small deep infarcts can cause lacunar syn-
dromes, and small deep infarcts can cause a wide 
variety of symptoms and signs. Of 137 patients with 
either lacunar syndrome (pure weakness or sensory 
loss of face and arm, arm and leg, or all three; ataxic 

Patients with lacunar syndromes should have no apha-
sia, no visuospatial disturbance, no visual field defect, 
no clear disturbance of brainstem function, and no 
drowsiness, unless caused by a coexisting nonvascular 
condition.

Only deficits involving the whole of the arm and face 
(brachio‐facial), or the whole of the arm and leg (brachio‐
crural), should be accepted as partial lacunar syndromes; 
more restricted deficits (e.g. hand only) are more likely to 
be of cortical (or peripheral) origin.
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hemiparesis; dysarthria–clumsy hand syndrome; or 
homolateral ataxia and crural paresis) or “mild cortical 
stroke syndrome” (weakness or sensory loss in the face, 
arm, or leg; dysphasia or neglect; or weakness in more 
than one limb in the presence of “higher cerebral dys-
function” or homonymous hemianopia), 21/93 (23%) 
with a cortical syndrome had an acute lacunar infarct 
and 7/44 with a lacunar syndrome had an acute corti-
cal infarct [184]. In a study of 87 patients with acute 
lacunar syndromes, lesions other than “lacunar 
infarcts” were present in 16.6% of cases (including 39% 
of those with “pure motor strokes”; other lesions 
included cardioembolic infarction, primary intracere-
bral hemorrhage, and spontaneous subdural hema-
toma [185]. Any of the lacunar syndromes can be 
caused by a small hemorrhage, accounting for probably 
about 5% of cases [167].

Of six patients with pure leg monoparesis, two had 
small deep infarcts in the posterior limb of the internal 
capsule, two in the corona radiata, and one subcortically 
in the posterior frontal lobe; only one patient had a corti-
cal infarct [186].

Pure hemichorea with neither weakness nor sensory 
loss was caused by contralateral thalamic infarction 
[187]. “Schizophrenia‐like psychosis” was associated 
with a right lacunar thalamic infarct [188].

The degree to which lacunes contribute to cognitive 
impairment is controversial. Altered cognition or behav-
ior can occur when a lesion affects a critically eloquent 
region of the brain. For example, short‐term memory loss 
without aphasia, motor deficit, or sensory loss followed 
lacunar infarction affecting the genu of the right internal 
capsule and the anterior thalamus [189]. Less clear is cau-
sality when progressive cognitive decline is associated 
with multiple lacunes or with abnormal imaging (“leu-
koariaosis”) consistent with cerebral small‐vessel disease 
but without a “strategically placed infarct.” Such patients 
usually have amyloid plaques and neurofibrillary tangles 
at autopsy – i.e. Alzheimer disease – and the degree to 
which vascular disease contributed to the cognitive 
decline is indeterminate [190]. SMART‐MR study showed 
that the presence and progression of periventricular white 
matter lesions and lacunar infarcts is associated with pro-
gression of brain atrophy [191]. The LADIS study and the 
SPS3 trial found that incident lacunes identified on imag-
ing correlate with cognitive decline [192, 193], providing 
evidence that lacunes and cerebral small‐vessel disease at 
least contribute to cognitive impairment [194]. The term 
“subcortical vascular dementia,” however, is more appro-
priately applied when autopsy confirms small‐vessel dis-
ease or lacunes in the absence of Alzheimer pathology. 
Such patients are infrequent among autopsied elderly 
demented subjects [190]. Autopsy studies, moreover, are 
biased toward late stages of disease [195].

Strategies to identify pure vascular dementia in vivo 
include the use of Pittsburgh compound B (PiB), which 
binds to deposited beta‐amyloid and is detectable, 
using positron emission tomography (PET), in nearly all 
patients with late stages of Alzheimer disease [195]. Of 
45 patients with suspected “subcortical vascular demen-
tia” (based on DSM‐IV criteria for vascular dementia 
plus severe white matter high signal intensities on MRI 
and focal motor signs or gait abnormality), two‐thirds 
were negative for PiB binding. Compared to PiB positive 
subjects, PiB negative subjects had more lacunes and less 
hippocampal atrophy. They performed better than PiB 
positive subjects on memory tests but were equally 
impaired on tests of executive function [196]. The find-
ings suggest that “subcortical vascular dementia” is more 
common than previously suspected. Still uncertain is 
how extensive lacunar disease has to be to cause cogni-
tive impairment in the absence of Alzheimer pathology.

The vascular lesion
Postmortem studies led to the view that small asympto-
matic lacunes are most often the consequence of occlusion 
by thickened vessel walls (lipohyalinosis) affecting vessels 
of less than 100 µm diameter, while larger lacunes are most 
often the result of small‐vessel microatheroma affecting 
vessels with diameter around 400 µm [197] (Section 6.4). 
Some cases, particularly those in the pons with occlusion 
of a basilar perforating artery, may be caused by obstruc-
tion of the mouth of the perforating artery by an ather-
omatous plaque within the parent artery [198].

In contrast to postmortem studies, high‐resolution MRI 
has identified small‐vessel atheroma (branch atheroma-
tous plaque disease [BAD]) as the most common cause of 
lacunes [199]. Lacunes associated with BAD tend to be 
elongated, extending from the parenchyma to the basal 
surface, whereas lacunes associated with lipohyalinosis 
tend to be smaller and round or oval. BAD lesions are 
more often associated with widespread atherosclerotic 
disease [200]. Progression of symptoms and worse func-
tional outcome are more likely with BAD, and concomi-
tant silent lacunes are less likely [201]. Penetrating arteries 
responsible for lacunes show large variations in site of ori-
gin, shape, and number of branches; some arise from a 
common stem, perhaps accounting for a “conglomerated 
beads shape” of lacunes on diffusion‐weighted MRI [202].

Although an embolic mechanism is possible for some 
lacunes, epidemiological evidence suggests that there is a 
low frequency of severe carotid stenosis or cardiac 
sources of embolism [203–209] (Section  6.4). Some 
imaging studies suggest that edema secondary to 
endothelial dysfunction and the breakdown of the 
blood–brain barrier may also have a role [60, 205].

As noted earlier, a “lacunar syndrome” does not relia-
bly distinguish whether the brain lesion involves the 
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anterior (carotid) or posterior (vertebrobasilar) circula-
tion [210]. Small, deep infarcts can cause certain brain-
stem syndromes (e.g. contralateral hemiparesis plus an 
ipsilateral cranial nerve palsy or eye movement disorder), 
but the vascular lesion may be different, with atheroma 
overlying the mouth of the perforating artery being more 
frequent than in the anterior circulation [198].

4.3.3 Posterior circulation syndromes

The clinical syndromes
Eponymic clinical syndromes due to well‐localized 
lesions within the brainstem are an integral part of 
 “classical neurology” (e.g. Weber, Millard–Gubler, 
Wallenberg); in practice, however, such syndromes are 
rarely seen in pure form. Indeed, the clinical conse-
quences of a given vascular lesion are generally less pre-
dictable than in the anterior circulation because of the 
greater frequency of developmental vascular anomalies 
and the greater variability of the territory supplied by 
individual arteries. Additionally, until the advent of MRI, 
clinicoradiological correlation was difficult because of 
the poorer performance of CT in the posterior fossa 
compared with the supratentorial compartment, and 
catheter angiography was performed much less fre-
quently than for anterior circulation strokes because it 
rarely led to any change in management, such as vascular 
surgery [211]. Consequently, at the present time poste-
rior circulation syndromes (POCS) are a relatively crude 
grouping, with much topographic and etiological hetero-
geneity (Section 6.7.4).

Clinical deficits that point to a lesion being in the distri-
bution of the posterior circulation are shown in Table 4.5. 
Other symptoms and signs that may be present but are of 
less localizing value include Horner syndrome (which 
can occur with both carotid and vertebrobasilar strokes), 
nystagmus, vertigo (which in isolation is infrequently 
due to a stroke), dysarthria (which can occur from 
lesions anywhere in the motor pathways), and hearing 

disturbance [212, 213]. Occasionally an otherwise typi-
cal POCS may be associated with disturbance of higher 
cerebral function (e.g. aphasia or agnosia) a result of the 
variable supratentorial territory supplied by the poste-
rior cerebral arteries [120, 121, 214] (Section 4.2.3).

When diagnosing POCS at the bedside it is useful to 
consider whether there is involvement of (i) the distal 
territory, i.e. beyond the top of the basilar artery (visual 
field defects, higher cerebral dysfunction); (ii) the middle 
territory, i.e. the basilar artery (motor deficits, cranial 
nerves III–VII palsies); or (iii) the proximal territory, i.e. 
the vertebral arteries (crossed motor and sensory defi-
cits, lower cranial nerve palsies). Mechanisms of stroke 
in the three areas differ [81, 214–217]. Involvement of 
more than one territory, particularly if sequential or 
associated with fluctuating level of arousal, should raise 
the suspicion of occlusion of the basilar artery [218, 219]. 
It is important to have patients sit or stand; failure to rec-
ognize truncal or gait ataxia can lead to mislocalization.

The brain lesion
In community‐based studies between 10% and 18% of 
patients presenting with POCS had an intracerebral 
hemorrhage [220–222]. Correlation between clinical 
syndrome and brain imaging in patients with ischemic 
stroke is shown in Table  4.6. “Inappropriate” lesions 
include a number of supratentorial small, deep infarcts. 
Given that most of the studies were based on CT, it is 
possible that some patients had an infarct in the brain-
stem that was not visible. MRI has shown that certain 
brainstem syndromes are associated with small, deep 
infarcts, reflecting ischemia in the territory of a single 
basilar perforating artery [181]. Of 93 cases of isolated 
homonymous hemianopia associated with a vascular 
lesion, 80 (96%) were attributed to posterior cerebral 
artery occlusion [222].

The vascular lesion
In a large hospital‐based registry, 32% of posterior circu-
lation infarcts were attributed to large‐artery occlusion, 
14% to artery‐to‐artery emboli, 24% to embolism from 
the heart, and 14% to perforating artery disease [216]. At 
least in whites, atheroma of the intracranial portion of 
the vertebral arteries and the basilar artery is much more 
common than in the intracranial carotid or middle cere-
bral arteries. Thus, as noted earlier, while small, deep 
infarcts resulting from occlusion of a single perforating 
artery in the anterior circulation are most likely to be due 
to intrinsic disease of those vessels, in the posterior cir-
culation atheromatous disease in the parent artery 
may occlude the origin of a single perforating artery – a 
process referred to as “basilar branch occlusion” 
(Section 4.3.2). Because of the shape of the vertebrobasi-
lar system, emboli are most likely to arrest either in the 

Table 4.5 Posterior circulation syndromes.

At time of maximum deficit, any of:
Ipsilateral cranial nerve (III–XII) palsy (single or multiple) with 
contralateral motor and/or sensory deficit
Bilateral motor and/or sensory deficit
Disorder of conjugate eye movement (horizontal or vertical)
Cerebellar dysfunction without ipsilateral long tract deficit (as 
seen in ataxic hemiparesis)
Isolated hemianopia or cortical blindness

Disorders of higher cerebral function (e.g. aphasia, agnosia) may be 
present in addition to the above features if the posterior cerebral 
artery territory is involved.
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distal part of the vertebral artery or in the upper part of 
the basilar artery.

4.3.4 Total anterior circulation syndrome

The clinical syndrome
The clinical features of the total anterior circulation syn-
drome (TACS) (Table 4.7) are contralateral hemiplegia, 
hemisensory loss, and homonymous hemianopia, plus 
disturbance of higher cerebral function referable to the 
affected cerebral hemisphere. “Total” in this context sig-
nifies that the major aspects of supratentorial cerebral 
function have been affected; it does not necessarily mean 
that there has been infarction in the entire anterior cir-
culation territory. The term “complete middle cerebral 

artery syndrome” is used in other classifications. 
Impairment of consciousness is often present.

The brain lesion
In community‐based studies between 19% and 25% of 
patients presenting with TACS had an intracerebral 
hemorrhage [220–222]. Correlation between clinical 
syndrome and brain imaging in patients with ischemic 
stroke is shown in Table  4.8. Posterior cerebral artery 
(PCA) territory ischemia can also produce a TACS [120, 
121, 223]; such patients generally have a relatively mild 
hemiparesis, which occurs because of involvement of the 
small, perforating arteries arising from the proximal 
PCA supplying the upper midbrain (Section 4.2.3).

The vascular lesion
The TACS pattern of deficit is generally ascribed to 
occlusion of the proximal mainstem of the MCA and 
infarction in both the deep and superficial territories. 
Sometimes the extent of infarction in the superficial 
 territory is not as extensive, presumably because of 
effective  leptomeningeal collaterals (Section  6.7.1). A 
similar explanation relates to striatocapsular infarction 
(Section 4.2.2). An angiographic study reported that of 
20 patients with extensive hemispheric infarction as 

Table 4.6 Clinicoradiological correlations of posterior circulation syndromes.

Study Number Appropriate infarct No lesion Inappropriate infarct

Bamford [220]a 81 19 (23%) 60 (74%) 2 (2%)
Lindgren et al. [221]a 32 12 (37%) 20 (62%) 0
Anderson et al. [222]a 36 16 (44%) 16 (44%) 4 (11%)
Wardlaw et al. [224]b 13 8 (62%) 5 (38%) 0
Al‐Buhairi et al. [230]b 71 32 (45%) 39 (55%) 0
Mead et al. [231]b 212 105 (50%) 86 (41%) 21 (10%)

a Community‐based study, first‐ever strokes.
b Hospital‐based study, first‐ever and recurrent strokes.

Table 4.7 Total anterior circulation syndrome.

At time of maximum deficit, all of:
Hemiplegia or hemiparesis and hemisensory loss contralateral 
to the cerebral lesion
Hemianopia contralateral to the cerebral lesion
Disturbance of higher cerebral function (e.g. aphasia, 
visuospatial disturbance)

Table 4.8 Clinicoradiological correlations of total anterior circulation syndromes.

Study Number Appropriate infarct No lesion Inappropriate infarct

Bamford [220]a 55 52 (95%) 0 3 (5%)
Lindgren et al. [221]a 54 35 (65%) 15 (28%) 4 (7%)
Anderson et al. [222]a 68 44 (65%) 10 (15%) 12 (18%)
Wardlaw et al. [224]b 33 31 (94%) 0 2 (6%)
Al‐Buhairi et al. [230]b 64 40 (62%) 15 (23%) 9 (14%)
Mead et al. [231]b 94 69 (73%) 7 (7%) 18 (19%)

a Community‐based study, first‐ever strokes.
b Hospital‐based study, first‐ever and recurrent strokes.
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judged by CT, 14 had MCA occlusion and 6 had either 
occlusion or severe stenosis of the ipsilateral ICA [54] 
Other studies of patients with nonhemorrhagic TACS 
found that more than one‐third had either occlusion 
or high‐grade stenosis of the ipsilateral ICA, and many 
others had a cardiac source of embolism [55, 204].

4.3.5 Partial anterior circulation syndromes

The clinical syndrome
These syndromes have less extensive deficits than a total 
anterior circulation syndrome yet do not fulfill the spe-
cific criteria for a lacunar syndrome, either because of 
the presence of higher cortical deficits or because the 
motor/sensory deficit is too restricted in anatomical 
terms. The clinical features of partial anterior circulation 
syndromes are set out in Table 4.9.

The brain lesion
In community‐based studies between 6% and 13% of 
patients presenting with a partial anterior circulation 
syndrome had an intracerebral hemorrhage [220–222]. 
Correlation between clinical syndrome and brain imag-
ing in patients with ischemic stroke is shown in Table 4.10. 
Most of the patients with “inappropriate” infarcts had 
either multiple small, deep infarcts, which may or may 
not have been relevant to the clinical syndrome, or what 

appeared to be isolated PCA territory infarction. 
Although PCA territory infarction is most often the 
result of embolism from the vertebrobasilar arteries, the 
PCAs are supplied by the carotid system in up to 15% of 
patients. (Section 4.2.2).

The vascular lesion
In an angiographic study of 25 patients with medium 
(1.5–3.0 cm) areas of infarction on CT, 14 had MCA 
occlusion, 6 ICA occlusion, and 5 no significant angio-
graphic lesion [54] (Section  6.7.2). Other studies of 
patients with nonhemorrhagic PACS found that about a 
quarter had either occlusion or high‐grade stenosis of 
the ipsilateral ICA, and up to half had a cardiac source of 
embolism [204, 208].

4.3.6 Syndromes of uncertain origin

Physicians occasionally have difficulty allocating cases on 
clinical grounds to one of the four major stroke syn-
dromes. For example, the patient may have had a previous 
stroke, be demented, or have had a limb amputated for 
peripheral vascular disease. In such cases it may be unclear 
which neurological deficits arose from the current stroke. 
Decreased level of alertness, if caused by the stroke rather 
than a metabolic disturbance, favors either an extensive 
supratentorial lesion or a stroke in the brainstem.

Brain imaging can assist primary classification and can 
be of value both in clinical practice and in research, par-
ticularly when considering the outcome of various 
groups of patients. Of course, it is important to be sure 
that any “infarct” is anatomically appropriate for the 
symptoms and signs and is of an age compatible with 
symptomatic onset.

4.3.7 Classification of acute brain infarction

A number of stroke classifications are based on clinical 
subtype. For example, the Oxfordshire Community 

Table 4.9 Partial anterior circulation syndromes.

At time of maximum deficit, any of:
Motor/sensory deficit + hemianopia
Motor/sensory deficit + new higher cerebral dysfunction
New higher cerebral dysfunction + hemianopia
Pure motor/sensory deficit less extensive than for lacunar 
syndromes (e.g. monoparesis)
New higher cerebral dysfunction alone (e.g. aphasia)
When more than one type of deficit is present, they must all 
reflect damage in the same cerebral hemisphere.

Table 4.10 Clinicoradiological correlations of partial anterior circulation syndromes.

Study Number Appropriate infarct No lesion Inappropriate infarct

Bamford [220]a 106 47 (44%) 56 (53%) 3 (3%)
Lindgren et al. [221]a 61 21 (34%) 24 (39%) 16 (26%)
Anderson et al. [222]a 75 25 (33%) 31 (41%) 19 (25%)
Wardlaw et al. [224]b 43 29 (67%) 7 (16%) 7 (16%)
Al‐Buhairi et al. [230]b 121 78 (64%) 39 (32%) 4 (3%)
Mead et al. [231]b 441 213 (48%) 143 (32%) 85 (19%)

a Community‐based study, first‐ever strokes.
b Hospital‐based study, first‐ever and recurrent strokes.
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Stroke Project (OCSP) divides cerebral infarction into 
four major categories as discussed earlier [224]. Of 543 
patients with a brain infarct, 92 (17%) had “total anterior 
circulation infarcts (TACI)” with both cortical and 
 subcortical involvement; 185 (34%) had “partial anterior 
circulation infarcts (PACI)” with more restricted and 
predominantly cortical involvement; 129 (24%) had 
“posterior circulation infarcts (POCI)” within the verte-
brobasilar territory; and 137 (25%) had “lacunar infarcts 
(LACI)” confined to the territory of deep perforating 
arteries.

Classifications such as the OCSP preceded the wide-
spread use of “hyperacute” pharmacological (recombi-
nant tissue plasminogen activator [rtPA]) or mechanical 
interventions, which require more immediate and relia-
ble diagnoses based on brain imaging. Impressions of 
stroke subtype based on OCSP syndromes often need 
revision when made in the “hyperacute phase” [6, 225]. A 
more widely used classification of acute ischemic stroke 
is based on suspected etiology and was used by investiga-
tors in the Trial of Org 10172 in Acute Stroke Treatment 

(TOAST) trial: large artery atherosclerosis, cardioembo-
lism, small artery disease, “other determined etiologies” 
(e.g. vasculitis or coagulopathy), and “undetermined eti-
ology” [226]. As with classification based on clinical sub-
type, etiologies suspected at symptom onset may not be 
confirmed with later diagnostic testing. In a study using 
the TOAST protocol, the initial (<24 hours from symp-
tom onset) impression of stroke subtype was confirmed 
in only 62% of cases when diagnoses were reviewed at 
three months in the light of all available investigational 
results [227]. However, rtPA is appropriately given 
whether a brain infarct is most likely to be large vessel, 
small vessel, or cardioembolic, and mechanical interven-
tion is based on angiography. Protocols for rtPA rely on 
the National Institutes of Health Stroke Scale, which 
quantifies stroke severity independent of vascular or eti-
ological subtype [228].

In practice, the initial working diagnosis for stroke is 
based on clinical subtype, subject to revision based on 
imaging. Allocation to an etiological subgroup follows 
completion of further investigations [229].
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5A.1 Introduction

After establishing the clinical diagnosis of stroke and 
making a clinical determination of which part of the 
brain and vascular territory are most probably affected 
(see earlier chapters), the next step is to identify the 
underlying pathophysiologic process, i.e. ischemia or 
hemorrhage, whether of arterial or venous origin, 
exclude a stroke mimic, and identify additional findings 
on imaging that are relevant for stroke management. 
Establishing the pathological type of stroke is clearly 
important for optimal patient management, effective 
therapy, good prognosis, and effective secondary 
prevention.

In practical day‐to‐day terms, most patients have one 
of the common causes of stroke: in approximately 80%, 
that is ischemic stroke caused by the complications of 
atherothrombosis (Section 6.3), intracranial small‐vessel 
disease (Section  6.4), or embolism from the heart 
(Section  6.5); in about 15%, intracerebral hemorrhage 
(ICH) (Chapter 8); or subarachnoid hemorrhage (SAH, 
Chapter 9).

A minority will have an unusual underlying cause of 
their ICH, an odd presentation of SAH, a tumor present
ing as a “stroke” (Section 3.4.4) or an unusual cause of 

ischemic stroke such as venous infarction (Section 7.22). 
Important stroke mimics include a (hemiplegic) migraine 
or status epilepticus. Thus, although most strokes are 
caused by something that is common, it is important to 
consider the unusual causes. If there is something odd 
about either the clinical presentation or the imaging, 
then it is vital to look for an explanation.

Imaging plays a major role in assessment of patients 
presenting with acute stroke symptoms. The tissue‐
based definition of transient ischemic attack (TIA) 
recently endorsed by consensus statements from the 
American Heart Association and American Stroke 
Association (AHA/ASA), defines a TIA as a transient 
episode of neurologic dysfunction caused by focal 
brain, spinal cord, or retinal ischemia, without acute 
infarction [1].

The current therapeutic time windows set for the 
intravenous thrombolysis or endovascular therapy are 
based on large population studies [2]. Such trials do not 
take into account the variations in various factors of 
each individual patient, for example anatomy of the 
arteries, state of the collaterals, and the cerebrovascular 
reserve. These factors can greatly affect the clinical out
come of the individual. The current trend is to use 
modern neuroimaging to target all these issues to make 
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CT MRIFigure 5A.1 Imaging of acute stroke. 
Common cross‐sectional techniques 
(CT and MRI) according to their role in 
diagnosis.

 ● Ideally every patient with suspected stroke should be 
scanned as soon as she or he reaches medical 
attention.

 ● The primary aim of acute stroke imaging is to distin-
guish between hemorrhagic and ischemic stroke.

 ● Cross‐sectional vascular imaging with CTA or MRA is 
very important to help further therapeutic decisions, 
e.g. decide between intravenous and intra‐arterial/
endovascular therapy.

 ● Perfusion acquisition with CT or MRI is a welcome 
addition, if feasible.

more individualized, rather than population‐based, 
therapeutic decisions for each patient.

5A.2 Imaging of stroke

Advanced imaging techniques have revolutionized the 
approach to stroke management. Modern neuroimag
ing is based on a noninvasive multimodal approach 
that allows rapid diagnosis, assessment of tissue viabi
lity, vessel status, and brain perfusion, which have 
enhanced patients’ management, therapeutic deci
sions, and clinical outcomes. The main aim of neuro
imaging is to provide fast reliable information to guide 
decisions for reperfusion therapy without causing harm 
from delays.

Acute stroke imaging can be performed using either 
computed tomography (CT) or magnetic resonance 
imaging (MRI), the choice depending mostly on the avail
able infrastructure, as well as the experience of the stroke 
team (Figure  5A.1). The clearly much more commonly 
used technology is CT, which is the imaging workhorse 
available in most hospitals on a round‐the‐clock basis. 
The information obtained must be adequate for thera
peutic decisions guided by the recent studies that sup
port the endovascular mechanical (e.g. MR CLEAN) [3] 
as well as the intravenous thrombolysis therapies for 
acute ischemic stroke. Some institutions enjoy a 24/7/365 
MRI availability and prefer MRI over CT because of the 
additional information it provides (e.g. earlier detection 
of ischemia and posterior circulation strokes).

Before the CT or MRI scan the (neuro)radiologist 
needs to obtain the relevant clinical information, includ
ing onset of the symptoms, the clinical findings includ
ing the NIHSS score and relevant patient’s history (e.g. 
use of anticoagulants, bleeding disorder, suspected 
malignancy, trauma, acute severe headache, a recent sei
zure) or any concurrent illnesses (e.g. renal failure, dia
betes, infection). Otherwise the imaging may not be 
performed in an optimum way to obtain the information 
required, and misleading (or incorrect) reports may be 

issued. Scanning can be difficult to interpret (especially 
with the increasingly complex MR sequences that are 
available), can be used in the wrong patients, or in the 
wrong way in the right patients and so identify coinci
dental and irrelevant findings or fail to identify impor
tant pathology – either scenario can lead to steps that are 
detrimental to the patient, waste staff time and poten
tially a lot of money. Technology is here to help us, not 
the other way round.

Ideally every patient with suspected stroke should be 
scanned as soon as she or he reaches medical attention. 
Acute treatment and proper secondary prevention of 
ischemic stroke requires exclusion of hemorrhage and 
stroke mimics. Prevention of recurrent ICH requires 
knowing what caused the original ICH, and in general 
avoiding drugs that increase the risk of hemorrhage. 
Early imaging, whether with CT or MRI helps to rapidly 
reach the correct diagnosis, streamline the patient’s 
management and optimize the therapeutic measures, 
improve the clinical outcome, reduce the number of bed‐
days, and reduce the associated costs, and thus it has a 
significant socioeconomic impact [4].

5A.2.1 Computed tomography

After the earliest reports just over 45 years ago, CT scan
ning has revolutionized the diagnosis, treatment, and 
secondary prevention of stroke. Already the initial 
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reports quickly demonstrated the value of this technique 
for differentiating between ICH and infarction (and 
other conditions, such as tumors) as the cause of acute 
focal neurological symptoms. There then followed 
reports of positive CT findings in patients with ICH and 
ischemic stroke, and of density changes in the evolution 
of the infarcted brain tissue as well as the ICH [5–7]. 
Initially, the overall quality of scans was poor by today’s 
standard: low resolution, long scan times, and simple 
processing algorithms, all of which limited the visualiza
tion of small infarcts and subtle changes in the early 
stages of ischemia. Furthermore, mass effects due to 
larger infarcts were readily confused with tumors or 
other space‐occupying lesions [6, 7].

The combination of noncontrast CT (NCCT) and CT 
angiography (CTA) is the current state‐of‐the‐art for 
acute stroke imaging. NCCT readily excludes an acute 
cerebral hemorrhage. A standard stroke CT scan con
sists of axial images through the whole brain, usually 
obtained in a continuous spiral acquisition, starting at 
the skull base and ending at the vertex, reconstructed at 
0.5–1 intervals through the cerebral hemispheres, and in 
thinner sections (0.25–0.5 cm) through the posterior 
fossa. The images of the posterior fossa often suffer 
“bone hardening” artifacts, which clearly degrade the 
ability to detect brainstem infarcts. A state‐of‐the‐art 
mid‐1980s scanner acquired 10 sections through the 
whole brain and produced the images in about 10 min
utes. A modern mid‐2010s spiral CT scanner will pro
duce the same set of images within 10 seconds.

CTA and CTP are both rapid, dynamic, spiral/helical 
acquisitions with modern multislice CT scanner acquisi
tions during injection of iodinated contrast medium at a 
relatively high rate (usually 5 mL/s) in an antecubital 
vein. The CTA acquisition is followed by multiplanar 
reconstruction of the data into axial, coronal, sagittal, or 
3D “angiographic” images of the arteries. After the suc
cess of the endovascular treatment trials, the addition of 
CTA to the stroke protocol has become mandatory to 
decide for or against invasive endovascular interven
tions. CTA provides reliable information on the state of 
the arteries (Figure  5A.2); whether it is an occlusion 
(in ischemic stroke) or the source of bleeding, for exam
ple arterial malformation/aneurysm (in hemorrhagic 
stroke). Based on recent studies [3] that support endo
vascular therapies for ischemic stroke, including 
mechanical thrombectomy, it is highly advisable to per
form CTA in addition to NCCT, which differs from the 
recommendations in the early and mid‐2000s, which 
stated that “a simple routine CT brain scan without 
intravenous contrast, is generally all that is required for 
acute stroke.” The CTA acquisition has to cover the range 
from the aortic arch to the vertex. CT perfusion is a wel
come add‐on, since it can diagnose early ischemia; help 

define the infarct core and penumbra as well as exclude 
stroke mimics (e.g. status epilepticus). CTA provides 
99% agreement with digital subtraction angiography 
(DSA) [8] and is very reliable in diagnosing proximal 
occlusions [9]. For detection of ≥50% stenosis, CTA had 
97.1% sensitivity and 99.5% specificity [10].

CTA, being widely available and fast is commonly the 
first‐line modality for angiographic imaging in acute 
stroke. The scan includes a helical/spiral acquisition dur
ing a single bolus of iodinated contrast using a wide‐bore 
intravenous access with a rather high flow rate, typically at 
4–5 mL/s. CTA generates source images, which undergo 
several postprocessing techniques, including multiplanar 
and surface‐shaded display reconstructions as well as vol
ume rendering techniques. It has 98.4% sensitivity, 98.1% 
specificity, and 98.2% accuracy, with high interobserver 
reliability for large intracranial arterial occlusions when 
compared with DSA [11, 12]. Furthermore, CTA can 
 distinguish near occlusions from complete occlusions 
(Figure 5A.3), and is extremely helpful in the diagnosis of 
an arterial dissection by visualizing vessel irregularities 
and, less commonly, the dissection membrane [13]. CTA 
has been used extensively to categorize collateral filling 
resulting in several grading systems [14, 15].

Cerebral perfusion imaging with CT (CTP) is a tech
nique enabling rapid “cine” scanning (Figure  5A.4). 
Modern multislice CT scanners can acquire “whole 
brain perfusion.” This technique requires an intrave
nous bolus of iodinated contrast by pump injector. The 
raw data then need to be processed, sometimes on a 
separate workstation, to produce the actual perfusion 
maps. This may take several minutes. CT perfusion 
imaging is relatively more accessible than MR perfusion 
imaging, and can be performed during the same exami
nation as the plain CT brain scan. The perfusion para
meters are rather similar to those of MR perfusion, which 
will be described later in this text. CTP can provide 
quantitative measures of perfusion parameters and thus 
is appealing as a tool to set thresholds to define the 
infarct core and the penumbra. CTP has been exten
sively studied by numerous research groups, which 
resulted in many suggested thresholds for definition of 
the infarct core and penumbra [16].

A recent study performed by the EXTEND‐IA 
Investigators on the efficacy of endovascular therapy 
versus alteplase alone in patients with stroke with a prox
imal arterial occlusion, utilized CT perfusion to assess 
the salvageable tissue. Early thrombectomy with the 
Solitaire FR stent retriever, as compared with alteplase 
alone, improved reperfusion, early neurologic recovery, 
and functional outcome [17].

Furthermore, several centers utilize CTP source data 
to produce CTA images of the intracranial arteries [18]; 
this technique spares the additional bolus injection of 
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contrast medium for CTA. However, this approach of 
CTA misses information on the extracranial cervical 
arteries, which would be helpful to understand the 
pathophysiology behind the stroke and to plan the path 
for the endovascular intervention.

Routine brain CT scan exposes the patient to the 
equivalent of 10 months of average background radiation 
[19]. For comparison, a chest X‐ray is equivalent to about 
two days of background radiation. Radiation exposure 
remains a relevant issue in a full stroke CT protocol 

including both CT angiography and perfusion CT series. 
At our Institute the average dose for noncontrast CT 
head, CTA, and CTP calculated in CTDIvol is 36, 3.8, 
and 220 mGy, respectively. This corresponds to about 
double the average yearly exposure in Switzerland. 
Notice that CTP yields a high dose. Thus, proper clinical 
selection of the patients for stroke CT is the most impor
tant step. Furthermore, optimizing the scan parameters 
is mandatory to reduce the radiation dose to the neces
sary minimum [20]. Moreover, the iodinated intravenous 

(a) (b)

Figure 5A.3 An 82‐year‐old lady presenting with left‐sided hemiparesis, NIHSS 6; CT performed 9 hours after symptom onset. CT 
angiography axial (a) and coronal (b) “maximum intensity projection (MIP)” reconstructions clearly demonstrating occlusion of the  
M1‐segment of the middle cerebral artery on the right side.

(a) (b) (c)

Figure 5A.4 CT perfusion parameter maps. (a) Cerebral blood volume (CBV), (b) cerebral blood flow (CBF), and (c) mean transit time 
(MTT). Note that the smallest perfusion abnormality is seen on the CBV map, usually with good correlation with the final infarct size. 
(Also reproduced in color in the plate section.)
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contrast material used in CTA and CTP carries the risk 
of contrast nephropathy, especially in patients with renal 
impairment or diabetes. However, a study by Krol and 
colleagues showed a low incidence of contrast nephropa
thy in stroke patients undergoing CTA, irrespective of 
baseline creatinine levels [21].

5A.2.2 Magnetic resonance imaging

Magnetic resonance imaging (MRI) was first used as a 
clinical tool in the early 1980s. The equipment is less 
widely available and more expensive than CT scanning, 
both to purchase and to run. The advantages of MR are 
not only its superior soft tissue contrast, but also that 
the same machine can image vessels and assess cerebral 
blood flow noninvasively; provide diffusion‐ and suscep
tibility imaging to elucidate the pathogenesis of brain 
ischemia. Further techniques, for example spectroscopy 
and functional imaging (not routinely used in the acute 
setting) may guide us to solutions for how experimental 
treatments might modify the ischemic process and eluci
date mechanisms of brain recovery.

MRI scanning in the acute phase has several 
constraints:

 ● The patient must be placed inside a tube‐like structure, 
which creates difficulties for being able to see and com
municate with the patient, and for monitoring and 
administration of necessary medications or anesthetics.

 ● Each series (sequence) takes about 2–5 minutes, dur
ing which the patient must lie still. Because of the need 
to perform several sequences, the whole scan takes 
about 15 minutes, thus longer than a CT scan.

 ● Up to 20% of such patients with acute stroke may not 
be suitable for MR on medical grounds because they 
are claustrophobic, too ill, vomiting or unable to pro
tect their airways, or because of a contraindication to 
MRI. About 20% of stroke patients become hypoxic 
while in the MR scanner [22–24]. It is inadvisable for 
patients who cannot protect their airways to be placed 
supine for any length of time after stroke [25].

 ● Many stroke patients are agitated, confused, and 
frightened by the noise and vibration of the scanner, 
and so move during the scan, which may significantly 
degrade the images.

 ● In the only study that actually recorded it, about one‐
third of acute stroke patients required some form of 
physical intervention while in the scanner (reassur
ance, assistance while vomiting, administering oxygen, 
and so on), and 20% who started scanning did not 
complete all the sequences [23]. In view of these con
straints, patients with mild stroke are more coopera
tive during MRI scanning and a much larger proportion 
can be scanned (>95%) [26].

Despite the aforementioned limitations, the use of 
MRI scanners in stroke is expanding as the sequences 
become faster [27] and as their design evolves (e.g. wider 
bore) making access to patients within the scanner easier 
and therefore more patient and clinician friendly.

MRI technique
The MRI sequences routinely used for the acute setting 
of stroke include the following (Figure 5A.1):

 ● Diffusion‐weighted imaging (DWI) in the axial plane 
is the first sequence to be acquired to detect early 
ischemic changes due to the restricted diffusion within 
the cytotoxic edema that “compartmentalizes” intra
cellular water [28]. DWI can detect ischemic changes 
as early as 11 minutes after the symptom onset as a 
bright (hyperintense) area [29]. The MRI scanner cal
culates from the diffusion nonweighted‐ (b = 0) and 
the diffusion‐weighted images (b = 1000) the so‐called 
“apparent diffusion coefficient” (ADC) map.

 ● T2‐weighted (T2WI) or recently the fluid attenuated 
inversion recovery (FLAIR) axial images are sensitive 
for edema, thus used to visualize the infarct as a bright 
signal usually a few hours after symptom onset. FLAIR 
has the advantage of suppressing the CSF signal thus 
allowing better visualization of periventricular and 
peripheral or cortical lesions.

 ● Time‐of‐flight MR angiography (ToF‐MRA) does not 
necessitate CM administration and utilizes the flow 
information of the spins within the arteries for accu
rate visualization of the intracranial arteries. Thus, a 
reversal of the flow (e.g. in the vertebro‐basilar system 
in subclavian steal) may produce a false impression of 
occlusion.

 ● Gradient‐echo (GRE) T2* or the susceptibility‐weighted 
imaging (SWI) are techniques that emphasize the 
materials with strong boundary or paramagnetic effects 
including calcium and blood degradation products. 
These sequences are applied to visualize macro‐ and 
microbleeds, to detect the thrombus and to assess the 
state of oxygenation and collaterals.

 ● In case of suspected arterial dissection, additional fat‐
saturated T1WI axial and coronal scans over the arter
ies are acquired [30].

 ● Intravenous contrast medium (gadolinium) is admin
istered twice; one bolus for the perfusion‐weighted 
imaging (PWI) and the other for the first‐pass con
trast‐enhanced MR angiography (CE‐MRA) from the 
aortic arch to the vertex.

 ● A postcontrast T1WI sequence is acquired between 
the PWI and CE‐MRA to detect subacute enhancing 
ischemias (with locally disrupted blood–brain barrier) 
or additional differential diagnoses, e.g. active demy
elination plaques or tumors.
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 ● CE‐MRA provides a “true lumenography” of the arter
ies; however, the visualization of the origins of the cer
vical arteries from the aortic arch may be degraded by 
artifacts from breathing or adjacent venous filling.

MR angiography
In our stroke MRI protocol, two angiographic techniques 
are routinely used.

The first technique is the time‐of‐flight (TOF) MRA, 
which is rather time consuming (about 5 minutes); how
ever, it does not necessitate injection of contrast agent 
and provides high spatial resolution to visualize the 
intracranial arteries, especially with the 3D TOF vari
ant. The volume covered by TOF is limited by vascular 
saturation artifact, thus making this technique more 
suitable for evaluation of the intracranial rather than the 
extracranial arteries. TOF delivers information on the 
flow within the artery and this signal is dependent on 
flow direction and velocity through the imaging plane. 
Thus TOF‐MRA tends to overestimate the degree, as 
well as length of stenosis, mainly in the presence of tur
bulent, slow, or reversed blood flow. Therefore, the dis
tal vasculature may not be accurately displayed. 
Nevertheless, TOF‐MRA has an acceptable sensitivity 
for intracranial steno‐occlusive pathology when com
pared to DSA and CTA [12, 31] (sensitivity 84–87%, 
specificity 85–98%) [12].

The second frequently used MRA technique is the CE‐
MRA from aortic arch to the intracranial vessels, prefer
ably to the vertex. With CE‐MRA, the passage of a 
gadolinium contrast bolus through the cervical and 
intracranial arteries provides “true lumenography” (sim
ilar to CTA). Being independent of blood flow, fewer 
artifacts derived from turbulence and slow flow are 
observed. CE‐MRA is faster and provides larger cover
age than TOF. Thus, assessment of cervical artery steno
sis or dissection is more accurate with CE‐MRA than 
with TOF [32]. One of the drawbacks of this technique is 
the artefacts at the origins of the common carotid and 
vertebral arteries, caused by breathing or venous overlap. 
The quality of the arterial filling depends on the patient’s 
cardiac output.

Perfusion MRI
Perfusion imaging with MRI (perfusion‐weighted imag
ing; PWI) can be performed in two ways to examine the 
patency of the cerebral microcirculation: either by using 
an endogenous contrast, namely the magnetic properties 
of flowing blood (arterial spin labeling; ASL) or by inject
ing intravenous gadolinium, to identify parts of the brain 
with reduced blood flow. ASL has several subtypes and is 
still in continuous development, because there are still 
serious technical limitations, especially for cases with 
vessel stenoses or occlusions.

ASL would allow perfusion imaging in patients with 
contraindications to intravenous contrast material, such 
as renal failure, and provides quantitative CBF maps 
[33]. ASL sequences have been shown to be at least 
equivalent to PWI and can be used for the mismatch 
concept with diffusion‐weighted images [34, 35]. Vessel‐
selective ASL has the additional advantage of identifying 
collateral flow patterns [36]. Still, the utility of this tech
nique in the setting of acute stroke is extremely limited.

The second technique, the PWI or the so‐called 
“dynamic susceptibility contrast (DSC)” is the one used 
in the acute stroke setting; it takes a short time to scan 
(usually 90 seconds) but some delay is needed for the 
postprocessing steps. The sequence is based on the T2* 
GRE technique and is thus sensitive to dynamic suscep
tibility differences created by the intravenous gadolinium 
causing signal loss during its intracranial passage 
(Figure 5A.5). One of the major concerns of the resulting 
perfusion parameter maps is the lack of standardization 
of the mathematical models behind the calculation of 
the parameters with the various software packages [37]. 
In a recent study, academic programs outperformed 
commercial perfusion software [38]. Such issues are 
addressed by automated software solutions and consor
tia of stroke imaging specialists, for example, STIR [39].

In practice, several perfusion parameters can be cal
culated from the concentration time curve produced 
as the contrast passes through the brain. Most of these 
parameters produce “semiquantitative” (relative), not 
“quantitative” (absolute) perfusion values. In general, 
“semiquantitative” measures require less intensive pro
cessing than “quantitative” measures [40, 41]. Several 
mathematical techniques, including “deconvolution” 
based on the information on the so‐called “arterial input 
function” are commonly implemented to produce quan
titative hemodynamic indices with physiological basis. 
The parameters can be generally divided into (a) time 
maps, for example, time to maximum (Tmax after decon
volution), time to peak (TTP), and mean transit time 
(MTT), as well as the (b) cerebral blood flow (CBF), and 
(c) volume (CBV) maps. Further details on the physics of 
PWI are outside the scope of this chapter and are avail
able on several well‐structured review papers on perfu
sion MRI imaging techniques [42].

Contraindications to MRI
All patients should be screened for MR compatibility 
before they enter the magnetic field, but the key con
traindications are mentioned here to help avoid inap
propriate referrals: most (especially older) cardiac 
pacemakers, intracranial aneurysm clips, and cochlear 
implants (see www.mrisafety.com for details on spe
cific manufacturers’ devices and MRI compatibility), as 
well as definite metallic intraocular foreign bodies. 
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Intracranial aneurysm coils are not contraindications. 
Metallic prostheses, foreign bodies other than in the 
eyes or brain, some ventriculoperitoneal shunts, some 
artificial heart valves and first trimester of pregnancy 
are all relative contraindications that are useful for the 
MR department to know about well in advance, so that 
the individual patient’s circumstances can be checked 
and the scan tailored to the patient. Patients who 
are dysphasic may need to have their orbits and chest 
X‐rayed prior to MR to exclude any intraocular metallic 
foreign body, and pacemakers.

Furthermore, some manufacturers of modern metallic 
implants or devices (e.g. cardiac devices including car
diac pacemaker) produce “MRI (conditionally) safe” 
implants. Patients with such devices must be generally 
examined with great caution. The manufacturer’s guide
lines and precautions have to be followed strictly (includ
ing limitations in the magnetic field strength as well as 
limits for scan time and specific absorption rates). In 
urgent cases the manufacturer must be contacted. Due 
to the emergency workflow in the clinical setting of acute 
stroke, all these details regarding implants or other 
unknown, possibly metallic foreign objects in the body 
cannot be clarified in that short time and in these cir
cumstances it is better to proceed to CT. Sometimes the 
stroke physicians are confronted with a temporally lim
ited availability of the MRI scanner even for “MRI safe” 
patients (those having no contraindications for MRI 
scan). In such cases it would be advisable to begin with a 
stroke CT scan, and only in unclear situations (e.g. clini
cally suspected brainstem ischemia or unknown onset of 
stroke symptoms) proceed for a short MRI scan just for 
DWI and FLAIR imaging to answer these questions.

With the constantly growing pressure on the imaging 
department from the clinical specialities some simple 
maneuvres may help to speed up and smooth out the 
path of the stroke patient to the CT or MRI scanner and 
to maintain good relationships between clinicians and 
(neuro)radiologists:

 ● Always make the CT/MRI request for the scan as early 
and as detailed as possible.

 ● If the patient is immobile, cannot transfer or stand, 
send her or him on a trolley.

 ● If dependent, and because most radiology depart
ments have few nurses (and the few nurses there are 
increasingly tied up with interventional procedures), 
then send a nurse escort to look after the patient while 
in the scanning department.

 ● Good communication between clinician and radiolo
gist helps this important relationship enormously, and 
so helps the patients.

 ● Feedback to the radiologist is always appreciated.
 ● A regular clinico‐radiological conference (weekly or 

biweekly) is a very good way of building good commu
nication channels, assuring relevant feedback, and 
ensuring that all work together effectively to deliver 
best care for the patient.

5A.2.3 Other methods of imaging cerebral 
ischemia

Single photon emission CT (SPECT) is a perfusion imag
ing technique in which cross‐sectional images of the 
brain are obtained by using either a rotating gamma 
camera, or a dedicated SPECT scanner, and computerized 
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Figure 5A.5 Dynamic susceptibility‐
weighted perfusion imaging curve 
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reconstruction of the data from the emitted radiation 
following intravenous administration of a radioactive 
isotope. Various isotopes are available, such as hexame
thyl propylene amine oxime (HMPAO) (Ceretec®), which 
images regional perfusion and therefore can identify 
areas of abnormal perfusion early, or Xenon‐133, the lat
ter being capable of measuring regional cerebral blood 
flow quantitatively [43]. SPECT can demonstrate appro
priate areas of low flow within a few hours of stroke 
onset, and even up to 60% of patients with a transient 
ischemic attack have an appropriate abnormality within 
24 hours of onset [44]. However, the equipment for 
SPECT is not widely available, the scanning times are 
long (20 minutes or more) and so problems caused 
by  movement artifacts can arise from restless stroke 
patients, and the isotopes are expensive.

Positron emission tomography (PET) can display a 
variety of physiological processes, from glucose metab
olism to neuroreceptor density, thus allowing study of 
the normal workings of the brain, as well as the conse
quences of pathology [45]. PET studies in ischemic 
stroke have provided evidence that the ischemic 
penumbra really does exist in humans and that neural 
tissue in the penumbra may survive for up to 48 hours 
[46]. They have also suggested that neurons in areas of 
the brain with CBF below the threshold traditionally 
regarded as producing irreversible damage (<9 mL/100 g 
brain/min) may be able to recover after successful rep
erfusion with thrombolysis [47–49], although probably 
not below 8.4 mL/100 g brain/min [50]. Use of PET 
tracers such as [18F]fluoromisonidazole has shown that 
white matter may remain viable for longer than grey 
matter after a given ischemic insult [51]. Comparison 
between PET and MR DWI/PWI in the same patients 
showed that the “mismatch” area on DWI/PWI was 
viable (normal cerebral metabolic rate for oxygen) but 
had variable oxygen extraction fraction [52], and in 
only half the patients did the mismatch volume corre
spond with the “penumbra” (ischemic but viable) vol
ume defined by PET. This variability helps to explain 
the lack of a clear association between diffusion/perfu
sion mismatch and infarct growth. Thus, many of the 
previous PET findings are being confirmed by the 
newer MRI technologies. Still, the imaging equipment 
and isotopes are extremely expensive, the scan times 
are prolonged, and the patient must keep very still. 
Therefore PET is likely to remain a research tool with 
limited clinical applications, at least in stroke for the 
foreseeable future.

Furthermore, bedside imaging techniques, for exam
ple near infrared spectroscopy (NIRS), allow for continu
ous monitoring oxygenation changes of the cerebral 
cortex noninvasively during catheter angiography and 
recanalization procedures [53].

5A.3 Step 1: Rule out intracranial 
hemorrhage

5A.3.1 Hemorrhagic stroke

Hemorrhagic stroke (i.e. primary intracerebral hemor
rhage) accounts for about 15% of stroke. Such patients 
are more likely to present with global loss of conscious
ness, vomiting, and headaches than ischemic strokes. 
A  known history of uncontrolled hypertension in a 
patient with an ICH of the basal ganglia, thalamus, brain
stem, or cerebellum sometimes extending to the ventric
ular system, points toward hypertensive hemorrhage 
(Figure 5A.6). Furthermore, it is important to differenti
ate between hemorrhagic infarction, with petechial 
hemorrhage within or around the infarct and usually 
without extensive mass effect, from a large ICH, with a 
significant mass effect on the surrounding tissues. It is 
always advisable to perform a CTA to detect the source 
of bleeding, if present.

5A.3.2 The appearance of intracerebral 
hemorrhage on brain CT

Recent intracerebral hemorrhage
Acute ICH is hyperdense (of higher attenuation/density/
whiteness) on NCCT, typically about 60–90 Hounsfield 
units (HU), than the normal brain parenchyma (35 HU) 
[54]. The attenuation increase occurs immediately and is 
probably caused by the hemoglobin content and the 
compactness of the static blood (or clot). As soon as 
blood stops moving, its attenuation increases to appear 
hyperdense on CT. This is true whether the blood is in 
the subarachnoid space, in the brain parenchyma, or in 
an embolus or thrombus blocking a large intracranial 
artery, cortical vein, or venous sinus.

The area of hyperdensity of the clot is usually well cir
cumscribed and tends to be homogeneous – an excep
tion being the appearance of a blood‐cell fluid level in 
some large hematomas, a finding sometimes associated 

The four steps of interpretation

The main steps of CT/MRI interpretation are:

1) Rule out intracranial hemorrhage.
2) Define the location and extent of the irreversibly 

damaged infarct core and the salvageable ischemic 
penumbra.

3) Visualize the vessel status, the length and configura-
tion of the thrombus, and obtain information on the 
state of the collateral circulation.

4) Analyze further informations that might affect the 
therapeutic decision.
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with a coagulopathy (including iatrogenic and alcohol‐
related) or cerebral amyloid angiopathy [55, 56]. With 
cerebral amyloid angiopathy (see later section), the hem
orrhage tends to be large, rather patchy and diffuse, may 
have a blood‐cell fluid level and occurs in multiple sites, 
either simultaneously or sequentially. The ICH is typi
cally peripheral (i.e. involves the cortex), and may break 
through onto the surface of the brain. With time the ICH 
is increasingly surrounded by a rim of hypodensity (low 
attenuation), caused by a combination of edema and 
ischemic necrosis of compressed brain. Edema together 
with the blood clot exerts a variable amount of mass 
effect, depending on their size and site, compressing and 
damaging adjacent brain structures. If they are large, 
ICHs can cause herniation of the temporal lobe through 
the tentorial hiatus, with compression of vital brainstem 
structures, or of the ipsilateral parasagittal cortex under 
the falx, with compression of the ipsilateral – and dilata
tion of the contralateral – lateral ventricle. In some cases 
it is quite difficult to differentiate between an acute ICH 
and an extensive hemorrhagic transformation in an 
infarction.

Do all recent hemorrhages show up on CT?
All acute ICHs large enough to cause a clinically appar
ent stroke will be seen, assuming the CT scan was per
formed within the correct time frame, without significant 
artifacts and viewed by an experienced radiologist. In a 
small series of anemic patients, all ICHs were still readily 
visible despite the concern that they might not appear 
hyperdense on CT because of their reduced hemoglobin 
content [57]. The beam‐hardening artifacts caused by 
the dense bone surrounding the posterior fossa make it 
difficult to detect an ICH in that region, which may be 
obviated by additional thin sections slice intervals, or 
very rapid scan techniques. Another consideration is the 

isodense subdural hematoma (Figure 5A.7), especially if 
small with no or little mass effect. Careful scrutiny of the 
cerebral cortex and whether it reaches the inner skull can 
help detect this entity. And intravenous contrast may 
make the edge of the hematoma more obvious.

Viewer experience is very important. Substantial pro
portions of ICHs were overlooked or falsely diagnosed 
when CT scans of stroke patients were reviewed by doc
tors from different disciplines – admitting physicians 
only reliably detected 17%, neurologists 40%, and general 
radiologists 52% compared with neuroradiologists [58]. 
Errors were overlooking some definite hemorrhages on 
some scans, and mistaking basal ganglia calcification (a 
quite frequent finding in the elderly) for hemorrhage.

The use of intravenous contrast in the acute phase 
may be helpful if the scanning technique and interpreta
tion were done appropriately. Scanning in the arterial 
phase (CTA) helps to detect the source of bleeding (e.g. 
aneurysm or an arteriovenous malformation [AVM]) 
and to detect active bleeding (Figure 5A.8). One of the 
most important predictors of clinical outcome are the 
volume of ICH, presence of intraventricular blood, 
Glasgow Coma Scale (GCS) score, and age of the patient. 
Continued bleeding and hematoma expansion occurs 
usually in the early phase of ICH, and is strongly associ
ated with poor outcome. One important marker for its 
identification is the extravasation of the intravenous con
trast on CTA within an acute ICH visible on the source 
images of CTA; a sign referred to as the “spot sign.” This 
observation was confirmed by the PREDICT study by 
Demchuk and colleagues [59].

A postcontrast CT scan in the venous phase is per
formed only if venous stroke or a bleeding in a tumor is 
suspected. Hemorrhage into a tumor is unusual but may 
be the presenting feature. Although the ICH (if large) may 
obliterate any sign of the underlying smaller tumor, 

(a) (b) (c)

Figure 5A.6 Noncontrast CT scans with axial slice (a) and oblique coronal (b) and sagittal (c) reconstructions. Extensive acute intracerebral 
hemorrhages in the basal ganglia on the right side, the thalamus on the left side, and the cerebellar hemispheres. These are typical 
locations for a hypertensive bleeding. Notice the extension of the blood into the ventricles.
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generally there are some signs of an underlying tumor, for 
example relatively more hypodense areas than would be 
usual in an ICH of the same age without underlying tumor. 
Primary brain tumors associated (occasionally) with 
hemorrhage include glioblastoma, oligodendroglioma, 
lymphoma, neuroblastoma, choroid plexus papilloma, 
and meningioma. Secondary brain tumors presenting 
with hemorrhage are more frequent, although still rela
tively rare, and include melanoma, choriocarcinoma and 

thyroid, renal, lung, and breast carcinoma. Intravenous 
contrast can be useful if hemorrhage into a metastasis is 
suspected, because it might show up small metastases 
elsewhere in the brain not visible on the unenhanced scan, 
thus establishing the diagnosis. Follow‐up CT, or even 
better, MRI with contrast, preferably allowing a sufficient 
time delay (possibly 2–3 months) after resolution of the 
hemorrhage is advisable to assess for tumors or small 
vascular malformations.

(a) (b)

Figure 5A.8 A 49‐year‐old lady with acute decline in conciousness level. On NCCT (a) note the atypical left frontal ICH (arrowhead) with a 
fluid level and the subtle adjacent subarachnoidal hemorrhage due to an arteriovenous malformation (arrow in b) with two associated 
flow‐related aneurysms (arrowheads) of the ACA as depicted on the 3D reconstruction of the DSA (b). ((b) Also reproduced in color in the 
plate section.)

(a) (b)

Figure 5A.7 An 84‐year‐old lady with aphasia for 21 hours, NIHSS of 0. Note the bilateral subacute subdural hematomas (black arrows) 
being isodense on NCCT (a) and clearly better seen having a bright signal on the FLAIR MRI sequence (b).
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Change in CT appearance of intracerebral 
hemorrhage with time
The density of the ICH decreases with time as the hemo
globin breaks down, and the ICH can become isodense 
with brain within only 5–7 days. But, even if isodense 
and hard to discern from the surrounding parenchyma, 
the associated mass effect is usually obvious, especially 
with larger hematomas. The ICH usually becomes 
hypodense to normal brain parenchyma at 1–3 weeks, so 
that it may be confused on NCCT with a hypodense 
infarct (Figure 5A.9). A helpful clue at this stage is that 
some ICHs are surrounded by a thin hyperdense rim 

(Figure 5A.10). As a rule large ICHs may remain hyper
dense for several weeks before they become iso‐ or 
hypodense, small ones become hypodense more quickly. 
This is why it is of utmost importance that the CT scan is 
performed as early as possible, to be able to differentiate 
small bleeds from infarcts [26, 60]. Patients who present 
too late for CT may need MRI to differentiate ischemic 
and hemorrhagic strokes and determine their cause.

Late appearance of the hematoma
The resorption of an ICH is usually complete after some 
weeks to months (depending on the size of the ICH), 
possibly leaving a small slit‐like cavity containing fluid of 
cerebrospinal fluid density. Small (<2 cm diameter) ICHs 
may disappear leaving no abnormality at all. Medium to 
large ICHs frequently leave an ex vacuo effect, for exam
ple widening of the ipsilateral lateral ventricle or adjacent 
sulci [61–63]. At any stage beyond the time when the ICH 
becomes isodense – it may look identical to an old infarct 
[60]. However, there are two CT features that are strongly 
suggestive for hemorrhage instead of infarct: (i) the slit‐
like shape as a result of the acute ICH pushing the nerve 
tracts apart – when the ICH resolves, the tracts collapse 

 ● An atypical intracerebral hemorrhage without obvious 
source of bleeding on CTA or MRA, e.g. arteriovenous 
malformation or aneurysm, warrants further clarifica-
tion ideally with DSA.

 ● If the source of bleeding was not detectable in the 
acute phase, a follow‐up postcontrast CT or MRI exam-
ination should be performed 2–3 months later (after 
resolution of the bleeding) to exclude an underlying 
pathology, e.g. tumor.

Figure 5A.9 Change in the appearance of hemorrhage on CT brain scan with time. (a) About 8 hours after stroke onset there is a 
hyperattenuated lesion (fresh blood) in the left basal ganglia (large white area). About three weeks after the stroke the hyperattenuation 
(b) has disappeared, leaving a hypoattenuated lesion with some persistent space‐occupying effect (note slight effacement of left lateral 
ventricle) which could easily be mistaken for an infarct without the prior scan. The final diagnosis was intracerebral hemorrhage; CT 
angiography did not reveal any underlying structural cause.

(a) (b)
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back toward their original position leaving a slit‐like hole, 
in contrast to an infarct which destroys most of the tracts 
passing through it thus leaving a more rounded hole, and 
(ii) the thin rim of high attenuation of hemosiderin or 
hematoidin at the edge of the lesion, sometimes referred 
to as “pseudocalcification” [62] (Figure 5A.10), and which 
is the CT equivalent of low signal on MR (see Figure 5A.14).

The appearance of hemorrhage on MRI
The appearance of ICH on MRI is governed by the para
magnetic properties of hemoglobin breakdown products, 
thus the MRI signal changes with time (Figure  5A.11). 
The ICH is detectable by sequences that are particularly 
sensitive to the oxygen state of hemoglobin, such as GRE 
T2*‐ or susceptibility‐weighted (SWI) sequences. Both 
these sequences are at least as sensitive as NCCT for 
detection of acute blood [64]. The echoplanar sequences 
used for diffusion‐weighted or perfusion imaging are 
suboptimal alternatives. Freshly extravasated red blood 
cells contain oxyhemoglobin, which is not paramagnetic. 
This causes little immediate signal change and, although 
a lesion may be visible, the differentiation from infarction 
or some other mass lesion may be difficult within the first 
few hours. There may be serpiginous low signal (hypoin
tense) bands at the margins of the lesion on GRE T2* 
sequence or SWI and sometimes on DWI; however, it has 
to be interpreted by an experienced (neuro)radiologist. 
There have been cases where low signal bands were mini
mal and could easily have been overlooked if only the 
DWI had been done.

(a) (b)

Figure 5A.11 The appearance of an acute 
hypertensive bleeding on CT and MRI in 
two different patients. Note that an acute 
hemorrhage is hyperdense (bright) on the 
noncontrast CT (a) and hypointense (dark) 
on the susceptibility‐weighted MRI (b).

Figure 5A.10 Appearance of old hemorrhage on CT. This scan was 
taken 4 hours after the onset of a sudden left hemiparesis. The 
patient had had a prior stroke (right hemiparesis) 10 years 
previously. Note the hyperattenuated (white) linear areas in the 
posterior part of the left sylvian fissure (arrows) and ex vacuo 
effect on the left lateral ventricle (left lateral ventricle is larger 
than the right). The hyperattenuated areas are hemosiderin, 
indicating that the prior stroke was an ICH. The new stroke lesion 
was in the right hemisphere (not shown on this section).
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The time course of the change in appearance of an ICH 
on different sequences as it ages can be more variable than 
was originally thought [63]. In general, the pattern is as fol
lows, but it will vary with the sequences used, and probably 
factors related to the patient and the ICH (Figure 5A.12):

 ● Once enough deoxyhemoglobin has formed, the 
ICH  shows a centrally dark (hypointense)area on  
T1‐weighted imaging and a markedly dark area on 
T2‐weighted imaging.

 ● As methemoglobin is formed in the red cells, the 
bleeding on the T1‐weighted image becomes bright, 
while on the T2‐weighted image it initially remains 
dark (Figure 5A.13).

 ● As the red cells lyse the methemoglobin becomes 
extracellular and the ICH liquefies, the lesion on 
the  T2‐weighted image becomes as bright as on the 
T1‐weighted image.

 ● After several weeks, lesions on T1‐ and T2‐weighted 
images become bright in the centre with a very dark rim 
on T2‐ and moderately dark on T1‐weighted images.

 ● Eventually the dark rim (hemosiderin) around a 
bright “hole” on T2 is the only remaining feature 
(Figure 5A.14).

The exact timing and degree of these signal changes 
depend mostly on which compartment of the brain 
the  hemorrhage lies in (whether intra‐ or extra‐axial), 

abnormal clotting, hematocrit, as well as the exact tech
nique of the sequences and sometimes on the magnet 
strength of the scanner used. GRE T2* and SWI are far 
more sensitive to the presence of hemoglobin break
down products than the conventional T1‐ and T2‐
weighted spin echo images [65].

A simplified approach to memorize the signal 
changes of an ICH on MRI has been recently proposed 
(Figure 5A.15).

Does hemorrhage remain visible indefinitely 
on MR?
Hemosiderin is one of two major hemoglobin‐derived 
pigments identifiable in tissue sections from around 
ICHs and represents aggregates of ferritin micelles 
within lysosomes of phagocytic cells. The other pigment 
is hematoidin, which is chemically identical to bilirubin, 
and forms locally as a result of hemoglobin breakdown in 
a milieu of reduced oxygen tension. Hemosiderin is fer
romagnetic and therefore visible on MRI, whereas hema
toidin has no particular magnetic properties and is not 
visible on MR. Thus, hemosiderin deposits remain visi
ble on GRE‐T2* and SWI for years after the initial bleed
ing, for example in cases of traumatic brain injury, 
microbleeds/microhemorrhages in angiopathies (e.g. 
hypertensive or cerebral amyloid angiopathy), or as 
superficial deposition over the gyral surface, i.e. superficial 
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Figure 5A.12 Pathophysiological explanation of the change of the MRI signal of a parenchymal brain hemorrhage. Diagram of the 
change in the appearance of parenchymal brain hemorrhage on MRI. The top row shows the typical appearance on T2‐, and the lower 
row on T1‐weighted imaging. The normal brain is represented by the stippled background. To a certain extent, the exact appearance 
and timing of the changes depend on the field strength of the magnet. The most important things to remember are that intracellular 
deoxyhemoglobin (deoxy‐Hb) is dark on T1 and T2, extracellular methemoglobin is bright on T1 and T2, and hemosiderin is dark on 
T1 and T2. Hemosiderin persists in the margins of a hematoma for years after the original hemorrhage. Oxy‐Hb, oxyhemoglobin.
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siderosis after subarachnoidal hemorrhage or in amyloid 
angiopathy. Areas of calcification give a signal drop simi
lar to hemosiderin on GRE‐T2* and SWI, and thus may 
cause confusion. Newer quantitative techniques (e.g. 
quantitative susceptibility mapping [QSM]) may solve 
this problem in the near future [66].

5A.4 Step 2: Define the infarct core 
and ischemic penumbra

If hemorrhage is excluded, then the search for evidence 
of ischemic stroke can begin. Defining the extent as well 
as the exact anatomical location of the irreversibly dam
aged “infarct core,” is the primary step that guides fur
ther therapy. The cytotoxic edema in the infarct core 

manifests itself as a decrease in tissue density (hypoat
tenuation or hypodensity) on NCCT followed by local 
swelling a few hours later. For each 1% increase in tissue 
water content, a decrease in tissue density of 2.6 HU is 
observed [67]. Thus, initially the early hypodensity in 
the hyperacute stage is very subtle and can be over
looked by an untrained eye. This “slightly darker paren
chyma” causes a focal loss of corticomedullary 
differentiation, blurring of the clarity of the internal cap
sule, and loss of distinctness of the insular ribbon cortex 
(Figure 5A.16). These CT signs of early ischemia have a 
sensitivity of 40–60% within the first 3 hours after symp
tom onset and have specificity, positive and negative 
predictive values of 85%, 96%, and 27%, respectively. 
The earliest time for detecting the hypodensity due to 
ischemia is about 45 minutes. The presence of any early 

(a) (b) (c)

(d) (e) (f)

Figure 5A.13 Acute cerebral hematoma in the right frontal region: note the signal of the blood on the diffusion‐weighted image (a), 
susceptibility‐weighted image (b), FLAIR (c), T2‐weighted (d), T1‐weighted image before and after contrast administration (e, f ).
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(b)(a)

Figure 5A.14 A patient with a left hemiparesis a year earlier, the CT (a) shows a low attenuation slit‐like cavity in the right basal ganglia 
(arrows); the MR gradient echo image (b) shows a low signal rim (arrowheads) indicating hemosiderin confirming that the lesion was an ICH.
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T2T1T1
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Figure 5A.15 Diagram for simplification; 
development of the MRI signal of an aging 
hematoma. Source: Adapted from Radiopaedia: 
https://radiopaedia.org/cases/
evolution-of-mri-signal-characteristics-of-
intracranial-haemorrhage-diagram.
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(b)(a)

Figure 5A.16 Early CT signs of ischemia 
on the noncontrast (a) and postcontrast 
(b) study. Notice the subtle hypodensity 
and the loss of corticomedullary 
differentiation in the insular ribbon (1), 
lentiform nucleus (2), and posterior limb 
of the internal capsule (3). The changes 
are visible better on the postcontrast 
image (b).

(b)(a)

(d)(c)

Figure 5A.17 The early CT signs of 
ischemia are hardly visible on the 
noncontrast image in the acute phase 
(a). Notice the obvious swelling of the 
infarct on the following day (b). A 
decompressive craniotomy was 
performed (c). Extensive volume loss of 
the parenchyma is noticed after three 
months (d).
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infarct sign increased the risk of poor functional out
come on univariate analyses in a meta‐analysis of 15 
studies (odds ratio [OR] for any early infarct sign 3.11, 
95% CI 2.77–3.49) [68]. It is unusual to see definite signs 
of infarction on CT until 12–24 hours after the onset of 
symptoms [69, 70]. By then the infarction can be seen 
causing focal swelling, effacement of the adjacent corti
cal sulci, compression of the ventricular system, and 

later a midline shift or even brain herniation especially 
in cases of an extensive (so‐called “malignant”) infarc
tion (Figure  5A.17). Sometimes an aging subacute 
infarction is hardly seen on NCCT; the so‐called “fog
ging” effect” (Figure 5A.18).

The sources of emboli in various vascular territories 
varies, most commonly being a combination of cardiac 
and arterial origins [71] (Figure 5A.19).

(b)(a)

Figure 5A.18 CT brain scans to demonstrate 
“fogging.” (a) Three days after onset of a right 
hemiparesis there is an obvious infarct 
(hypoattenuated area) in the left parietal 
cortex and adjacent white matter (thin 
arrows). (b) At 14 days after onset the recent 
infarct in the anterior left parietal region is 
almost invisible – it is now mainly iso‐
attenuated with normal brain and there is no 
mass effect – as a result of “fogging.”
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Figure 5A.19 The frequency of various 
sources of emboli in patients with different 
ischemic stroke subtypes, ocular and 
hemispheric transient ischemic attacks. 
Source: Figure prepared by Dr. Stephanie 
Lewis, Edinburgh.
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On MRI the DWI is the tool to define the infarct core 
(IC). DWI detects the restricted motion or diffusion of 
the water molecules trapped within the cell, thus causing 
increased intracellular water (the phase of cytotoxic 
edema) [28] (Figure 5A.20). This restricted diffusion is 
seen as a bright signal on the DWI (b1000) images and as 
a low signal on the corresponding, automatically calcu
lated apparent diffusion coefficient (ADC) maps 
(Figure  5A.21). An ADC ≤620 × 10 − 6 mm2/s has been 
proposed as the threshold for identification of IC (sensi
tivity 69% and specificity 78%) [72]. DWI is more sensi
tive than NCCT in the identification of early ischemic 
changes and brainstem strokes [73] (Figure 5A.22). The 

distribution, size, and signal intensity of the infarcts on 
DWI provide information on the extent and source of 
the ischemic changes (Figure 5A.23).

However, some areas with restricted diffusion may 
show reversal of these changes and thus are considered 
as being part of the penumbra, probably being in the 
reversible phase of the cytotoxic edema [74]. Still, com
plete DWI reversal was observed in less than 1% of cases 
treated with intravenous thrombolysis, thus this phe
nomen is too rare to influence therapeutic decisions. 
Transient DWI reversal may be seen in about 2% of 
treated cases [75], DWI can distinguish new acute 
strokes from chronic infarcts in patients where it is 
unclear whether a deterioration in neurological state 
could be due to intercurrent illness with unmasking of 
prior stroke symptoms or a new stroke (Figure 5A.24). 
The distinction is based on the infarct’s ADC signal, 
which reaches its maximum drop at day 3–4, then 
(pseudo‐) normalizes at day 7–10 to further increase in 
the chronic stage [76, 77] (Figure  5A.25). The rate of 
change in DWI and ADC signal varies among patients, 
depending on the vascular state (occlusion, reperfusion, 
and collaterals) (Figure 5A.26).

DWI negative strokes may be observed in 6–10% of 
cases more frequently in the posterior circulation or in 
lacunar strokes [78]. Still, DWI has higher sensitivity 
than CT in detecting brainstem infarcts, which are not 
detectable on CT due to beam‐hardening artifacts.

The extent of the infarct core as detected on NCCT or 
DWI can be assessed visually, for example with the 
Alberta Stroke Program Early CT (ASPECTS) score [79], 
or with volumetry. For the anterior circulation strokes an 
extensive infarction affecting more than one‐third of the 

80/20% 90/10%

Water concentration: intra-/ extra-cellular

Normal
Cytotoxic edema

Intracellular water

Extracellular water

Figure 5A.20 Distribution of the intra‐ and extracellular water in 
the normal state versus in cytotoxic edema. Acute ischemia causes 
energy failure and consecutively more water is trapped inside the 
cells causing them to swell (cytotoxic edema); 
“compartmentalization.”

(b)(a)

Figure 5A.21 An acute infarction appears as a bright signal on the DWI (b1000) image (a). The automatically calculated ADC map 
(b) shows “real” diffusion restriction in acute ischemia as an area of low signal.
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middle cerebral artery territory, with a volume larger 
than 70 mL [80] or an ASPECTS score declining to 7 
points or less within the first 3 hours are predictors of 
poor clinical outcome and thus negatively affects the 
selection of patients for thrombolysis [70, 79, 81]. 
ASPECTS (Figure 5A.27) is a scoring method in which 
one point is subtracted from a total of 10 for any evi
dence of early ischemic changes. Ischemic changes are 
defined by evaluating loss of the grey–white junction at 
predefined regions in the deep basal ganglia and subcor
tical white matter. A normal head CT receives a 10 on the 
ASPECTS score. The ASPECTS score has been shown to 
be reproducible with good interobserver reliability [82].

A similar concept is considered for posterior circula
tion strokes. Thus, patients with brainstem infarcts, 

especially those affecting the pyramidal tract as well as 
large infarcts affecting more than one‐third of the cere
bellar hemispheres (resulting in compression of the 
fourth ventricle and hydrocephalus) have a worse prog
nosis [83].

We are often faced with patients presenting with a 
wake‐up stroke with unknown symptom onset. In such 
patients a clearly hyperintense ischemia on T2WI/
FLAIR MRI is considered as a marker of established core 
being sensitive for increased water content in the brain 
and indicating vasogenic edema, which ensues after the 
local breakdown of the blood–brain barrier [84]. Data 
suggest that an infarction with a bright signal on T2WI 
and FLAIR is probably 6 hours and 4.5 hours after the 
onset of stroke, respectively. This observation is more 

(b)(a)

(d)(c)

Figure 5A.22 The value of DWI in the early stage of cerebral ischemia. Patient presenting with paresis of the left arm; notice that the early 
CT (a) demonstrates no obvious abnormality although acquired about 1 hour after the DWI (c) and ADC (d) scans which show the small 
ischemia as bright DWI and low ADC signal. The T2‐weighted image was also negative (b).
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(a) (b) (c)

(d) (e)

(g) (h)

(f)

Figure 5A.23 Examples of diffusion‐weighted images from eight different patients all scanned within 12 hours of stroke. Note the variety 
of lesion sizes, distributions, and signal intensities. Some lesions are very clearly defined and hyperintense (a,b), while others are less 
clearly defined and only slightly hyperintense (c,d,f ); some are unifocal (a,b,c,d) while others are multifocal (e,f,g,h). Source: Figure 
prepared by Dr. Carly Rivers, University of Leeds.
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accurate for the 1.5T MRI scanners [85]. Some authors 
propose the concept of the so‐called “unstable infarct 
core” [86]. Such infarct core if reperfused is more prone 
to complications (e.g. severe hemorrhage or edema). The 
criteria for such an unstable core include FLAIR hyper
intense infarct and a malignant mismatch profile accord
ing to the DEFUSE study (PWI and/or DWI lesion ≥ 100 mL 
(for details – see later) [87].

5A.4.1 Penumbral imaging

The ischemic penumbra [88], the “tissue at risk” repre
sents the critically hypoperfused (CBF 12–20 mL/100 g/

min) reversibly damaged parenchyma suffering neu
ronal  silence and thus also causes neurological deficits 
(Figure 5A.28). This functional damage can be reversed 
if timely reperfusion occurs. Otherwise more and more 
penumbra will be recruited to the IC. Thus, we need to 
think of penumbra as a dynamic process [89]. Knowledge 
of the extent of this salvageable brain might then be use
ful to guide the choice of acute stroke treatment, such as 
thrombolytic therapy [90]. Discriminating the IC from 
the penumbra and from the surrounding benign oligemia 
(“tissue not at risk”; CBF > 20 mL/100 g/min) requires the 
application of CT‐ or MR perfusion imaging (CTP or 
PWI, respectively).

(a) (b)

(c) (d)

Figure 5A.24 MR images of a patient with a left hemisphere lacunar stroke. (a) T2‐weighted, (b,c) adjacent FLAIR MR images show 
multiple areas of increased signal in the white matter adjacent to the lateral ventricles bilaterally (centrum semiovale). With so much white 
matter disease it is difficult to be sure which is the recent infarct. (d) But, on diffusion imaging, the recent infarct is obvious by its increased 
signal (arrow).
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The reduced CBF in the penumbra triggers energy‐
dependent autoregulatory mechanisms to maintain a 
constant CBF to achieve maximal dilatation of the small 
arteries and arteries accompanied by recruitment of col
laterals thus causing a compensatory increase in CBV. 
This effect is accompanied by prolonged perfusion times 
(e.g. MTT, TTP, and Tmax) (Table 5A.1). The prolonged 
transit time in a proximal arterial occlusion causes the 
erythrocytes to spend a longer time within oxygen‐per
meable capillaries; thus increasing oxygen extraction 
from the capillaries locally. When maximal vasodilation 
is reached, oxygen extraction fraction increases. When 
all these compensatory mechanisms fail in the infarct 
core, the CBV drop is followed by a decrease in CBF, col
lateral failure, decreased tissue oxygenation, and finally 
cell death. Thus, CBV drop is a marker of infarction and 
correlates with the diffusion restriction only in hypera
cute stroke [91].

CT‐ and MR perfusion techniques are increasingly 
being used to rapidly identify stroke patients with persis
tent penumbra, who are thought to be ideal candidates 

for reperfusion therapies [7]. We have to remember 
though, that ischemic penumbra is a dynamic process. 
Thus, the perfusion images we obtain, give us just a 
momentary snaphot of cerebral hypoperfusion and 
ischemia.

Many studies have tried to identify a perfusion thresh-
old that distinguished viable from infarcted tissue. For 
PWI, a Tmax with a delay of >6 seconds and >10 seconds 
has been used recently in large stroke trials, for instance, 
DEFUSE2, to define the thresholds for penumbra and IC, 
respectively [22]. TTP and MTT are also good alterna
tives to Tmax in determining the diffusion/perfusion 
mismatch. In CTP, a mismatch between CBV (threshold 
at 2.0 mL/100 g for IC) and MTT (threshold at a relative 
MTT of 145% for the tissue at risk of infarction) defines 
the ischemic penumbra [23]. One study simply warned 
against using a single perfusion parameter threshold, 
because different perfusion parameters provide comple
mentary information about the complex physiology of 
ischemic tissue [93]. Almost all cases with an anterior 
circulation stroke show mismatch within the first 

4 h 5 days 12 days 1 month 3 months

Figure 5A.25 Evolution of the DWI, T2‐ and ADC signal over time. Appearance of infarction on MR imaging. Typical sequence of changes 
in appearance over time after right hemiparesis. Top row: diffusion‐weighted imaging; middle row: T2‐weighted imaging; bottom row: 
apparent diffusion coefficient (ADC) images. Note that the ischemic lesion is hyperintense on diffusion imaging (hypointense on ADC) at 
4 hours but is not visible on T2 until five days. Note also that the 12‐day scan suggests that the lesion is much smaller than its true extent 
at three months due to fogging. Source: Figure prepared by Dr. S. Munoz‐Maniega, University of Edinburgh.
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3 hours, which declines to 75% within the first 6 hours 
and to 50% 12–18 hours after onset [24].

Currently, many stroke centers use the diffusion‐ 
perfusion mismatch (DPM) concept to define the 
ischemic penumbra (Figure 5A.29). Both the existence of 
a penumbra and its reversal correlate with improved clin
ical outcomes. DPM is the difference between the extent 
of the lesion demonstrated on diffusion (DWI) and that 
on perfusion imaging (PWI) may represent the ischemic 
penumbra. The PWI parameter Tmax > 6 seconds is most 
commonly used as a threshold that identifies critically 

hypoperfused brain tissue that is likely to be irreversibly 
infarcted if no adequate reperfusion is achieved [94].

A DPM is considered significant if the penumbra 
(hypoperfusion) is at least 20% of the ischemic core (area 
of diffusion restriction on DWI) volume [34].

The DEFUSE study identified several DPM profiles. 
The “target mismatch profile” (small DWI lesion, large 
PWI lesion) is a predictor for good outcome. The “malig
nant mismatch profile” (large DWI lesion, large PWI 
lesion), is associated with poor outcome and the risk of 
extensive edema and hemorrhage after reperfusion.

(a)

6 h 5 days 2 weeks 1 month

6 h 5 days 2 weeks 1 month

(b)

Figure 5A.26 Differences in the rate of change in appearance of infarction in two patients on diffusion‐weighted imaging. (a) The 
diffusion hyperintensity (top row) and ADC hypointensity (bottom row) have resolved by two weeks, whereas in (b) both diffusion 
hyperintensity and ADC hypointensity are still present.
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However, the DPM concept may be an oversimplifica
tion of the dynamic, complex processes taking place in 
the ischemic brain, compounded by major uncertainties 
about how to extract the perfusion data. More and more 
recent works imply that patients without “significant 
mismatch” may also benefit from modern stroke thera
pies and should not be denied reperfusion treatment. 

It  is conceivable that the mismatch approach could be 
used to extend the time window for treatment. There is 
increasing evidence of persistence of the penumbra up to 
24 hours after stroke, which might be amenable to 
thrombolytic or other treatment [46].

Apart from the perfusion thresholds and the diffusion‐
perfusion mismatch concept additional information has 

Figure 5A.27 Alberta Stroke Program Early CT score (ASPECTS) is a 10‐point quantitative topographic CT scan score. All cuts with basal 
ganglionic or supraganglionic structures visible are required to determine if an area is involved. The abnormality should be visible on at 
least two consecutive cuts to ensure that it is truly abnormal rather than a volume averaging effect. Subcortical structures include: C, 
caudate; I, insular ribbon; IC, internal capsule; L, lentiform nucleus. Cortical areas include: MCA cortex: M1, anterior MCA cortex; M2, MCA 
cortex lateral to the insular ribbon; M3, posterior MCA cortex; M4, M5, M6 are the anterior, lateral, and posterior MCA territories 
immediately superior to M1, M2, and M3, rostral to basal ganglia.
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Figure 5A.28 Simplified model for the 
drop in CBF. The subdivision of the 
hypoperfused tissue into a central infarct 
core, a peripheral penumbra surrounded 
by benign oligemia.
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to be taken into consideration, for example (i) the fact 
that different brain regions are known to have different 
ischemic vulnerability. The regions with the highest 
vulnerability include the caudate body, putamen 
nucleus, and insular ribbon as well as selected areas of 
the frontal lobe including the middle frontal gyrus, pre
central gyrus, paracentral lobule, and the subcortical 
white matter [91]. (ii) Strategic infarcts in eloquent 
brain areas, even if small, may have a greater impact on 
clinical outcome than larger infarcts in less strategic 
brain regions.

5A.5 Step 3: Vessel imaging

Both CT‐ and MR angiography are efficient to visualize 
the intracranial and the cervical arteries and guide fur
ther patient management (Figure 5A.30). The following 
points are important to comment upon: (i) Site of occlu-
sion. This is of utmost importance since large vessel 
occlusions lead to severe neurological deficits and even
tually cause poor clinical outcomes. Mortality rates for 
distal ICA, proximal MCA, and basilar artery occlusions 
are reported at 41.7–53% [95–97], 27–78% [98, 99], and 
92% [100], respectively. (ii) Analysis of the collateral cir-
culation. This is of particular importance since the 
wealth of the leptomeningeal collaterals is a predictor of 
final infarct volume and thus the clinical outcome [14]. 
Previous reports have shown that the rate of neuronal 
loss depends greatly on the state of collaterals, which can 
maintain a stable penumbra for several hours after the 

Table 5A.1 The key perfusion parameters in the hypoperfused 
parenchyma on CT‐ or MR perfusion studies.

Time parameters
(MTT, TTP, Tmax) CBV CBF

Ischemic penumbra + + / N –
Infarct core ++ – ‐‐

Source: Adapted from [92].
CBV, cerebral blood volume is the total volume of blood in a given 
unit of brain volume (mL/100 g). CBF, cerebral blood flow is the 
volume of blood moving through a given unit of brain volume per unit 
time (mL/100 g/min). MTT, mean transit time is the average transit 
time of blood through a given brain region in seconds. The central 
volume principal is defined as CBF = CBV/MTT.
Other time perfusion parameters: Tmax, time to maximum; TTP, time 
to peak.
+, mildly increased; ++, markedly increased; N, normal;
–, mildly decreased; ‐‐, markedly decreased.

Figure 5A.29 The concept of “diffusion‐perfusion mismatch.” In this rather pragmatic approach DWI (area A) represents the infarct core, 
the temporal perfusion map (e.g. Tmax or TTP) represents the area of significant hypoperfusion (area B). The difference between these two 
regions (B–A), the “diffusion‐perfusion mismatch,” represents the ischemic penumbra. (Also reproduced in color in the plate section.)

 ● The extent of the infarction is visible on NCCT or even 
better on DWI. This evaluation is done by visual assess-
ment (eyeballing) or using the ASPECTS score.

 ● The “mismatch concept” is a pragmatic and practical 
approach used in clinical practice to quickly identify 
the ischemic penumbra. Usually perfusion CT or MRI is 
needed for assessment; however, several indirect MRI 
signs can be extracted from the FLAIR or SWI images.

 ● Early clarification of the stroke etiology (e.g. vulnera-
ble carotid atherosclerotic plaque or other treatable 
causes) is crucial for therapeutic management.
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onset of occlusion [101]. Furthermore, (iii) tandem 
occlusions or stenoses as well as underlying arterial 
pathologies, vasculitis, and (iv) anatomical variants or 
other peculiarities that can affect the technique of the 
endovascular intervention (e.g. arterial loops, angulated 
origin of the artery) must be documented.

CTA is a more widely available, fast technique, thanks 
to the spiral acquisition on the modern multidetector CT 
scanners. While MRA techniques, namely the TOF‐
MRA and CE‐MRA require more time, they deliver diag
nostic results comparable to CTA, while TOF has the 

advantage of being independent of intravenous gadolin
ium administration. The advantages of CTA versus MRA 
are compared with those of digital subtraction angiogra
phy (DSA) in Table 5A.2.

5A.5.1 Arterial dissection

A review of the literature has shown that MR techniques 
such as MRI and MRA were relatively similar to those for 
CTA in diagnosis of carotid and vertebral artery dissec
tion [102]. Fat‐suppressed T1‐weighted MRI remains the 

(a)

(b) (c)

Figure 5A.30 MCA stroke on the right side; 
different patients.Coronal reconstruction of 
the CTA (a, image top left) and the 3D 
reconstruction of TOF‐MRA (b, image 
bottom left) show an occluded M1‐
segment. In another patient the CE‐MRA (c, 
image on the right) shows an occluded ICA 
and MCA on the right side.

Table 5A.2 Advantages and disadvantages of cross‐sectional angiographic techniques used in stroke imaging.

MRA CTA

Advantages No i.v. contrast needed
(TOF only)
Vascular imaging from the aortic arch up to the intracranial 
vessels (CE‐MRA)

Widely available, fast
Sensitivity close to DSA
Quantify vascular disease burden
(e.g. degree of stenosis, clot length, plaque 
characteristics)
No flow or motion artifacts

Disadvantages TOF sensitive to flow and motion artifacts
TOF overestimates stenosis
CE‐MRA dependent on i.v. contrast; however, low risk of 
allergic reaction and nephrogenic systemic fibrosis
CE‐MRA; contrast toxicity in renal impairment
Contraindications to MRI (e.g. metals, devices, claustrophobia)

Dependent on i.v. contrast; risk of allergic 
reaction, renal toxicity
Radiation exposure
No information on the velocity or direction 
of blood flow

Source: Adapted from [31, 92].
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established sequence to visualize the hyperintense 
(bright) mural hematoma in cases of arterial dissection 
[30] (Figure  5A.31). In hyperacute cases, the mural 
hematoma would not appear clearly bright on these T1 
images. In such cases it is adviseable to add a T2‐weighted 
fat‐suppressed series to help identify or exclude the 
mural hematoma [31, 102] (Figure 5A.32). When analyz
ing the dissection, it is of utmost importance to comment 

on whether the dissection extends intradurally, thus pos
ing a risk of subarachnoidal hemorrhage. Enhancement 
of the arterial wall distal to the arterial occlusion, the so‐
called “carotid ring sign” can indicate a recent (<1 week) 
arterial occlusion [103]. Arterial dissection causing sig
nificant stenosis or occlusion of the affected vessel may 
lead to an ischemic stroke. The evolution of a dissection 
is illustrated in Figure 5A.33.

(a)

(b)

(c)

Figure 5A.31 Typical case of carotid 
dissection seen as a flame‐shaped 
occlusion (arrow) of the proximal ICA on 
the left side on CE‐MRA (a) with a bright 
mural hematoma (arrow) on the coronal 
(b) and axial (c) fat‐suppressed T1‐
weighted images.

(a) (b) (c)

Figure 5A.32 Fresh mural hematoma (arrow) in a case of right carotid dissection hardly depicted on the coronal (a) and axial  
(b) fat‐suppressed T1‐weighted images being almost of the same signal as the adjacent soft tissues. The hematoma is best seen on 
the fat‐suppressed T2‐weighted image (c).
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Figure 5A.33 Development of a mural hematoma over time. Bilateral dissection of the vertebral arteries is used here for illustration; the 
upper row depicts the luminal narrowing with CE‐MRA. The bottom row depicts the bilateral mural hematomas on the fat‐suppressed 
T1‐weighted images. Notice the progressive narrowing of the lumen over this short period of time.
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5A.5.2 Clot/thrombus imaging

The clot can be visualized as an increased density (atten
uation or whiteness) in the artery on plain CT, represent
ing the so‐called “dense artery sign,” an early but indirect 
sign of ischemic stroke [67–69]. It can be seen mostly in 
the larger proximal segments of the intracranial arteries, 
including the M1‐M2 segments of the MCA, PCA, or 
basilar artery [70, 71] posterior cerebral [72, 73].

Several situations may mimic a “dense artery sign” 
including increased hematocrit, dehydration, and calcifi
cation of the vessels, for example in atherosclerosis [76]. 
The asymmetry of this increased density of the artery, 
compared to the contralateral or other cerebral arteries 
is often helpful to increase the sensitivity of this sign 
(Figure  5A.34). Overall, this is very specific [68]; how
ever, the dense MCA sign was observed in only about 
one‐third of patients with documented MCA branch 
occlusion on angiography in the PROACT trial provid
ing a sensitivity of around 33% [77]. Recent CT studies 
demonstrated that intravenous thrombolysis applied to a 
thrombus longer than 8 mm (seen as “dense artery sign” 
on plain CT) has no chance of successful recanalization 
of the artery [104].

The thrombus is well seen on the T2* GRE sequence in 
the MRI as an ovoid or tubular area of signal loss, due to its 
paramagnetic effect (Figure  5A.34). Such magnetic field 
effects are furthermore accentuated by the SWI sequence. 
This technique, which was introduced to clinical practice 
by Haacke and colleagues, is extremely powerful to detect 
intra‐arterial thrombi intracranially, with a sensitivity of 
up to 97% in MCA occlusions [105]. SWI provides infor
mation on the length as well as the configuration of the 

thrombus (e.g. straight, curved, branching); this helps to 
guide and plan the endovascular intervention. It has been 
shown that the success of the recanalization with mechan
ical thrombectomy techniques was not dependent on the 
length but rather on the configuration of the thrombus 
[106]. The presence of multiple or fragmented thrombi 
during the acute stroke phase was observed on SWI in 
only 7% of MCA strokes, meaning that we usually have to 
deal with one single occluding thrombus [107]. However, 
cases with multiple or fragmented thrombi had slightly 
worse clinical prognosis, probably due to poorer collater
als. An arterial thrombus/embolus can be seen on MRI as 
a bright (hyperintense) signal on the FLAIR images [108] 
(Figure 5A.35).

5A.5.3 Other “vessel signs”

SWI not only depicts the thrombus, but it can demon
strate an additional relevant vessel sign. The increased 
oxygen extraction in the ischemic tissue including in the 

(a) (b)

Figure 5A.34 The occluding clot (arrow) in the right M1‐segment is seen on NCCT (a) as a hyperdense structure, while seen dark on the 
T2* GRE MRI sequence (b). The latter was part of the source images for the PWI acquisition.

 ● Vascular imaging (CTA, MRA) is strongly recommended 
during the initial imaging evaluation of stroke patients, 
especially in candidates for endovascular recanaliza-
tion. CTA/MRA of the head and neck should be 
obtained to identify the stroke mechanism and pre-
vent future strokes.

 ● Clot/thrombus evaluation on CT or MRI, including the 
assessment of its location, configuration, and length is 
crucial to plan the therapy and decide between intra-
venous and endovascular therapy.
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penumbra leads to a local increase in deoxyhemoglobin, 
which in turn causes the so‐called BOLD (blood oxygen 
level‐dependent) effect, which is commonly used for a 
functional MRI technique. In acute major vessel occlu
sion SWI, formerly called “venous BOLD” imaging, 
prominent, low‐signal veins are visible in the hypoper
fused area. These are seen peripherally (“cortical vessel 
sign” or “abnormal visualization of leptomeningeal ves
sels”) in the deep white matter (“brush sign”). Collectively 
both were termed the “region of multiple hypointense 
vessels” (Figure 5A.36).

Before SWI was widely used in the clinical stroke MRI 
routine, the same findings were described with the T2* 
GRE imaging. The reversal of the cortical vessel sign has 
been observed after full recanalization and is associated 
with a favorable outcome. Some authors advocated that 
the SWI > DWI mismatch may indicate the penumbra 
and thus obviate the need for the PWI > DWI mismatch; 
however, this finding could not be confirmed by other 
research groups [109]. FLAIR hyperintense branches 
can also represent slow or retrograde collateral flow, a 
sign called the “ivy sign,” which usually points to a proxi
mal arterial occlusion and is considered as a favora
ble  prognostic sign associated with smaller ischemic 
lesion volume on MRI and milder clinical severity [108] 
(Figure 5A.37).

5A.5.4 Imaging the collaterals

The sudden symptom onset in acute ischemic stroke is 
only an approximation of onset of vessel occlusion. 
Clinical symptoms are observed below a certain thresh
old of cerebral blood flow. At cerebral blood flow levels 
higher than those causing irreversible infarction, it may 
take hours before infarction occurs because tissue viabil
ity is dependent on several factors, including the degree 
and the duration of cerebral blood flow drop, state of 

collaterals as well as the selective vulnerability of the 
affected brain regions or cells.

Collateral flow is thus a crucial factor determining the 
onset of symptoms after the vessels occlusion. The col
lateral circulation struggles to sustain the ischemic 
penumbra and protects the hypoperfused brain region 
against irreversible ischemia. Good collaterals are asso
ciated with greater reperfusion, better median NIHSS 
score at day 7, and better modified Rankin Scale score at 
day 90. Conversely, poor collaterals are associated with 
symptomatic hemorrhage. Collaterals eventually fail if 
no prompt reperfusion occurs [92, 110–112].

Collaterals vary across individuals. The principal sites 
of collateral anastomoses include (i) communications 
between the large extracranial and intracranial arteries, 
(ii) circle of Willis, and (iii) leptomeningeal collaterals 
sustaining cortical perfusion. In the setting of significant 
arterial stenoses and occlusions, the recruited collateral 
networks supply blood to the affected territory via shunt
ing and retrograde flow [113].

The gold standard of imaging of collaterals remains the 
conventional DSA due to the highly complex configura
tion and often small caliber of collateral vessels. However, 
DSA is an invasive and lengthy diagnostic procedure with 
limited availabity; thus, it is not practical as the first‐line 
vascular imaging technique [115]. The most commonly 
used collateral grading scale is the ASITN/SIR collateral 
grading system proposed by the American Society of 
Interventional and Therapeutic Neuroradiology (ASITN) 
and the Society of Interventional Radiology (SIR). It is a 

(a) (b) (c)

Figure 5A.35 Depicting the clot/thrombus on MRI. The thrombus is seen as having a bright signal on the FLAIR (a), dark signal on SWI 
(b) and shows disappearance of the flow signal on the TOF, as seen on the fused SWI and SWI image (c). 

 ● Collateral supply and the ischemic penumbra are 
dynamic processes, while imaging provides only a 
snapshot of this complex pathophysiological process.

 ● “Time is brain,” but the collaterals set the pace [114].
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(a) (b)

(c) (d)

Figure 5A.36 Prominent cortical veins on SWI. A 
typical right‐sided MCA stroke with diffusion 
changes on DWI (a), restricted diffusion on the ADC 
map (b), and extensive hypoperfusion on the TTP 
perfusion map (c). Notice the prominent dark 
cortical veins on SWI (d) in the hypoperfused 
region. ((c) Also reproduced in color in the plate 
section.)

(a) (b)

Figure 5A.37 The flow changes in the hypoperfused area can be indirectly depicted with other MRI techniques apart from perfusion MRI. 
Thus, the slow flow is seen as a bright signal of the distal arterial branches (arrows) on FLAIR (a) while the increased deoxyhemoglobin 
causes a signal drop in the cortical veins (arrows) in the affected region on SWI (b).
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5‐point scale (0 = worst, 4 = best). The grading is as 
follows: 

 ● Grade 0, no collateral visible to the ischemic site
 ● Grade 1, slow collateral vessels to the periphery of the 

ischemic site with presence of some of the defect. 
 ● Grade 2, rapid collateral vessels to the periphery of the 

ischemic site with presence of some of the defect and 
to only a portion of the ischemic territory. 

 ● Grade 3, collateral vessels with slow but complete 
angiographic blood flow of the ischemic bed by the 
late venous phase. 

 ● Grade 4, rapid and complete collateral blood flow to 
the vascular bed in the entire ischemic territory by ret
rograde perfusion [116].

Several noninvasive methods have been developed to 
assess collaterals, for example the scoring systems 
applied to the source images of the CTA acquisitions. 
The scores were graded as follows: Grade 0, no collateral 
filling; Grade 1, collateral filling of ≤50%; Grade 2, col
lateral filling >50% but <100%; Grade 3, 100% collateral 
filling of the hypoperfused region [14]. However, such 
conventional static or mono‐/oligo‐phasic imaging with 
CTA or MRA underestimates the quality of the collater
als. Multiphase CTA is a newer technique that allows 
dynamic flow assessments comparable to conventional 
DSA [112, 117, 118]. Multiphase CTA has been tested for 
its clinical utility in the ESCAPE study with good inter
rater reliability [118, 119]. Furthermore, a low ASPECTS 
score on plain CT reflects low collateral grades, as 
described in the Solitaire With the Intention for 
Thrombectomy (SWIFT) [111] and Interventional 
Management of Stroke III (IMSIII) trials [110, 120].

As mentioned earlier, the appearance of hyperintense 
(bright) arterial branches distal to the occlusion site on 
FLAIR images represents slow or reversed collateral flow, 
which is considered as a reliable marker for the presence 
of collateral flow and thus a favorable prognostic sign 
associated with smaller final infarct volume and better 
clinical outcome [108, 121] (Figure  5A.37). It has been 
found that the grade of leptomeningeal collateralization 
correlates with the extent of prominent hypointense (dark) 
cortical veins in SWI in acute ischemic stroke, due to the 
deoxyhemoglobin to oxyhemoglobin ratio. Consequently, 
extensive prominent cortical veins correlate with poor 
leptomeningeal collateralization and vice versa [109].

5A.5.5 Patient selection for endovascular 
therapy (intra‐arterial mechanical 
thrombectomy)

Clinically, after excluding an intracranial bleed, the 
administration of intravenous tPA may be initiated if 
symptom onset is less than 4.5 hours. The following 
step is to assess whether the patient qualifies for endo

vascular recanalization, for example with mechanical 
thrombectomy for large‐vessel occlusion. Such inclusion 
criteria for endovascular therapy are extrapolated from 
the successful endovascular thrombectomy trials and 
the interventionalist’s experience. The results of several 
positive endovascular randomized clinical trials were 
published in 2015. They include: Multicenter 
Randomized Clinical Trial of Endovascular Treatment 
for Acute Ischemic Stroke in the Netherlands [MR 
CLEAN] [122], Endovascular Treatment for Small Core 
and Anterior Circulation Proximal Occlusion With 
Emphasis on Minimizing CT to Recanalization Times 
[ESCAPE] [118], Extending the Time for Thrombolysis 
in Emergency Neurological Deficits–Intra‐Arterial 
[EXTEND‐IA] [17], Solitaire With the Intention for 
Thrombectomy as PRIMary Endovascular Treatment 
[SWIFT PRIME] [123], and Randomized Trial of 
Revascularization With Solitaire FR Device Versus Best 
Medical Therapy in the Treatment of Acute Stroke Due 
to Anterior Circulation Large Vessel Occlusion 
Presenting Within 8 Hours of Symptom Onset 
[REVASCAT] [124]. Based on the results of these trials 
the 2015 update of the American Heart Association/
American Stroke Association guideline, includes rec
ommendations for patients who should receive endo
vascular interventions: those who are 18 years of age or 
older; have a baseline modified Rankin Scale score of 1 
or less, an NIHSS score of 6 or more, internal carotid 
artery or M1 occlusion and received tPA, and an 
ASPECTS of 6 or higher; and start treatment within 6 
hours of symptom onset (Class I; Level of Evidence A) 
[125]. Furthermore, patients with contraindications to 
i.v. thrombolysis (e.g. patients on anticoagulation, or 
with no improvement after tPA or early clinical deterio
ration after tPA from early recurrence of stroke) should 
be considered for intra‐arterial thrombectomy.

Currently many comprehensive stroke centers with 
extensive endovascular expertise consider an endovascu
lar intervention up to 12 hours after onset of symptoms 
for anterior circulation stroke and up to 24 hours for pos
terior circulation stroke. Several ongoing randomized 
clinical trials (A Phase IIa Safety Study of Intravenous 
Thrombolysis With Alteplase in MRI‐Selected Patients 
[MR WITNESS], DWI or CTP Assessment With Clinical 
Mismatch in the Triage of Wake‐Up and Late Presenting 
Strokes Undergoing Neurointervention [DAWN], and 
DEFUSE 3) evaluated the feasibility of image‐based 
patient selection for extended therapeutic windows. 
DAWN has recently been published and supports imag
ing‐based patient selection for treatment. Among 
patients with acute stroke who had last been known to be 
well 6–24 hours earlier and who had a mismatch between 
clinical deficit and infarct, outcomes for disability at 90 
days were better with thrombectomy plus standard care 
than with standard care alone [126].
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5A.6 Step 4: Further information that 
can affect the therapeutic decision

“Microbleeds” or “microhemorrhages” are small chronic 
hemorrhages in the brain parenchyma seen on GRE‐
based MRI sequences (e.g. GRE or SWI) that do not pre
sent with a focal neurologic deficit. Although generally 
regarded as clinically “silent” they are associated with 
cognitive impairment, even after adjusting for the 
amount of white matter lesions [129]. These hemosid
erin deposits indicate prior hemorrhages usually second
ary to hypertension and cerebral amyloid angiopathy 
(CAA). The microbleeds in CAA are often located 
peripherally sometimes with superficial siderosis. CAA 
often presents with lobar hemorrhages that have a predi
lection for the occipital lobes and cerebellum or sulcal 
subarachnoid hemorrhage [130–132] (Figure 5A.38).

A joint statement by the American Society of 
Neuroradiology, the American College of Radiology, and 
the Society of NeuroInterventional Surgery recommends 
three possible major vascular imaging strategies [127]:

1) noncontrast CT with CTA from aortic arch to vertex 
with or without CT perfusion;

2) noncontrast CT with DSA; and
3) MRI (DWI, FLAIR, GRE/SWI with or without perfusion‐

weighted MRI and arterial spin labeling) with or with-
out MRA.

Of the three options, the first option is a favored strategy 
for selecting endovascular recanalization therapy as CT 
is fast, relatively cheap and widely available [128].

(a)

(d)

(b)

(e)

(c)

(f)

Figure 5A.38 Cerebral amyloid angiopathy with microbleeds and recurrent lobar hemorrhages. A 71‐year‐old man presenting with left‐
sided hemianopia due to an acute parieto‐occipital ICH (asterisk) on the right side appearing hyperdense on NCCT (a). The ICH is in the 
early subacute phase on MRI being of rather low signal on T1 (b) and bright signal on T2 (c). Notice the other later subacute ICH ventral to 
the former one (white arrow) being hypodense on NCCT and hyperintense on T1‐ and T2‐weighted MR images. DWI (d) is sensitive to both 
bleedings. SWI (e) reveals peripherally located microbleeds seen as dark dots. CE‐MRA (f ) shows no source of bleeding.



5A Neuroimaging206

Deep microbleeds in the basal ganglia, pons, and cere
bellum are often attributable to hypertension. Such 
hemosiderin depositions are also specifically associated 
with lacunar stroke [133] suggesting that they may share 
a common vascular pathology. Microhemorrhages may 
be related to fibrohyalinosis and amyloid angiopathy in 
the cerebral small vessels [134]. Microhemorrhages indi
cate increased risk of intracerebral hemorrhage in 
patients [135] with: leukoaraiosis [136]; a past history of 
ischemic [137] or hemorrhagic stroke [138]; hemorrhagic 
transformation of cerebral infarction [139]; antithrom
botic and possibly thrombolytic drugs [140, 141].

The question whether cerebral microbleeds (CMBs) 
visible on MRI in acute stroke increase the risk for ICHs 
or worse outcome after intravenous thrombolysis or/and 
intra‐arterial therapy remained unresolved over several 
years. New research concerning this subject was per
formed on 392 patients using SWI. Microbleeds were 
detected in about 20.2% of patients. Symptomatic and 
asymptomatic ICH occurred in 5.4% and 19.1% of patients, 
respectively, thereof 15.6% bleedings within and 8.9% out
side the infarct. Neither the existence of microbleeds, 
their burden, predominant location nor their presumed 
pathogenesis influenced the risk for symptomatic or 
asymptomatic ICH. There was only a small increased risk 
for ICH outside the infarct with increasing microbleed 
burden. Still it was concluded that the presence of micro
bleeds is not a contraindication for thrombolysis [142].

Furthermore, leukoariosis or leukencephalopathy 
commonly seen in patients with hypertensive or amy
loid  angiopathy, which also commonly harbor cere
bral microbleeds, is commonly seen in the patient with 
stroke. A study on 292 patients has shown that the sever
ity of white matter lesions independently predicts clini
cal outcome and survival in patients treated with 
intra‐arterial thrombolysis. Symptomatic ICH after 
intra‐arterial thrombolysis were not associated with 
white matter lesions. Therefore, white matter lesions 
should not be considered as a contraindication against 
intra‐arterial therapy [143].

5A.7 Advanced MR techniques 
and new concepts for stroke 
imaging

Several additional MRI tools have been implemented for 
acute stroke.

5A.7.1 Fast stroke imaging

Recent advances in MRI technology allowed faster acqui
sition protocols for acute stroke. Recently a research 
group has proposed a 6‐minute multimodal MR protocol. 

According to the authors this technique provides a good 
diagnostic quality, which is feasible for the evaluation 
of patients with acute ischemic stroke and can result in 
significant reduction in scan time rivaling that of the 
multimodal computed tomographic protocol. Several 
sequences (e.g. FLAIR and GRE) utilized the fast echop
lanar imaging method. TOF‐MRA was omitted in this 
protocol [144]. Recently, MRI manufacturers promise  
5‐minute protocols with their newer hardware and 
software.

5A.7.2 Functional MR imaging (f MRI)

This technique is based traditionally on the so‐called 
BOLD (blood oxygenation level‐dependent) technique. 
BOLD‐MRI (sometimes called “oxygen imaging by 
MRI”) relies on the magnetization properties of deoxy
hemoglobin, which is paramagnetic, and is indicative of 
changes in oxygen extraction fraction (OEF) in acute 
cerebral ischemia. Ischemic penumbra is characterized 
by reduced CBF and elevated OEF. If reperfusion occurs 
before OEF is reduced, tissue can be salvaged. All techni
cal variants of BOLD‐MRI are able to detect elevated 
OEF as reduced intensity on T2 and T2* images [145]. 
CBF dynamics can be assessed with resting‐state fMRI 
(rsfMRI). This technique does not require the patient’s 
interaction. Furthermore, information on the temporal 
delay in BOLD signals can be extracted and used to 
assess the perfusion deficit, a technique that currently 
necessitates an acquisition time of about 6 minutes, thus 
not suitable for emergency imaging [146]. Resting‐state 
fMRI signals, the so‐called “amplitude of low‐frequency 
fluctuations” are significantly different in the infarct 
core, penumbra, and normal brain tissue [147]. This 
technique has been also applied to study global changes 
to the functional organization of brain network following 
stroke by measuring functional connectivity [148].

5A.7.3 Metabolic imaging with magnetic 
resonance spectroscopy

Magnetic resonance spectroscopy (MRS) is a technique 
that has been available for at least three decades. It can 
demonstrate metabolic changes in ischemic tissue in vivo, 
particularly hydrogen, phosphate, carbon, fluorine, and 
sodium metabolism [149, 150]. N‐acetyl aspartate (NAA; 
considered a marker of “normal neurons”), creatine and 
phosphocreatine, choline‐containing compounds, lactate 
and pH have all been measured in patients with stroke 
[150, 151]. NAA is typically low in the infarct core and 
penumbra. Lactate is elevated in the hypoperfused tissue 
with no reversal with hyperoxia in the core, while the 
penumbra would show reversal of lactate with hyperoxia 
[152]. MRS can be performed by either the single voxel, in 
which a small cubic volume of brain – typically 8 cm3 – is 
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sampled, or by chemical shift imaging techniques in which 
spectra from a slice of brain are obtained simultaneously. 
The details of these techniques are beyond the scope of 
this chapter, but there are excellent reviews describing 
each technique, as detailed later. The acquisition time for 
both scans is up to 10 minutes thus not suitable for the 
agitated acute patient with stroke and not applicable in 
the acute clinical setting. Some research groups applied 
MRS in subacute and chronic ischemia [153].

Intravoxel incoherent motion imaging
Intravoxel incoherent motion imaging (IVIM) is a rela
tively new MRI technique to assess cerebral perfusion on 
a 3T scanner without application of intravenous gado
linium. In biological tissues, motion includes molecular 
diffusion of water as well as microcirculation in the cap
illary network. IVIM uses a diffusion‐weighted sequence 
with multiple b‐values (usually 10–16 b‐values from 0 to 
900 s/mm2) and a bicompartmental signal model to 
measure the so‐called pseudo‐diffusion of blood caused 
by its passage through the microvascular network. The 
extracted parameters include perfusion fraction f, diffu
sion coefficient D, and pseudo‐diffusion coefficient D*. 
The acquisition time is around 3 minutes [154].

The extended penumbra model and capillary 
transit time heterogeneity
New concepts of the perfusion state in the infarct core 
and penumbra have been suggested by Ostergaard and 
colleagues, namely the “extended penumbra model.” 
They postulate that the progression of ischemic injury 
advances from many small heterogeneous foci to a 
homogeneous defect over time. Inflammatory cell–
endothelial interactions, peri‐infarct depolarization 
(spreading depression), and flow changes contribute to 
the evolving core. Thus the heterogeneity of the perfu
sion in the penumbra plays a major role in the develop
ment of the injury and higher imaging resolution would 
be necessary [155]. The proposed parameter was “capil-
lary transit time heterogeneity (CTTH),” which is based 
on a specific method for the analysis of PWI data called 
the “Bayesian framework” [156]. Altered capillary mor
phology (e.g. amyloid, diabetes, or hypertensive micro
angiopathy) as well as a proximal carotid stenosis 
chronically disturb capillary flows causing increased 
flow heterogeneity (as measured by CTTH) and thus 
lower oxygen availability through functional shunting of 
oxygenated blood through the vasculature [156, 157]. In 
a series of 18 patients with bilateral high‐grade internal 
carotid stenosis CTTH was associated with modified 
Rankin Scale score at discharge. This parameter was 
superior to Tmax in discriminating patients with favora
ble from nonfavorable outcome, a finding that might 
reflect the simultaneous involvement of large vessels and 
microvessels in bilateral carotid stenosis [158].

5A.8 Imaging of postperfusion phase

After having excluded intracerebral hemorrhage and 
stroke mimics, successfully diagnosed an ischemic 
stroke, recanalized the occluded vessel, and reperfused 
the suffering brain parenchyma, follow‐up imaging is 
important for further management of the patient with 
stroke. Managing the patient in a dedicated stroke unit 
with optimal nursing care, continuous monitoring and 
medical therapy is essential for positive recovery of 
patients. Postreperfusion therapy care is of utmost 
importance since about 25% of the cases can show clini
cal deterioration during the first 24–48 hours after 
stroke. This neurological worsening is difficult to predict 
and may be due to thrombolysis failure, peri‐interven
tional complications or extensive embolism, recurrent 
stroke, or hemorrhagic transformation [159].

5A.8.1 Differentiating hemorrhagic 
transformation of an infarct 
from intracerebral hemorrhage

Hemorrhagic transformation of an infarct (HTI) is an 
aspect of stroke pathophysiology that has been difficult 
to assess and there are many misconceptions about its 
clinical relevance. The exact frequency is almost impos
sible to measure. HTI can usefully be thought of as being 
either asymptomatic (i.e. picked up on repeat brain 
imaging but not associated with worsening of symptoms) 
or symptomatic (definite deterioration in symptoms 
associated with the appearance of new hemorrhage into 
an infarct on imaging).

HTI was initially subdivided into hemorrhagic infarc
tion (HI), which describes a heterogeneous hyperdensity 
(brightness) in an ischemic infarct zone, and paren
chymatous hematoma (PH), which refers to a more 
homogenous, dense hematoma with mass effect. Fiorelli 
and colleagues refined these definitions in 1999 to 
include two subtypes of HI and two subtypes of PH [160]:

 ● HI1: small hyperdense petechiae, without mass effect
 ● HI2: confluent petechiae within infarct, without mass 

effect
 ● PH1: blood <30% of infarct area, may have mild space 

effect
 ● PH2: blood >30% of infarct area, substantial space 

effect.

It was found that only the PH2‐type was a significant 
predictor of neurologic deterioration (OR 32.3) and of 
three‐month mortality (OR 18.0) [70, 161, 162].

A systematic review of CT and MR scanning indi
cated that some degree of petechial hemorrhage occurs 
in 15–45% of patients and of symptomatic hematoma 
formation in 2.5–5%, at some point within 1–2 weeks 
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after stroke [163]. HTI can occur very early after stroke 
onset and make the infarct look just like an ICH on 
brain CT or MR. Typically HTI is distinguished from 
ICH by the lack of homogeneity of the hemorrhagic 
area which lies within, or on the edge of the presumed 
infarct. However, it is clear that some cases that appear 
radiologically to be ICHs are actually caused by HTI 
occurring within hours of stroke onset, the so‐called 
intrainfarct hematomas [164]. Indeed, the HTI can look 
so like an ICH on CT or MR that, without a prior scan 
showing no hemorrhage, the patient would have been 
labeled as ICH. The extent of this problem will become 
clearer with more experience of early scanning. 
Currently, however, there are no absolute rules for dis
tinguishing those early HTIs that obliterate the infarct 
from a “true” ICH (Figure 5A.39).

Some of the variability in the frequency of reported 
petechial hemorrhage on CT must be a result of interob
server variation, but this is less likely to apply to focal 
hematomas [165]. The visual perception of the density of 
normal brain is influenced by the density of adjacent tis
sue; normal brain next to the low density of an infarct 
appears to be of relatively higher density than it really is, 
and so can be mistaken for areas of hemorrhage. To avoid 
this mistake, the density of the brain can be measured 
(HU) on the CT console to distinguish petechial hemor
rhage from normal brain.

Several factors are associated with HTI. Clinical fac
tors including high initial NIHSS [69], delayed treat
ment time [166], and hypertension [167] are known to 
increase the incidence of HTI and have been applied as 
exclusion criteria for thrombolytic therapy. The imaging 

(a)

(d)

(b)

(e)

(c)

(f)

Figure 5A.39 Massive hemorrhagic transformation after intravenous thrombolysis. A 92‐year‐old lady presenting with left‐sided 
hemiparesis, NIHSS 11 since 2 hours. DWI (a) shows evidence of acute ischemia in the MCA territory on the right side (black asterisk). The 
MRI was interrupted due to the patient’s irritablility. She was transferred to the CT to complete the examination. NCCT (b) and CTA (c) 
revealed the small hypodense M2 clot (arrow). The patient was treated with intravenous thrombolysis. Extensive hemorrhagic 
transformation in the infarction is seen as dark signal (white asterisk) on the DWI (d) and SWI (e) on the follow‐up MRI one day later and on 
the NCCT after one week (f ).
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appearance of a large infarct [168] and signs of early 
ischemia on CT are also widely used as exclusion crite
ria for thrombolytic therapy [169].

A substudy of 52 patients, randomized in the second 
European Cooperative Acute Stroke Study (ECASS II) 
of intravenous recombinant tissue plasminogen activa
tor (rt‐PA) using single‐photon emission computed 
tomography (SPECT), found that patients with proxi
mal middle cerebral artery occlusion and poor collater
als who did not reperfuse were the most likely to develop 
HTI [170].

A low ADC value on acute MRI scan has been sug
gested as an independent predictor of HTI after throm
bolysis [168]. Furthermore, a large DWI lesion volume, 
very low/absent CBV [171], or focal FLAIR hyperinten
sity within acute infarcts can increase the risk of HTI 
[172]. Increased focal gadolinium in leakage in the infarct 
and thus elevated permeability, as measured on PWI 
suggests focal damage of the blood–brain barrier has 
been associated with ICH [173].

Another challenge when interpreting postreperfusion 
CT scans is the differentiation between HTI and contrast 
medium extravasation in the vicinity of the infarct. 
Sometimes it is extremely difficult to differentiate 
between both entities on the postreperfusion scan 
(Figure  5A.40). One of the solutions for differentiation 
was proposed by Yoon and colleagues; they considered a 
hyperdense (bright) lesion with a CT densitiy of maxi
mum HU <90 that persisted on a further 24‐hour follow‐
up CT being a hemorrhagic lesion. They defined contrast 
extravasation as a hyperdense lesion with a maximum 
HU measurement >90 that persisted on a 24‐hour 

 follow‐up CT scan, while contrast enhancement was 
defined as a hyperdense lesion that disappeared on a  
24‐hour follow‐up CT scan without leaving a hematoma 
cavity or mass effect. They found that contrast enhance
ment on CT obtained after intra‐arterial thrombolysis 
was not associated with hemorrhagic complications, 
while contrast extravasation was highly associated with 
parenchymal hemorrhage and thus should be considered 
a negative prognostic sign [174].

Temporary hyperperfusion or the so‐called “luxury 
perfusion” may occur after the reperfusion in the acute 
stroke setting (Figure 5A.41).

Hyperperfusion syndrome may be a complicating 
event especially after successful recanalization of a 
carotid stenosis with stenting or carotid endarterectomy. 
It was originally described by Sundt et al. as the cause of 
seizures after endarterectomy in five patients with high‐
grade stenoses [175]. During the same year, Leviton et al. 
described a patient who complained of severe frontal 
headaches lasting two weeks that began three days after 
endarterectomy. The headaches were thought to result 
from opening of collateral vessels and distention of a vas
cular bed with “disordered autoregulation” [176, 177]. 
Hyperperfusion syndrome is thought to result from 
chronic cerebral ischemia resulting in loss of cerebrovas
cular autoregulation causing hyperperfusion after injury 
revascularization. This syndrome is classified into three 
types: (i) acute focal edema; vasogenic edema, (ii) acute 
hemorrhage, or (iii) delayed hyperperfusion later than 24 
hours after intervention [178]. The classic symptoms 
include headache, seizures, nausea, confusion, and focal 
deficits (Figure 5A.42).

(a) (b) (c)

Figure 5A.40 Contrast agent extravasation. Acute left‐sided MCA stroke as seen on the DWI sequence (a). The postinterventional 
follow‐up NCCT (b) on the next day reveals patchy areas of bright density in the area of the infarct, which disappear within the next 
24 hours (c), suggestive of contrast extravasation rather than hemorrhagic transformation.
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5A.9 Stroke mimics and other 
differential diagnoses on CT and MRI

Further mimics (e.g. status epilepticus and migraine) can 
be detected on imaging. The perfusion techniques CTP or 
PWI can show perfusion abnormalities, which extend 
beyond the borders of the single vascular territory, accom
panied by asymmetrical cortical veins on SWI. In the SWI 

the veins are hypointense (dark) in case of migraine accom
panied by hypoperfusion, while the reverse is observed in 
status epilepticus due to intra‐ictal hyperperfusion. DWI 
may show partially reversible diffusion abnormality in the 
cortex, thalamus, and possibly in the contralateral cerebel
lum [109, 179, 180]. In rare cases, migrainous infarcts can 
be seen in the posterior circulation in young women with a 
history of migraine with aura [181] (Figure 5A.43).

(a) (b) (c)

(d) (e) (f)

(c) (d)

Figure 5A.41 Hyperperfusion after revascularization. A 67‐year‐old woman presenting with disturbed consciousness and left‐sided 
weakness. Sonography and CTA (not shown) documented type‐A aortic dissection. NCCT (a) shows questionable subtle hypodensitiy of 
the right lentiform nucleus. The initial CTA (b) reveals occlusion of the right common carotid artery (thick arrow) as an extension of the 
aortic dissection. CTA done 7 hours later (c), after dissection surgery, revealed a patent common carotid artery (thick arrow). CT perfusion 
revealed elevated CBF (d) in the right MCA and ACA cortical territory (thin arrows) accompanied by accelerated perfusion evidenced by 
short perfusion Tmax time (e) reflecting local hyperperfusion after revascularization. Follow‐up DWI six days later reveals infarction in the 
previously hyperperfused areas (f ). ((b,c,d,e) Also reproduced in color in the plate section.)
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(a) (c)

(b) (d)

Figure 5A.42 a–d Hyperperfusion injury. 
A 72‐year‐old lady with recurrent right‐
sided MCA strokes. CE‐MRA (a, top left) 
shows a proximal ICA stenosis on the right 
side (arrowhead) with slightly attenuated 
lumen distally (arrows). TOF (b) 
demonstrates a weak flow signal in the 
ipsilateral MCA branches (arrows). Since 
the stenosis was symptomatic it was 
decided to be operated upon. On day two 
after the carotid endarterectomy the 
patient complained of nausea. Systolic 
blood pressure reached 210 mmHg. Four 
days after surgery the patient complained 
of weakness of the left arm followed by a 
focal epileptic seizure. CE‐MRA (c) revealed 
significant improvement in the flow and 
lumen of the treated vessel. TOF (d) 
demonstrated an even stronger flow signal 
in the ipsilateral MCA branches (arrows).

(e) (f) (g)

Figure 5A.42 e–g Cerebral blood volume map (e) showed evidence of right‐sided hyperperfusion. FLAIR on the following day (f ) revealed 
a bright signal in the sulci mostly over the right cerebral hemisphere, a finding which can be called “dirty CSF sign.” NCCT (g) on the next 
day showed a small right frontal sulcal/subarachnoid hemorrhage. ((e) Also reproduced in color in the plate section.)
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Occasionally it is difficult to differentiate a tumor from 
an infarct or partially resolved ICH on the initial CT 
scan: ICHs may mimic tumors radiologically at certain 
phases in their evolution, and tumors may mimic infarcts 
[182]. Therefore, it may be necessary to rescan the occa
sional patient after several weeks, when vascular lesions 
and tumors can usually be distinguished by the pattern 
of their evolution with time. Alternatively, an MR exami
nation may help.

A combination of SWI and FLAIR (Figure  5A.44) is 
more sensitive for detection of acute subarachnoid hem
orrhage, which may clinically mimic a stroke [183]. 
Rarely, the patient presents with stroke symptoms, due 
to vasospasms after a subarachnoid hemorrhage, thus 
proper examination of the images is mandatory.

Further challenges, especially when interpreting CT 
scans, include the differentiation of arterial infarcts from 
other lesions that occasionally produce very similar 
appearances. Thus differential diagnoses include viral 
encephalitis. The typical appearance of herpes simplex 
encephalitis with involvement of the medial temporal 
lobes should not cause confusion, but we have seen 
patients with low‐density areas in the temporoparietal 
region associated with rising viral titres, which resolved 
following treatment with aciclovir. Other differentials 
include purulent cerebritis or tumors. Subacute, enhanc
ing ischemic infarcts may mimic a tumor on imaging. In 
case of confusion a MRI scan before and after contrast 
administration is adviseable.

Time is a useful diagnostic tool, “a chronogram.” If in 
doubt as to whether a lesion is a tumor, a focal cerebritis/

encephalitis, or a subacute infarct on CT or even MRI, 
repeat the scan in 1–2 weeks. Infarcts get smaller (usu
ally) due to ex vacuo effect, whereas untreated inflam
matory lesions and tumors stay the same or get bigger.

The combination of a bleeding and edema or ischemia 
can be extremely challenging when interpreting a CT or 
MRI scan. This combination can be extremely rarely 
seen in a subacute subarachnoid hemorrhage combined 
with vasospasms and beginning infarction. More com
monly this combination (edema and possibly intraparen
chymal hemorrhage) is seen with venous infarction.

5A.10 Imaging of intracranial 
venous thrombosis

Venous infarcts are probably more common than origi
nally thought, but frequently misdiagnosed as arterial 
infarcts, intracerebral hemorrhages, or tumors on CT 
and MR. In our experience there are often clues on imag
ing that should point to the correct diagnosis. Many are 

(a) (b) (c)

Figure 5A.43 Hemiplegic migraine. A 14‐year‐old girl presenting with acute dysphasia and right‐sided hemiparesis which resolves within 
few hours. DWI (a) excludes acute ischemia. TTP perfusion map (b) shows delayed perfusion over most of the left hemisphere extending 
beyond the borders of the single vascular territory accompanied by prominent dark cortical veins with similar distribution on SWI (c). 
((b) Also reproduced in color in the plate section.)

 ● Always think of “stroke mimics” especially if the acute 
clinical presentation is not typical for ischemic stroke.

 ● Most common mimics are status epilepticus and 
migraine.

 ● Remember the possibility of other vascular pathologies 
like subarachnoidal hemorrhage (including patients 
presenting in the “vasospasm phase” 4–14 days after 
subarachnoidal hemorrhage) or venous thrombosis.
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overlooked simply because the possibility of venous 
infarction is not even considered (Table 5A.3).

In fact, intracranial venous thrombosis is a spectrum, 
varying from the effects of sinus thrombosis without any 
brain parenchymal change at one extreme, to purely 
parenchymal lesions, caused by cortical vein thrombosis 
(infarction with or without hemorrhage) without sinus 
thrombosis, at the other end. The clinical presentation 
and radiological appearance in any individual patient 
depend on where the patient lies on this spectrum.

Venous infarcts can usefully be thought of in two parts: 
the primary features of the parenchymal lesion, and the 
secondary features of sinus thrombosis, one or both of 
which may be present. Venous infarcts are typically of 
low attenuation on CT or high signal on MR FLAIR and 
T2‐weighted imaging, and may be wedge‐shaped, like 
arterial infarcts (Figure 5A.45).

The key differentiating features between venous and 
arterial infarcts are:

 ● not quite in the usual site of an arterial infarct;
 ● much more swelling than an equivalent‐sized, equivalent‐

aged arterial infarct;
 ● swelling in the brain remote from the infarct;
 ● often hemorrhagic [184], the hemorrhage being typi

cally in the center of the low‐attenuation area and patchy 
and finger‐like in distribution, unlike arterial infarcts 
where the hemorrhage is usually around the edges.

5A.10.1 Angiography for the veins 
and sinuses

Nonfilling of a sinus or part of it, on a catheter angio
gram is in itself insufficient proof of venous thrombosis. 

(a) (b) (c)

(d) (e) (f)

Figure 5A.44 Stroke and aneurysmal subarachnoidal hemorrhage. A 58‐year‐old man awakes with severe headache, aphasia, and 
confusion. Stroke is suspected clinically. DWI (a) shows no definite evidence of acute ischemia; however, subtle bilateral signal 
heterogeneities (arrowhead). T2‐weighted series (b) show very subtle blood‐CSF levels (arrows) in the occipital horns of both lateral 
ventricles. TOF (c) excludes an arterial occlusion. FLAIR (d) and SWI (e) reveal subarachnoid hemorrhage predominantly on the right side 
as bright and dark signal (arrowheads), respectively. DSA (f, 3D reconstruction) determined the source of the hemorrhage; a small 
aneurysm of the right MCA bifurcation (arrow). ((f ) Also reproduced in color in the plate section.)



Table 5A.3 Differentiating arterial from venous infarcts.

Arterial Venous

Shape Wedge or rounded Usually wedge if cortical, rounded if deep
Number occurring
simultaneously

Usually single May be multiple

Margins Indistinct early, distinct
after several days

Distinct early

Swelling Develops over days Marked, appears usually
very early

Hemorrhage Infrequent, peripheral Frequent, central, finger‐like
Attenuation (CT) Early: slightly

hypoattenuated
Later: more hypoattenuated

Early: obvious
hypoattenuation

Signal (MR) Early: increased on DWI
Later: increased FLAIR, T2

Increased on FLAIR, T2

Additional signs (CT)
(MR)

Hyperattenuated artery sign
Absent flow void; acute thrombus

Hyperattenuated sinus sign
Empty delta sign (after contrast)
Absent flow void; acute thrombus

(a) (b) (c)

(d) (e) (f)

Figure 5A.45 Venous hemorrhage due to venous sinus thrombosis. A 47‐year‐old woman on oral contraceptives with headache for two 
days. A left temporal ICH (asterisk) is seen as a hyperdensitiy on NCCT (a) and as an area of low signal on the SWI MR images (d). The 
thrombus (arrows) in the transverse and sigmoid sinus appears as a dense structure on NCCT as well as a filling defect on the axial slice 
(b) and the coronal reconstruction (c) of the postcontrast CT scan and on the the postcontrast MRI (e). Venous TOF‐MRA (f ) demonstrates 
loss of flow signal in the affected venous sinuses.
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Hypoplasia is an alternative explanation, especially in the 
case of the left lateral sinus or the anterior third of the 
superior sagittal sinus. To prove occlusion of a sinus, it is 
necessary to see delayed emptying or dilatation of col
lateral veins on the angiogram, or evidence of actual 
thrombus on CT scanning or MRI. In most centers, 
MRA or CTA has replaced catheter angiography, espe
cially as CTA or MRA in combination with plain CT or 
other MR techniques, respectively, can show the throm
bus itself [185].

CT scanning
Brain CT readily shows “venous” infarcts: not corre
sponding with a known arterial territory; commonly 
with hemorrhagic transformation; sometimes bilaterally, 

in the parasagittal area (Figure  5A.45) or in the deep 
regions of the brain, or supra‐ as well as infratentorial 
[186].After intravenous contrast, there may be serpigi
nous enhancement in the center or at the edges of the 
infarct. In addition, CT scanning often provides evidence 
of the underlying sinus thrombosis: the hyperattenuated 
sinus sign, seen most clearly in the posterior part of the 
sagittal sinus (“dense triangle sign”) or in the straight 
sinus. The “empty delta sign” appears only after injection 
of intravenous contrast, through which enhancement 
occurs of the wall but not in the thrombus in the center 
of the (posterior) part of the sagittal sinus that is perpen
dicularly imaged on an axial CT slice. The name of this 
sign easily sticks in the mind but it is found in only a 
small number of patients [184, 187, 188] (Figure 5A.45).

(a) (b) (c)

(d) (e) (f)

Figure 5A.46 Thrombosis of the internal cerebral veins. A 24‐year‐old woman presenting with headache. NCCT (a) showing no parenchymal 
changes. Subtle increased density of the internal cerebral veins is seen (arrows). The postcontrast CT (b) shows no opacification of the 
internal cerebral veins (arrows) compared to the superior sagittal sinus (dotted arrow). DWI (c) shows edematous changes in the basal 
ganglia (asterisks) and subtle changes in the thalami. Axial (d) and sagittal (e) SWI show the thrombus as a dark signal (arrows) in the straight 
and inferior sagittal sinuses as well as in the internal cerebral veins. Postgadolinium MRI (f ) shows the thrombus (arrows) as a filling defect in 
the straight sinus. Notice that the SWI is more sensitive than the postgadolinium MRI for detecting the thrombus.



5A Neuroimaging216

MR imaging
The way in which thrombus in dural sinuses appears on 
MR imaging depends very much on the interval from the 
time the thrombus began to form to scanning [189, 190]. 
Three stages can be distinguished in its evolution:

 ● In the (hyper)acute stage (days 1–5) it appears strongly 
hypointense on T2‐ and isointense on T1‐weighted 
images (rather as for arterial thrombi, thus hardly 
detectable on T2‐weighted images. In the subacute 
stage (up to day 15) the thrombus signal is strongly 
hyperintense, initially on T1‐weighted images and 
subsequently also on T2‐ or FLAIR images, thus more 
easily detectable. A fat‐suppressed FLAIR image is a 
highly recommended noncontrast series if venous 
thrombosis is suspected. Diffusion‐weighted MRI can 
show the thrombus in the acute‐subacute stage.

 ● The third stage begins 3–4 weeks after symptom 
onset: the thrombus signal becomes isointense on 
T1‐weighted images but on T2‐weighted images it 
remains hyperintense, although often nonhomoge
neous. Recanalization may occur over months in 
up to one‐third of patients, but residual abnormali
ties are common and do not signify recurrent 
 thrombosis [189].

In the brain parenchyma, early changes of venous 
congestion can be demonstrated on T2‐weighted 
images or with FLAIR. DWI can show the coexistence 
of vasogenic edema (high ADC value) with the cyto
toxic edema (low ADC, reflecting restricted diffusion). 
DWI can demonstrate directly the presence of an intra
venous clot in a select number of patients [191, 192] 
(Figure 5A.46).
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5B.1 Introduction

Steno‐occlusive disease of extracranial or intracranial 
arteries leads to ischemic stroke, a major cause of death 
and disability [1]. Ultrasound of the extra‐ and intracra
nial arteries has been used in clinical practice since long 
before brain CT or MR angiography became widely 
available. Doppler mode makes use of the Doppler effect 
in measuring blood flow velocities, flow direction and 
resistance, providing real‐time data at the bedside. 
Brightness‐mode (B‐mode) displays atheromatosis of 
the carotid arteries as well as nonatherosclerotic pathol
ogies of the artery wall such as dissection or angiitis [1]. 
Cervical duplex ultrasonography (CDU) with modern 
ultrasound equipment permits the assessment of both 
the artery wall and intravascular blood flow of the extrac
ranial carotid and vertebral arteries by combining B‐
mode with Doppler spectral waveform [1]. Transcranial 
Doppler (TCD) can provide real‐time depiction of 
intracranial artery flow of the arteries of the circle of 
Willis, the intracranial segments of vertebral arteries, 
and the basilar artery, and transcranial color‐coded 
duplex sonography (TCCD) can provide additional 
information of the brain parenchyma, allowing easier 
identification of intracranial arteries [1]. All the afore
mentioned ultrasound techniques continue to play a cru
cial role in the evaluation of a patient with an ischemic 

stroke as they have very high temporal resolution that 
allows real‐time and dynamic evaluation, zero radiation 
exposure meaning that they can be repeated at will or 
used for prolonged monitoring, no need for contrast 
injection in most cases, and can be performed at the 
bedside. Finally, ultrasound is the most inexpensive 
imaging modality for the diagnostic evaluation of 
patients with acute stroke. All these advantages support 
the use of ultrasound techniques despite the major 
improvement of brain vessel and parenchyma imag
ing  using CT and MRI. Recent breakthroughs in 
acute  ischemic stroke treatment with endovascular 
interventions open up exciting opportunities for clinical 
applications of ultrasound as it can rapidly provide com
plementary information to CT and MRI on extracranial 
artery pathology, distal microembolization in real time, 
intracranial blood flow, cerebrovascular reserve, and col
lateral artery flow presence.

5B.2 Extracranial artery 
assessment with cervical duplex 
ultrasonography

Atherosclerosis is the underlying cause in approximately 
one out of four ischemic strokes. In Caucasians, athero
sclerosis preferentially affects extracranial arteries, while 
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atherosclerosis in African Americans and Asians is com
monly located in intracranial arteries. CDU can provide 
visualization of the carotid bifurcation which is the site 
mainly affected by atherosclerosis in most patients. The 
arterial wall can be visualized in B‐mode and the athero
sclerotic plaque can be classified to (i) echolucent (dark); 
(ii) isoechogenic and hyperechogenic (bright); (iii) het
erogeneous or homogenous (presenting an irregular or 
smooth surface) [1]. Echolucent, heterogeneous, noncal
cified and ulcerated plaques are considered unstable and 
prone to cerebral embolization. In rare occasions, a 
floating thrombus can be found on top of an ulcerated 
plaque (Figure 5B.1). Intensive statin therapy and anti‐
aggregation is primordial for plaque stabilization, non
progression and, in some instances, regression [2].

Symptomatic (i.e. that have already resulted in a 
 transient ischemic attack or an ischemic stroke) carotid 
atherosclerotic plaques warrant aggressive medical treat
ment and surgical or endovascular intervention if they 
exceed 50% stenosis. The degree of stenosis can be 
roughly estimated by B‐mode that is notoriously unreli
able in quantifying the degree of carotid stenosis with
out the use of Doppler measurements of flow velocities. 
However, the fact that B‐mode provides two‐dimen
sional imaging and plaque calcifications impedes  
ultrasound propagation (acoustic shadow); stenosis 
measurement is based on Doppler mode by measuring 
blood flow velocities at the exit of the narrowest cross‐
section of a focal stenosis. Focal increase in peak systolic 
velocities is the main criterion for carotid stenosis detec
tion and staging; additional information can be given by 
end‐diastolic volume and blood flow velocities proximal 
to the stenosis (Table 5B.1).

In near‐occlusive lesions there is a rapid fall in 
blood flow (the “other side” of the Spencer’s curve) [3]. 
Intervention for symptomatic patients without major 
post‐stroke disability should be undertaken within two 
weeks of symptom onset and maybe as soon as two days 
post stroke to minimize the risk of recurrence [4]. CDU 
is an excellent triage imaging technique to assess extrac
ranial carotid stenosis, thus patients are promptly 
referred for confirmation of the stenosis with CT or MR 
angiography or DSA (which remains the gold standard) 
and treatment (Figure 5B.2).

Vertebral artery atheromatosis is much more challeng
ing to assess with CDU. The origin of the vertebral arter
ies (V0) is prone to develop atheromatous lesions that it 
is not always possible to visualize with ultrasound. The 
main extracranial segment of the vertebral arteries (V2) 
rarely presents significant atherosclerosis and most of 
it is behind the acoustic shadows of the transverse pro
cesses and therefore not accessible to ultrasound. 
Intracranial occlusions or near‐occlusions may produce 

(a) (b)

Figure 5B.1 Carotid duplex showing an isoechoic intraluminal thrombus at the origin of the internal carotid artery (a). Thrombus 
appearance during emergent carotid endarterectomy (b). Source: Courtesy of Dr. Krogias, Department of Neurology, St. Josef‐Hospital, Ruhr 
University Bochum, Germany. ((b) Also reproduced in color in the plate section.)

Table 5B.1 Society of Radiologists in Ultrasound consensus 
criteria for carotid stenosis [62].

Carotid stenosis
ICA PSV  
(cm/sec)

ICA/CCA 
PSV

ICA EDV  
(cm/sec)

0–50% <125 <2 <40
50–69% 125–230 2–4 40–100
70%–near occlusion >230 >4 >100

ICA, internal carotid artery; CCA, common carotid artery; PSV, 
peak‐systolic velocity; EDV, end‐diastolic velocity.
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dampened flow in the accessible extracranial segments. 
No detectable flow may be due to occlusion or normal 
vertebral artery hypoplasia, which further complicates 
diagnostic conclusions. Reversed flow is important to 
identify and indicates occlusion or near‐occlusion of the 
ipsilateral proximal subclavian or innominate artery, 
leading to the subclavian steal phenomenon (Figure 5B.3) 
that may infrequently become symptomatic (subclavian 
steal syndrome). The typical presentation of the subcla
vian steal syndrome is posterior circulation transient 
ischemic attacks (TIAs) (with symptoms of vertigo, dys
arthria, ataxia, syncope) with ipsilateral arm use that 
“steals” blood from the intracranial circulation. The main 
determinants of a subclavian steal phenomenon turning 
symptomatic is concomitant intra‐ or extracranial artery 
stenosis and the magnitude of the blood pressure differ
ential between the two upper limbs (>40–50 mmHg) [5].

Cervical artery dissection can be traumatic or idio
pathic and may affect any extracranial or, infrequently, 
intracranial vessels. Carotid dissection is rarely directly 
visualized in B‐mode as the level of dissection is usually 
distal to the carotid bifurcation and thus outside the 
scope of CDU. However, severe stenosis or occlusion of 

intracranial carotid artery can be indirectly diagnosed by 
low or absent diastolic flow in the internal carotid artery 
at bifurcation level. TCD can contribute significantly to 
the diagnosis of dissection through the indirect signs of 
carotid occlusion or near‐occlusion: (i) Elevated blood 
flow velocities in the carotid siphon through the oph
thalmic window or in the terminal ICA (tICA) through 
the transtemporal window. (ii) Flow reversal of the ipsi
lateral ophthalmic artery. (iii) Dampened flow of the ipsi
lateral middle cerebral artery (MCA). (iv) Flow reversal 
of the ipsilateral anterior cerebral artery (ACA). (v) 
Microembolic signals in the ipsilateral MCA because of 
arterio‐arterial embolism from the mural hematoma to 
the MCA [1].

Dissection of the vertebral arteries may be challenging 
to diagnose with CDU since the site of dissection is usu
ally intracranial (V3 to V4 loop at the level of the atlas). 
On the contrary, TCD can provide the diagnosis as the 
atlas loop is easily accessible to transcranial ultrasound. 
Focal blood flow acceleration due to stenosis, dampened 
flow in the V3 (proximal segment), and flow reversal in 
the V4 (distal segment) due to occlusion can prompt 
the  clinician to order MR imaging with fat saturation 

(a) (b) (c) (d)

(e) (f) (g)

Figure 5B.2 A hemodynamically significant (>70%) stenosis of the innominate artery has multiple repercussions in blood flow in 
different arterial segments of the extracranial brain circulation. Digital subtraction angiography showing a severe stenosis of the 
innominate artery (circled, (a)). Carotid duplex of extracranial arteries matched with arrows with a time‐of‐flight MRA of extracranial 
vessels (stenosis represented with an X within a circle, (c)). Left internal carotid artery (ICA) showing compensatory increased velocities 
(d), left vertebral artery (VA) showing normal waveform (g), right common carotid artery (CCA) showing velocities within normal ranges 
but lower than contralateral CCA with systolic flow deceleration (f ), right VA showing inversed diastolic flow (subclavian steal, (e)) and 
left ICA showing blunted flow with decreased velocities and severe systolic flow deceleration (b). ((b–g) Also reproduced in color in the 
plate section.)
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sequences (FAT‐SAT), which is the imaging modality of 
choice for acute artery dissection. Even after definite 
diagnosis with FAT‐SAT MRI, TCD may be used at the 
bedside to follow the evolution of the stenosis and detect 
arterial recanalization [1].

Takayasu arteritis is a rare cause of stroke that usually 
affects women younger than 50 [6]. Takayasu arteritis is 
a systemic inflammatory vasculitis that presents with a 
distinct pattern of lesions in CDU due to the granuloma
tous inflammation of the aorta and its major branches 
[7]. Wall thickening is smooth, concentric and homoge
neous, lacking calcifications (macaroni sign), and affects 

predominantly proximal cervical vessels (subclavian, 
innominate, and proximal common carotid artery). 
Subclavian steal phenomenon is frequently seen in 
patients with Takayasu disease.

Giant‐cell arteritis is another uncommon and nonath
erosclerotic cause of stroke that affects typically the verte
brobasilar territory especially in patients who have already 
experienced retinal ischemia; the risk for stroke is highest 
within a month after diagnosis [1, 8]. The main use of 
CDU in the setting of giant‐cell arteritis is the examina
tion of the superior temporal artery (STA) that may pre
sent with a hypoechogenic circumferential thickening of 

(a)

(d) (e) (f)

(g) (h) (i)

(b) (c)

Figure 5B.3 Right vertebral artery presenting with normal waveform and antegrade flow toward the head (in red) (a). Left vertebral artery 
(in blue) showing reversed flow toward the arm (b). Left vertebral artery and left vertebral vein presenting with the same color on carotid 
duplex (d). Venous Doppler signal (e). CT angiography showing the occlusion of the origin of the left subclavian artery (c, f ). Transcranial 
color‐coded duplex showing the vertebrobasilar junction (reversed Y appearance; (g)); note that right VA and BA are shown in blue, 
indicating normal blood flow direction to the head. On the contrary, left VA flow is reversed (in red). Note the antegrade low‐resistance 
waveform of right intracranial VA (h) and alternating flow (reversed during systole and antegrade during diastole) of the left VA (i). (Also 
reproduced in color in the plate section.)
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the vessel wall (the halo sign) (Figure 5B.4). The halo sign 
may be more accurately visualized with high‐frequency 
(12–15 MHz) B‐mode transducers that provide higher 
spatial resolution for superficial structures. The halo sign 
is moderately sensitive (68%) but highly specific (91%) 
when present and, besides supporting the diagnosis, may 
guide biopsy and monitor treatment [8].

5B.3 Intracranial artery assessment 
with transcranial Doppler 
and transcranial color‐coded duplex 
sonography

TCD is a rapid, noninvasive, bedside test for evaluating 
cerebrovascular circulation in real time. In some areas on 
the skull, called acoustic windows, bones are relatively 
thinner and permit sufficient ultrasound penetration. 

The three commonly used acoustic windows in routine 
TCD examination are temporal, orbital, and suboccipital 
[1]. The temporal window is used to assess the tICA (ter
minal internal carotid artery), MCA (middle cerebral 
artery), PCA (posterior cerebral artery), and ACA (ante
rior cerebral artery). The transorbital window can assess 
the OA (ophthalmic artery) and the carotid siphon (para
sellar and supraclinoid ICA segments). Finally, the VA 
(vertebral artery) and BA (basilar artery) can be evalu
ated using the suboccipital or transforaminal windows of 
insonation. Spectral flow waveforms, blood flow veloci
ties, direction and intensity in up to 16 intracranial artery 
segments may be evaluated, adding physiologic informa
tion to other imaging modalities.

Intracranial atheromatosis is a major cause of ischemic 
stroke and ischemic stroke caused by atheromatic steno
sis of intracranial arteries carries a very high recurrence 
rate (Figure 5B.5) [9]. TCD can reliably detect stenoses 
in the M1 MCA, tICA, carotid siphon, PCA P1, and 

(a)

(d) (e)

(b)

(c)

Figure 5B.4 Cross‐sectional view of superficial temporal artery (STA) on carotid duplex presenting with a hypoechogenic (dark) halo 
around the flow signal (a). Longitudinal image of STA showing the halo sign around the flow signal (b). Acute ischemic stroke in right 
posterior cerebral artery territory on the same patient. Please note that giant‐cell arteritis presents preferentially with ischemic strokes in 
the posterior circulation (c). Digital subtraction angiography of the same patient: lateral projection of right internal carotid artery (ICA) 
injection (d) and same injection after three months (e). A focal eccentric stenotic lesion in the supraclinoid right ICA (black arrow). The 
parietal branch of the right STA that was patent in the first examination (black arrowheads) has progressively been occluded with diffuse 
stenotic lesions after 3 months (open arrowheads). 
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intracranial VA and BA with an excellent negative pre
dictive value and high positive predictive value; TCD is 
thus superior for ruling out than ruling in intracranial 
artery stenosis [10]. Mean flow velocities (MFV) and 
stenotic to prestenotic ratio (SPR) have been validated 
for stenoses >50% with reportedly high sensitivity and 
specificity (Table 5B.2) [1, 11].

The contribution of patent foramen ovale (PFO) in the 
pathophysiology of cryptogenic stroke has been the sub
ject of intense research since the recognition that PFO is 
found more frequently in patients with cryptogenic 
stroke compared to nonstroke controls or stroke with 
identified cause [12]. PFO recognition has gained clinical 
importance as two recent trials of PFO closure, CLOSE 

(a)

(d)

(e) (f)

(b)

(c)

Figure 5B.5 Right middle cerebral artery (MCA) stenosis on transcranial color‐coded duplex showing aliasing (a). Loss of signal (arrow) 
indicates high‐grade stenosis (b). Focal increase in velocities corresponding to a focal stenosis >70% (c). Post‐stenotic decrease in 
velocities with very low pulsatility (pulsatility index 0.28, (d)). CT angiography (e) and digital subtraction angiography (f ) confirming high‐
grade stenosis of the right MCA (arrows). ((a–d) Also reproduced in color in the plate section.)
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[13] and REDUCE [14], have recently announced posi
tive results. Despite its limitations, notably not providing 
atrial septal aneurysm visualization or not confirming 
PFO as the cause of right‐to‐left shunt (RLS), TCD has 
excellent sensitivity for RLS detection, similar to 
transesophageal echocardiography (TEE), which is con
sidered the gold standard for PFO detection [15, 16]. 
It also has some advantages such as it causes no patient 
discomfort and needs no sedation so that the patient 
may properly perform the Valsalva maneuver. The 
International Consensus Criteria have proposed a four‐
grade system for RLS quantification: 1 for the absence of 
microbubbles (MB), 2 for 1–10 MB, 3 for >10 MB, and 4 
for “shower” or “curtain” appearance of MB (MB too 
numerous for single MB identification; Figure 5B.6) [17]. 
It is still not clear whether RLS severity should have 
implications on management. Finally, TCD can be used 
to assess effective closure of PFO after intervention.

Sickle cell disease is the most common cause of 
ischemic stroke in children and 11% of patients with 
sickle cell disease will suffer from stroke before 20 years 
of age [18]. The distribution of ischemic strokes in 
patients with sickle cell disease preferentially includes 
tICA and MCA, while some patients develop secondary 
“moya‐moya” disease due to occlusion of intracranial 
arteries. Transfusion therapy is an effective means of 
reducing stroke risk and is offered in cases of children 
who have already had a stroke or asymptomatic children 
at risk of developing stroke. TCD detection of time aver
aged maximum mean flow velocity of 200 cm/s can 
determine the need for blood transfusion, which results 
in 90% relative risk reduction of first‐ever stroke [19]. It 
should be noted that other pathophysiological mecha
nisms of stroke may come into play in sickle cell disease 
that cannot be assessed by TCD, such as arterial dissec
tion, hypercoagulable states, and small artery infarction.

Vasospasm is a common complication of nontraumatic 
aneurysmal subarachnoid hemorrhage (SAH), which 
may lead to delayed cerebral ischemia if untreated in 

about 30% of survivors 4–10 days after bleeding [20, 21]. 
One of the first clinical applications of TCD has been post 
SAH vasospasm diagnosis. Considering that a normal 

Table 5B.2 Transcranial Doppler criteria for intracranial stenoses 
[11, 63].

50–69%
MFV (cm/sec)

50–69%
SPR

>70%
MFV (cm/sec)

>70%
SPR

MCA 100–128 ≥2 and <3 >128 ≥3
tICA, ACA, 
PCA

90–128 ≥2 and <3 >128 ≥3

VA, BA 80–119 ≥2 and <3 >119 ≥3

MFV, mean flow velocity criteria; SPR, stenotic/prestenotic ratio; 
MCA, middle cerebral artery; tICA, terminal internal carotid artery; 
ACA, anterior cerebral artery; PCA, posterior cerebral artery; VA, 
vertebral artery; BA, basilar artery.

(a)

(b)

(c)

Figure 5B.6 Three different patients with stroke showing positive 
right‐to‐left shunt after Valsalva maneuver. The degree of the 
shunt was graded using the International Consensus Criteria: 
grade 2 (a), grade 3 (b), and grade 4 (curtain, (c)). 
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MCA diameter is approximately 3 mm, diameter reduc
tion to 1 mm will increase blood flow velocities above 
200 cm/sec [11, 16, 22]. Baseline TCD measurements are 
obtained and TCD examinations are repeated frequently 
(every other day or daily if velocities are increased) 
throughout the period at risk for developing vasospasm. 
Proximal vasospasm results in a focal acceleration in the 
proximal stems of intracranial arteries that translates to 
an intracranial/extracranial vessel ratio of mean flow 
velocities over 3. MCA proximal vasospasm has been 
more extensively studied and the Lindegaard ratio is cal
culated by dividing MFV in the MCA to those in the 
extracranial ICA; TCD criteria for grading MCA vasos
pasm are shown in Table 5B.3 [11, 16, 23].

Similar to the Lindegaard ratio for the anterior circula
tion, the Soustiel ratio is used to evaluate vasospasm of 
the BA by dividing MFV of BA to MFV of VA at the first 
cervical level [24]. BA MFV over 85 cm/sec and Soustiel 
ratio over 3 have high sensitivity and specificity for BA 
vasospasm [25].

Distal vasospasm cannot be directly measured with 
TCD but increased resistance distal to the site of insona
tion is indirectly diagnosed by an increase in pulsatility 
in proximal arterial segments. Pulsatility index over 1.2 is 
suggestive of distal vasospasm, which may appear with
out proximal vasospasm. Clinically relevant isolated dis
tal vasospasm is rare but distal vasospasm often coexists 
with proximal vasospasm and may lead to neurological 
deficits [26]. Hydrocephalus is another delayed SAH 
complication that produces highly pulsatile waveforms 
in the TCD examination. Intracranial pressure over 
20 mmHg leads to end‐diastolic velocity; increasing ICP 
may abolish diastolic flow [27]. Contrary to distal vasos
pasm, high pulsatility (low end‐diastolic velocities) 
caused by hydrocephalus is observed in all brain arteries, 
bilaterally. Transcranial sonography (using TCCD) has 

good correlation with CT scans for measuring the width 
of lateral ventricles [28]. TCCD permits regular lateral 
ventricle width monitoring without the need for trans
porting the patient to the CT scan and without exposing 
the patient to radiation [29].

5B.4 Intracerebral hemorrhage

Another application of transcranial sonography is intrac
erebral hemorrhage (ICH) size monitoring. Despite the 
fact that transcranial sonography may miss small brain 
hemorrhages [30], medium‐sized and large hemorrhages 
are easily recognized as hyperechogenic masses with 
good agreement between TCS and CT measures of 
hematoma volumes [31]. This application of neuro
sonology may be useful in the monitoring of patients 
with acute ischemic stroke treated with systemic or end
ovascular reperfusion therapies, since it may swiftly 
identify symptomatic intracranial hemorrhage as the 
cause of early neurological deterioration in these patients 
(Figure 5B.7).

5B.5 Acute ischemic stroke

TCD has been extensively and successfully used by 
stroke clinicians around the world for years for acute 
ischemic stroke as it can provide complementary infor
mation to CT and MR imaging. TCD can confirm the 
vascular origin of the prevailing symptoms, localize the 
site and the severity of the intracranial stenosis/occlu
sion, determine the underlying stroke mechanism, and 
recognize the extent of the collateral circulation [1, 11]. 
Integrating this valuable information with other imaging 
modalities and the patient’s neurological status helps the 
clinician to select the next and most appropriate step in 
treating the patient.

TCD may assist in mapping the collateral circulation in 
the clinical setting of acute ischemic stroke due to large 
vessel occlusion [32]. Collateral circulation is primordial 
in preserving brain parenchyma after an intracranial 
arterial occlusion and it is a major determinant of clinical 
outcome in patients with stroke. Accumulating data con
verge in the importance of collateral networks in deter
mining patients eligible for acute endovascular therapy. 
The main collateral pathways in the brain are the ante
rior (ACoA) and posterior (PCoA) communicating arter
ies, the reversed OA, and the reversed basilar and 
vertebral arteries. Thrombolysis in brain ischemia (TIBI) 
flow grading system is a tool developed to classify resid
ual flow in emergent large vessel occlusion stroke and to 
monitor the dynamic process of recanalization in real 

Table 5B.3 Transcranial Doppler grading criteria for proximal 
middle cerebral artery vasospasm.

Mean flow 
velocity (cm/sec)

Lindegaard 
ratio Interpretation

<120 <3 Hyperemia
120–180 3–4 Mild spasm + hyperemia
120–180 4–5 Moderate spasm + hyperemia
120–180 5–6 Moderate spasm
180–200 6 Moderate‐to‐severe spasm
>200 >6 Severe spasm
>200 4–6 Moderate spasm + hyperemia
>200 3–4 Hyperemia + mild vasospasm
>200 <3 Hyperemia
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time (Table 5B.4) [33]. A TIBI grading system expands 
the static definition of vessel occlusion and allows quan
tification of the residual flow around a flow‐limiting 
thrombus. Residual flow is directly related to stroke 
severity, stroke prognosis, and the odds of vessel reca
nalization and clinical improvement [34].

In the setting of hemodynamically significant ICA ste-
nosis, ipsilateral MCA shows blunted flow (decrease in 
velocities and less resistive flow compared to the con
tralateral MCA) whereas the ipsilateral A1 segment of 
ACA shows flow reversal. ACoA can be found at mid
line depth, producing a high‐velocity jet with bruit 
known as “seagull murmur.” In the contralateral ACA 
there is compensatory increased blood flow. The PCoA 
can be directly assessed with TCD. Flow is diverted 
from the posterior to the anterior circulation and ipsi
lateral PCA presents with elevated velocities. PCoA 
seems to be a somewhat less effective pathway than 
ACoA [35]. OA flow reversal on TCD is an important 
marker for high‐grade (more than 80%) ICA stenosis or 
occlusion with moderate sensitivity but very high speci
ficity (Figure 5B.8) [36].

In acute MCA occlusion, there is flow diversion (high‐
velocity and low‐resistance flow) from the ipsilateral ACA 
and PCA through the leptomeningeal branches to the area 
normally perfused by MCA (Figure 5B.9). ACA is the main 
source of collateral blood flow as the number and size of 
anastomotic vessels are greater between ACA and MCA 
than between PCA and MCA [37]. An increase >30% in 
mean velocities compared to the contralateral ACA is 
an index of leptomeningeal collateralization. TCD can 
thus provide noninvasive evaluation for leptomeningeal 

collaterals, which when present, increase the odds for 
favorable outcome after successful recanalization.

BA and intracranial VA segments V3 and V4 are acces
sible to TCD in most patients. A distal BA occlusion will 
present with low velocities and highly resistive flows (low 
or no diastolic flow) in the BA and VAs. In middle BA 
occlusion, flow reversal with low resistance can be detected 
in the distal BA, while high‐resistance, alternating flow 

Table 5B.4 Thrombolysis in brain ischemia (TIBI) residual flow 
classification. TIBI grades 0 and 1 correspond to complete 
occlusion; TIBI 2 and 3 correspond to partial occlusion (or, after 
treatment, to partial recanalization); complete recanalization is 
either TIBI 4 (with residual stenosis) or TIBI 5 (without significant 
stenosis).

0: Absent flow signal
No detectable flow distal to the occlusion site
1: Minimal flow signal
(a) Systolic peaks and absence of diastolic flow or (b) 
reverberating flow.
2: Blunted flow signal
Delayed systolic flow acceleration and MFV < 30 cm/sec
Pulsatility index <1.2
3: Dampened flow signal
Normal systolic flow acceleration, positive end‐diastolic flow, 
and >30% reduction in MFV compared to the normal side
4: Stenotic flow signal
MFV ≥ 80 cm/sec and MFV increase by >30% compared to the 
normal side
5: Normal flow signal
Similar waveform and velocities compared to the normal side; 
pulsatility index may be low (hyperemia).

(a) (b)

Figure 5B.7 Acute left symptomatic intracranial hemorrhage (intracerebral hemorrhage) on brain CT (a) complicating treatment with 
intravenous thrombolysis in a patient with acute ischemic stroke (who experienced neurological deterioration 4 hours following the end 
of tissue plasminogen activator infusion). Transcranial sonography performed at the bedside displayed the hematoma as a 
hyperechogenic lesion (arrows, (b)). 
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will be identified at the location of occlusion (Figure 5B.10). 
When the BA occlusion is proximal, flow reversal can be 
found in the entire BA without normal antegrade flow sig
nals. Reversed basilar flow in BA occlusion is an index of 
collateralization through PCoA and is associated with 
favorable outcome in this subgroup of patients with stroke 
who would otherwise have a dismal prognosis [38]. PCoA 
collaterals that are visible on CTA predict favorable out
come after endovascular therapy for BA occlusion and 
they are a target for TCD [39].

A fast‐track insonation protocol of emergent TCD 
coupled with carotid duplex ultrasound in patients with 

acute ischemic stroke has been found to provide high 
yield and accuracy in diagnosing lesions amenable to 
treatment (large‐vessel stenosis >50%, near‐occlusion or 
occlusion in an artery supplying ischemic brain areas) 
[40]. Clinical localization of the probable vessel lesion is 
the first step in planning a scanning strategy.

In acute ischemic stroke due to large vessel occlusion 
besides the site of occlusion, cerebral arterial recanaliza
tion and reocclusion predict clinical outcome, and arterial 
imaging can be helpful before, during, or after throm
bolysis to monitor recanalization and select patients for 
further (interventional) treatment [41]. TCD has been 

(a)

(d)

(g) (h) (i)

(e) (f)

(b) (c)

Figure 5B.8 Axial FAT‐SAT MRI showing dissection (crescent hyperintense signal indicative of vessel wall hematoma) of right internal 
carotid artery (ICA) (a). Coronal FAT‐SAT MRI showing thrombus within the ICA (b). Occlusion of right ICA on CTA (flame sign, (c)). Carotid 
duplex fails to reveal blood flow in ICA on power‐mode (d). Doppler waveform showing systolic peaks with total absence of diastolic flow 
(e). Intracranial CTA showing complete retrograde filling of the right ACA and antegrade filling of right MCA (f ) via patent anterior 
communicating artery (ACoA). Transorbital transcranial sonography showing flow reversal of the ophthalmic artery (g). Transtemporal 
transcranial sonography showing flow reversal of the right ACA (arrow, (h)). Power motion‐mode transcranial Doppler showing a high‐
velocity jet in ACoA indicating collateral flow (i). 
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evaluated for monitoring recanalization during intrave
nous thrombolysis treatment for acute ischemic stroke. In 
the International Management of Stroke (IMS) study, 
MCA MFV (mean flow velocity) has been analyzed bilat
erally; the affected MCA‐to‐contralateral MCA MFV 

ratio (aMCA/cMCA MFV ratio) <0.6 provided excellent 
specificity and high sensitivity for persistent MCA occlu
sion that required interventional treatment [42]. The 
aMCA/cMCA MFV ratio is easy to obtain as it only 
requires bilateral MCA insonation. TIBI criteria have 

(a)

(d) (e) (f)

(g) (h)

(b) (c)

Figure 5B.9 Acute occlusion of the right middle cerebral artery (MCA) on CTA (a) presenting with right hemispheric stroke (apparent 
diffusion coefficient; (b)), and diffusion‐weighted imaging (c). Brain MRI depicts acute MCA thrombosis as blooming effect on 
susceptibility‐weighted imaging (d), flow‐void loss in T2 (e), and hyperintense MCA signal on T1 (f ) sequences. Transcranial Doppler 
showing blunted flow (delayed systolic acceleration with low pulsatility index) in the right MCA corresponding to partial occlusion  
(TIBI II; (g)) with flow diversion in right anterior cerebral artery (h) with increased flow velocities. TIBI II, thrombolysis in brain ischemia, 
grade 2. 
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been further validated using digital subtraction angiogra
phy; TIBI grades 4 and 5 accurately predicted complete 
recanalization as compared with thrombolysis in myocar
dial infarction (TIMI) angiographic scores (overall accu
racy 89%) [43]. From those patients who were successfully 
recanalized with intravenous thrombolysis, up to 25% will 
eventually experience early reocclusion [44], leading to 
worse functional outcomes [45]. TCD can promptly detect 
arterial reocclusion, a complication most commonly 

occurring in severe strokes due to stenosis or occlusion of 
the carotid artery [46].

Real‐time emboli detection is a unique advantage of 
TCD. Microembolic signals (MES) represent solid or gas
eous particles within the blood flow that appear as sig
nals of high intensity and short duration within the 
Doppler waveform (Figure 5B.11). Originally described 
during intraoperative carotid endarterectomy monitor
ing, MES recognition in patients with acute stroke is the 

(a)

(d)

(b)

(c)

Figure 5B.10 Acute basilar artery (BA) occlusion. Time‐of‐flight MRI showing absent BA (a). The presence of BA thrombus is depicted on 
susceptibility‐weighted MRI as blooming effect (b). Digital subtraction angiography confirming the occlusion (c). Power‐motion 
transcranial Doppler showing reverberating flow at the level of BA, corresponding to complete BA occlusion (TIBI I; (d)). 
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hallmark of embolic mechanism, mainly arterio‐arterial 
embolism. MES presence indicates a 10‐fold increase in 
stroke recurrence for recurrent embolism in patients 
with symptomatic carotid stenosis [47]; these patients 
may derive more benefit from early intervention and 
more aggressive medical treatment. It has been shown in 
the Clopidogrel and Aspirin for Reduction of Emboli in 

Symptomatic Carotid Stenosis Study (CARESS) [48] that 
the combination of clopidogrel and aspirin markedly 
reduces MES compared to aspirin alone, a result that has 
been replicated in the subsequently conducted Fast 
Assessment of Stroke and Transient ischemic attack to 
prevent Early Recurrence (FASTER) trial [49]. Statins 
have been shown to decrease MES burden in patients 

(a) (b)

(c)

(e) (f) (g)

(h) (i)

(j) (k)

(d)

Figure 5B.11 A 68‐year‐old male patient, 
smoker, who had been irradiated in the neck 
9 years before for pharynx cancer, presented 
with transient aphasia. Carotid duplex revealed 
left internal cerebral artery (ICA) stenosis (a). 
Transcranial Doppler (TCD) showed left 
posterior cerebral artery compensatory increase 
in velocities due to collateralization via PCoA (b). 
The patient was referred for stenting of the 
symptomatic left ICA (c). A week later he 
developed another episode of aphasia and 
diffusion‐weighted imaging revealed new 
ischemic lesions in left MCA territory (e, f ). CDU 
disclosed focal increase in velocities within the 
stent in left common carotid artery (d). Digital 
subtraction angiography of the left CCA 
confirmed intraluminal filling defects in the 
proximal third of the stent with focal stenosis 
due to recoil of the stent and thrombus 
formation (left external carotid artery had been 
occluded; (g)). TCD identified microembolic 
signals (MES, arrow) in the left MCA at a rate 
around 8 MES per minute (h, i). LMWH (lower 
molecular weight heparin) at therapeutic dose 
resulted in MES disappearance. The patient has 
remained hospitalized for aspiration pneumonia 
and developed new aphasic symptoms and 
right hemiparesis two weeks later. TCD once 
again revealed MES (arrow) in the left MCA (h). 
Repeat CDU confirmed focal acceleration in CCA 
velocities within the stent corresponding to a 
>70% stenosis (j). The patient was referred for 
repeat stenting of left ICA/CCA. After the second 
stenting the patient was shifted to double 
antiplatelet therapy with no MES on TCD nor 
focal acceleration on CDU (k). (Also reproduced 
in color in the plate section.)
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with asymptomatic and symptomatic large artery ather
osclerosis [50, 51]. Statin pretreatment in patients with 
acute ischemic stroke because of large artery atheroscle
rosis results in lower MES burden [52].

Cerebrovascular reserve refers to the capacity of the 
brain to increase cerebral blood volume to maintain a 
constant regional cerebral blood flow in the face of low 
cerebral perfusion pressure. Autoregulation decreases 
distal resistance to flow when a proximal arterial obstruc
tion occurs. Vasomotor reactivity (VMR) assessed by TCD 
using vasodilating or constricting stimuli can be used as 
an indirect measure of autoregulation. TCD provides a 
noninvasive means of assessing VMR by measuring 
intracranial velocity response to voluntary breath‐holding 
for 30 seconds; breath‐holding induces hypercapnia 
which is a vasodilating stimulus [53]. Distal vasodilation 
increases velocities in proximal segments assessed by 
TCD. By dividing the percent increase in MFV during 
breath‐holding by the breath‐holding time (in seconds) 
that subjects held their breath after a normal inspiration, 
we can calculate the breath‐holding index (BHI):

BHI = [(MFV at the end of breath‐holding – resting 
MFV)/resting MFV] × (100/seconds of breath‐ 
holding).

In normal subjects, BHI is usually greater than 0.69. 
Impaired VMR increases the odds for recurrent stroke in 
patients with atherosclerotic carotid artery disease. By 
evaluating collateral pathways and VMR in patients with 
either symptomatic or asymptomatic carotid artery occlu
sion, annual risk of ischemic stroke ipsilateral to the 
carotid artery occlusion was found to be 33% when both 
the VMR was impaired and collaterals absent, whereas 
normal VMR and collaterals were associated with no risk 
for ischemia [54]. In patients with asymptomatic carotid 
artery stenosis >70%, the annual ipsilateral ischemic event 
risk was 4.1% in patients with normal VMR and 13.9% in 
those with impaired VMR (defined as a breath‐holding 
index of <0.69) [55]. In addition, impaired VMR in patients 
with large MCA infarctions is correlated with increased 

prevalence of peri‐infarct T2 hyperintensities [56]. Finally, 
serial VMR assessment may assist in the identification of a 
cerebral blood flow steal phenomenon from the ischemic 
to the nonaffected hemisphere in patients with acute 
ischemic stroke due to anterior circulation intracranial 
occlusions that may account for early neurological deteri
oration (especially in patients with sleep apnea) and high 
risk of recurrent cerebral ischemia [57–59].

5B.6 Limitations and future 
prospects

Poor temporal windows remain the main limitation of 
TCD in 10% of patients, mostly elderly females because 
of  thick temporal bones [60]. Intravenous sonographic 
contrast is a highly efficient solution to address this short
coming of neurosonology for practically all patients. CDU 
can be challenging in obese and uncooperative patients 
and highly calcified plaques do not permit ultrasound 
penetration. Other imaging modalities should be offered 
in these cases. Finally, ultrasound evaluation is notorious 
for being highly operator‐dependent. It could be argued 
that all examinations in medicine are operator‐dependent. 
It is true that ultrasound imaging can be hard to interpret 
out of context, so it remains highly subjective. Protocols to 
standardize examinations and technological advances in 
sonography permitting easier insonation of intracranial 
arteries can considerably reduce interrater variability 
[11, 43]. Despite the fact that CT and MR availability in 
North American academic centers has significantly 
reduced the use of ultrasound in clinical practice, these 
centers only represent a small fraction of stroke units 
worldwide. Neurosonology remains a continuously evolv
ing, low‐cost, and highly efficient vessel imaging modality 
that can provide real‐time information on brain circu
lation. In the era of  combined (medical and interventional) 
acute stroke treatment, cerebrovascular ultrasound 
 continues to have crucial applications and remains the 
extension of the clinical examination, a reliable “stetho
scope,” in the experienced hands of a stroke physician [61].

References

 1 Tsivgoulis G, Alexandrov AV. Ultrasound in 
neurology. Continuum (Minneap Minn) 2016;22: 
1655–1677.

 2 Merwick Á, Albers GW, Arsava EM et al. Reduction in 
early stroke risk in carotid stenosis with transient 
ischemic attack associated with statin treatment. Stroke 
2013;44:2814–2820.

 3 Alexandrov AV. The Spencer’s Curve: clinical 
implications of a classic hemodynamic model. 
J Neuroimaging 2007;17:6–10.

 4 Tsivgoulis G, Krogias C, Georgiadis GS et al. 
Safety of early endarterectomy in patients with 
symptomatic carotid artery stenosis: an international 
multicenter study. Eur J Neurol 2014;21:1251–1257,  
e75.

 5 Labropoulos N, Nandivada P, Bekelis K. Prevalence and 
impact of the subclavian steal syndrome. Ann Surg 
2010;252(1):166–170.

 6 Jennette JC, Falk RJ, Andrassy K, Bacon PA, Churg J, 
Gross WL. Nomenclature of systemic vasculitides 



5B Ultrasound of the extra‐ and intracranial arteries238

proposal of an international consensus conference. 
Arthritis Rheum 1994;37:187–192.

 7 Cantu C, Pineda C, Barinagarrementeria F, Salgado P, 
Gurza A, Paola de Pablo et al. Noninvasive 
cerebrovascular assessment of Takayasu arteritis. Stroke 
2000;31:2197–2202.

 8 Arida A, Kyprianou M, Kanakis M, Sfikakis PP. The 
diagnostic value of ultrasonography‐derived edema of 
the temporal artery wall in giant cell arteritis: a second 
meta‐analysis. BMC Musculoskelet Disord 2010;11:44.

 9 Kasner SE et al. Predictors of ischemic stroke in the 
territory of a symptomatic intracranial arterial stenosis. 
Circulation 2006;113:555–563.

 10 Tsivgoulis G, Sharma VK, Lao AY, Malkoff MD, 
Alexandrov AV. Validation of transcranial Doppler with 
computed tomography angiography in acute cerebral 
ischemia. Stroke 2007;38:1245–1249.

 11 Alexandrov AV, Sloan MA, Tegeler CH et al.; American 
Society of Neuroimaging Practice Guidelines 
Committee. Practice standards for transcranial Doppler 
(TCD) ultrasound. Part II. Clinical indications and 
expected outcomes. J Neuroimaging 2012;22:215–224.

 12 Lechat P, Mas JL, Lascault G, Loron P, Theard M, 
Klimczac M et al. Prevalence of patent foramen ovale in 
patients with stroke. N Engl J Med 1988;318:1148–1152.

 13 Mas JL, Derumeaux G, Guillon B et al.; CLOSE 
Investigators. Patent foramen ovale closure or 
anticoagulation vs. antiplatelets after stroke. N Engl J 
Med 2017;377:1011–1021.

 14 Søndergaard L, Kasner SE, Rhodes JF et al.; Gore 
REDUCE Clinical Study Investigators. Patent foramen 
ovale closure or antiplatelet therapy for cryptogenic 
stroke. N Engl J Med 2017;377:1033–1042.

 15 Katsanos AH, Psaltopoulou T, Sergentanis TN, 
Frogoudaki A, Vrettou AR, Ikonomidis I et al. 
Transcranial Doppler versus transthoracic 
echocardiography for the detection of patent foramen 
ovale in patients with cryptogenic cerebral ischemia: a 
systematic review and diagnostic test accuracy meta‐
analysis. Ann Neurol 2016;79:625–635.

 16 Sloan MA, Alexandrov AV, Tegeler CH et al.; 
Therapeutics and Technology Assessment 
Subcommittee of the American Academy of Neurology. 
Assessment: transcranial Doppler ultrasonography: 
report of the Therapeutics and Technology Assessment 
Subcommittee of the American Academy of Neurology. 
Neurology 2004;62:1468–1481.

 17 Jauss M, Zanette E. Detection of right‐to‐left shunt 
with ultrasound contrast agent and transcranial 
Doppler sonography. Cerebrovasc Dis 2000;10:490–496.

 18 Ohene‐Frempong K, Weiner SJ, Sleeper LA et al. 
Cerebrovascular accidents in sickle cell disease: rates 
and risk factors. Blood 1998;91:288–294.

 19 Adams R, McKie V, Nichols F et al. The use of 
transcranial ultrasonography to predict stroke in sickle 
cell disease. N Engl J Med 1992;326:605–610.

 20 Dankbaar JW, Rijsdijk M, van der Schaaf IC, Velthuis 
BK, Wermer MJ, Rinkel GJ. Relationship between 
vasospasm, cerebral perfusion, and delayed cerebral 
ischemia after aneurysmal subarachnoid hemorrhage. 
Neuroradiology 2009;51:813–819.

 21 Roos YB, de Haan RJ, Beenen LF, Groen RJ, Albrecht 
KW, Vermeulen M. Complications and outcome in 
patients with aneurysmal subarachnoid haemorrhage: 
a prospective hospital based cohort study in the 
Netherlands. J Neurol Neurosurg Psychiatry 2000;68: 
337–341.

 22 Lindegaard KF, Nornes H, Bakke SJ, Sorteberg W, 
Nakstad P. Cerebral vasospasm after subarachnoid 
haemorrhage investigated by means of transcranial 
Doppler ultrasound. Acta Neurochir Suppl (Wien) 
1988;42:81–84.

 23 Alexandrov AV. Diagnostic criteria for cerebrovascular 
ultrasound. In: Cerebrovascular Ultrasound in Stroke 
Prevention and Treatment, 2nd ed. Oxford: Blackwell 
Publishing, 2011; pp. 114–115.

 24 Soustiel JF, Shik V, Shreiber R, Tavor Y, Goldsher D. 
Basilar vasospasm diagnosis: investigation of a 
modified “Lindegaard index” based on imaging studies 
and blood velocity measurements of the basilar artery. 
Stroke 2002;33:72–77.

 25 Sviri GE, Ghodke B, Britz GW et al. Transcranial 
Doppler grading criteria for basilar artery vasospasm. 
Neurosurgery 2006;59:360–366; discussion 360–366.

 26 Newell DW, Grady MS, Eskridge JM, Winn HR. 
Distribution of angiographic vasospasm after 
subarachnoid hemorrhage: implications for diagnosis 
by transcranial Doppler ultrasonography. Neurosurgery 
1990;27:574–577.

 27 Homburg AM, Jakobsen M, Enevoldsen E. Transcranial 
Doppler recordings in raised intracranial pressure. Acta 
Neurol Scand 1993;87:488–493.

 28 Oliveira RA, de Oliveira Lima M, Paiva WS, de Sá 
Malbouisson LM, Teixeira MJ, Bor‐Seng‐Shu E. 
Comparison between brain computed tomography scan 
and transcranial sonography to evaluate third ventricle 
width, peri‐mesencephalic cistern, and sylvian fissure in 
traumatic brain‐injured patients. Front Neurol 2017;8:44.

 29 Kiphuth IC, Huttner HB, Struffert T, Schwab S, 
Köhrmann M. Sonographic monitoring of ventricle 
enlargement in posthemorrhagic hydrocephalus. 
Neurology 2011;76:858–862.

 30 Mäurer M, Shambal S, Berg D et al. Differentiation 
between intracerebral hemorrhage and ischemic stroke 
by transcranial color‐coded duplex‐sonography. Stroke 
1998;29:2563–2567.



239References

 31 Matsumoto N, Kimura K, Iguchi Y, Aoki J. Evaluation 
of cerebral hemorrhage volume using transcranial 
color‐coded duplex sonography. J Neuroimaging 
2011;21:355–358.

 32 Guan J, Zhang S, Zhou Q, Li C, Lu Z. Usefulness of 
transcranial Doppler ultrasound in evaluating cervical‐
cranial collateral circulations. Interv Neurol 2013;2:8–18.

 33 Demchuk AM, Burgin WS, Christou I, Felberg RA, 
Barber PA, Hill MD et al. Thrombolysis in brain 
ischemia (TIBI) TCD flow grades predict clinical 
severity, early recovery and mortality in intravenous 
TPA treated patients. Stroke 2001;32:89–93.

 34 Saqqur M, Tsivgoulis G, Molina CA et al.; CLOTBUST 
Investigators. Symptomatic intracerebral hemorrhage 
and recanalization after IV rt‐PA: a multicenter study. 
Neurology 2008;71:1304–1312.

 35 Ringelstein EB, Weiller C, Weckesser M, Weckesser S. 
Cerebral vasomotor reactivity is significantly reduced 
in low‐flow as compared to thromboembolic 
infarctions: the key role of the circle of Willis. J Neurol 
Sci 1994;121:103–109.

 36 Reynolds PS, Greenberg JP, Lien LM, Meads DC, Myers 
LG, Tegeler CH. Ophthalmic artery flow direction on 
color flow duplex imaging is highly specific for severe 
carotid stenosis. J Neuroimaging 2002;12:5–8.

 37 Liebeskind DS. Collateral circulation. Stroke 
2003;34:2279–2284.

 38 Ribo M, Garami Z, Uchino K, Song J, Molina CA, 
Alexandrov AV. Detection of reversed basilar flow with 
power‐motion Doppler after acute occlusion predicts 
favorable outcome. Stroke 2004;35:79–82.

 39 Goyal N, Tsivgoulis G, Nickele C et al. Posterior 
circulation CT angiography collaterals predict outcome 
of endovascular acute ischemic stroke therapy for 
basilar artery occlusion. J Neurointerv Surg 2016;8: 
783–786.

 40 Chernyshev OY, Garami Z, Calleja S et al. Yield and 
accuracy of urgent combined carotid/transcranial 
ultrasound testing in acute cerebral ischemia. Stroke 
2005;36:32–37.

 41 Nogueira RC, Bor‐Seng‐Shu E, Saeed NP, Teixeira MJ, 
Panerai RB, Robinson TG. Meta‐analysis of vascular 
imaging features to predict outcome following 
intravenous rtPA for acute ischemic stroke. Front 
Neurol 2016;7:77.

 42 Saqqur M, Shuaib A, Alexandrov AV et al. Derivation 
of transcranial Doppler criteria for rescue intra‐arterial 
thrombolysis: multicenter experience from the 
Interventional Management of Stroke study. Stroke 
2005;36:865–868.

 43 Tsivgoulis G, Ribo M, Rubiera M et al. Real‐time 
validation of transcranial Doppler criteria in assessing 
recanalization during intra‐arterial procedures for 

acute ischemic stroke: an international, multicenter 
study. Stroke 2013;44:394–400.

 44 Ribo M, Alvarez‐Sabin J, Montaner J et al. 
Temporal profile of recanalization after intravenous 
tissue plasminogen activator: selecting patients for 
rescue reperfusion techniques. Stroke 
2006;37:1000–1004.

 45 Alexandrov AV, Grotta JC. Arterial reocclusion in 
stroke patients treated with intravenous tissue 
plasminogen activator. Neurology 2002;59:862–867.

 46 Rubiera M, Alvarez‐Sabín J, Ribo M et al. Predictors of 
early arterial reocclusion after tissue plasminogen 
activator‐induced recanalization in acute ischemic 
stroke. Stroke 2005;36:1452–1456.

 47 King A, Markus HS. Doppler embolic signals in 
cerebrovascular disease and prediction of stroke risk: 
a systematic review and meta‐analysis. Stroke 2009;40: 
3711–3717.

 48 Markus HS, Droste DW, Kaps M et al. Dual antiplatelet 
therapy with clopidogrel and aspirin in symptomatic 
carotid stenosis evaluated using Doppler embolic signal 
detection: the Clopidogrel and Aspirin for Reduction of 
Emboli in Symptomatic Carotid Stenosis (CARESS) 
trial. Circulation 2005;111:2233–2240.

 49 Kennedy J, Hill MD, Ryckborst KJ, Eliasziw M, 
Demchuk AM, Buchan AM. Fast assessment of stroke 
and transient ischaemic attack to prevent early 
recurrence (FASTER): a randomised controlled pilot 
trial. Lancet Neurol 2007;6:961–969.

 50 Spence JD, Coates V, Li H et al. Effects of intensive 
medical therapy on microemboli and cardiovascular 
risk in asymptomatic carotid stenosis. Arch Neurol 
2010;67:180–186.

 51 Tsivgoulis G, Katsanos AH, Sharma VK et al. Statin 
pretreatment is associated with better outcomes in 
large artery atherosclerotic stroke. Neurology 
2016;86:1103–1111.

 52 Safouris A, Krogias C, Sharma VK et al. Statin 
pretreatment and microembolic signals in large artery 
atherosclerosis. Arterioscler Thromb Vasc Biol 
2017;37(7):1415–1422.

 53 Markus HS, Harrison MJ. Estimation of 
cerebrovascular reactivity using transcranial Doppler, 
including the use of breath‐holding as the vasodilatory 
stimulus. Stroke 1992;23:668–673.

 54 Vernieri F, Pasqualetti P, Matteis M et al. Effect of 
collateral blood flow and cerebral vasomotor reactivity 
on the outcome of carotid artery occlusion. Stroke 
2001;32:1552–1558.

 55 Silvestrini M, Vernieri F, Pasqualetti P et al. Impaired 
cerebral vasoreactivity and risk of stroke in patients 
with asymptomatic carotid artery stenosis. JAMA 
2000;283:2122–2127.



5B Ultrasound of the extra‐ and intracranial arteries240

 56 Zhao P, Alsop DC, Abduljalil A et al. Vasoreactivity and 
peri‐infarct hyperintensities in stroke. Neurology 
2009;72:643–649.

 57 Alexandrov AV, Sharma VK, Lao AY, Tsivgoulis G, 
Malkoff MD, Alexandrov AW. Reversed Robin Hood 
syndrome in acute ischemic stroke patients. Stroke 
2007;38:3045–3048.

 58 Alexandrov AV, Nguyen HT, Rubiera M et al. 
Prevalence and risk factors associated with reversed 
Robin Hood syndrome in acute ischemic stroke. Stroke 
2009;40:2738–2742.

 59 Palazzo P, Balucani C, Barlinn K et al. Association of 
reversed Robin Hood syndrome with risk of stroke 
recurrence. Neurology 2010;75:2003–2008.

 60 Wijnhoud AD, Franckena M, van der Lugt A, 
Koudstaal PJ, Dippel ED. Inadequate acoustical 
temporal bone window in patients with a transient 

ischemic attack or minor stroke: role of skull 
thickness and bone density. Ultrasound Med Biol 
2008;34:923–929.

 61 Syme PD. The use of transcranial Doppler 
ultrasonography as a “cerebral stethoscope” for the 
assessment and treatment of acute stroke. J R Coll 
Physicians Edinb 2006;36:17–28.

 62 Grant EG, Benson CB, Moneta GL et al. Carotid artery 
stenosis: gray‐scale and Doppler US diagnosis – Society 
of Radiologists in Ultrasound Consensus Conference. 
Radiology 2003;229:340–346.

 63 Zhao L, Barlinn K, Sharma VK, Tsivgoulis G, Cava LF, 
Vasdekis SN et al. Velocity criteria for intracranial 
stenosis revisited: an international multicenter study of 
transcranial Doppler and digital subtraction 
angiography. Stroke 2011;42:3429–3434.



Chapter No.: 1 Title Name: Hankey c05.indd
Comp. by: R. RAMESH Date: 18 Jan 2019 Time: 02:45:35 PM Stage: Printer WorkFlow:CSW Page Number: 241

241

5C.1 General concepts, stroke 
classification, and types of cardiac 
sources of embolism

Stroke is the leading cause of disability and the third 
leading cause of death in the United States and other 
Western countries. The presence of stroke in the United 
States is estimated to be 6.9 million in individuals older 
than 20 years, affecting around 2.7% of all men and 2.6% 
of all women of the American population [1]. The preva
lence of silent cerebrovascular infarction is even higher, 
ranging from 6% to 28%. Emboli arising from the heart or 
the thoracic aorta are estimated to account for approxi
mately one‐third of all cerebrovascular events. It is 
important to accurately identify the mechanism of stroke 
as this will guide the most effective care and therapy in 
patients with stroke.

The majority of strokes are ischemic, accounting for 
around 87% of all cases, and the remaining 13% are hem
orrhagic. Cerebrovascular infarctions are typically 
divided into the following subcategories: large‐vessel 
atherosclerosis leading to thrombosis or embolism; 
embolism of cardiac origin (cardioembolic stroke); small 
blood vessel occlusion or lacunar stroke; and crypto
genic stroke (when no cause or more than one cause is 
identified) [2].

Cardioembolic strokes account for 15–40% of all 
ischemic strokes, and cryptogenic strokes account for an 
even higher 30–40% of the remaining cerebral infarc
tions [3]. Emboli from the heart causing cerebral ischemic 
events usually result from one of the main mechanisms: 
Blood stasis and thrombus formation in an enlarged or 
abnormally contracting left cardiac chamber (e.g. left 
atrial appendage thrombus in atrial fibrillation); forma
tion of abnormal material on valvular surfaces with sub
sequent embolization to the brain (e.g. valvular 
vegetations or thrombi); and paradoxical or abnormal 
passage of thrombus, or tumor from the venous to the 
arterial circulation through a septal defect [4]. In addi
tion, atherosclerotic debris from the ascending aorta or 
aortic arch can embolize to the brain. It is important to 
mention that in many situations more than one potential 
embolic source may be present and there is no gold 
standard for making the diagnosis of cardioembolic 
stroke. In general, in the absence of significant large‐ 
vessel arterial atherosclerosis, cardioembolic source is 
the presumed mechanism of embolic stroke.

Transthoracic echocardiography (TTE) is usually the 
initial cardiac image technique and is often supplemented 
by transesophageal echocardiography (TEE) especially in 
situations when the left atrium or the aorta need to 
be evaluated. Multidetector computed tomography and 
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cardiac magnetic resonance imaging may also play a sig
nificant role as noninvasive procedures in the detection 
of cardioembolic origin of stroke.

5C.2 Imaging for evaluation 
of cardioembolic source

5C.2.1 Echocardiography

Echocardiography is the primary form of cardiac imag
ing and is essential for establishing the existence of a 
source of embolism, estimating the likelihood that the 
cardiac finding is the source of the stroke, estimating 
prognosis, and aiding in the eventual management of 
stroke and its underlying cause [4]. Appropriateness cri
teria have been established for the use of echocardiogra
phy in the evaluation of cardiac sources of emboli. 
Essentially, any patient with a new stroke, transient 
ischemic event, or peripheral embolic event should 
undergo a transthoracic echocardiographic exam. A 
TTE is recommended if there is clinical suspicion of a 
cardiac mass, endocarditis (whether because of positive 
blood cultures, or a new murmur), or for reevaluation of 
high‐risk individuals with risk of progression or compli
cation with infective endocarditis.

Transesophageal echocardiography (TEE) is also used 
as a supplemental test for the evaluation of cardioem
bolic source in patients with no identified cause, and is 
often the initial test requested for patients with a high 
pretest probability of infective endocarditis especially 
with prosthetic heart valves, or in patients with high sus
picion for left atrial appendage thrombus, for example in 
patients with atrial fibrillation (AF).

5C.2.2 Echocardiographic techniques

Complete evaluation by echocardiography includes not 
only standard transthoracic and transesophageal echo
cardiography exams but often includes additional tech
niques and dedicated imaging that is focused on the 
clinical question [4]. For instance, in the evaluation of 
cardioembolic source in patients with atrial arrhythmias, 
particular attention has to be paid to the atria and 
appendages; echocardiographic sweeps of these cham
bers from multiple perspectives such as parasternal long 
axis views and parasternal short axis views are recom
mended for adequate evaluation. Three‐dimensional 
imaging has expanded echocardiography’s ability to 
interrogate and assess cardiac structure, especially in the 
evaluation of cardiac tumors and valvular dysfunction. 
Color Doppler, which is a standard tool of imaging for 
any complete echocardiography test, is particularly 
important in the evaluation of possible communication 

between cardiac chambers: for example in the evaluation 
of atrial septal defects for possible paradoxical septal 
emboli. Saline contrast is used in evaluation of patent 
foramen ovale and atrial septal defects. Similarly, 
transpulmonary contrast is used for the identification 
and border definition of cardiac tumors and thrombi.

One of the major limitations of TTE is suboptimal 
imaging due to body habitus or lung disease such as 
emphysema. Also some of the posteriorly located cardiac 
structures such as the left atrium and its appendage and 
the thoracic aorta may not be adequately assessed by 
TTE. Because of the close proximity between the trans
ducer and the posterior aspect of the heart without any 
interference by extracardiac structures, TEE allows a 
high‐resolution and thorough assessment of possible car
dioembolic sources especially in the evaluation of poste
rior cardiac structures. Generally, TEE is a safe procedure 
with very low complication rates; these include aspiration 
pneumonia, damage to the oral cavity, teeth, pharynx, or 
trachea with the most serious complication being esoph
ageal perforation that occurs with a reported incidence of 
0.01–0.09% [5]. Complications secondary to local anes
thesia as well as conscious sedation are also possible.

There is no clear consensus whether the initial echo
cardiographic test has to be a TTE, but there have been 
suggestions that TEE may be preferable for young 
patients with cryptogenic stroke, in the evaluation of 
prosthetic valves and the thoracic aorta, or when there is 
a high suspicion for left atrial/appendage thrombus. 
TTE, however, is the test of choice for the evaluation of 
left ventricular chamber size, function, and evaluation of 
left ventricular thrombi.

5C.2.3 Role of computed tomography 
in evaluation of source of embolism

The first‐line investigational tool for cardioembolic 
sources of stroke is echocardiography, which is most 
often sufficient for diagnosis or for exclusion. Recently, 
however, there has been some interest in using multide
tector CT to study the left heart and great vessels in sus
pected cases, particularly in cases when echocardiography 
is nondiagnostic or suboptimal. The advantages of this 
test include that it is extremely fast with high spatial res
olution [6]. However, drawbacks include use of high 
radiation, exposure to potentially nephrotoxic agents, 
and its relative lack of inherent soft tissue contrast. 
Currently, computed tomography angiography (CTA) is 
mainly used to evaluate the thoracic aorta for atheroscle
rotic plaque in extent of burden of the disease. There 
have also been reports demonstrating the reliability of 
CT with contrast as an alternative to TEE for the detec
tion of left atrial and left atrial appendage thrombi with 
high sensitivity and specificity [7].



2435C.3 Cardioembolic sources

5C.2.4 Role of magnetic resonance imaging 
in evaluation of source of embolism

Similar to the use of CT, cardiovascular MRI has a 
 supporting role as an adjunct to echocardiography in 
selected cases, but does not currently form part of con
sensus guidelines for the routine use of cardiac MRI in 
cardioembolic workup. Again, cardiac MRI can be used 
in situations where echocardiogram is inconclusive, or 
patients are unwilling to undergo TEE studies [8]. A 
complete cardiac MRI study lasts around 45 minutes and 
includes: steady‐state free precession cine sequences to 
assess anatomy, chamber sizes, valvular and ventricular 
function, and velocity encoded phase‐contrast sequences 
to assess flow and possible intracardiac shunting, as well 
as late phase post gadolinium sequences to look for myo
cardial scarring and possible intracardiac thrombus, and 
gadolinium‐enhanced angiography of the thoracic aorta 
and great vessels to assess for aortic atheromas or ulcera
tion. Cardiac MRI is a well validated and highly accurate 
technique for detection of LV thrombus using delayed 
gadolinium‐enhanced sequences [8]. A very recent arti
cle demonstrated the high diagnostic accuracy of cardiac 
MR in detecting left atrial and left atrial appendage 
thrombus using TEE as the reference standard; long T1 
delayed enhancement CMR sequences had the highest 
diagnostic accuracy of 99.2% [9]. Cardiovascular MRI 
also has an important role in the tissue characterization 
of cardiac tumors and differentiation from thrombi [10].

5C.3 Cardioembolic sources

5C.3.1 Left atrial and left atrial appendage 
thrombus

The most prevalent source of a cardioembolic stroke is a 
thrombus located within the left atrial appendage (LAA), 
or less commonly within the left atrium, and in turn, this 
is most commonly caused by atrial arrhythmias, specifi
cally, AF [4, 11, 12].

Atrial arrhythmias
AF is the most common sustained tachyarrhythmia, and 
its incidence increases with age. The prevalence of AF is 
0.4–1% in the general population but increases to 9–12% 
in individuals older than 80 years of age, with some 
reports citing an incidence up to 25% [13–15]. It is esti
mated that around 3 million people in America and 33.5 
million individuals globally, live with AF [16].

A 12‐lead electrocardiogram or a telemetry strip is 
needed to make the diagnosis of AF, and is characterized 
by the absence of distinct organized atrial activity, seen 
as absence of p‐waves, and an irregularly irregular ven
tricular rhythm. The most popular pathophysiological 

model suggests that the arrhythmia is induced by a focal 
electrical activation (trigger) most commonly located in 
the pulmonary veins. Multiple reentrant wavelets within 
the atrial tissues (substrates) then maintain the arrhyth
mia [17]. AF is associated with increased risk of stroke, 
heart failure exacerbation, and all‐cause mortality. In 
fact, the mortality rate is twice as high, and the risk of 
stroke is fivefold higher in patients with AF compared to 
individuals with normal sinus rhythm [16]. The majority 
of morbidity and mortality associated with AF are conse
quences of a cardioembolic phenomenon, and approxi
mately 75% of the thrombus burden arises from the LAA.

Anatomy of left atrial appendage 
and pathogenesis of thrombus formation
The LAA is a complex structure that may be unilobular 
or multilobular. It is a remnant of the embryologic left 
atrium, while the adult left atrium is actually an out
growth from the pulmonary veins (PV) [18]. LAA mor
phology has recently been classified into four categories: 
cactus, chicken wing, windsock, and cauliflower [19]. 
The importance of the classification being the possible 
higher thromboembolic risk associated with certain 
morphologies. For instance, patients with chicken‐wing 
LAA seem to have the least likely risk of thromboem
bolic events.

But it seems that the LAA is not just an embryologic 
remnant; it acts as a blood reservoir during ventricular 
systole [20], it possibly contributes to stroke volume 
due to its contractile capability [21], and it has an 
endocrine role in regulating diuresis and natriuresis 
[22]. Unfortunately, LAA also has major role in throm
boembolic risk, and may have a role in triggering atrial 
arrhythmias.

The precise method of thrombogenesis is still debated, 
but generally has been explained by Virchow’s hypothe
sis. First, blood stasis in the left atrium (LA) and LAA is 
promoted by the acquired chamber enlargement and the 
reduction in effective atrial contraction [23]. Second, 
evidence of endocardial injury has been reported in AF 
resulting in structural and pathologic changes such as 
abnormal amounts of collagen and matrix metallopro
teinases [24]. And third, abnormalities of coagulation 
cascade and platelet function might also play a role in 
promoting a thrombotic milieu [25]. Thrombus forma
tion thus starts with erythrocyte rouleaux formation 
seen as spontaneous echocardiographic contrast, pro
gresses to sludge formation which is seen as very dense 
smoke, and ultimately with thrombus formation.

AF is associated with more severe ischemic stroke 
compared to strokes due to carotid disease as shown in 
two major trials [26, 27]; a possible explanation is that 
larger particles are embolized with AF. As a result, 
patients with strokes related to AF have a worse outcome 
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with more disability and greater mortality, compared to 
patients with stroke without AF. However, the risk of 
thrombus formation and subsequent peripheral emboli
zation is not equal among patients, and here is where 
other clinical risk factors come into play to aid in assess
ment of overall risk and guide therapy.

The best validated and most used risk prediction 
model is the CHA2DS2‐VASc model [28]; which assigns 
two points for age >75 years and prior history of stroke 
or TIA, and one point each for the following risk factors: 
congestive heart failure, hypertension, diabetes, vascular 
disease, age 65–74 years, and female gender. The risk of 
stroke or embolism in patients with AF ranges from low 
risk of <1% per year with a score of 0–1, to a high risk of 
>13% per year with a score of 9. Thus, knowing the risk 
not only helps patients understand their disease and pos
sible course and complications, but helps select the 
patients that would benefit from intervention, particu
larly antithrombotic therapy, which has been shown to 
lower the risk of clinical thromboembolism in almost all 
patients with AF.

In order to minimize the risk of thrombus formation 
and embolization, long‐term anticoagulation is indi
cated. However, there are some patients who have con
traindications to anticoagulation due to either 
thrombocytopenia, prior episodes of severe bleeding, 
recurrent gastrointestinal bleeding, or high risk of falls. 
Therefore, alternate strategies to decrease risk of cardi
oembolic event were needed. As mentioned previously 
the majority of thrombus formation in patients with AF 
is within the LAA, and percutaneous procedures have 
been developed to mechanically exclude this chamber in 
an attempt to prevent embolization. Several percutane
ous, catheter‐based LAA endovascular devices are avail
able worldwide but the Watchman device is the only 
occlusion device cleared by the United States Federal 
Drug Administration. The efficacy of this device was 
evaluated in two randomized trials (PROTECT AF and 
PREVAIL) [29, 30]. PROTECT AF randomly assigned 
patients with AF and anticoagulation indication to either 
the device or to long‐term warfarin; the study showed 
noninferiority of the device compared with warfarin 
after a follow up of 2.3 years (primary efficacy event rates 
of stroke, systemic embolism, and cardiovascular death 
were 3.0 and 4.3%). Based upon the available data, the 
Watchman device is being used for patients with nonval
vular AF for whom long‐term anticoagulation is indi
cated, but who are unable to take this therapy.

Imaging evaluation of the left atrium and left atrial 
appendage
All patients with suspected embolic stroke, specifically 
in the setting of AF, should have an echocardiogram. The 
choice of whether to start with a TTE or a TEE as the 

initial test should be individualized on a case by case 
basis. TTE is usually the preferred first test in the major
ity of patients given that conditions associated with AF 
including valvular heart disease, ventricular dysfunction, 
and hypertensive heart disease are readily identified. In 
addition, LA anatomy along with presence and severity 
of LA enlargement is also assessed adequately on a TTE. 
Unfortunately, the sensitivity of TTE is unacceptably low 
in identifying thrombus primarily because they are 
mostly located in the LAA rather than in the main left 
atrial chamber [4].

The LAA is best visualized by TEE due to the close 
proximity between the transducer and the posterior 
aspect of the heart without any intervening extracar
diac structures such as lungs or bones. Because of that, 
TEE  can provide high‐resolution images with the abil
ity  to identify thrombi as small as 3 mm in diameter 
(Figures 5C.1 and 5C.2). In addition, LAA Doppler flow 
patterns can be assessed by the TEE; decreased flow 
velocities (LAA peak velocity <0.2 m/sec) indicate 
increased risk for stroke and correlate with decreased 
success in maintaining sinus rhythm [31]. The sensitivity 
and specificity of TEE have been cited in one intraopera
tive study to be as high as 100 and 99%, respectively, 
when compared with direct visualization of LA content 
during surgery [32]. Many experts recommend TEE as 
the initial test in young patients with no known cardiac 
disease. In patients with high pretest probability of LA/
LAA thrombus especially in the presence of AF the 
results of the TTE will be falsely negative.

CT can be used as an alternative modality for detecting 
thrombus in selected patients with stroke or AF. It has 
high diagnostic accuracy, sensitivity (81%) and specific
ity (90%) as was shown in a meta‐analysis [33]. 
Intracavitary LA/LAA thrombi present as filling defects 
on multidetector CT. However, false‐positive tests may 
result from inadequate mixing of contrast agent and 
blood especially in conditions with altered atrial blood‐
flow patterns, in particular AF; this will falsely lead to the 
interpretation of these filling defects as thrombus [34]. 
This can be improved by delayed imaging that allows 
better mixing of contrast containing blood in LAA. The 
main disadvantages of CT are the radiation and contrast 
exposure, without the high temporal and spatial resolu
tion of TEE.

Cardiac magnetic resonance (CMR) study can provide 
useful information in multiple clinical conditions includ
ing detection of left ventricular thrombus. There is a 
paucity of data regarding the utility of CMR in the detec
tion of LA/LAA thrombus but a recent study comparing 
TEE to CMR for the detection of LAA thrombus showed 
a high diagnostic accuracy (99.2%), sensitivity (100%), 
and specificity (99.2%) [35]. The thrombus is seen as a 
mass with distinct margins from the LA/LAA wall in 



2455C.3 Cardioembolic sources

cine‐CMR. The CMR technique that has the best diag
nostic performance is the long T1 delayed enhancement 
CMR (DE‐CMR) [35]; the thrombus appears as a homo
geneously black mass surrounded by high‐signal inten
sity structures of blood pool cavity.

Interestingly, DE‐CMR has been used lately to detect 
and quantify atrial fibrosis, which is considered to be the 
hallmark of the arrhythmogenic substrate in AF [36]. Not 
only is atrial fibrosis related to AF recurrences, but there 
have been multiple reports linking thromboembolic 

events with atrial fibrosis. One study showed that atrial 
fibrosis was significantly higher in patients with a history 
of stroke compared with those without a history of stroke 
(24.4 vs. 16.2%, p < 0.01) [37]. Another study also reported 
an association between atrial fibrosis score and LA 
appendage thrombus (26.9 vs. 16.7%, p < 0.01) [38]. These 
studies suggest that a higher grade of LA disease is asso
ciated with an increased risk of thromboembolic events, 
and perhaps these patients have to be treated with anti
coagulation even if other risk scores are not elevated.

(a) (b)

Figure 5C.1 (a, b) TEE assessing the left atrium and appendage at 0 and 110 degrees. This is an elderly lady with history of heart failure 
with preserved ejection fraction, and atrial fibrillation not on anticoagulation because of GI bleed, admitted with new‐onset cerebral 
ischemic event. TEE shows dilated left atrium and a large mobile mass that fills the entire left appendage (arrow) measuring 2.2 cm. 

(a) (b)

Figure 5C.2 (a, b) TEE assessing the left atrium and left appendage in a man with atrial fibrillation and previous history of CABG and left 
atrial appendage closure. There is an echogenic structure at orifice of the appendage that likely represents thrombus material (arrows). 
The appendage does not appear to be successfully ligated or closed. A repeat TEE after initiation of anticoagulation showed the resolution 
of this mass. 
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5C.3.2 Left ventricular thrombus

Thrombi in the left ventricle (LV) can occur in the set
ting of acute coronary syndrome (usually anteroapical 
infarcts), or less likely, in the setting of ischemic or noni
schemic cardiomyopathy and reduced systolic function. 
There are three main types of LV thrombi [4]: (i) mural 
thrombus, which is flat with only one surface exposed to 
the blood pool; (ii) protruding thrombus, which pro
trudes into the LV cavity and has more than one surface 
exposed; (iii) mobile thrombus. The incidence of embo
lization is highest for a mobile thrombus and lowest for a 
mural thrombus [39]. Hyperkinesis of adjacent myocar
dial segments around the thrombus may be associated 
with increased risk for embolization [40]; conversely, 
thrombi within LV aneurysm are less likely to embolize, 
probably because of the absence of LV contraction in the 
aneurysm.

Acute coronary syndrome
Similar to the formation of LA/LAA thrombus, Virchow’s 
triad also explains the formation of LV thrombus in the 
setting of acute coronary syndrome (ACS). In the setting 
of myocardial infarct, the regional myocardium becomes 
akinetic or dyskinetic, which in addition to the associ
ated subendocardial injury, results in blood stasis and 
promotion of LV thrombus formation. ACS is an inflam
matory state that increases procoagulants and decreases 
concentrations of physiologic anticoagulants, thus pro
moting further thrombus formation. This prothrom
botic milieu promotes the development of thrombi, 
which can occur as early as 24 hours after an acute myo
cardial infarction; the majority (90%) of thrombi forming 
within 14 days of a myocardial infarction [41]. Various 
studies have reported different incidences of LV throm
bus in the setting of ACS that have ranged from as low as 
7% to as high as 46% in acute anterior and/or apical myo
cardial infarct especially in the presence of large infarct 
size and advanced systolic dysfunction [4, 41, 42]. LV 
thrombus is mostly located within the LV apex but can 
rarely occur in other regions of the left ventricle, specifi
cally the inferoposterior and septal walls. Interestingly, 
despite the high incidence of thrombus formation, the 
incidence of embolic events leading to stroke is relatively 
low [43].

Troponins and cerebral ischemia
An association between elevated troponin and cerebral 
ischemic events has been observed. Cardiac troponin is a 
cardiac regulatory protein found in striated musculature 
that controls the calcium mediated interaction between 
actin and myosin. Troponin is itself a complex of three 
protein subunits: troponin T, troponin I, and troponin C. 

Cardiac troponins are detected in the serum by the use of 
monoclonal antibodies to epitopes of cTnI and cTnT. 
These antibodies are highly specific for cardiac troponin 
and have negligible cross reactivity with skeletal muscle 
troponins.

Elevation of cardiac troponin T (cTnT) in the blood 
stream always reflects myocardial injury [44], and is one 
of the major components of the diagnosis of ACS. 
However, elevation of this protein has been found in the 
absence of occlusion of a coronary vessel, such as in 
heart failure, myocarditis, pulmonary embolism, and in a 
significant proportion of the patients with renal insuffi
ciency [45]. Increased level of cTnT has been reported to 
occur in 5–34% of patients with acute ischemic stroke 
[46]. Kerr et al. conducted a systematic review of studies 
measuring troponin within seven days of symptom onset 
in patients with acute stroke and found that more than 
18% of patients had a high troponin level [46]. Some 
studies reported that elevated troponin levels were more 
common in patients with stroke due to cardioembolism 
who also had evidence of AF, ischemic heart or heart fail
ure, had large artery atherosclerosis, and undetermined 
etiology [47–49].

It was also found to be prognostically significant 
with elevations of the troponin being associated with 
worse stroke severity on hospital admission, short‐ 
and long‐term clinical outcome, and increased risk of 
mortality [50].

However, the actual cause of the troponin elevation in 
the setting of stroke is uncertain. One cause is a concom
itant ACS with acute ischemic stroke. Another possible 
cause is neurogenic cardiac damage that happens in the 
setting of ischemic stroke; autonomic imbalance with a 
secondary catecholamine surge due to stroke can induce 
global LV dysfunction similar to Takatsubo syndrome 
(LV apical ballooning).

The ongoing TRELAS trial (troponin elevation in 
acute ischemic stroke) will prospectively assess the fre
quency and possible etiology of troponin elevation by 
undergoing coronary angiography within 72 hours, in a 
large cohort of patients with ischemic stroke; hopefully 
the results will determine the prevalence of troponin 
elevation, the frequency of possible etiological causes 
and also to provide a basis for further recommendations 
regarding the extent and time point of cardiac workup in 
this clinical setting [51].

Cardiomyopathy
The left ventricular dilatation and dysfunction associated 
with cardiomyopathy, whether ischemic or nonischemic 
in origin, increases the risk for developing LV thrombus. 
In general, thrombi form in the setting of extensive 
regional wall motion abnormalities, significantly dilated 
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left ventricle, and low cardiac output, all of which cause 
stagnation of blood within the ventricle. The incidence of 
embolic events in patients with dilated cardiomyopathy 
has a wide range with reports ranging from 1.7% to 18% 
[52]. Clot can also form in apical outpouchings occur
ring as a complication of advanced apical hypertrophic 
cardiomyopathy.

Imaging evaluation of left ventricular thrombus
For the assessment of left ventricular thrombus, TTE is 
the technique of choice. It allows not only the identifica
tion and assessment of the size and mobility of the LV 
thrombus, but also evaluates the overall systolic function 
of the left ventricle as well as the regional wall motion. 
Because the left ventricular apex is an anterior cardiac 
structure, it is very well evaluated by TTE with a sensi
tivity of 95% and specificity of 85–90% in detecting left 
ventricular thrombus [53]. Thrombus appears as a well‐
defined mass that is separate from the endocardium and 
is seen throughout the cardiac cycle in association with 
underlying wall motion abnormalities. To ensure the 
presence of a thrombus, it has to be seen in at least two 
orthogonal views (apical and short axis) [4]. Several arti
factual and normal findings may result erroneously in LV 
thrombus diagnosis. These include: apical foreshorten
ing, left ventricular trabeculations, false tendons, and 

near field clutter. If the study is technically limited due to 
significant lung disease or body habitus, or if the diagno
sis is uncertain, second‐generation contrast agents 
should be administered [54].

The role of TEE in the identification of left ventricular 
thrombus is very limited because the apex often appears 
foreshortened on TEE images or is actually not well visu
alized, and thus TEE is rarely used for the evaluation of 
left ventricular thrombus.

Cardiac MRI is a well validated and highly accurate 
technique for the detection of LV thrombus using delayed 
gadolinium enhancement sequences, particularly long 
T1 LGE sequences. In cases where there is any uncer
tainty regarding the presence of a thrombus, CMR with 
gadolinium contrast should be considered. In fact, 
delayed enhancement CMR is considered the standard 
for determining the presence or absence of LV thrombus, 
and in one study the sensitivity of CMR versus TTE with 
contrast in detecting LV thrombus was 100% versus 64% 
[55]. Cardiac MR can also assess biventricular function, 
regional wall motion abnormalities, as well as the under
lying cause for the cardiac dysfunction and extent of 
myocardial scar and viability (Figures  5C.3 and 5C.4). 
However, because of the high cost of cardiac MR and the 
limited availability, it is not routinely used to screen for 
LV thrombus.

(a) (b)

Figure 5C.3 Cardiac MRI study in a young man who was admitted following one week of chest pain and acute bilateral critical limb 
ischemia secondary to acute aortoiliac thrombus. (a) shows SSFP cine sequences with thinning and akinesis of the anterior wall (arrow). 
Gadolinium delayed enhancement sequences (b) show the transmural infarct in that region with a mural left ventricular thrombus layered 
on top. 
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5C.4 Cardiac tumors

Primary cardiac tumors are exceedingly rare, with a 
reported prevalence ranging between 0.001% to 0.03% 
on autopsy studies and about 75% of these tumors are 
benign [56, 57]. Secondary tumors, on the other hand, 
are 30 times more frequent than primary tumors, and 
almost exclusively are malignant in nature; the most 
common malignant tumors of the heart include meta
static melanoma, lung, and breast cancer. The clinical 
presentation of cardiac tumors is often nonspecific but 
related to the location rather than the histopathology of 
the mass. They can cause direct cardiac invasion result
ing in impaired left ventricular function, or pericardial 
effusion and may promote arrhythmias. If they are 
located near or on the cardiac valves, the tumors can 
result in valvular obstruction or regurgitation. One of 
the most feared complication of cardiac tumors is embo
lization, via either direct embolization of tumor frag
ments or thromboemboli from the tumor surface. 
Generally, aortic valve and left atrial tumors are associ
ated with the greatest risk of embolization. The two most 
common primary cardiac tumors seen in adults are myx
oma and papillary fibroelastoma.

5C.4.1 Myxoma

Myxomas, the most common primary cardiac tumors, 
account for 30–50% of all benign cardiac tumors. They 
are mostly located in the left atrium (>75%), are typically 
solitary masses in 90% of the cases, and have a female 
preponderance 2 : 1. They appear as rounded, gelatinous 
structures with a smooth or friable surface, most often 
attached with the stalk to the fossa ovalis. Tumors vary 
widely in size, ranging from 1 cm to as large as 15 cm in 
diameter [58]. Histologically, myxomas have the typical 
pattern of scattered cells of parenchymal origin within a 
glycosaminoglycan with rich stroma [59]. There is often 
an associated thrombus on the tumor surface. Myxomas 
also produce vascular endothelial growth factor, which 
contributes to their partial vascularization [60].

Embolic manifestations of cardiac myxoma occur in 
20–45% of patients, including ischemic strokes, which 
may be silent or result in neurological deficits [61]. 
Neurologic symptoms may often be the initial manifesta
tion of a cardiac myxoma. However, myxomas are 
responsible for only 0.5% of stroke [62]. Interestingly, 
tumor emboli are not related to the size of cardiac myx
oma, but instead are related to the mobility and friability 

(a) (b)

Figure 5C.4 Computed tomography 
angiography of the lower abdomen and 
pelvis in the same patient as in 
Figure 5C.3. The left ventricular thrombus 
had embolized and caused complete 
occlusion of the infrarenal abdominal 
aorta and bilateral common iliac arteries 
(arrows). ((a) is a 3D runoff spin and (b) is a 
3D runoff inverted spin reconstruction.) 
((a) Also reproduced in color in the plate 
section.)
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of the tumor [58, 63]. Cerebral imaging often demon
strates multiple infarcts suggestive of an emboli cause, 
but in some cases it may show only small subcortical 
ischemia or lesions mimicking lacunar disease [64]. 
Once a diagnosis of a myxoma is made, urgent resection 
is required to prevent further cardiovascular complica
tions and/or embolization. There is a risk of recurrence 
of the myxoma, with some studies reporting up to 2–5% 
recurrence rate [58].

Complete TTE with color and Doppler interrogation 
should be considered in all patients with suspected car
diac tumors. TEE can evaluate the location, size, mobil
ity, associated thrombi, and insertional site of stalk. It 
can also assess for hemodynamic sequences or other 
complications including valvular stenosis or regurgita
tion. As described previously, cardiac myxomas appear 
as mobile masses attached to the endocardial surface by 
a stalk, usually arising from the fossa ovalis (Figure 5C.5). 
TEE has been shown to be a superior method in defining 
the characteristics of a mass in the left atrium, and should 
be used if the TTE is inconclusive (Figures  5C.6 and 
5C.7) [65]. Interestingly, contrast can be used to differen
tiate between myxoma and thrombus. Because myxomas 
have low vascularity, the administration of contrast will 
cause them to partly opacify, as opposed to thrombi, 
which are typically not opacified [4].

Some previously described CT characteristics of car
diac myxoma include a lobular contour and heterogene
ous attenuation. The tumors appear as dense filling 

defects within the cardiac chambers, with the majority 
being hypoattenuated relative to the myocardium [66]. 
However, CT may not optimally demonstrate the point 
of attachment of the tumor and may not consistently dif
ferentiate between tumor and thrombus [67].

For further differentiation and characterization of 
the cardiac tumor, MRI is the reference imaging tech
nique, specifically when echocardiographic findings 
are equivocal or suboptimal [66]. Myxomas appear as 
spherical or ovoid lesions of heterogeneous signal 
intensity. Myxomatous elements with a polysaccha
ride‐rich ground substance have low signal intensity 
on  T1‐weighted images and high‐signal intensity on 
T2‐weighted images [68]. All myxomas demonstrate 
enhancement after intravenous administration of gad
olinium, with nonenhancing areas representing necro
sis or cystic change.

5C.4.2 Papillary fibroelastoma

Papillary fibroelastomas (PFE) are the second most com
mon primary cardiac tumor in adults [69]. They are pre
dominantly located on the ventricular surface of the 
aortic valve, followed by the atrial side of the mitral valve. 
Rarely, they may present on other endocardial surfaces. 
Grossly, fibroelastomas appear as sea anemones with 
protruding arms, often mobile, attached to a central 
stalk. They are generally small around 1 cm, and are 
mostly solitary lesions [69]. Valvular dysfunction is not 

(a) (b)

Figure 5C.5 TTE four‐chamber and subcostal view to evaluate for cardioembolic stroke in a 77‐year‐old man who presented with multiple 
subacute brain infarcts. (a) shows a four‐chamber view of the heart with no clear evidence of pathology. The subcostal view (b) shows an 
echodensity in the left atrium that is of unclear origin, but is suggestive of a tumor or thrombus. A TEE was recommended for further 
assessment. 
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associated with PFE, but in about 30% of cases, thrombi 
and subsequent emboli may occur. Surgical resection is 
generally recommended for large mobile tumors (greater 
than or equal to 1 cm), and patients presenting with 
embolic complications [70].

The initial test is often an echocardiogram where PFEs 
appear as small, pedunculated and mobile masses, typi
cally located on the valves, often seen prolapsing with 
cardiac motion (Figure 5C.8) [70]. On CMR, PFE appear 
as well‐circumscribed, mobile nodules in cine SSFP with 
surrounding turbulence. There have also been reports of 
uniform delayed gadolinium enhancement, probably due 

to the fibroelastic tissue composition of a fibroelastoma 
(Figures 5C.9 and 5C.10) [71].

5C.5 Valve diseases

Various valvular disorders, affecting both native and 
prosthetic cardiac valves, can lead to the development of 
systemic and pulmonary embolus. The emboli content 
can be in the form of thrombi, infected and noninfected 
vegetations, and calcific debris. Some of these valvular 
conditions have been associated with the development of 

Figure 5C.7 Three‐dimensional TEE 
evaluation of left atrial myxoma (arrow). 
(Also reproduced in color in the plate 
section.)

(a) (b)

Figure 5C.6 (a, b) TEE biplane view of the left atrium showing a large well‐circumscribed mass (arrow) attached by a broad base to the 
interatrial septum measuring 2.1 cm × 2.0 cm, consistent with myxoma. The patient underwent resection of the atrial mass and pathology 
confirmed the diagnosis of myxoma. RA, right atrium; LA, left atrium. 



(a) (b)

(c) (d)

Figure 5C.8 (a) and (b) show a typical appearance of a papillary fibroelastoma on a transthoracic echocardiogram on parasternal long 
and short axis views, respectively. The tumor (arrow) appears as a round, mobile echodensity with shimmering edges attached by a stalk 
to the noncoronary cusp of the aortic valve measuring 1.1 cm. A more detailed appearance is seen on a TEE (c) and with 3D reformatting 
(d). Because the mass had been slowly growing on follow‐up and is now more than 1 cm, the decision was made to remove it surgically to 
prevent embolic events. 

(a) (b)

(c)

Figure 5C.9 TTE performed in a 60‐year‐
old woman with transient dizziness and 
right arm numbness. A mobile 
echodensity (arrow) attached to the fossa 
ovalis by a thin stalk is seen in the RA, 
measuring 1.2 × 2.0 cm. (a) shows the mass 
in the 4C view, and (b) in the subcostal 
view. (c) is a 3D rendering of the mass. The 
differential includes thrombus versus 
tumor, and so an MRI was recommended 
for further assessment. RA, right atrium; 
LA, left atrium. 
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embolism such as infective endocarditis of native and 
prosthetic valves, thrombosis of prosthetic valves, non
bacterial thrombotic endocarditis, and mitral annular 
calcification. However, some of the other associations of 
valvular conditions with embolic stroke remain contro
versial; these include valvular strands and Lambl’s 
excrescences, and mechanical valve platelet thrombi.

5C.5.1 Infective endocarditis: native 
and prosthetic valves

Infective endocarditis is an infection of the cardiac 
endothelium which macroscopically is seen as a vegeta
tion. Despite advancement of medical and surgical ther
apy, mortality rates are still estimated at 20–30%, and 
could be as high as 70% in high‐risk patients. Several risk 
factors are associated with the development of infective 
endocarditis, namely preexisting cardiac abnormalities, 
accounting for 70–75% of patients with endocarditis. 

Some of these conditions include mitral valve prolapse, 
rheumatic heart disease, bicuspid aortic valve, patent 
ductus arteriosus, and other congenital heart anomalies. 
Other risk factors include immunocompromised status, 
and i.v. injection drug use. Prosthetic valve endocarditis 
accounts for about 10–20% of all cases of infective endo
carditis. The risk of endocarditis appears to be similar 
for both mechanical and bioprosthetic valves, with the 
greatest risk occurring in the first 6 months after valve 
implantation.

The clinical presentation of patients with infective 
endocarditis is highly variable, ranging from subtle and 
nonspecific symptoms of fatigue, weight loss, and night 
sweats, to severe and fulminant heart failure secondary 
to valvular destruction and regurgitation. Most patients 
present with fever and a new cardiac murmur. Given the 
various clinical presentations and complexity of infective 
endocarditis, a high degree of clinical suspicion is 
required to make the diagnosis. The most sensitive and 

(a) (b)

(c) (d)

Figure 5C.10 MRI study for further investigation of the right atrial mass. On cine images (a), there is a highly mobile pedunculated mass in 
the right atrium attached to the posterior aspect of the interatrial septum at the fossa ovalis by a thin long stalk. The lesion demonstrates 
slight T2 hyperintensity (b), and has no enhancement on first pass perfusion imaging (c) or delayed enhancement (d). The MRI features of 
this mass are consistent with a papillary fibroelastoma. RA, right atrium; LA, left atrium.
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specific schema used in clinical practice right now for 
diagnosis is the Duke criteria, which incorporate several 
clinical signs and symptoms including vascular and 
immunological complications, positive blood cultures, 
and evidence of endocardial involvement [72].

One of the major complications of infective endocar
ditis is embolization, mainly to the brain. Acute brain 
embolization is estimated to occur in 10–35% of 
patients with left‐sided infective endocarditis. However, 
the majority of the cerebral emboli are clinically silent. 
Some recent MR imaging studies showed that up to 
30–50% of clinically asymptomatic patients with infec
tive endocarditis had imaging confirmation of cerebro
vascular involvement [73]. The highest risk for embolic 
events from infective endocarditis is prior to diagno
sis and remains elevated within two weeks of starting 

antibiotic therapy, and decreases thereafter. Several pro
spective studies suggested that large vegetations greater 
than 10 mm and severe mobility were both independent 
predictors of embolic events after antibiotic initiation 
[74, 75].

Both TTE and TEE play a central role in diagnosis, 
prognostication, and management of these patients. 
Most commonly, infective endocarditis presents as a val
vular vegetation defined as a mobile echodense mass, 
often shaggy or lobulated, on the valve endocardium in 
the trajectory of a regurgitant jet (atrial side of atrioven
tricular valves, or ventricular side of the aortic valve) or 
implanted in prosthetic material with no alternative ana
tomical explanation (Figures 5C.11 and 5C.12). The two 
other, though less common, echocardiographic features 
of infective endocarditis are cardiac abscess or fistula, or 

(a) (b)

(c) (d)

Figure 5C.11 TEE study focusing on the mitral valve in a 44‐year‐old man who presented with fever, chills, and right upper extremity 
paresthesia who deteriorated rapidly and developed an acute right MCA infarct and massive cerebral edema. (a) shows a very large 
mobile vegetation on the atrial surface of the mitral leaflets. There is a perforation of the P3 scallop of the posterior leaflet ((b), arrow), 
with severe mitral regurgitation through that perforation (c). (d) A 3D rendering of the mitral valve shows the large vegetation sitting on 
the mitral valve with a perforation of the posterior leaflet (arrow). LA, left atrium; LV, left ventricle. ((c, d) Also reproduced in color in the 
plate section.)
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the presence of a new dehiscence of the valvular prosthe
sis. Some echocardiographic findings that might mimic 
or be confused with vegetations include PFE, valvular 
strands, and significant mitral annular calcifications with 
mobile components. Similarly, some findings on the 
prosthetic valve might mimic a vegetation; these include 
thrombus, prosthetic strands, or remnants of the mitral 
subvalvular apparatus postsurgery. In addition to its role 
in diagnosing endocarditis, echocardiography is indis
pensable for recognizing, assessing, and planning treat
ment for intracardiac complications associated with 
endocarditis; these include valvular regurgitation, leaflet 
perforation, abscess/fistula formation, and systolic 
dysfunction.

The overall sensitivity of TTE in detecting vegetation 
ranges between 62–79% [76]. However, the sensitivity 
drops to 25% if the vegetation size is less than 5 mm, and 
if the size of the vegetation is less than 2–3 mm it may 
be missed completely by TTE [77]. Similarly, the sensi
tivity of TTE is low when assessing prosthetic valve 
endocarditis with a range between 20% and 40% [76]. 
TEE, on the other hand, has more than 90% sensitivity 
and specificity in detecting vegetations, including thor
ough assessment of mechanical prosthetic valves and 
small vegetations [78]. TEE should also be first‐line 
modality if complications from infective endocarditis 
are suspected, such as abscess formation or leaflet per
foration. If the clinical suspicion for endocarditis is 
intermediate or high and the TTE is negative, then a 
TEE should always follow [79].

Cardiac CT and MRI have limited value for diagnosing 
intracardiac infections, but are supplementary for the 

evaluation of embolic events and anatomical characteri
zation of metastatic infectious processes [80]. CT can 
also be used for the assessment of perivalvular extent of 
the disease such as abscesses and pseudoaneurysm for
mation especially in cases where the acoustic shadowing 
of prosthetic valve interfere with adequate visualization 
on echocardiography. Another key use of CT in patients 
with infective endocarditis is the noninvasive assessment 
of the coronary arteries prior to surgery, in either low‐
risk patients or in patients with extensive aortic valvular 
disease and increased risk of embolization during car
diac catheterization.

5C.5.2 Nonbacterial thrombotic 
endocarditis

This is a rare condition that refers to a spectrum of non
infectious lesions of the heart valves.

5C.5.3 Verrucous endocarditis

Termed verrucous endocarditis or Libman‐Sacks endo
carditis, these lesions are usually small measuring 
between 1–4 mm, and histologically composed of 
immune complexes, hematoxylin bodies, and platelet 
thrombi. On echocardiography, these lesions resemble 
infective endocarditis but tend to be smaller, more 
rounded, and not typically associated with valvular 
destruction (Figure 5C.13). They occur in up to 43% of 
patients with systemic lupus erythematosus (SLE), and 
are much more common in patients with SLE who have 
positive antiphospholipid antibodies. Note also that the 

(a) (b)

Figure 5C.12 (a, b) TEE study in a 66‐year‐old woman with history of aortic and mitral valve replacement who presented with speech 
difficulty and right‐sided weakness, and was found to have strep viridans bacteremia. TEE windows of the mitral valve show a well‐seated 
bioprosthetic valve with a 0.7 cm linear mobile echodensity (arrow) attached to the mitral leaflet, consistent with prosthetic valve 
endocarditis. LA, left atrium; LV, left ventricle. 
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presence of positive antiphospholipid antibodies confers 
increased risk of embolization in the presence of infec
tive endocarditis. In one series including 91 patients with 
infective endocarditis the risk of embolization was 62% 
versus 23% in patients with positive versus negative 
antiphospholipid antibodies; this is likely due to increased 
endothelial cell activation, generation of thrombus and, 
defective fibrinolysis [81].

There is a greater tendency for these lesions to embo
lize compared to infected endocarditis lesions, probably 
because there is little inflammatory reaction at the site 
of the attachment and thus they are easier to dislodge 
[82]. There is a combined complication rate of around 
22% of stroke, peripheral embolism, heart failure, infec
tive endocarditis, and need for valve replacement. 
Routine echocardiogram is not recommended for all 
patients with lupus. However, if there are any concern
ing clinical symptoms, there has to be a low threshold 
for ordering further imaging to look for these lesions 
and their subsequent complications. Treatment usually 
consists of systemic anticoagulation and therapy 
directed at the underlying disease.

5C.5.4 Marantic endocarditis

Marantic endocarditis or noninfectious thrombotic 
endocarditis is associated with malignancy, commonly 
solid metastatic carcinomas, as well as lung, pancreatic, 
and gastric adenocarcinoma. Other overwhelming ill
nesses such as sepsis and burns may also be associ
ated  with nonbacterial thrombotic endocarditis. These 
lesions are composed of platelets and fibrin, and are 
commonly found in similar locations on the aortic and 

mitral valves as infective endocarditis. Despite the com
mon occurrence of significant and diffuse thickening of 
the leaflets of the involved valve, valvular dysfunction is 
uncommon. Some reports estimate that up to 50% of 
patients with these lesions may develop systemic embolic 
events. TEE is more sensitive than TTE for the detection 
of vegetations, particularly for small lesions less than 
5 mm [83]. Similar to Libman‐Sacks lesions, treatment 
usually consists of systemic anticoagulation and therapy 
directed at the underlying disease.

5C.5.5 Prosthetic valve thrombosis

Thrombus can develop on both mechanical and bio
prosthetic valves and can cause local problems in the 
valve such as obstruction and/or regurgitation, or can 
lead to clinically thromboembolic events [84]. The 
annual risk for mechanical valve thrombosis is around 
1–2% [85], and that of bioprosthetic valve is 0.5–1% [86]. 
Thrombus formation seems to affect the tricuspid and 
mitral prosthetics more often than the aortic prosthetic 
valves. Mechanical prosthetic thrombus most often 
develops in patients with subtherapeutic anticoagula
tion, but can still develop even in patients with adequate 
anticoagulation.

Valve thrombosis should be suspected in any patient 
with a prosthetic valve who presents with a thromboem
bolic event or with new valvular dysfunction. A tran
sthoracic echocardiogram is used to assess the prosthetic 
valve function including evidence of obstruction or 
regurgitation, overall ventricular function and any other 
source of emboli such as left ventricular or left atrial 
thrombus [4]. However, this is usually followed by a TEE 

(a) (b)

Figure 5C.13 (a, b) TEE study in a woman with a history of systemic lupus erythematosus with a possible mass on her mitral valve seen on 
TTE. There is a small, slightly mobile echodensity on the atrial surface of the anterior mitral valve leaflet. Given the lack of systemic 
infection, negative repeated blood cultures, and lack of valvular destruction or mass progression, this is most likely Libman‐Sacks 
nonbacterial vegetations. LV, left ventricle.



5C Cardioembolic stroke256

due to its better sensitivity and specificity in evaluating 
prosthetic valve leaflet motion, identifying thrombus or 
vegetation, and assessing other sources of emboli. Three‐
dimensional TEE may be of particular value in some 
instances in outlining the nature of the obstruction [87]. 
Unfortunately, it is often impossible to distinguish 
between thrombus, pannus, and vegetation by echocar
diography. Vegetations and fresh thrombi have soft 
echogenicity, can be of variable size, and are both mobile. 
Pannus development seems to have more of a subacute 
or chronic course, and involves the leaflets symmetri
cally. TEE is superior to TTE in the correct identification 
of the obstruction mechanism (49% vs. 10% and mechan
ical aortic prostatic, and 81% vs. 63% and aortic biopros
thetic) [88]. Gated cardiac CT or fluoroscopy (for 
mechanical prosthesis only) can be used to assess leaflet 
mobility and document restriction.

Thorough discussion regarding management and 
 follow‐up of these lesions is beyond the scope of this 
chapter, but suffice it to say that both TEE and TTE play 
a central role in identifying patients who are amenable to 
fibrinolysis because of low risk of embolization, and 
those that would need redo surgery. For instance, a 
thrombus area of less than 0.8 cm2 seen on a TEE seems 
to predict low complication risk for thrombolysis [89].

5C.5.6 Lambl’s excrescences and valve 
strands

These lesions are described as mobile, filamentous 
echodensities, usually less than 1 cm in length, often 
multiple, more commonly seen on left‐sided valves, and 

localized to the line of leaflet closure. Although the terms 
valvular strands and Lambl’s excrescences are used inter
changeably, valvular strands are felt to represent rem
nants of fenestrations, while Lambl’s excrescences appear 
to be hamartomatous growths. There appears to be no 
way of distinguishing strands and Lambl’s excrescences 
by echocardiography.

Reports linking the presence of the strands with 
embolic events have been very conflicting with some 
studies describing a positive association, while others 
report no association to systemic embolism. Overall, 
there is currently no robust evidence that native valvular 
strands are causative of systemic embolism [4].

5C.5.7 Mitral annular calcification

Mitral annular calcification (MAC) is a common degen
erative process involving progressive calcium deposition 
in the C‐shaped mitral annulus. Most commonly, MAC 
is an incidental finding but occasionally it may cause sig
nificant left ventricular inflow obstruction if it is severe. 
On echo, MAC appears as a thick, lumpy, and highly 
echogenic rim surrounding the exterior perimeter of the 
posterior mitral leaflet (Figure 5C.14) [4].

In general, the presence and extent of severity of MAC 
is best evaluated by TTE. MAC has been associated 
with stroke in population studies. Several possible mech
anisms over this association have been postulated 
including a superimposed thrombus or vegetation that 
embolized, or mobile calcific components that embo
lized. On the other hand, MAC may just be a high ath
erosclerotic risk marker, and has indeed been shown to 

(a) (b)

Figure 5C.14 (a, b) TEE performed as part of the evaluation for cardioembolic stroke in a 70‐year‐old man. A highly mobile, bright 
echodensity measuring 0.9 × 0.6 cm is attached to the anterior mitral annulus near A2/A3 scallops on the ventricular aspect (arrow), in 
association with significant mitral annular calcification. After extensive negative workup for possible infection, the most likely diagnosis is 
degenerative calcification. 
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be an independent predictor for the presence of severe 
aortic atheroma [90].

5C.6 Paradoxical embolism

A paradoxical embolus occurs when an embolus origi
nates from the systemic venous circulation and enters 
the systemic arterial circulation through a right‐to‐left 
shunt such as a patent foramen ovale (PFO), an atrial 
septal defect (ASD), or an extracardiac communication 
such as a pulmonary arteriovenous malformation. The 
embolus itself can be a thrombus that develops in the 
lower extremity/pelvic veins or within the right atrium, 
tricuspid vegetations, or a right‐sided cardiac tumor 
such as a myxoma or PFE. It is important to understand 
that the presence of these shunts does not establish a 
causal relationship with an ischemic event, since another 
source of embolism may be present and these shunts 
may be only innocent bystanders. Definitive diagnosis is 
made, however, if the thrombus is seen trapped or tra
versing these septal defects.

5C.6.1 Patent foramen ovale (PFO), atrial 
septal defects, and the risk of embolism

The foramen ovale is an essential component of the fetal 
circulation. It is formed by the overlap of the septum 
secundum and the apical remnant of the septum pre
mium, and allows for the continued right‐to‐left shunt
ing of the oxygenated blood in the fetal circulation. At 
birth, when the left atrial pressure increases, the septum 
primum flap closes, and eventually fuses by age 2 in 
70–75% of children. A PFO results when the septum pri
mum flap fails to adequately seal the fossa ovalis, and has 
been diagnosed in up to 25–30% of individuals in autopsy 
and TEE studies [91, 92]. It is unclear why in some indi
viduals the PFO fails to close, but familial and genetic 
factors may be important.

Much less common than the PFO, an open communi
cation across the septum may persist leading to the 
development of an ASD. There are several subtypes of 
ASD, the most common being secundum ASD, account
ing for 70–75% of ASDs.

A cryptogenic stroke, which accounts for approximately 
20–40% of ischemic strokes, is defined as a stroke of 
unknown etiology, despite extensive evaluation. PFO is 
often implicated as the cause of cryptogenic stroke, and 
there is increased evidence of PFO in these patients [93, 
94]. However, a clear‐cut association is not often found, 
and causality is hard to prove. Given how frequently PFOs 
occur in the general population, it might just be an inci
dental finding in patients who develop ischemic neuro
logical events. There may be a higher risk for stroke when 

PFO is associated with an atrial septal aneurysm. Although 
the available data is conflicting regarding the true risk of 
primary or recurrent ischemic stroke associated with 
PFO and atrial septal aneurysm, the general consensus is 
that patients with cryptogenic stroke are generally 
younger and more likely to have a PFO as the only positive 
finding with no other identifiable cause of stroke.

Echocardiography, both transthoracic and transesoph
ageal, is used to identify PFOs and ASDs with the help of 
agitated saline contrast or bubble study (Figure 5C.15). 
Maneuvers that increase transient right‐to‐left shunting 
are used during the test to visualize the PFO. These 
maneuvers include coughing and releasing a sustained 
Valsalva maneuver. The flap of the PFO is often visual
ized by echocardiography, as well as the passage of the 
agitated saline contrast through the foramen. The timing 
of the appearance of the bubbles in the left atrium can 
help distinguish intracardiac shunting (immediate to 
early bubble appearance) from pulmonary arteriovenous 
shunting (after 3–5 cardiac beats). In general, TEE has 
been found to be more sensitive than TTE for PFO detec
tion, although the reported sensitivity is widely variable 
(11–85% shunt detection by TEE). Therefore, TEE is 
often recommended if the pretest probability for a PFO 
or ASD is high and the TTE is negative or inconclusive 
(Figures 5C.16 and 5C.17).

Preliminary reports suggest that PFO may also be 
detected by multidetector CT [95] or cardiovascular 
magnetic resonance (CMR) [96], although these meth
ods may be less sensitive than TEE.

Figure 5C.15 TTE bubble study in four‐chamber view. A 20‐year‐
old woman admitted with cerebellar stroke of unclear etiology. 2D 
echo images did not show any pathology, but the bubble study 
shows contrast crossing immediately from the left atrium to the 
right atrium (arrow) making the likely diagnosis of patent foramen 
ovale. RA, right atrium; LA, left atrium. 
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5C.7 Thoracic aortic 
atherosclerosis and risk of embolism

5C.7.1 Population prevalence and risk 
factors

Thoracic aortic atherosclerosis is a well‐known and 
important source of emboli, leading to both cerebral and 
peripheral embolization, and is associated with signifi
cant morbidity and mortality. Aortic atherosclerosis is 
one of the manifestations of systemic atherosclerosis, 

and generally they share the same risk factor profile [97]. 
Two types of emboli can originate from aortic athero
sclerotic plaques; thromboemboli and atheroemboli 
(cholesterol crystal emboli). Thromboembolism hap
pens when a thrombus that is superimposed on an ath
erosclerotic plaque dislodges, from a plaque rupture for 
instance [98, 99]. Cholesterol embolism, on the other 
hand, occurs when cholesterol crystals are released from 
atherosclerotic plaque and embolize distally.

Thromboemboli tend to be single and most often lead 
to stroke or transient ischemic event, while cholesterol 

(a) (b)

Figure 5C.16 (a, b) TEE study (biplane view at 110 degrees) of the same patient as in Figure 5C.15. TEE was ordered to better assess the 
PFO anatomy, but instead a large secundum atrial septal defect measuring 1.3 cm was identified as the source of her paradoxical cardiac 
emboli. (b) shows blood flow from left to right. RA, right atrium; LA, left atrium. ((b) Also reproduced in color in the plate section.)

Figure 5C.17 Three‐dimensional 
construction of an atrial septal defect on a 
transesophageal echocardiography to aid 
in transcatheter closure of the defect. 
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emboli tend to be multiple and typically “shower” into 
small or medium‐sized vessels typically affecting multi
ple organs [100].

The prevalence of aortic atherosclerotic disease in the 
general population is difficult to determine. Most of the 
studies that questioned this issue had referral bias 
because most of the patients included were symptomatic 
at the time of study. One large study not subject to this 
referral bias was a TEE study of a random sample of 
patients older than 44 years of age; aortic plaque was 
detected in 43% of the population, complex plaque 
(defined as more than 4 mm, ulcerated or mobile plaque) 
was detected in 7.6% of patients and increased to more 
than 20% in patients older than 74 years [101].

5C.7.2 Plaque characterization and risk 
of embolism

Plaque characteristics detectable on TEE that have been 
associated with embolic complications include thickness 
of the plaque, ulceration, and/or superimposed mobile 
thrombus [4, 102]. Increasing plaque thickness was asso
ciated with an increased risk of embolic events; plaque 
thickness ≥4 mm in the ascending aorta or aortic arch 
visualized by TEE is strongly correlated with cerebral 
embolization events.

In addition, studies have shown a 12–14% risk of cere
bral embolization with aortic arch plaque, particularly 
when the plaque is ulcerated or mobile. Note, however, 
that the aortic plaque may just be a marker of generalized 
atherosclerosis and an independent predictor of cerebro
vascular events.

The risk of cholesterol crystal embolization is directly 
related to the severity of atherosclerosis. Any factor that 
destabilizes atherosclerotic plaque can result in choles
terol crystal embolism. Embolization may be spontane
ous, accounting for around 25% of cases, or iatrogenic 
precipitated by vascular manipulation during arteriogra
phy or surgery [103]. The actual rate of cholesterol crys
tal embolization in patients with thoracic aortic plaque is 
unclear, but some studies have reported an incidence of 
around 1% on follow‐up [104], with higher incidence in 
patients undergoing instrumentation, either surgery or 
angiography [105].

As has been mentioned previously cholesterol emboli
zation can occur either spontaneously or with vascular 
manipulation. It is worth mentioning that, with the 
increasing frequency of endovascular procedures, the 
incidence of iatrogenic embolization has increased.

Arteriography is a more common cause of cholesterol 
embolization than surgery, accounting for up to 85% of 
cases. The mechanism of ischemic stroke during cardiac 
catheterization is often directly related to the procedure 
itself. As the wires or catheters are advanced into the 

aorta, thrombus or cholesterol particles from the aortic 
atheromas may dislodge and embolize [106, 107]. 
Another cause of stroke with cardiac catheterization is 
due to embolization of fresh thrombus forming on the 
catheters.

Theoretically, interventional procedures may have 
slightly higher risk than diagnostic procedures due to the 
use of larger catheters and longer procedure real time. 
The risk of stroke is particularly high in patients with sig
nificant calcific aortic disease undergoing retrograde 
catheterization of the valve; the rate of silent ischemic 
cerebral event was 22%, and the rate of clinical stroke 
was 3% in a study of 152 patients with aortic stenosis 
who had catheter passage through the aortic valve [108]. 
The overall rate of stroke with left heart catheterization, 
diagnostic or interventional, is estimated at 0.2–0.4% 
[109]. Scraping of aortic plaques occurs in more than 
50% of PCI cases, and occurs more frequently with the 
use of larger catheters, therefore leading to more risk of 
cerebral microvascular embolism [106]. Asymptomatic 
cerebral embolism is even more common than clinically 
symptomatic stroke, with an estimated rate of 2–22% of 
patients undergoing cardiac catheterization [108, 110].

One catheterization procedure that has been associ
ated with particularly high risk of cerebral ischemic 
events is the transcatheter aortic valve implantation 
(TAVI). The reported 30‐day risk of stroke following 
TAVI in observational studies and clinical trials is 2–5% 
[111], with no apparent differences in rates of events 
between transfemoral or transapical access routes. A dif
fusion‐weighted MRI study showed a higher rate of new 
clinically silent cerebral foci of restricted diffusion in 
patients who underwent TAVI compared to those who 
had surgical valve replacement (SAVR) (84% vs. 48%) 
[112]. Despite the high rate of these embolic events, the 
clinical significance of these observations is still 
unknown. A very recent study sought to answer that par
ticular question. Auffret et al. evaluated changes in global 
cognition and specific cognitive domains in 51 patients 
post‐TAVI for up to 1 year post‐procedure [113]. TAVI 
was actually associated with global improvement in cog
nitive status, mainly in patients who had cognitive 
impairment pre‐procedure, mostly due to improvement 
in cardiac output and consequently cerebral blood flow 
post‐relief of the severe aortic obstruction. However, 
there was early decline in some complex cognitive func
tions in 25% of TAVI recipients, which persisted in 10% 
of patients at 1 year of follow‐up.

5C.7.3 Multimodality imaging of the aorta

The normal aortic wall is seen on the echocardiography 
as two parallel echogenic lines separated by a relatively 
hypoechoic space; the distance between the lines is the 
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combined thickness of the intima and media, which is 
normally ≤1 mm [114]. An atheroma is defined as any 
thickness ≥2 mm. The recommended classification of 
aortic atheroma is to define them as simple or complex 
on the basis of the presence or absence of mobile compo
nents or ulcerations.

TEE provides high‐resolution images of the ascending 
aorta, aortic arch, and descending thoracic aorta. TEE 
allows the evaluation of the presence and extent of the 
aortic plaque, as well as assessment of plaque thickness, 
surface characteristics, and the presence of mobile com
ponents (Figures 5C.18 and 5C.19) [4]. One weakness of 
the TEE, however, is the inability to properly evaluate a 

small portion of the distal ascending aorta and proximal 
arch, the so‐called blind spot, due to interposition of the 
left main stem bronchus and trachea. The required 
views to properly evaluate the aorta on a TEE include 
the mid‐esophageal long axis and short axis views to 
assess the aortic root and ascending aorta, and the short 
axis and long axis views of the aortic arch and descend
ing aorta.

Compared with TEE, CT and MRI provide a more 
complete evaluation of the extent of atherosclerosis in 
the aorta, especially in imaging aortic branches. The 
sensitivity, specificity, and overall accuracy of multide
tector CT angiography for identifying severe aortic 

(a) (b)

Figure 5C.18 TEE of the aortic arch (0 and 90 degrees) in a 39‐year‐old woman with acute left MCA stroke. (a) The aortic arch is heavily 
calcified with evidence of a ruptured plaque and large mobile echodensity (arrow) that likely represents a thrombus extending into the 
lumen of the aortic arch measuring 3.0 cm × 1.2 cm. There is no evidence of obstruction to flow on color flow Doppler (b). On repeat 
imaging, this thrombus had completely resolved after the initiation of anticoagulation. ((b) Also reproduced in color in the plate section.)

(a) (b)

Figure 5C.19 Another example of extensive aortic atherosclerosis, both on the descending aorta (a), and aortic arch (b) seen on TEE. 
Mobile thrombus (arrow) is seen on the atherosclerotic plaques, putting this patient at high risk of embolic events. 
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 atheroma approaches that of TEE. Calcified plaque 
appears as a light, high‐attenuation signal, whereas 
lipid‐rich or fibrous plaque appears as hypoattenuated 
dark signals within the vessel wall [114]. Contrast‐
enhanced multimodality CT, including axial and multi
planar reformations, is the technique of choice for 
diagnosis of penetrating aortic ulcer; the characteristic 
finding is localized ulceration penetrating through the 
aortic intima into the aortic wall with possible associated 

intramural hematoma that is seen as focal thickening or 
high attenuation.

MRI is another alternative imaging tool in assessing aor
tic atherosclerosis and is unique in its ability to supply 
information about plaque characteristics and composition 
[114]. However, its shortcomings are in its limited ability 
in assessing mobile thrombi, its inferior spatial resolution 
to that of CT, and its tendency to overestimate plaque 
thickness and thus classify more patients as high risk.
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6.1  Introduction

Having decided that a patient has had a stroke or tran-
sient ischemic attack (TIA), where the brain lesion is and 
its relationship to the vascular supply, and that the cause 
is ischemic rather than hemorrhagic, the next step is to 
define the cause of the ischemia. What caused this 
ischemic event? If, for whatever reason, it has been 
impossible to distinguish an ischemic stroke from non-
traumatic intracerebral hemorrhage (ICH), then the 
causes of the latter must be considered as well. Naturally, 
how far one pursues “the cause” must depend on how 
much this will influence the subsequent management 
and outcome of an individual patient, how far an indi-
vidual patient or their family might want to pursue mat-
ters, or even – in some healthcare systems – how much 
they can afford.

So often physicians regard stroke as though it is a sin-
gle disease. But a stroke is a clinical syndrome with many 
causes and the particular cause in an individual may 
determine the immediate outcome, have a substantial 
impact on the risk of recurrence and influence the choice 
of both immediate and long‐term treatment. Moreover, 

identification of the cause may have unanticipated later 
relevance; for example, ischemic stroke caused by carotid 
dissection as a consequence of a car accident (rather 
than caused by atherothrombosis) may lead to substan-
tial compensation from an insurance company. Finding 
the likely cause is therefore important and may not be 
very difficult. The first clue is the clinical syndrome 
(where and how big is the area of brain ischemia or 
infarction), then the general examination – which may 
provide more information about the cause than neuro-
logical examination (e.g. atrial fibrillation) – and a few 
well‐targeted investigations should complete the picture. 
Sometimes, of course, a patient may have several com-
peting causes, making it impossible to know which one is 
the cause.

A 70‐year‐old man suddenly developed weakness of the 
left arm and leg, which recovered after a few days. When 
he went to his doctor three days after the onset, there was 
a left hemiparesis but no visual field defect, nor any obvi-
ous sensory inattention or neglect. He was known to 
be  hypertensive,  discovered to be in atrial fibrillation 
and  his ECG showed an  unsuspected but probably old 
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anterior myocardial infarction. There was a loud right 
carotid bruit. Brain CT was normal but MRI showed 
multiple presumed lacunar infarcts of indeterminate age 
in the periventricular white matter of both cerebral hemi-
spheres. Therefore, this stroke might have been caused by 
any one of the following:

 ● embolism from the heart (either from thrombus in the 
fibrillating left atrium or from thrombus in the left ventri-
cle as a result of the myocardial infarction) causing a corti-
cal infarct invisible even on MRI (any cortical signs having 
disappeared by the time the patient went to the doctor);

 ● embolism from atherothrombotic carotid stenosis to 
cause a cortical infarct invisible even on MRI;

 ● low flow distal to severe atherothrombotic carotid stenosis;
 ● intracranial small‐vessel disease causing lacunar 

infarction; or
 ● something unusual, such as an acquired procoagulable 

state in the setting of an underlying occult malignancy.

6.2  What to expect

Transient ischemic attack (TIA) and ischemic stroke are 
on a continuum of conditions involving cerebral hypop-
erfusion. Anything that causes an ischemic stroke may, 
if less severe or less prolonged, cause a TIA, while any-
thing that causes a TIA may, if more severe or more 
prolonged, cause an ischemic stroke. The difference 
between these two entities was until recently arbitrary 
and enshrined in the temporal boundary of symptoms 
lasting more or less than 24 hours. With the advances in 
neuroimaging the classic definition of TIA was criti-
cized as a third of patients with symptoms resolving 
within 24 hours had radiological evidence of cerebral 
infarction [1]. Based on information obtained in a mul-
ticenter study including individuals fulfilling the classic 
definition of TIA, it was determined that the occurrence 
of cerebral infarction as evidenced on brain MRI is a 
time‐dependent variable and that the median duration 
of symptoms in patients with TIA and negative MRI is 
30 minutes [1]. In this setting, a change in the distinc-
tion between TIA and stroke from a time‐based to a tis-
sue‐based definition was proposed. TIA is redefined as 
a transient episode of neurological dysfunction caused 
by focal brain, spinal cord, or retinal ischemia without 
acute infarction on neuroimaging studies [2,3]. The 
identification of areas of infarction on CT or MRI has 
prognostic ramifications and contributes to the under-
standing of the pathogenesis of the stroke.

It is estimated that up to 10.5% of the patients who 
experience a TIA will suffer a stroke, and half of these 
will occur within the first 48 hours after the initial event 
[4]. In addition, expedited assessment and treatment of 

patients with TIA or minor stroke has been shown to 
reduce the 90‐day risk of recurrent stroke by approxi-
mately 80% [5]. In this context, TIA is regarded as a neu-
rovascular emergency and a window of opportunity to 
reduce the stroke burden. Different factors have been 
identified as predictors of stroke after TIA. These have 
been consolidated in the ABCD2 score which comprises 
age (A), blood pressure on first evaluation (B), clinical 
presentation (C), duration of the symptoms (D) and dia-
betes (D) (Table 6.1) [6]. Additional variables have more 
recently been added to the ABCD2 score including 
recurrent (or dual) TIA (D), atherothrombotic carotid 
stenosis greater than 50%, and the presence of acute 
ischemic changes on brain MR (I). This new risk stratifi-
cation tool, called ABCD3‐I score, may refine the predic-
tive value of stroke after TIA [7]. Though easy to 
implement, the accuracy of this prediction system has 
still to be validated in large cohorts.

Anything that causes an ischemic stroke may, if less 
severe or less prolonged, cause a TIA, while anything 
which causes a TIA attack may, if more severe or more 
prolonged, cause an ischemic stroke.

In population‐based studies in white people, about 
one‐half of cerebral ischemic events, whether perma-
nent or transient, are caused by the thrombotic and 
embolic complications of atheroma, which is a disorder 
of large and medium‐sized arteries, about one‐quarter 
to intracranial small‐vessel disease (SVD) causing lacu-
nar infarction, about one‐fifth to embolism from the 
heart, and the rest to rarities (Figure 6.1, Table 6.2) [8]. 
Not surprisingly, where admission rates are low, hospi-
tal‐referred stroke patients are rather less likely to have 
lacunar strokes (because they are conscious without any 
cognitive defect and therefore easier to look after at 
home) and more likely to have something unusual, par-
ticularly if the hospital has a special interest in stroke or 
one of its causes – so‐called hospital referral bias. Age 
will color expectations too: a 21‐year‐old female is 
unlikely to have atheroma, while an 81‐year‐old male is 
relatively unlikely to have a rare cause of cerebral 
ischemia, such as Fabry disease.

Table 6.1 Risk of stroke after TIA based on the ABCD2 score [6].

ABCD2 score Risk of stroke 2‐day risk 7‐day risk 90‐day risk

0–3 Low 1 1.2 3.1
4–5 Moderate 4.1 5.7 9.8
6–7 High 8.1 11.7 17.8

ABCD2 score: age ≥60 years (1 point); blood pressure ≥140/90 mmHg on 
first evaluation (1 point); clinical symptoms of focal weakness (2 points) 
or speech impairment without weakness (1 point); duration ≥60 minutes 
(2 points) or 10 to 59 minutes (1 point); and diabetes (1 point).
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This chapter will consider the nature of the three main 
causes of cerebral ischemia: atherothromboembolism, 
intracranial SVD, and embolism from the heart. The 
more unusual causes will be described in Chapter 8.

6.3  Atheroma and large‐vessel 
disease

Atheroma is by far the most frequent, but certainly not 
the only, arterial disorder. It is almost universally in mid-
dle‐ and older‐aged persons, at least in developed coun-
tries. A rising tide of obesity in the young is thought to 
be driving the risk of atheroma beginning in middle age 
and extending through older age. When complicated by 
thrombosis and embolism, and sometimes by low flow 
distal to a severely stenosed or occluded artery, it is the 
most common cause of cerebral ischemia and infarction. 
Although very difficult to prove, atheroma itself – uncom-
plicated by thrombosis and embolism – may not have 
become more prevalent during the first half of the twen-
tieth century, despite the rising mortality attributed to 
stroke and coronary events at the time, nor less prevalent 
more recently as vascular disease mortality has declined 
[9]. The clinically important consequences of ather-
oma – ischemic stroke, myocardial infarction, and 
peripheral vascular disease – are probably more to do 

with the thrombotic complications of atheroma than the 
atheroma itself. It is, after all, remarkable how wide-
spread atheroma can be at postmortem in patients with 
no clinically obvious events. Also, both ischemic stroke 
and myocardial infarction can occur even when ather-
oma is relatively restricted; is this bad atheroma, bad 
clotting, or just bad luck? More recently, it has been 
shown that major systemic arteries of mummies have 
findings consistent with atheroma suggesting that human 
beings have a genetic predisposition to atheroma dating 
back to earlier civilizations [10].

The current view is that atheroma is initiated by some 
sort of endothelial injury and, perhaps in genetically sus-
ceptible individuals, is then amplified by lifestyle and 
environmental factors, and it is already apparent even in 
children and young adults [11,12]. Evidence comes from 
animal models of atheroma, postmortem examination of 
human arteries, and epidemiological studies of “risk fac-
tors,” although these may be as much risk factors for the 
complicating thrombosis as for the underlying atheroma 
itself, if, indeed, the two processes can be separated. 
Underlying atheroma is an inflammatory response.

6.3.1 The distribution of atheroma

Atheroma affects mainly large and medium‐sized arter-
ies, particularly at points of arterial branching, curva-
ture, and confluence (Figure  6.2). The most common 
extracranial sites for atheroma are the aortic arch, the 
proximal subclavian arteries, the carotid bifurcation, and 
the vertebral artery origins. Plaques in the subclavian 
arteries frequently extend into the origin of the vertebral 
arteries and plaques may occasionally occur at the origin 
of the innominate arteries. Frequently, the second por-
tion of the vertebral artery as it passes through the trans-
verse foramen is also affected but the atheroma, which 
tends to form a ladder‐like arrangement opposite cervi-
cal discs and osteophytes, does not normally restrict the 
lumen size significantly [13].

Large‐artery intracranial occlusive disease has been 
more recently identified as one of the most common cer-
ebrovascular lesions worldwide [14]. Intracranial arter-
ies are morphologically different from extracranial 
arteries, having no external elastic lamina, fewer elastic 
fibers in the media and adventitia and a thinner intimal 
layer. The carotid siphon, the proximal middle cerebral 
artery and the anterior cerebral artery around the ante-
rior communicating artery origin are the most common 
sites for intracranial atheroma formation in the anterior 
circulation. In the posterior circulation, the intracranial 
vertebral arteries are often affected just after they 
 penetrate the dura and at the vertebrobasilar junction. 
Plaques are also found in the proximal basilar artery and 
also before the origin of the posterior cerebral arteries. 

Embolism from
the heart
20%

Rarities
5% Atherothromboembolism

50%

Intracranial small
vessel disease
25%

Figure 6.1 The approximate frequency of the main causes of 
ischemic stroke and transient ischemic attacks in white 
populations.

About 95% of ischemic strokes and transient ischemic 
attacks are caused by the embolic, thrombotic or low‐
flow consequences of atheroma affecting large and 
medium‐sized arteries, intracranial small‐vessel disease, 
or embolism from the heart.
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Table 6.2 The causes of ischemia affecting the arterial circulation of the brain and eye, largely disorders of the vessel wall; cardiac causes 
in Table 6.4.

Atherothromboembolism
Embolism
Occlusive thrombosis
Low blood flow without acute occlusion
Dolichoectasia
Intracranial small‐vessel disease
“Complex” small‐vessel disease
Hyaline arteriosclerosis or “simple” small‐vessel disease
Mural, junctional, and microatheroma
Cerebral amyloid angiopathy
Connective tissue, inflammatory vascular disorders  
(and other obscure vasculopathies)
Giant‐cell arteritisa

Takayasu arteritis
Systemic lupus erythematosus
Antiphospholipid syndromea

Sneddon syndrome
Primary systemic vasculitis

classic polyarteritis nodosa
microscopic polyangiitis
Churg–Strauss syndrome

Marfan syndrome
Ehlers–Danlos syndrome type 4
Inflammatory arterial disease
Infective arterial disease (e.g. syphilis)
Alpha‐1 antitrypsin deficiency
Autosomal dominant polycystic kidney disease
Osteogenesis imperfecta
Trauma
Penetrating neck injury

neck laceration/surgery
missile wounds
oral trauma
tonsillectomy
cerebral catheter angiography
attempted jugular vein catheterization

Nonpenetrating (blunt) neck injury
carotid compression
cervical manipulation
blow to the neck
cervical flexion–extension “whiplash” injury
minor head movements?

Wegener’s granulomatosis
Kawasaki disease
Henoch–Schönlein purpura
Rheumatoid disease
Sjögren syndrome
Behçet’s disease
Relapsing polychondritis
Progressive systemic sclerosis (scleroderma)
Essential cryoglobulinemia
Malignant atrophic papulosis (Kohlmeier–Degos disease)
Sarcoidosis
Primary angiitis of the central nervous system
Idiopathic reversible cerebral “vasoconstriction”
Buerger disease (thromboangiitis obliterans)
Paraneoplastic vasculitis
Therapeutic drugs
Acute posterior multifocal placoid pigment epitheliopathy
Susac syndrome
Eales disease
Cogan syndrome
Secondary inflammatory vascular disorders
Infections
Drugsa

cervical rib
fractured clavicle
bronchoscopy
endotracheal intubation
head‐banging
labor
epileptic seizures
yoga
attempted strangulation
atlanto‐occipital instability
atlanto‐axial dislocation
fractured base of skull
faulty posture of neck during general anesthesia, or even a prolonged 
telephone conversation or vomiting
Head injury
Single gene disorders
CADASIL
CARASIL
Homocystinuria
Fabry disease
Sickle cell disease
Tuberous sclerosis
Neurofibromatosis
Oxalosis
Inherited disorders of connective and elastic tissue
Metabolic disorders
Mitochondrial diseases
Miscellaneous
Fibrocartilaginous embolism

Inflammatory bowel disease
Celiac disease
Congenital
Fibromuscular dysplasia
Hypoplastic carotid and vertebral arteries
Internal carotid artery loops
Arterial dissectiona

Trauma
Cystic medial necrosis
Fibromuscular dysplasia

Air embolism
Fat embolism
Arterial aneurysms
Cholesterol embolization syndrome
Migraine
Cancer
Irradiation
Oral contraceptives/estrogens
Pregnancy and the puerperium
Perioperative

a The most common “rare” causes of arterial disease, in total, well under 5% of all patients with ischemic stroke or/transient ischemic attack.
CADASIL, cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy; CARASIL, cerebral autosomal recessive 
arteriopathy with subcortical infarcts and leukoencephalopathy; MELAS, mitochondrial encephalopathy, lactic acidosis, and stroke‐like episodes.
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The mid‐basilar segment may be affected around the 
 origins of the cerebellar arteries. Occlusion of a branch 
artery at its origin by disease in the parent vessel seems 
to occur more commonly in the posterior circulation 
(e.g. “basilar branch occlusion”) than in the anterior cir-
culation where occlusion of the small perforating arter-
ies is usually caused by intrinsic SVD but may be caused 
by parent artery atheroma formation.

It is remarkable how free of atheroma some arterial 
sites can be; for example, the internal carotid artery 
(ICA) between just distal to its origin in the neck (the 
carotid sinus) and the carotid siphon in the head, and the 
main cerebral arteries distal to the circle of Willis. 
Occlusion of the middle cerebral artery (MCA) can 
sometimes be caused by in situ thrombosis complicating 
an unstable atheromatous plaque, but is much more 
likely to be caused by embolism from the heart or from a 
proximal arterial site [15]. Another unexplained oddity is 
how the upper limb arteries are far less affected by ath-
eroma than the lower limb arteries.

Possible explanations for this multifocal distribution of 
atheroma are:

 ● high hemodynamic shear stress and so endothelial 
trauma, a notion now largely discredited;

 ● low hemodynamic shear stress, boundary‐zone flow 
separation, directional and stagnation changes in the 
blood, all leading to intimal proliferation and the accu-
mulation of platelets; and

 ● turbulence, leading to endothelial damage.

All of these might promote thrombosis, which itself 
is  clearly involved in the progression, if not the very 
beginnings, of atheroma [16]. Interestingly, there can be 
very severe atherothrombotic stenosis at a particular site 
on one side of the body, but none at all at the mirror‐
image site on the other side, perhaps reflecting intra‐
individual geometric differences in arterial anatomy [17]. 
Alternatively, perhaps once an atheromatous plaque is 
established, its growth becomes self‐promoting as a 
result of a positive feedback loop, either biochemical 
or  hemodynamic. This asymmetry clearly cannot be 
because of asymmetric exposure to vascular risk factors, 
such as smoking. On the whole, however, individuals 
with atheroma affecting one artery tend to have it affect-
ing many others, subclinically if not clinically. In this 
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Figure 6.2 Distribution of atheroma in the arteries supplying the brain and eye in white populations. Intracranial atheroma is relatively 
more common in Japanese, Chinese, and black populations. Source: Neurology Board Review: An Illustrated Study Guide. Mowzoon and 
Flemming (Eds.). Informa Healthcare, 2007, Chap. 11, p. 446. Reproduced with permission of Taylor & Francis Group LLC.

Atheroma affects large and medium‐sized arteries, par-
ticularly at places of branching, tortuosity, and conflu-
ence. It is a multifocal rather than a diffuse disease.
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regard, in a prospective observational study designed to 
investigate the natural history of symptomatic large‐
artery occlusive disease the rate of cardiovascular events 
was 18%. Therefore, patients with cerebral ischemia or 
carotid disease often already have or develop angina, 
myocardial infarction, and peripheral vascular disease 
(Table  6.3) [18]. Presumably, genetic predisposition 
determines who is likely to develop atheroma, or to have 
particularly extensive or severe atheroma when exposed 
to causal risk factors, such as hypertension, while the 
arterial anatomy determines where the atheroma occurs.

There appear to be important racial differences in the 
distribution of atheroma, and race is an independent 
predictor of lesion location. White males tend to develop 
atheroma in the extracranial cerebral vessels, the aorta 
and coronary arteries while intracranial large‐vessel 
disease appears to be relatively more common in black, 
Hispanic, and Asian populations and tends to affect 
younger patients and those with type 1 diabetes mellitus 
[20]. Some sources report that women have more intrac-
ranial disease compared to men but this is disputed 
by  others. However, carotid bifurcation stenosis does 
appear to be becoming more frequent in Asian popula-
tions either because the pattern of atheroma is evolving 
as a result of lifestyle changes, or because previous stud-
ies were confounded by selection and other biases [21]. 
There are very few data on the etiology of stroke in 
Africa, but reports from stroke registers in South Africa 
show that atheroma is a less common cause of stroke in 
blacks than in whites [22].

6.3.2 The nature, progression, and clinical 
consequences of atheroma

Atheroma begins as intimal fatty streaks in children, and 
it is thought to occur in response to endothelial injury 
(Figure  6.3) [12]. Over many years, circulating mono-
cyte‐derived macrophages adhere to and invade the arte-
rial wall. As a result, there is an inflammatory response 
with cytokine production, protease secretion, and T‐
lymphocyte activation. Intra‐ and later extracellular cho-
lesterol and other lipids are deposited, particularly in 
macrophages, which are then described as foam cells. 
Arterial smooth‐muscle cells migrate into the lesion and 
proliferate, fibrosis occurs and so fibrolipid plaques are 
formed. These plaques, with their lipid core and fibrous 
cap, encroach upon the media and spread around and 
along the arterial wall. Some become necrotic, ulcerated 
and calcified with neovascularization and hemor-
rhage – so‐called complicated plaques. The arterial wall 
thickens, the vessel dilates or the lumen narrows and the 
artery becomes stiffer and tortuous.

Atherosclerotic lesions may cause ischemic stroke 
through acute vessel occlusion, or by reducing vessel diam-
eter and thus regional cerebral blood flow. Whether acute 
occlusion of a cerebral vessel, or reduction in cerebral 
blood flow, leads to infarction depends on not only for how 
long the blood flow is impaired, but also the availability and 
functional capability of the collateral circulation [23].

Arterial occlusion secondary to atheroma occurs by 
three mechanisms. First, thrombi may form on lesions 
and cause local occlusion. Second, embolization of 
plaque debris or thrombus may block a more distal ves-
sel; emboli are usually the cause of obstruction of the 
anterior circulation intracranial vessels at least in white 
males in whom intracranial atheroma is relatively rare. 
Third, small vessel origins may be occluded by growth of 

Individuals with atheroma affecting one artery almost 
always have atheroma affecting many other arteries, 
with or without clinical manifestations.

Table 6.3 The prevalence of vascular risk factors and diseases by stroke subtype in 2555 patients with a first‐ever‐in‐a‐lifetime ischemic 
stroke. Data from the Oxfordshire Vascular Study [19].

Risk factor

Stroke subtype

Cryptogenic Cardioembolic Large‐artery disease Small‐vessel disease

Age (years) 70.4 77.9 73.3 69.7
Sex (male) 50% 46% 61% 57%
Hypertension 53% 71% 74% 59%
Diabetes 12% 12% 19% 16%
Myocardial infarction 8% 18% 14% 5%
Peripheral vascular disease 4% 9% 14% 5%
Hypercholesterolemia 33% 36% 49% 33%
Current smoking 16% 7% 19% 24%
Past smoking 39% 45% 46% 38%
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plaque in the parent vessel. This is seen particularly in 
the basilar artery and the subclavian artery around the 
vertebral origin. Low regional cerebral blood flow sec-
ondary to atheroma occurs when plaque growth causes 
severe reduction in the diameter of the vessel lumen and 
hypoperfusion of distal brain regions, particularly in the 
border zones where blood supply is poorest. This may 
lead to “borderzone infarction” of these regions follow-
ing severe hypotension or hypoxia. The mechanisms of 
atherosclerosis‐related stroke are discussed further later.

6.3.3 Atheromatous plaques complicated 
by thrombosis: atherothrombosis

From an early stage, or perhaps even from the very first 
stage, atheromatous plaques promote platelet adhesion, 
activation, and aggregation, which initiates blood coagu-
lation and thus mural thrombosis [24]. At first, any 
thrombus may be lysed by fibrinolytic mechanisms in the 
vessel wall, or incorporated into the plaque, which re‐
endothelializes and so “heals.” Gradually, the athero‐ and 

then atherothrombotic plaque grows, in part because of 
repeated episodes of mural thrombosis layering one on 
top of the other, and eventually the lumen may become 
obstructed. Such occlusive intraluminal thrombus may 
then propagate proximally or distally in the column of 
stagnant blood, but usually no further than the next arte-
rial branching point though long clots or high clot burden 
has been noted during acute ischemic stroke when clot 
retrieval devices are deployed. Thrombosis is opposed by 
the release of prostacyclin and nitric oxide, both vasodila-
tors, from the vascular endothelium and by endothelium‐
derived plasminogen activator. The balance of these 
pro‐ and antithrombotic factors may ultimately deter-
mine whether a thrombus complicating an atheromatous 
plaque or an occlusive embolus grows, is lysed or becomes 
incorporated into the arterial wall and so contributes to 
the gradually enlarging atherothrombotic plaque.

Symptomatic in situ acute atherothrombotic occlusion – 
rather than artery‐to‐artery embolism – does not appear 
to be a very common cause for ischemic stroke or TIAs 
in the carotid territory. Perhaps this is because atheroma 

Target

Process

Flow-mediated
vasodilation

Endothelial
dysfunction

Adhesion
molecules

Endothelial
activation

Macrophages MMPs
Cathepsin

Lipid core
Fibrous cap

Fibrin
Platelets αllbβ3 integrin
Tissue factor

Angiogenesis Thrombosis

Thrombus

Fibrous cap

Lipid-rich
necrotic core

Internal elastic lamina
Angiogenesis

Approximate
American Heart
Association lesion stage

MMP Platelet

Apoptotic cell

Smooth muscle cell

Collagen �bril

VCAM1, ICAM, selectins

Endothelial cell Fibrin Foam cell LDL

I II III IV V VI

Monocyte
recruitment

↓ NO
production

αvβ3 integrin

αvβ3 integrin

In�ammation Proteolysis
Apoptosis

Figure 6.3 Growth, progression, and complications of atheromatous plaques. Source: Choudhury RP, et al. Molecular, cellular and 
functional imaging of atherothrombosis. Nat Rev Drug Discov 2004;3:913–925. Reproduced with permission of Springer Nature. (Also 
reproduced in color in the plate section.)



6 What caused this transient or persisting ischemic event?274

affects the larger arteries (e.g. ICA rather than MCA) 
and it takes a very large plaque to occlude them, or 
because the potential for collateral blood flow is better 
distal to larger arteries. Indeed, once the ICA has 
occluded, the risk of ipsilateral ischemic stroke appears 
to be less than for severe stenosis [25,26]. On the other 
hand, symptomatic in situ atherothrombotic occlusion 
may be more common in the posterior circulation (e.g. of 
the basilar artery) but even here artery‐to‐artery embolism 
is well described [27,28].

6.3.4 Embolism from atherothrombotic 
plaques: atherothromboembolism

Atheroma and/or thrombus may embolize – in whole or 
in part – to obstruct a smaller distal artery, usually at a 
branching point – the same one or different ones on sev-
eral occasions. Emboli consist of any combination of 
cholesterol crystals and other debris from the plaque, 
platelet aggregates, and fibrin which may be recently 
formed and relatively friable or old and well organized. 
Depending on their size, composition, consistency and 
age – and presumably the blood flow conditions at the 
site of impaction – emboli may be lysed, fragment and 
then be swept on into the microcirculation. Alternatively, 
they may permanently occlude the distal artery and pro-
mote local antero‐ and retrograde thrombosis, which is 
further encouraged by the release of thromboxane A2 
from platelets, which is also a vasoconstrictor.

Emboli are transmitted to the brain or eye via their nor-
mal arterial supply, which itself varies somewhat in distri-
bution between individuals. Clearance of embolism based 
on adequacy of blood flow may be an important factor 
determining whether an embolism remains in the circula-
tion or is cleared [29]. An embolus from an atherosclerotic 
carotid bifurcation – usually a plaque at the origin of the 
ICA but sometimes the distal common or proximal exter-
nal carotid arteries – normally goes to the eye or the ante-
rior two‐thirds of the cerebral hemisphere. But, on 
occasion, it may go to the occipital cortex if blood is flow-
ing from the ICA via the posterior communicating artery 
to the posterior cerebral artery, or if there is a fetal origin 
of the posterior cerebral artery from the distal ICA (5–10% 
of individuals). However, if an artery is already occluded, 
then an embolus may travel via the collateral circulation 
and impact in an unexpected place. For example, with 
severe vertebral arterial disease, and therefore poor flow 
distally into the basilar artery, an embolus from the ICA 
origin may reach the basilar artery via the circle of Willis. 
This concept has been met with skepticism by some.

With ICA occlusion, it is still possible to have an ipsi-
lateral MCA distribution cerebral infarct as a result of:

 ● an embolus travelling from the contralateral ICA 
origin via the anterior communicating artery;

 ● an embolus from any blind stump of the occluded 
ICA, or from disease of the ipsilateral external carotid 
artery (ECA), via the ECA and orbital collaterals to 
the MCA;

 ● an embolus from the tail of thrombus in the ICA distal 
to the occlusion; or

 ● low flow distal to the ICA occlusion, perhaps within a 
boundary zone, particularly if the collateral blood sup-
ply is poor, cerebrovascular reactivity is impaired, and 
the oxygen extraction ratio is high [30].

Curiously, emboli from the neck arteries (or from the 
heart) seldom seem to enter the small perforating arter-
ies of the brain to cause lacunar infarction perhaps as a 
consequence of the fact that the perforating vessels arise 
at a 90° angle from the parent vessel.

6.3.5 Atherothrombosis/embolism 
as an acute‐on‐chronic disorder: plaque 
instability

Like the coronary arteries, atheromatous plaques in the 
cerebral circulation – particularly at the carotid bifurca-
tion – become “active” or “unstable” from time to time with 
fissuring, cracking or rupture of the fibrous cap, or ulcera-
tion. The histological features of plaque instability are a 
thin fibrous cap, large lipid core, reduced smooth muscle 
content, and high macrophage density [31]. If the throm-
bogenic center of the plaque is exposed to flowing blood, 
then complicating thrombosis occurs. Plaque instability 
may even be a “systemic” tendency because irregularity on 
catheter angiography – and so presumed instability and 
ulceration – of symptomatic carotid stenosis is associated 
with irregularity of the asymptomatic contralateral carotid 
artery, and with coronary events assumed to be caused by 
plaque rupture [32]. At other times the plaque is quiescent 
with a thick fibrous cap, or slowly growing, without caus-
ing any clinical symptoms (Figure 6.4) [33]. In other words, 
atherothromboembolism is an “acute‐on‐chronic disor-
der.” It is no surprise therefore that the clinical complica-
tions of atheroma reflect this:

 ● TIAs tend to cluster in time;
 ● stroke tends to occur early after a TIA and affect the 

same arterial territory;
 ● the risk of ischemic stroke ipsilateral to severe carotid 

stenosis is highest soon after symptomatic presenta-
tion and then declines, even though the stenosis itself 
seldom regresses [34];

 ● presumed artery‐to‐artery embolic strokes tend to 
recur particularly early;

 ● emboli are more often detected with transcranial 
Doppler sonography if carotid stenosis is severe or 
recently symptomatic [35]; and

 ● the rate of Doppler‐detected emboli in the middle cer-
ebral artery tends to decline with time after stroke.
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Increasing severity of symptomatic atherothrombotic 
stenosis, at least at the origin of the internal carotid 
artery, is undoubtedly a powerful predictor and cause of 
ischemic stroke ipsilateral to the lesion [36]. However, 
this cannot be the whole explanation because:

 ● the risk of stroke distal to an asymptomatic stenosis is 
far less than distal to a recently symptomatic stenosis 
of the same severity;

 ● by no means all patients with severe stenosis have a 
stroke; and

 ● relatively mildly stenosed plaques can be complicated 
by acute carotid occlusion.

Curiously, there is not such an obvious relationship 
between increasing coronary artery stenosis and coro-
nary events. This may be because the coronary arteries 
are harder to image repeatedly and are more anatomi-
cally complicated, because coronary events are more 
often “silent,” or because the coronary arteries are smaller 
and more likely to be blocked if even a small plaque 
ruptures.

Independently of the severity of stenosis, plaque 
irregularity on catheter angiography is associated with 
increased stroke risk, probably because irregularity rep-
resents plaque ulceration and instability with thrombosis 
and so likely complicating embolism [37].

Exactly why one plaque becomes unstable (and then 
perhaps ulcerates with complicating thrombosis) and 
another does not, is unknown. Histological compari-
sons of recently symptomatic with asymptomatic 
carotid plaques – matched for stenosis severity – are 
not easy to perform. However, it seems as though 
intraplaque hemorrhage, calcification and the lipid 
core are similar in both but, crucially, the thickness of 
the fibrous cap has not generally been assessed. Similar 
problems arise with attempts to compare the expres-
sion of adhesion molecules, metalloproteinase expres-
sion, differences in plaque tissue factor and in plaque 
geometry and motion and so potential stresses on the 
fibrous cap. Atherogenesis is actively regulated 
by immune mechanisms and both innate and adaptive 
immune responses have been associated with plaque 
propagation and stability [38]. From the practical 
standpoint, several serum biomarkers of inflammation 
used in conjunction with traditional risk stratification 
tools such as the Framingham index have been shown 
to be useful in the identification of individuals at high 
risk of experiencing vascular events. Whether infec-
tion causes plaque instability is very unclear (see later). 
In all these cross‐sectional studies there is always the 
possibility of reverse causality – that by becoming 
symptomatic a plaque is changed in its anatomy, 
motion, biochemistry, and so on.

Atherothromboembolism is an acute‐on‐chronic disorder, 
both in its pathology and in its clinical manifestations. 
Although the formation of atherothrombotic plaques 
must be a long and gradual process over many years, the 
clinical manifestations usually occur acutely (e.g. an 
ischemic stroke) and tend to cluster in time. For example, 
stroke tends to occur sooner rather than later after a TIA, 
perhaps as a result of the breakdown and “instability” of an 
atherothrombotic plaque which later “heals.”

(a) (b)

Figure 6.4 Photomicrographs of 
transverse sections of the carotid sinus 
illustrating the pathological features of 
atherosclerotic plaque stability. (a) An 
unstable plaque characterized by a large 
necrotic core ( ), and a thin fibrous cap 
heavily infiltrated by macrophages (arrow). 
Elsewhere the plaque is ulcerated and the 
lumen occluded by thrombus, part of 
which had embolized to the ipsilateral 
middle cerebral artery causing a fatal 
ischemic stroke. (b) A comparable stenotic 
but stable plaque, comprising largely 
fibrous tissue (F) with focal calcification 
(arrow). There is no significant necrotic 
core or inflammatory cell infiltrate. L, 
lumen; A, tunica adventitia; M, tunica 
media. Source: Courtesy of Dr. Alistair 
Lammie.
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(a)

(c)

(b)

Figure 6.5 Vertibrobasilar dolichoectasia. (a) On the brain CT scan there is a 1.5 – 2 cm rounded mass (arrows) which is of slightly higher 
density than adjacent brain and sits in the left cerebellopontine angle. The mass is indenting the brainstem. On adjacent sections the 
mass was obviously longitudinal and contiguous with the vertebral and top end of the basilar arteries. (b) MR examination of the same 
patient shows the mixed signal mass (arrows). The presence of increased signal indicates either very slowly flowing or partially clotted 
blood. (c) Catheter angiography shows a lateral projection of the vertebrobasilar circulation. Although the main area of expansion of the 
arterial system is in the lower basilar artery (arrows), the dolichoectasia actually extends from the upper right vertebral artery almost to 
the very tip of the basilar artery.
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6.3.6 Dolichoectasia

This somewhat unusual pattern of arterial disease tends 
to affect the medium‐sized arteries at the base of the 
brain, particularly the basilar artery, mostly in the elderly 
but occasionally in children [39]. The arteries are wid-
ened, tortuous, elongated and are often enlarged enough 
to be seen as characteristic flow voids on MRI, and as tor-
tuous channels – even without enhancement – or by vir-
tue of calcification in their walls on brain CT (Figure 6.5). 
When found in an individual, this arterial abnormality is 
not necessarily the cause of any ischemic stroke (and very 
rarely of intracranial hemorrhage, despite the aneurysmal 
dilatation). However, these enlarged vessels can contain 
thrombus which embolizes, or occludes the origin of 
small branch arteries of the ectatic vessel, or even occludes 
the ectatic vessel itself. Cranial nerve and brainstem dys-
function due to direct compression or small‐vessel 
ischemia, or hydrocephalus caused by cerebrospinal fluid 
pathway compression, are other occasional complica-
tions of basilar (or vertebral) ectasia [40]. Atheroma is the 
most common cause. Other causes include various types 
of congenital defect in the vessel wall, Marfan syndrome, 
pseudoxanthoma elasticum, and Fabry disease – both in 
males and heterozygotic females [41].

6.4  Intracranial small‐vessel disease

There are a number of pathologies which affect the small 
(40–400 µm diameter) arteries, arterioles and veins of 
the meninges and brain – for example, cerebral amyloid 
angiopathy; vasculitis; atheroma near the origin of the 
small perforating arteries (see later); and microangiopa-
thies, such as cerebral autosomal dominant arteriopathy 
with subcortical infarcts and leukoencephalopathy 
(CADASIL) or type IV collagen alpha‐1 chain (COL4A1)‐
associated vasculopathy. Much more common, however, 
is what has been termed hyaline arteriosclerosis. This is 
an almost universal change in the small arteries and arte-
rioles of the aged brain, particularly it is said in the pres-
ence of hypertension or diabetes, but sometimes in quite 
young patients without any of the classical vascular risk 
factors (Figure 6.6) [42]. Important factors in its develop-
ment appear to include not only hypertension and diabe-
tes, but also breakdown of the blood–brain barrier with 
incorporation of plasma proteins into the vessel wall, 
possibly due to endothelial dysfunction [43]. The smooth 
muscle cells in the wall are eventually replaced by colla-
gen, which reduces vascular distensibility, and presuma-
bly reactivity, but not necessarily the size of the lumen.

Unfortunately, over the years, the pathological nomen-
clature for small‐vessel disease has been very confusing 
and, as a result, the “simple” SVD described earlier has 
frequently been confused with a more aggressive‐looking 
disorder of small arteries with disorganization of their 

walls and foam cell infiltration. It is this “complex” SVD 
that Fisher first called “segmental arterial disorganiza-
tion” and then “lipohyalinosis.” The term fibrinoid vessel 
wall necrosis refers to a different, characteristic, but 
more acute change in the vessel wall seen, for example, as 
a consequence of acute hypertension (or malignant 
hypertension) and as a reactive phenomenon around 
acute intracerebral hematomas, spontaneous or trau-
matic. When healed, this probably takes on the appear-
ance of “complex” SVD (Figure 6.6). However, it is by no 
means certain that “complex” SVD and acute fibrinoid 
necrosis are more advanced forms of “simple” SVD, and 

(a)

(b)

Figure 6.6 Photomicrograph of perforating lenticulostriate artery 
branches in the putamen, illustrating two distinctive patterns of 
vessel pathology. (a) Concentric hyaline wall thickening with a few 
remaining vascular smooth‐muscle cell nuclei (arrow). The lumen 
remains patent. Such “simple” small‐vessel disease is an almost 
invariable feature of elderly brains, most prominent in 
hypertensive and diabetic patients. (b) A complex, disorganized 
vessel segment showing an asymmetrical destructive process with 
focal fibrinoid material ( ) and mural foam cells (arrow). The 
lumen is visible cut in two planes of section. In this case the 
vascular lesion was adjacent to and, presumably, the cause of a 
right striatocapsular lacunar infarct. This “complex” vessel lesion 
corresponds with what Miller Fisher termed “lipohyalinosis.” 
Source: Courtesy of Dr. Alistair Lammie.
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there is no evidence that “simple” SVD is the “healed” 
version of complex SVD. Nonetheless, both “simple” and 
“complex” SVD tend to affect the lenticulostriate perfo-
rating branches of the middle cerebral artery, the thalam-
operforating branches of the proximal posterior cerebral 
artery, the perforating branches of the basilar artery to 
the brainstem, and the vessels in the periventricular 
white matter.

Most of what is known about SVD and lacunar stroke 
comes from a very small number of very careful clinico-
anatomical observations by Fisher. He did not describe 
“simple” SVD as the underlying vascular pathology of 
lacunes, but what we prefer to call “complex” SVD in 
some cases, and atheroma affecting the origins of the 
small vessels where they come off the circle of Willis and 
major cerebral arteries in others [44]. In theory, one can 
think of “mural atheroma” affecting the parent arteries, 
“junctional atheroma” affecting the origin of the small 
perforating arteries where they leave the parent artery, 
and “microatheroma” affecting the proximal parts of 
these small arteries. In practice, these distinctions are 
more or less impossible to make at postmortem and the 
contribution of intracranial atheroma to lacunar infarc-
tion has still to be established.

The current view is that both “complex” SVD and 
 atheroma at or near the origin of the small perforating 
vessels arising from the major cerebral arteries cause 
most, but not all, of the small deep infarcts responsible 
for lacunar ischemic strokes (and, by implication, lacu-
nar TIAs) which make up about one‐quarter of sympto-
matic cerebral ischemic events. However, this hypothesis 
is not universally accepted since there is remarkably little 
direct postmortem evidence of occlusion of these vessels 

leading to lacunar infarcts, largely because the case fatal-
ity of lacunar stroke is so low and pathological material 
so scanty.

The main supporting evidence for a specific small‐ves-
sel lesion leading to lacunar infarction is indirect:

 ● The relative lack of large‐vessel atheroma or embolic 
sources in the heart in the vast majority of lacunar 
patients, compared to those with cortical infarcts 
(Figure 6.7) [45].

 ● Emboli are rarely if ever detected in the middle cere-
bral or common carotid artery by Doppler ultrasound 
in most studies of patients with lacunar infarction [46]. 
However, it is not clear at what stage after the onset of 
stroke it is best to look – too early and an occluded 
middle cerebral artery might prevent the passage of 
emboli, too late and any proximal embolic source may 
have “healed.”

 ● The low risk of early recurrence also argues against the 
concept of an active embolic source, either in the heart 
or an unstable atheromatous plaque [47].

 ● The “capsular warning syndrome” might suggest that a 
single perforating vessel is intermittently on the verge 
of occluding before it finally does so.

 ● The impaired cerebrovascular reactivity in lacunar 
patients might suggest a specific problem, if not 
pathology, of the small intracerebral resistance vessels, 
such as endothelial dysfunction.

It is conceivable that “complex” SVD causes vessel rup-
ture, leading to intracerebral hemorrhage as well as arte-
rial occlusion, maybe at sites of so‐called Charcot–Bouchard 
microaneurysms, although these may be artifacts of the 
pathological specimens [48]. In fact, whether they are real 

100

25

0

Pe
rc

en
ta

g
e 

o
f 

p
at

ie
n

ts

15

5

10

20

Lacunar (n = 222)
Non-lacunar (n = 404)

Severity of stenosis (%) of symptomatic carotid artery

90–9980–8970–7960–6950–5940–4930–3920–2910–190–9

Figure 6.7 The relationship between the severity of symptomatic carotid stenosis and the likelihood of finding a nonlacunar (territorial) 
or lacunar infarct on the baseline brain CT in 626 patients in the European Carotid Surgery Trial. Those with severe stenosis are less likely 
to have lacunar infarcts. Source: Boiten et al. 1996 [255].



6.5 Embolism from the heart 279

or not is semantic, because what matters is not if the ves-
sel wall bulges, but what weakens it in the first place. On 
the other hand, leukoaraiosis appears to be more associ-
ated with “simple” SVD, and indeed this may be one 
underlying vascular cause, although it is clearly insuffi-
cient on its own, being so common in elderly brains.

Interestingly, “cortical” (presumed atherothrombotic) 
and “lacunar” ischemic stroke patients probably have a 
similar vascular risk factor profile, including hyperten-
sion [49]. It is conceivable therefore that the same type of 
individual (i.e. hypertensive, diabetic, etc.) develops 
either SVD (complex or atheroma) and so lacunar 
infarcts, or large‐vessel atherothromboembolism and so 
cortical infarction; in fact, these two conditions may 
coexist [50]. The difference in the type of “degenerative” 
vascular disease that occurs may perhaps reflect differ-
ing genetic susceptibilities. But, on the other hand, many 
individual patients have these different ischemic stroke 
types at different times [51]. On balance, we believe it 
likely that the lacunar hypothesis is correct and so, what-
ever the exact nature of the underlying small‐vessel 
lesion, lacunar infarction is seldom the result of emboli-
zation from proximal sites.

One question that has never been answered is 
whether there is a similar SVD that affects the blood 
supply to the optic nerve and retina: are there “lacunar” 
ocular syndromes equivalent to lacunar cerebral syn-
dromes? A high proportion of patients with ischemic 
amaurosis fugax, retinal infarction and anterior 
ischemic optic neuropathy do not have any identifiable 
source of embolism or evidence of low flow in the arte-
rial supply to the eye or the heart. In addition, retinal 
microvascular changes precede the occurrence of lacu-
nar stroke indicating that retinal vessels may act as a 
surrogate for SVD [52]. Fractal analysis of the retinal 
vessels, however, suggests that retinal changes and 
lacunar stroke are two distinct processes associated 
with vascular risk factors [53].

6.5  Embolism from the heart

That embolic material can pass from the heart to the 
brain, and from the venous system through the heart to 
the brain (paradoxical embolism), as well as to other 

organs, is undisputed. However, not all cardiac sources 
of embolism pose equal threats. For example, a 
mechanical prosthetic valve is much more likely to 
cause thromboembolism than mitral leaflet prolapse. 
In developed countries, embolism from the heart prob-
ably causes about one‐fifth of ischemic stroke and 
TIAs, although a potential embolic source may be 
 present in nearer one‐third [9]. However, there are 
two  very real and tiresome problems. As technology 
advances, more and more potential cardiac sources of 
embolism are being identified (Table 6.4), and patients 
may have two or more competing causes of cerebral 
ischemia, such as carotid stenosis and atrial fibrillation 
[54]. Therefore, it may well be unclear whether embo-
lism from the heart is the cause in an individual patient, 
especially when the cardiac lesion is common in asymp-
tomatic people.

Not all emboli are of the same size, of the same age, 
or  made of the same thing (fibrin, platelets, calcium, 
infected vegetations, tumor, etc.). Some are large and 
impact permanently in the mainstem of the middle 
 cerebral artery to cause total anterior circulation infarc-
tion, others impact in a more distal branch of a cerebral 
artery to cause a partial anterior circulation infarct, 
 others merely cause a TIA, and still others are asympto-
matic. Emboli may also occlude the basilar artery and 
its  branches, and even the internal carotid artery in 
the neck.

6.5.1 Atrial fibrillation

Nonrheumatic atrial fibrillation (AF) is by far the most 
common cause of cardioembolic stroke in developed 
countries (Table  6.5). However, it is unlikely to cause 
more than about one‐sixth of all strokes at most, because 
it is present in less than this proportion of ischemic 
stroke patients, although this proportion increases if 
paroxysmal AF identified on Holter monitoring is taken 
into account [55,56]. AF, even if asymptomatic, may also 
be responsible for a greater proportion of ischemic 
strokes in the very elderly, where its frequency in the 
population is highest [57]. The average absolute risk of 
stroke in un‐anticoagulated nonrheumatic AF patients 
without prior stroke is about 4% per year, six times 
greater than in those in sinus rhythm [58].

About one‐quarter of all ischemic strokes and transient 
ischemic attacks are “lacunar” and many, if not most, 
lacunar infarcts are caused by disease of the small intrac-
ranial perforating arteries, either “complex” small‐vessel 
disease, or atheroma affecting their proximal parts as 
they arise from their parent cerebral arteries. Embolism from the heart causes about one‐fifth of 

ischemic strokes and transient ischemic attacks. The 
most substantial embolic threats are rheumatic and non-
rheumatic atrial fibrillation, infective endocarditis, pros-
thetic heart valve, recent myocardial infarction, dilated 
cardiomyopathy, intracardiac tumors, and rheumatic 
mitral stenosis.
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In fibrillating stroke patients, the AF cannot always be 
causal because:

 ● some patients have had an intracerebral hemorrhage 
(ICH), although it is conceivable that ICH has been 
confused with hemorrhagic transformation of an 
infarct on computed tomography;

 ● the AF may have been caused by the stroke;
 ● approximately 20% of the patients with fibrillating 

ischemic stroke have other possible causes, such as 
carotid stenosis, aortic arch atheroma, or coagulation 
abnormalities;

 ● and yet others have lacunar (presumed non‐embolic) 
ischemic strokes;

 ● also, AF is often caused by either coronary or hyper-
tensive heart disease, both of which may be associated 
with stroke by mechanisms other than embolism from 
the left atrium, such as carotid stenosis or intracere-
bral hemorrhage;

 ● furthermore, “only” about 13% or less of patients with 
nonrheumatic AF have detectable thrombus in the left 
atrium by transesophageal echocardiography (although 
some thrombi may have completely embolized or be 
too small to be detected). It is not known whether these 
patients definitely have a higher stroke risk than those 
without detectable thrombus.

Nonetheless, AF is clearly the cause of ischemic stroke 
in many patients, as supported by:

 ● postmortem evidence
 ● case–control studies
 ● most, but not all, cohort studies
 ● the lower prevalence of AF in lacunar ischemic stroke 

probably caused by SVD, and
 ● the elevated rate of paroxysmal AF detected by pro-

longed cardiac monitoring of patients with crypto-
genic stroke.

The effective prevention of stroke by anticoagulating 
fibrillating patients is not necessarily a good supporting 
argument, because it is conceivable that anticoagulation 
may prevent artery‐to‐artery as well as heart‐to‐artery 
embolic events although existing trial evidence does not 
suggest that anticoagulation is superior to antiplatelet 
drugs for prevention of noncardioembolic strokes. It is 
widely held, however, that red clot syndromes are well 
suited for administration of oral anticoagulation for 
stroke prevention.

Within the fibrillating population, there must be some 
individuals at particularly high risk and others at 

Table 6.4 Cardiac sources of embolism in anatomical sequence.

Right‐to‐left shunt (paradoxical embolism from the venous 
system or right‐atrial thrombus)
Patent foramen ovale
Atrial septal defect
Ventriculoseptal defect
Pulmonary arteriovenous fistula
Left atrium
Thrombus

atrial fibrillationa

sinoatrial disease (sick sinus syndrome)
atrial septal aneurysm

Myxoma and other cardiac tumorsa

Mitral valve
Rheumatic endocarditis (stenosisa or regurgitation)
Infective endocarditisa

Mitral annulus calcification
Nonbacterial thrombotic (marantic) endocarditis
Systemic lupus erythematosus/antiphospholipid syndrome
Prosthetic heart valvea

Papillary fibroelastoma
Mitral leaflet prolapse (uncertain)
Mitral valve strands (uncertain)
Left ventricle
Mural thrombus

acute myocardial infarction (previous few weeks)a

left ventricular aneurysm or akinetic segment
dilated or restrictive cardiomyopathya

mechanical “artificial” hearta

blunt chest injury (myocardial contusion)
Myxoma and other cardiac tumorsa

Hydatid cyst
Primary oxalosis
Aortic valve
Rheumatic endocarditis (stenosis or regurgitation)
Infective endocarditisa

Syphilis
Nonbacterial thrombotic (marantic) endocarditis
Systemic lupus erythematosus/antiphospholipid syndrome
Prosthetic heart valvea

Calcific stenosis/sclerosis/calcification
Aneurysm of the sinus of Valsalva
Congenital heart disease (particularly with right‐to‐left shunt)
Cardiac manipulation/surgery/catheterization/valvuloplasty/
angioplastya

a Substantial risk of embolism.

Nonrheumatic atrial fibrillation is the most common 
cause of cardioembolism to the brain in developed 
countries.
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 particularly low risk of embolization. For example, those 
with no other detectable cardiac disease (so‐called lone 
AF) have a low absolute risk of stroke, while those with 
rheumatic mitral valve disease have a much higher risk. 
Other risk factors include a previous embolic event, 
increasing age, hypertension, diabetes, and – as defined 
by echocardiography – left ventricular dysfunction and 
enlarged left atrium. What is really needed, however, is 
not just a list of risk factors predicting stroke, with 
slightly different weightings depending on the study, but 
validated statistical models to predict the probability of 
stroke in individual fibrillating patients (as is available 
for symptomatic carotid stenosis). The absolute risk of 
stroke varies 20‐fold among atrial fibrillation patients, 
depending on age and associated risk factors. Estimating 
the individual’s stroke risk is the initial step in decisions 
regarding antithrombotic prophylaxis.

At least 10 different stroke risk stratification schemes 
have been published. The best validated of these, the 
CHADS2 score, awards 1 point each for congestive heart 
failure, hypertension, age ≥75 years, and diabetes melli-
tus, and 2 points for prior stroke or transient ischemic 
attack. The score has been validated in hospital clinic 
cohorts and in randomized trial cohorts. Patients with a 
CHADS2 score of 0 have a low risk of stroke averaging 
0.5% per year, while those with a CHADS2 score of 1 have 
a stroke risk of 1.5% per year. Based on this risk stratifica-
tion scheme, patients with a CHADS2 score of ≥2 are at 
high risk of stroke and should be considered for treat-
ment with anticoagulants [59]. The limitation of this tool 
is that up to 30% of the AF patients in the general popula-
tion have a CHADS2 score of 1, which is considered 
intermediate risk category raising the question whether 
anticoagulants should be offered to this group or not. 
Additional predictors of stroke were incorporated in the 
CHA2DVAS2 score which awards 1 point for congestive 
heart failure, hypertension, age 65–74 years, diabetes 
mellitus, vascular disease, and female sex, and 2 points 
for age ≥75 years and history of previous stroke or 
TIA  [60]. In comparison to the CHADS2 score, the 
CHA2DVAS2 score may be more accurate in risk stratifi-
cation and minimize the classification of patients in the 
intermediate risk category (Figure  6.8) [61]. More 
recently, the ATRIA score has been developed. The vari-
ables used in this score are age, female sex, diabetes mel-
litus, congestive heart failure, hypertension, proteinuria, 
and renal function. Comparative studies suggest that this 
score may be slightly better identifying low‐risk patients 
than the CHADS2 and the CHA2DVAS2 scores [62]. 
These tools are remarkable for their ease of use in prac-
tice; however, they have a rather modest ability to classify 
patients correctly (discriminatory power or c statistic 
of 70%, at most). Thus, the attention has been centered 
in the identification of new biomarkers of stroke risk 

Table 6.5 Prevalence of potential cardiac causes of ischemic 
stroke in 402 patients [54].

Source Number Percentage

Arrhythmia without structural heart 
disease

Atrial fibrillation 88 21.9
Atrial flutter 1 0.2

Isolated structural heart disease
Ischemic heart disease 35 8.7

Acute myocardial infarction 3 0.7
Left ventricular aneurysm 7 1.7
Left ventricular ejection 
fraction < 40%

12 3.0

Akinesia/dyskinesia ≥ two segments 13 3.2
Dilated cardiomyopathy 24 6.0
Mitral annular calcification 14 3.5
Cardiac tumor 4 1.0
Aortic prosthetic valve 4 1.0
Endocarditis 2 0.5
Atrial septal aneurysm with patent 
foramen ovale

2 0.5

Rheumatic mitral valve disease 1 0.2
Mitral valve prolapse 1 0.2
Calcified aortic stenosis 1 0.2
Moderate mitral valve regurgitation 1 0.2

Structural heart disease and atrial 
arrhythmia

Atrial fibrillation 230 57.2
Atrial flutter 2 0.5
Hypertrophic hypertensive cardiac 
disease

120 29.9

Rheumatic mitral valve disease 49 12.2
Ischemic heart disease 19 4.7

Left ventricular aneurysm 3 0.7
Left ventricular ejection 
fraction < 40%

9 2.2

Akinesia/dyskinesia ≥ two 
segments

7 1.7

Mitral annular calcification 26 6.5
Dilated cardiomyopathy 13 3.2
Mitral valve prolapse 4 1.0
Mitral prosthetic valve 3 0.7
Lipomatous hypertrophy of the 
atrial septum

2 0.5

Hypertrophic cardiomyopathy 2 0.5
Atrial septal aneurysm and patent 
foramen ovale

2 0.5

Severe mitral regurgitation 2 0.5
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that  may improve the performance of these scales. 
Mechanistically, ischemia in AF was viewed as the 
consequence of clot formation in the fibrillating left 
atrium with subsequent embolization to the brain. 
Observational studies involving individuals who under-
went cardiac pacemaker implantation, however, dem-
onstrated a lack of temporal relationship between the 
detection of AF and stroke [63]. In addition, rhythm‐
control strategies are ineffective for the prevention of 
systemic or cerebral embolism in AF. The atrial cardi-
opathy hypothesis postulates that both intrinsic atrial 
dysfunction and atrial rhythm disorders contribute to 
the occurrence of ischemia in AF. There is growing evi-
dence supporting the existence of an atrial substrate 
[64–66]:

 ● Electrocardiographic (EEG) parameters of left atrial 
dysfunction, including supraventricular tachycardia 
and p‐wave dispersion, are associated with embolic 
stroke.

 ● N‐terminal pro B‐type natriuretic peptide (NT‐
proBNP) is a biomarker of heart failure and atrial 

stretching. Elevated NT‐proBNP levels correlate with 
the risk of ischemic stroke independent of baseline or 
incident AF.

 ● Troponins in AF are considered a marker for myocar-
dial strain and injury. Elevated troponin I levels have 
been associated with increased cardiovascular death 
and thromboembolism.

 ● Echocardiographic parameters of left atrial dilation 
and dysfunction show a strong correlation with cere-
bral embolism independent of AF.

 ● Atrial myopathy refers to the occurrence of atrial 
fibrosis which is histologically represented by intersti-
tial fibrosis, sarcomere loss, and progressive accumu-
lation of glycogen granules in cardiomyocytes. These 
changes correlate with late gadolinium enhancement, 
atrial enlargement, and impaired atrial systolic con-
traction as evidenced on cardiac MR. The occurrence 
of fibrosis correlates with atrial function, CHADS2 
score, and history of stroke.

In addition to these structural and functional changes, 
fibrillating patients have several hemostatic defects [67]. 
These include:

 ● Activation of the coagulation system, represented by 
elevated levels of von Willebrand factor, prothrombin 
fragments 1 and 2, thrombin‐antithrombin complexes, 
and D dimer.

 ● Enhanced platelet activation, demonstrated by the 
increased levels of β‐thromboglobulin and CD40 
ligand.

 ● Abnormal fibrinolysis.

The atrial stasis, endocardial changes, and enhanced 
thrombogenesis complete the classic triad of Virchow. 
The incorporation of some of these variables to estab-
lished algorithms of risk stratification may improve 
stroke risk assessment in the near future.

Patient preference, availability of anticoagulation 
monitoring, and estimated bleeding risk are all key issues 
in deciding on antithrombotic prophylaxis and several 
patient decision aids have been developed [68]. Several 
scoring systems have been developed to estimate the 
risk  of hemorrhagic complications. The HAS‐BLED 
score, for example, assigns 1 point to uncontrolled 
hypertension (H), abnormal renal and/or liver function 
(A), history of previous stroke (S), bleeding history or 
predisposition (B), labile international normalized ratio 
(L), elderly (E), and concomitant use of drugs and/or 
alcohol (D). Prediction models have shown that the risk 
of hemorrhage increases from 1.1% for scores of 0–1 to 
4.9% for scores of ≥3. This and other scores have been 
tested in different cohorts and are relatively easy to 
implement in clinical practice. However, the predictive 
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value is rather modest with a c statistic of approximately 
60–70% [69]. It should be pointed out, however, that the 
risk prediction systems described earlier refer mainly to 
the primary prevention situation. Although it is generally 
considered that the use of oral anticoagulants is indicated 
in the secondary prevention setting, provided there are 
no contraindications, there is probably still a need for 
better tools to predict the balance of risk and benefit. 
Newer oral anticoagulants of the direct thrombin inhibi-
tor and direct factor Xa inhibitor classes are now availa-
ble and have advantages and limitations when compared 
to warfarin.

The rate of stroke may be higher in patients with per-
sistent or permanent AF compared with paroxysmal AF 
[66]. Therefore, the quantification of AF burden may 
enhance stroke risk stratification. Nonetheless, paroxys-
mal AF patients remain at high risk of stroke compared 
with nonfibrillating individuals. Thus, paroxysmal, per-
sistent and permanent AF should be treated similarly. 
There is no evidence that conversion to sinus rhythm fol-
lowed by pharmacotherapy to try and maintain such 
rhythm is superior to rate control in terms of mortality 
and stroke risk.

6.5.2 Prosthetic heart valves

Prosthetic heart valves, particularly mechanical rather 
than tissue ones, have long been known to be compli-
cated by thrombosis, followed sometimes by embolism. 
Furthermore, infective endocarditis is a potential risk 
for any type of prosthetic valve. Asymptomatic emboli, 
at least as detected by transcranial Doppler, are surpris-
ingly frequent, but are probably gaseous cavitation 
bubbles of no clinical consequence and not solid frag-
ments of thrombus [70]. There is little discernible differ-
ence in stroke risk between the different types of 
mechanical valve, but those in the mitral position are 
more prone to thrombosis than those in the aortic posi-
tion. For all valves, the overall risk of embolism is about 
2% per year, provided patients with mechanical valves 
are on anticoagulants. The characteristics of each type of 
valve substitute dictate the selection of one prosthesis in 
preference to others for a particular patient. Mechanical 
prostheses are recommended for patients without con-
traindications to anticoagulants.

Bioprostheses provide an excellent alternative to 
mechanical prostheses for heart valve replacement in 
patients unable to comply with systemic anticoagulation 
and in the elderly. Some disagreement remains about the 
need for systemic anticoagulation during the first few 
months after insertion of a bioprosthesis, when the 
embolic stroke risk is highest [71].

6.5.3 Rheumatic valvular disease

Rheumatic valvular disease, particularly mitral, is a well‐
recognized cause of embolism to the brain, particularly 
when the patient is in AF and has thrombosis in the left 
atrium. But even when the patient is in sinus rhythm and 
there is no thrombus in the left atrium, degenerate and 
sometimes calcific fragments of valve can be dislodged 
and embolize to the brain or systemically. Infective endo-
carditis (see later) and intracerebral hemorrhage caused 
by anticoagulation are among the many other causes of 
stroke in these patients.

6.5.4 Nonrheumatic sclerosis 
and calcification of the aortic 
and mitral valves

Nonrheumatic sclerosis, and particularly calcification, of 
the aortic and mitral valves can occasionally be a source 
of embolism of thrombotic or calcific material. However, 
these valvular abnormalities are so common in elderly 
people that a cause‐and‐effect relationship is difficult to 
establish in an individual unless, very unusually, calcific 
emboli are seen in the retina, on brain CT, or at postmor-
tem. Any associated AF, coronary disease or carotid ste-
nosis compounds the diagnostic problem [72].

6.5.5 Mitral leaflet (or valve) prolapse

Mitral leaflet prolapse (MLP) can be familial, and is a 
common clinical and echocardiographic finding in healthy 
people, but the diagnostic criteria are so variable, and 
many studies so flawed by referral bias, that there is a wide 
range of reported prevalence. Almost certainly, MLP has 
been overdiagnosed in the past. Therefore, it is all but 
impossible to pin down MLP as the cause of an ischemic 
stroke or TIA in an individual unless there is complicating 
infective endocarditis, AF, gross mitral regurgitation or 
thrombus in the left atrium. MLP is often associated with 
myxomatous degeneration of the valve leaflets, which can 
occasionally be complicated by rupture.

Although MLP may be more common than expected 
in young TIA patients, it was always odd, if the relation-
ship is causal, that thrombus on the valve cusps is so rare 
in uncomplicated MLP and that embolism to anywhere 

Uncomplicated mitral leaflet prolapse should no longer 
be considered a cause of embolism from the heart to the 
brain; there must be something additional, such as gross 
mitral regurgitation, atrial fibrillation, or infective 
endocarditis.
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other than the brain or eye has never been described. 
Furthermore, MLP does not appear to be more frequent 
than expected in ischemic stroke and there is no definite 
excess risk of first‐ever stroke or recurrent stroke in 
patients with uncomplicated MLP [73]. Therefore, there 
is insufficient data to regard uncomplicated MLP as a 
definite cause of ischemic stroke/TIA, even in those 
cases when no other cause of infarction can be found. It 
is much more likely to be an innocent bystander.

6.5.6 Mitral valve strands

Strands are mobile, thread‐like filaments attached to car-
diac valves that can be seen on transesophageal echocar-
diography. Although suggested as sources of embolism, 
or perhaps as increasing the risk of embolism in patients 
whose valves are abnormal for whatever reason, the evi-
dence so far is not persuasive.

6.5.7 Infective endocarditis

About one‐fifth of patients with acute or subacute 
 infective endocarditis have an ischemic stroke or TIA 
as  a result of embolism of valvular vegetations. 
Cerebrovascular symptoms can be the presenting fea-
ture, but they more often occur in someone who is clearly 
unwell, perhaps already in hospital, but before the infec-
tion has been controlled. Hemorrhagic transformation 
of an infarct occurs in 20–40% and may be exacerbated 
or precipitated by unwise anticoagulation. Primarily 
hemorrhagic strokes – intracerebral or, rarely, subarach-
noid or mixed intracerebral and subdural – are as or 
more commonly caused by a pyogenic vasculitis and ves-
sel wall necrosis than by the more well‐known mycotic 
aneurysms which can be single or multiple and most 
often affect the distal branches of the middle cerebral 
artery (Figure 6.9) [74]. These aneurysms do not always 
rupture and may resolve with antibiotic therapy so that, 
on balance, conventional cerebral angiography to detect 
unruptured aneurysms with a view to surgery may not be 

necessary. This approach remains controversial and in 
the presence of septic cerebral embolism in infective 
endocarditis, screening procedures such as CTA or MRA 
of the brain are performed and recommended by some 
to determine if cerebral aneurysm exists.

Early institution of the correct antibiotic therapy is the 
most effective way to prevent thromboembolism in 
infective endocarditis, the risk of which is highest in the 
first 24–48 hours after diagnosis. The use of anticoagu-
lants or antiplatelet agents in patients with native valve 
or bioprosthetic valve endocarditis is not recommended 
because of the risk of intracerebral hemorrhage from 
mycotic aneurysms and arteritis, and the reduction in 
embolism risk with antibiotic therapy [75]. For patients 
with mechanical valves who are on long‐term anticoagu-
lation at the time of developing infective endocarditis, 
the correct management is unclear. Some advocate with-
holding anticoagulation in all such patients because war-
farin has not been shown to be associated with a 
reduction in systemic embolization, and the risk of hem-
orrhagic complications has been up to 40% in some stud-
ies. The American College of Chest Physicians, in 
particular, recommends discontinuing anticoagulants 
until it is clear that surgical procedures are not required 
and the patient stabilizes without evidence of cerebral 
involvement [75]. Some authors have stated that large 
ischemic stroke, hemorrhage on CT, presence of mycotic 
aneurysm, uncontrolled infection and infection with 
Staphylococcus aureus are all contraindications to anti-
coagulants in mechanical valve endocarditis.

There is no direct evidence that antiplatelet drugs are 
effective in ischemic stroke secondary to infective endo-
carditis although animal studies suggest that they may 
reduce vegetation size and systemic embolization. On bal-
ance, given the risks of warfarin described earlier, anti-
platelet drugs are probably the best option in most cases.

Other neurological complications of infective endocar-
ditis include: meningitis; diffuse encephalopathy, perhaps 
as a result of showers of small emboli; acute mononeu-
ropathy; rarely, cerebral abscess; discitis; and headache.

It is important to realize that fever, a cardiac murmur and 
vegetations seen on echocardiography are not invariably 
present in patients with infective endocarditis. Therefore, 
in an otherwise unexplained ischemic or hemorrhagic 
stroke, blood cultures are indicated, particularly if the 
erythrocyte sedimentation rate is raised, with a mild ane-
mia, neutrophil leukocytosis and disturbed liver function, 
or if the patient is an intravenous drug user.

Figure 6.9 Selective catheter carotid angiogram (lateral skull 
view) showing a mycotic cerebral aneurysm on a distal branch of 
the middle cerebral artery (arrow).

In infective endocarditis the blood cultures can occasion-
ally be negative and the echocardiography may not 
show any valvular vegetations. A high index of diagnos-
tic suspicion is required in any unexplained stroke, par-
ticularly if there is a cardiac murmur.
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6.5.8 Nonbacterial thrombotic (marantic) 
endocarditis

Small sterile vegetations, consisting of fibrin and 
 platelets, appear on the cardiac valves in cachectic and 
debilitated patients as a result of cancer (usually adeno-
carcinomas) and sometimes of disseminated intravascu-
lar coagulation, burns, and septicemia, usually but not 
only in elderly people (Figure 6.10). Similar vegetations 
are found in systemic lupus erythematosus and the 
antiphospholipid syndrome, and possibly protein C 
deficiency. These vegetations are friable and may embo-
lize to cause ischemic stroke (and sometimes global 
encephalopathy because of multiple emboli), ischemia 
in other organs, and pulmonary embolism. The vegeta-
tions are so small that they are all but impossible to 
diagnose during life, although the larger ones can be 
seen on transesophageal echocardiography. The diagno-
sis should be suspected in a patient with ischemic 
stroke/TIA who is cachectic and who may have addi-
tional evidence of systemic embolization without any 
other cause being found, or if there are antiphospholipid 
antibodies [76,77]. Sometimes, however, the patient, 
even with cancer, can appear remarkably well.

6.5.9 Cardiomyopathies

Cardiomyopathies are well known to be complicated 
by hypercoagulability, intracardiac thrombus and so embo-
lism, particularly if they are of the dilated type and there is 
severe ventricular dysfunction, AF, infective endocarditis 
or intracardiac thrombus on echocardiography [78]. The 
WARCEF study compared the efficacy of warfarin to aspi-
rin in preventing ischemic stroke, intracerebral hemor-
rhage or death from any case in individuals with heart 
failure. The left ventricular ejection fraction at baseline 
was 25% in both groups. In the mean follow‐up period of 
3.5 years ischemic stroke occurred in approximately 3–4% 
of the patients. Though there were twice as many ischemic 

strokes in the group treated with aspirin, the beneficial 
effect of warfarin was offset by an increased occurrence of 
major hemorrhage [79]. Hypertrophic cardiomyopathies 
are most unlikely to be complicated by embolism.

6.5.10 Paradoxical embolism, patent 
foramen ovale, and atrial septal aneurysm

A number of convincing postmortem examples  
(Figure 6.11) have established that paradoxical embolism 
can occur from thrombi in the venous system of the legs 
(or pelvis) through the right to the left side of the heart – 
and exceptionally from thrombus in the right atrium as a 
result of cardiac disease or possibly an indwelling venous 
line – and on to the brain. The right-to-left cardiac con-
duits for emboli are a patent foramen ovale (PFO) which, 
depending as always on the diagnostic criteria, is found in 
about one-quarter of unselected postmortems and a simi-
lar proportion of healthy people by using transesophageal 
echocardiography; an atrial septal defect; and, rarely, a ven-
triculoseptal defect. However, although bubbles can fre-
quently be shown to move from the right to the left side of 
the heart, and appear in the cerebral circulation detected 
by transcranial Doppler, it is very rare for thrombus to do 
so, unless the right atrial pressure is raised.

There is an increased prevalence of PFO in patients 
with cryptogenic stroke but the presence of a PFO does 
not sensibly modify the risk of recurrent cerebral 
ischemia. In addition, three large randomized studies 
have shown that closure of the PFO in young patients 
with cryptogenic stroke is not superior to medical ther-
apy alone for secondary stroke prevention [80–82]. It is 
important to mention that medical management in these 
studies was left at the discretion of the treating team and 
included antiplatelet or anticoagulation therapy. 

The interest for PFO closure in this scenario was rekin-
dled by several observations. A pooled analysis of indi-
vidual data from these three large studies (n = 2303) 
showed that closure reduces the rate of recurrent stroke 
from 1.3% to 0.7% per person-year (P = 0.041) [83]. 
Furthermore, long-term outcomes of one of the earlier 
negative studies revealed that PFO closure reduces the 
rate of recurrent stroke from 1.1% to 0.6% per patient-
year (P = 0.046) [84]. Differential dropout rates in the 
interventional and the control groups limit the interpre-
tation of the results. It should also be noted that the 
beneficial effects of PFO closure were more robust in 
patients with either large interatrial shunts, coexisting 
atrial septal aneurysm, and those treated with antiplate-
let agents rather than anticoagulants. More recently, 
another randomized study (n = 664) showed that PFO 
closure reduces the risk of recurrent stroke at 3 years 
from 5.4% to 1.2% [85]. Since this study was enriched 
with patients with moderate or large interatrial shunts 
and did not permit the use of anticoagulants or the 

Figure 6.10 A close‐up view of noninfective marantic vegetations 
(arrows) on the cusps of the aortic valve.
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combination of antiplatelet drugs, questions remain on the 
generalizability of these results to the other populations.

Atrial septal aneurysm, a bulging of the interatrial sep-
tum into the right or left atrium or both, is an echocar-
diographic finding in some normal people who seldom 
have any cardiac signs. The diagnostic criteria are varia-
ble, which makes it difficult to compare studies and to 
generalize their results. Perhaps such aneurysms can be 
complicated by thrombus, embolism and thus cerebral 
ischemia, perhaps also by atrial fibrillation, but very 
often they are associated with a PFO and so there is 
potential for paradoxical embolism from the venous sys-
tem. There is evidence that the combination of atrial 
septal aneurysm and PFO carries a higher stroke risk 
than PFO alone, with a risk of recurrent stroke of maybe 
2% per annum, albeit based on small numbers of cases. 
However, the beneficial effect of PFO closure in individ-
uals with associated atrial septal aneurysm is controver-
sial. A 3-year prospective Spanish multicenter cohort 
study reported that neither large shunts nor a shunt and 
an atrial septal aneurysm in combination predicted 
recurrent stroke in 500 patients of all ages, or in 168 

patients less than 55 years old. In addition, three large 
randomized studies in individuals with cryptogenic 
stroke have not been able to conclusively demonstrate 
the superiority of PFO closure over medical treatment in 
the subgroup of patients with atrial septal aneurysm or 
substantial shunt size [80–82]. More recently, an open-
label study randomized 663 subjects 18 to 60 years of age 
with cryptogenic stroke, PFO and either atrial septal 
aneurysm or large interatrial shunt to PFO closure, anti-
platelet treatment, or anticoagulation. In the follow-up 
period of approximately 5 years, the rates of recurrent 
stroke were 0% in the PFO closure group and 6% in the 
antiplatelets group [86]. The analysis of the effect of 
anticoagulants in this study was confounded by the small 
sample size and study design. Nonetheless, a meta-anal-
ysis including large randomized clinical trials and 
approximately 3500 subjects showed that PFO closure is 
superior to antiplatelet agents but equally effective as 
anticoagulants in preventing recurrent stroke in young 
patients with cryptogenic stroke [87]. The decision on 
whether to close the PFO or not should also consider the 
complications associated with this intervention which, 

(b) (c)

(a)

Figure 6.11 Paradoxical embolism. 
A postmortem specimen showing: 
(a) a venous thrombus (arrow) protruding 
through a patent foramen ovale into the 
left atrium; and (b) part of the same 
thrombus (arrow) in the right common 
carotid artery. (c) A reproduction of 
paradoxical embolism. Source: Courtesy of 
Dr. John Webb. (Also reproduced in color 
in the plate section.)
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albeit rare, may be severe and include cardiac perfora-
tion, cardiac thrombus, and atrial fibrillation. In addi-
tion, the beneficial effect of PFO closure seems to be 
modest with a number needed to treat of 47 procedures 
to prevent one event in 3.7 years [88]. 

In the absence of conclusive evidence supporting a role 
for closure of a PFO in unselected stroke patients it is 
recommended to determine whether any aspects of the 
clinical history increase the likelihood of a causal asso-
ciation between the PFO and the stroke, including a 
recent venous thrombosis, recent prolonged travel, or 
straining at onset of stroke. PFO closure may be consid-
ered for individuals with cryptogenic stroke who are 
younger than 60 years and have atrial septal aneurysm or 
large interatrial shunts. 

Another, but very unusual, route for emboli to reach 
the brain via the venous system is through or from a pul-
monary arteriovenous fistula, either isolated or in 
patients with hereditary hemorrhagic telangiectasia. 
Diagnostic clues are finger-clubbing, cyanosis, hemopty-
sis, bruit over the chest, and a “coin lesion” on the chest 
X-ray (Figure 6.12).

6.5.11 Intracardiac tumors

Myxomas, found in the left atrium much more often than 
in any other cardiac chamber, are the most common 
intracardiac tumor but are still extremely rare. Some are 
familial. Tumor or complicating thrombus may embolize 
to the brain, eye, and elsewhere [89]. Myxomatous emboli 
cause not only focal cerebral ischemia but also fusiform 
and irregular aneurysmal dilatations at sites of earlier 

symptomatic or even asymptomatic embolic occlusions, 
and these can rupture to cause intracerebral or subarach-
noid hemorrhage (Figure  6.13). Brain metastases have 
also been described. Like other cardiac tumors, myxomas 
can also cause intracardiac obstruction with shortness of 
breath, palpitations, and syncope. Often but not always 
they cause constitutional problems, such as malaise, 
fatigue, weight loss, fever, rash, arthralgia, myalgia, ane-
mia, raised erythrocyte sedimentation rate, and hyper-
gammaglobulinemia. Recurrent neurological problems 
after resection of the cardiac tumor are very unusual.

Other, even rarer, primary and secondary cardiac 
tumors may embolize, such as valvular fibroelastoma [90].

There is no good evidence that closing the heart defect 
in unselected cases reduces the risk of stroke. PFO clo-
sure may be considered in young individuals with cryp-
togenic stroke and atrial septal aneurysm or large 
interatrial shunts.

(a) (b)

Figure 6.12 Pulmonary arteriovenous 
fistulae: (a) chest X‐ray showing the 
fistulae (arrows); (b) pulmonary 
angiogram showing the fistula on the left 
more clearly (arrow). Source: Courtesy of 
Dr. John Reid.

Figure 6.13 Catheter carotid angiogram showing multiple 
aneurysmal dilatations of cerebral arteries (arrows) as a result of 
embolism from a cardiac myxoma. Source: Courtesy of Professor 
Alastair Compston.
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6.5.12 Sinoatrial disease (sick sinus 
syndrome)

Sinoatrial disease can be associated with intracardiac 
thrombus and embolism, particularly if bradycardia 
alternates with tachycardia or the patient is in AF. It can 
be familial.

6.5.13 Other unusual causes of embolism 
from the heart to the brain

Myocardial hydatid cysts, thrombus in an aneurysm of 
the sinus of Valsalva, and intracardiac calcification 
caused by primary oxalosis are extremely rare causes of 
embolism to the brain. Myocardial contusion as a result 
of blunt chest injury can be associated with left ventricu-
lar thrombus and embolism [91].

6.6  Risk factors for ischemic stroke

The INTERSTROKE Study was an international case–
control project that assessed the contribution of vascular 
risk factors to the burden of stroke. The results of this 
study revealed that approximately 90% of the proportion 
of stroke may be explained on the basis of 10 modifiable 
vascular factors including hypertension, smoking, waist‐
to‐hip ratio, diet risk score, regular physical activity, dia-
betes mellitus, alcohol intake, psychosocial stress and 
depression, cardiac causes, and ratio of apolipoprotein B 
to A1 [Table 6.6] [92]. Since large‐vessel disease (ather-
oma) causes up to 50% of ischemic stroke in white popu-
lations, it is not surprising that many of the risk factors 
for stroke are also risk factors for atheroma. Moreover, 
atheroma affects the coronary as well as the cerebral cir-
culation resulting in cardioembolic stroke, and intracra-
nial SVD seems to share many of the same risk factors as 
atheroma, so the risk factors and causes of ischemic 
stroke and other vascular diseases overlap to a consider-
able extent.

Whatever the exact mechanisms of the development 
of atherosclerosis, it is quite clear that certain individual 
and population characteristics (risk factors) are associ-
ated with the clinical consequences of atheroma (i.e. 
ischemic stroke, myocardial infarction, peripheral vas-
cular disease, and so on) (Table 6.7). As it turns out, there 
is much more information about risk factors for coro-
nary events than for ischemic stroke, in part because 

Approximately 90% of the proportion of stroke may be 
explained on the basis of 10 modifiable vascular factors.

Table 6.6 Risk factors associated with occurrence of stroke 
in the INTERSTROKE study [92].

Risk factor OR (99% CI) PAR (%)

Hypertension 2.98, 2.72–3.28 47.9
Current smoking 1.67, 1.49–1.87 12.4
Waist‐to‐hip ratioa 1.44, 1.27–1.64 18.6
Diet risk scorea 0.60, 0.53–0.67 23.2
Regular exercise 0.60, 0.52–0.70 35.8
Diabetes mellitus 1.16, 1.05–1.30 3.9
Alcoholb 2.09, 1.64–2.67 5.8
Psychosocial factorsc 2.20, 1.78–2.72 17.4
Cardiac causes 3.17, 2.68–3.75 9.1
Ratio apolipoportein B to A1a 1.84, 1.65–2.06 26.8

CI, confidence interval; PAR, population attributable risk; OR, odds 
ratio.
a Highest vs. lowest tertile.
b High or heavy episodic intake vs. never or former drinker.
c Includes depression and psychosocial stress.

Table 6.7 Factors associated with an increased risk of occlusive 
vascular disorders (i.e. ischemic stroke, myocardial infarction, 
claudication, etc.).

Increasing age
Male sex
Increasing blood pressure
Cigarette‐smoking
Diabetes mellitus
Blood lipids
Increasing plasma fibrinogen
Raised hematocrit
High plasma factor VII coagulant activity
Raised von Willebrand factor antigen
Low blood fibrinolytic activity
Raised tissue plasminogen activator antigen
Hyperhomocystinemia
Physical inactivity
Obesity
The metabolic syndrome
Diet (salt, antioxidants, etc.)
Alcohol (none, or heavy drinking)
Race and ethnicity
Genotype
Social deprivation
Infection and inflammation
Sleep‐disordered breathing
“Stress”
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patients with coronary heart disease (CHD) have tended 
to be more intensively investigated. The tendency for 
epidemiologists to lump all types of stroke together 
(hemorrhage with infarct, lacunar infarct with cortical 
infarct, etc.) might, in part, explain the curious quantita-
tive differences between stroke and CHD risk factors, 
although qualitatively they are the same. Why are smok-
ing, raised plasma cholesterol, and male sex far stronger 
risk factors for myocardial infarction, while hyperten-
sion is a far stronger risk factor for stroke? Could it be 
that some types of stroke are not to do with cholesterol, 
smokers, and male sex? If these stroke types could be 
identified and removed from the analysis, together with 
strokes caused by embolism from the heart, would the 
remaining ischemic strokes have a more similar risk fac-
tor profile to CHD which, it seems, is less heterogeneous 
than stroke and mostly caused by atherothrombosis? 
Furthermore, why is it that some populations, like the 
Japanese and black Africans, seem to be afflicted far 
more by stroke than coronary events? For black Africans 
this appears to be due to the fact that African countries 
are generally earlier in epidemiological transition than 
developed countries, at which stage hypertension and 
cardioembolic stroke due to rheumatic heart disease are 
common but atherothrombosis is still relatively rare [22].

It is important to be clear that, by convention, a risk 
factor is mechanistically related to the disease of interest, 
its occurrence elevates risk of a target disease in a dose–
response fashion, and its correction decreases the risk of 
disease. On the other hand, the term risk marker denotes 
an association between that factor and the condition of 
interest but an intervention that corrects the risk marker 
does not, as of yet, lower the risk of the target disease 
(Table 6.8). The relationship between a factor and a dis-
ease may be causal, coincidental, or a reflection of reverse 
causality (i.e. the disease itself changes the risk factor 
level or prevalence). In some but by no means all 
instances there is a plausible biological explanation for 
the causal associations, through atherothrombotic arte-
rial disease to the clinical syndrome. A causal rather than 
a coincidental relationship is suggested by a number of 
rather circumstantial pieces of evidence that on their 
own may not be very convincing [93]:

 ● a strong association between the risk factor and the 
disease (i.e. a high relative risk or relative odds);

 ● consistency of association across several types of 
 studies at different times in different places;

 ● a dose–response relationship (i.e. the greater the 
 exposure to the risk factor, the greater the risk of 
the disease);

 ● independence from confounding variables, particu-
larly age (Figure 6.14);

It is curious that some risk factors are so much stronger 
for ischemic stroke (e.g. increasing blood pressure) and 
yet others are so much stronger for coronary heart dis-
ease (e.g. increasing plasma cholesterol) if the underly-
ing vascular pathology (atheroma) is much the same.

Table 6.8 The association between a risk factor and disease; 
calculating relative risk and relative odds in cohort and case–
control studies.

Cohort studies
A longitudinal study of a cohort of individuals who at the start 
of the study are disease free of the target disease of interest, 
some of whom have a risk factor for stroke (a + b), and some of 
whom develop a stroke during follow‐up (a + c)

Stroke during 
follow‐up

Yes No

Risk factor at baseline Yes a b

No c d

The risk of stroke in those with the risk factor (R+) is a
a b

The risk of stroke in those without the risk factor (R–) is c
c d

Therefore: the relative risk (or risk ratio) = R
R

, 
i.e.  a

a b
x c d

c
ac ad
ac bc

 and the absolute risk 

difference = (R+) – (R–)
The odds of stroke in those with the risk factor (O+) is a

b
The odds of stroke in those without the risk factor (O–) is c

d
Therefore: the relative odds (or odds ratio) = O

O
, i.e. ad

bc
Note: when stroke is rare (i.e. a and c are small compared with b 
and d), then the relative risk and relative odds are about the same
Case–control studies
Patients with stroke (a + c) and controls without a stroke (b + d) 
from the same population are identified and the previous 
exposure to the risk factor compared using the odds ratio

Stroke, and 
nonstroke 
control patients 
identified at one 
point in time

Yes No

Risk factor present Yes a b

No c d

The odds of a stroke patient having the risk factor are a
c

The odds of a control patient having the risk factor are b
d

Therefore: the relative odds (or the odds ratio) = a
c

b
d

ad
bc
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 ● a clear temporal sequence of exposure to the risk 
 factor  before disease onset, remembering that the 
onset of atheroma is years before the onset of its 
 clinical manifestations;

 ● biological and epidemiological plausibility, although 
there is no end to human ingenuity in constructing 
plausible hypotheses to explain the natural world; and,

 ● most convincing of all but not always feasible, demon-
stration that attenuation of the risk factor leads to a fall 
in disease incidence, preferably by means of a rand-
omized controlled trial. However, a trial can be negative 
if the intervention is too little (i.e. not enough blood‐
pressure lowering for long enough), too late (the arterial 
damage is already done and the clinical consequences 
are inevitable). or the trial is too small (type II error).

It is most important to realize that even if a risk factor 
is associated with a high relative risk of stroke and the 
relationship is causal, the factor may still contribute very 
little to the incidence of stroke if it is rarely present in the 

population (e.g. rheumatic AF) or if there is a low base-
line risk of stroke in the population where the risk factor 
is acting (e.g. oral contraceptives in young women). In 
other words, the impact of a risk factor is low if the pro-
portion of stroke cases attributable to that risk factor is 
low (low population‐attributable risk). On the other 
hand, a causal risk factor with a rather modest relative 
risk may be of major importance in contributing to 
stroke incidence if it is very prevalent (e.g. moderate 
hypertension) and/or the background risk of stroke in 
the population is high (e.g. in elderly people). The popu-
lation‐attributable risk is then high.

This epidemiological approach to defining risk factors 
and possible causation has tended to lump all strokes 
together, more so in prospective cohort than in case–
control studies. Therefore, the heterogeneous nature 
of  the pathology and causes of stroke may obscure any 
relationship between a particular risk factor and, for 
example, a particular type of stroke, such as hemorrhagic 
rather than ischemic, or a lacunar infarct rather than a 
cardioembolic infarct. Furthermore, stroke itself may:

 ● change some risk factors, e.g. blood glucose increases 
temporarily after acute stroke while plasma choles-
terol falls;

 ● make information of past activities impossible to 
obtain because of the patient’s confusion or aphasia;

 ● lead to bias in recording risk factors in case–control 
studies because it is impossible to blind assessors to 
stroke or control patient status; or

 ● require treatment which modifies risk factors (e.g. 
stopping smoking or lowering blood pressure).

Therefore, quick and relatively easy case–control stud-
ies based on stroke survivors are fraught with surprising 
difficulty, especially hospital‐based studies which tend to 
exclude mild cases and those that die before admission. 
Using TIA patients as a surrogate for ischemic stroke, 
and extracting information from medical records written 
before the TIA, could avoid some of these problems. 
Studies relating stroke mortality to various risk factors 
are problematic if the factor itself increases case fatality 
(such as diabetes mellitus), and also if hemorrhagic and 
ischemic strokes are lumped together because hemor-
rhagic strokes are more likely to cause death. The most 
unbiased information comes from large prospective 
community‐based cohort studies where all strokes are 

Increasing age

Increasing blood pressure
Increased
stroke risk

Associations
Causal relationships

Left ventricular hypertrophy

Figure 6.14 “Confounding” in observational studies which relate 
a risk factor to a disease such as stroke. In this example, increasing 
age is associated with both increasing blood pressure and 
increasing risk of stroke. In fact, age and blood pressure are 
independent of the confounding effect of one on the other. In 
other words, for a population of the same age, there is an 
increasing risk of stroke with increasing blood pressure, and for a 
population with the same blood pressure, there is an increasing 
risk of stroke with increasing age. Therefore, irrespective of age, 
increasing blood pressure is strongly associated with stroke risk. 
Also, increasing age is associated with increasing stroke risk, not 
because age and blood pressure are associated, which they are, 
but because of something else (perhaps increasing prevalence of 
AF with age, etc.). On the other hand, although left ventricular 
hypertrophy is associated with increasing stroke risk, this 
association more or less disappears if blood pressure is controlled 
for because, presumably, increasing blood pressure causes both 
stroke and left ventricular hypertrophy. So hypertension is a 
confounding factor and explains the left ventricular hypertrophy–
stroke relationship. It is not possible to adjust for confounding 
factors if they are not measured or even suspected and, even when 
they are, statistical adjustment is not always easy or possible, so 
that some associations said to be unconfounded may not be.

A risk factor is considered causal for the target condition 
and its correction reduces the risk of the disease. The term 
risk marker, on the other hand, denotes an association 
between the two conditions; therefore, the correction of 
the risk marker does not necessarily affect outcome.
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counted. However, these take many years to complete 
and if a baseline variable has not been collected – or even 
thought of at the time – it clearly cannot be related to 
later stroke risk, unless it involves analysis of a baseline 
stored blood sample, for DNA for example.

Studying easily accessible arteries directly with ultra-
sound, such as the carotid bifurcation, is a relatively 
recent approach. This gets closer to risk factors for very 
early changes in the vessel wall (increasing intima‐media 
thickness) and also for atherothrombotic plaque, although 
ultrasound cannot always reliably distinguish plaque con-
stituents. Increased intima‐media thickness allows the 
early detection of carotid arterial disease and has been 
identified as an independent predictor of cardiovascular 
events [94]. With improvements in ultrasound imaging, 
direct measurement of the total burden of early plaque 
formation around the carotid bifurcation is now possible, 
and plaque area might be a better surrogate measure of 
future vascular risk than intima‐media thickness [95].

This “arterial” rather than “patient” approach is still prone 
to the familiar problems of observational epidemiology: 
inadequate sample size, the numerous potential biases in 
case–control studies, confounding, chance effects in small 
samples, lack of blinding to case or control status, and inap-
propriate subgroup analyses. Also, in prospective cohort 
studies, it is not easy to quantify progression or regression 
of arterial wall thickness or plaques over time. Alterations in 
a plaque may be as much to do with the difficulty in imaging 
exactly the same plaque at the same angle, and changes in 
any complicating thrombus (such as lysis), as with growth 
or resolution of atheroma in the vessel wall, or as a result of 
temporary changes in the plaque, such as hemorrhage. In 
practice, looking at surrogates such as arteries rather than 
people and hard outcomes has not yet led to any new etio-
logical insights, perhaps because the sample sizes have been 
too small and other methodological problems.

As can be seen in Table 6.3, the vast majority of ischemic 
stroke patients, necessarily taken as a group in most epi-
demiological studies and therefore including those result-
ing from SVD and embolism from the heart as well as 
atheroma, have one or more of the definite vascular risk 
factors, which will be discussed in the following sections.

6.6.1 Age

Increasing age is the strongest risk factor for TIAs and 
ischemic stroke, and almost certainly for the various sub-
categories of ischemic stroke (Figure 6.15). For example, 
an 80‐year‐old has about 30 times the risk of ischemic 
stroke as a 50‐year‐old [96].

6.6.2 Sex

There is much less of an excess of ischemic strokes and 
TIAs in men than in women (Figure 6.16) compared with 

coronary events and peripheral arterial disease [96]. 
Notwithstanding popular dogma, the equalization of 
vascular risk in elderly males and females is probably 
not  explained by the natural menopause, although 
 bilateral oophorectomy without estrogen replacement 
about doubles the risk of vascular events. Use of hor-
mone replacement therapy in women after the meno-
pause does not confer a benefit in terms of reduced 
cardiovascular morbidity, in fact there is evidence that 
such treatment is associated with an increased risk 
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of acute coronary syndrome, stroke, and venous throm-
boembolism [97].

6.6.3 Blood pressure

In healthy populations of both sexes and independently 
of age, increasing blood pressure is strongly associated 
with overall stroke risk, and of all the main pathological 
types, including ischemic stroke [98]. The relationship 
between usual diastolic blood pressure and subsequent 
stroke is log–linear with no threshold below which stroke 
risk becomes stable, at least not within the “normal” 
range of 70–110 mmHg. The proportional increase in 
stroke risk associated with a given increase in blood 
pressure is similar at all levels of blood pressure. This risk 
almost doubles with each 7.5 mmHg increase in usual 
diastolic blood pressure in Western populations, and 
with each 5.0 mmHg in Japanese and Chinese popula-
tions [99]. Because moderately raised blood pressure is 
so common in the middle‐aged and elderly in developed 
countries, high blood pressure probably accounts for 
more ischemic strokes than any other risk factor.

The strength of the association between blood  pressure 
and stroke is attenuated with increasing age, although 

the absolute risk of stroke in the elderly is far higher than 
in the young. Nevertheless, hypertension is still a risk 
factor in the very elderly, although it is weaker because 
stroke may be associated with low blood pressure second-
ary to cardiac failure and other comorbid conditions.

The relationship between stroke and systolic blood 
pressure is possibly stronger than with diastolic pressure, 
and even “isolated” systolic hypertension with a “nor-
mal” diastolic blood pressure is associated with increased 
stroke risk. The association between blood pressure and 
risk of fatal and nonfatal stroke is log‐linear at all ages, 
has no evident threshold, and extends to levels of 
115/75 mmHg (Figure 6.17) [99]. In addition, blood pres-
sure variability and nocturnal hypertension have been 
identified as predictors of stroke and leukoaraiosis, 
respectively, underscoring the importance of blood 
pressure monitoring in clinical practice [100,101]. There 
is no doubt, as confirmed by the results of randomized 
controlled trials, that the relationship between increas-
ing blood pressure and stroke risk is causal. However, it 
is not clear to what extent different types of stroke are 
prevented by reducing blood pressure, largely because in 
the clinical trials they have all been lumped together, 
hemorrhagic with ischemic strokes of various types. 
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Figure 6.17 Absolute risk of stroke mortality in relation to blood pressure. (a) Systolic blood pressure. (b) Diastolic blood pressure. Stroke 
mortality rate in each decade of age versus usual blood pressure at the start of that decade. Rates are plotted on a floating absolute scale, 
and each square has area inversely proportional to the effective variance of the log mortality rate. The y‐axis is logarithmic. CI, confidence 
interval. Source: Redrawn from Lewington et al. 2002 [99]. © 2002 Elsevier. Reproduced with permission.
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Progression of carotid stenosis, at least as assessed by 
ultrasound, is slowed by treating hypertension [102]. 
More recently several trials have addressed ischemic 
stroke subtype and stroke recurrence, and blood pres-
sure control is important for reduction of stroke risk in 
intracranial occlusive disease and lacunar infarction, 
respectively [103,104].

Hypertension seems to increase the risk of ischemic 
stroke by increasing the extent and severity of atheroma 
as well as the prevalence of “simple” and “complex” 
intracranial SVD.

6.6.4 Smoking

Cigarette smoking is associated with approximately dou-
ble the risk of ischemic stroke in males and females, but 
less obviously in the elderly, and there is a dose–response 
relationship [92,105]. There are not as many data on pas-
sive smoking and stroke as there are for coronary events 
where the association is surprisingly strong; however, 
in  the Melbourne Stroke Risk Factor Study, spouses 
of smokers had twice the risk of stroke than spouses of 
nonsmokers [106]. As one would expect, most of the 
ultrasound and angiogram studies link carotid disease 
with smoking. Pathogenically, smoking is associated 
with increased platelet aggregability, elevated fibrinogen 
levels, and hyperviscocity [107]. Although cigar smoking 
increases the risk of coronary events by about one‐
quarter, there are insufficient data to link either pipe or 
cigar smoking with stroke, perhaps because there are 
fewer people who still indulge in these habits. The risk of 
stroke gradually declines after stopping smoking. Most 
of the benefit is observed within the first six months post 
smoking cessation and by year 5 or before that the stroke 
risk approaches the level of nonsmokers [108].

6.6.5 Diabetes mellitus

Diabetic patients have a higher risk of fatal stroke and a 
twofold increased risk of ischemic stroke over and above 
confounding with hypertension and other risk factors 
[109,110]. Diabetics also have thicker carotid arterial 
walls but the relationship with carotid stenosis is less 
clear, probably because of lack of patient numbers [111]. 
So far, randomized trials have not conclusively shown 
that diabetic treatment reduces the risk of stroke, 
although improved glycemic control does lead to a 
reduction in overall rates of microvascular complica-
tions of diabetes and a reduction in premature death. In 
the UKPDS study, overweight patients with type 2 diabe-
tes who were treated with metformin had a 32% reduc-
tion in diabetes‐related adverse outcomes and a 42% 
reduction in diabetes‐related deaths [112]. Aggressive 
glycemic control, however, can be deleterious. The 

ACCORD study illustrates this concept. This study com-
pared the rate of vascular events in diabetic patients ran-
domized to intensive therapy with a target HbA1c ≤ 6% or 
standard therapy with a target HbA1c of 7.0–7.9%. This 
study demonstrated that intensive diabetic management 
reduces the risk of cardiovascular events but increases 
the mortality by approximately 20% [113,114].

6.6.6 Blood lipids

Elevation of plasma total cholesterol and low‐density 
lipoprotein‐cholesterol and low levels of high‐density 
lipoprotein‐cholesterol are all risk factors for CHD, 
whereas triglyceride levels are not. The relationship of 
blood lipids with ischemic stroke, however, is less clear 
[99]. Large systematic reviews of cohort studies have not 
revealed an association between all stroke types com-
bined and elevation of plasma total cholesterol at base-
line, except perhaps under the age of 45 years (Figure 6.18) 
[115]. Case–control studies provide less reliable meas-
ures of association because of their biases, particularly in 
relation to the changes in plasma lipids following stroke. 
Relating carotid intima‐media thickness or stenosis with 
blood lipids has been controversial, but there is evidence 
suggesting that dyslipidemia increases the risk of sub-
clinical intima‐media thickness both at the common and 
the internal carotid artery [116].

Surprisingly therefore, the Heart Protection Study of 
cholesterol lowering in patients with known vascular dis-
ease or diabetes showed that simvastatin definitely 
reduced the risk of stroke on follow‐up, although it did not 
reduce the risk of recurrent stroke [117]. This may have 
been because incident strokes occurred on average 
4.6 years before the study onset and hence, at the time of 
the study, patients would have been at low risk of recur-
rent stroke but at high risk of coronary vascular disease. 
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The Stroke Prevention by Aggressive Reduction in 
Cholesterol Levels (SPARCL) trial showed that atorvasta-
tin in patients who had had a stroke or TIA within 1–6 
months before study entry resulted in a 2.2% reduction in 
the absolute risk of stroke [118]. However, statin treat-
ment was associated with a small but significant increase 
in risk of hemorrhagic stroke. Interestingly, the same trend 
had been found in the Heart Protection Study (HPS) in the 
3280 patients with previous stroke or TIA, in whom simv-
astatin 40 mg increased the risk of hemorrhagic stroke. 
Thus, the randomized trials do provide evidence of a 
causal association between plasma LDL cholesterol reduc-
tion and risk of ischemic stroke – but more work is 
required to determine whether the increase in risk of 
hemorrhagic stroke is genuine. A systematic and meta‐
analysis carried out by a Canadian group has shown no 
increase in risk of brain hemorrhage with administration 
of statin therapy [119].

The marked contrast between coronary disease and 
ischemic stroke in their association with plasma choles-
terol is even more curious now it is clear that cholesterol 
lowering reduces the risk of myocardial infarction and 
stroke [117]. It appears that the observational epidemiol-
ogy has missed an ischemic stroke–lipid connection, 
possibly because:

 ● the seemingly negative association between increasing 
plasma cholesterol and intracranial hemorrhage has 
obscured a positive association with ischemic stroke in 
studies where the pathological type of stroke was not 
accounted for (Figure  6.19), which would tie in with 
the possibility that reducing plasma cholesterol with 
statins increases the risk of hemorrhagic stroke. This 
topic, however, has been challenged by the results 
obtained by a Canadian group as previously men-
tioned [119];

 ● the overrepresentation of fatal, and therefore more 
likely to be hemorrhagic, strokes in some studies;

 ● the narrow range of cholesterol levels examined in 
many studies;

 ● the loss of stroke‐susceptible individuals from the 
study population by prior death from coronary 
disease;

 ● uncertainties about the effect of stroke itself on lipid 
levels in case–control studies; and,

 ● not differentiating ischemic strokes likely to be caused 
by intracranial SVD from those caused by large‐vessel 
atherothrombosis.

Alternatively, the lack of a strong plasma cholesterol 
association with ischemic stroke may be correct and per-
haps the statins reduce stroke risk by some mechanism 
other than by cholesterol lowering. Both acute plaque‐
stabilizing effects of statins and neuroprotective effects 
have been postulated. Some support for potentially non-

lipid effects comes from the apparent short‐term effect 
of statins on risk of stroke after acute coronary syn-
dromes. The inconsistency between the association 
between total or LDL cholesterol and ischemic stroke 
and the effectiveness of statins in preventing ischemic 
stroke also raises the possibility that other lipid subfrac-
tions that are affected by statins might be better predic-
tors of ischemic stroke [120].
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Any association between plasma lipoprotein(a), apoli-
poprotein E genotype, and apolipoproteins (apo A1 and 
apo B) with ischemic stroke is still rather uncertain [121]. 
Both apo A1 (mainly found in HDL) and apo B (mainly 
found in LDL) are the principal proteins in the surface of 
lipoproteins and may be a better marker of vascular dis-
ease than cholesterol. Differences in prognostic value of 
apolipoproteins and LDL cholesterol are possible for 
several reasons. First, measurement of LDL cholesterol is 
an estimate of the mass of cholesterol in the LDL fraction 
of plasma, whereas measurements of apo B and apo A1 
provide information on the total number of atherogenic 
(apo B) or anti‐atherogenic (apo A1) particles. Second, 
the ratio of apo B : apo A1 best reflects the status of cho-
lesterol transport to and from peripheral tissues. Third, 
unlike the relationships between total and LDL choles-
terol and CHD, which weaken with age, apo B retains its 
predictive power in the elderly [122].

Apo B is an established risk factor for coronary 
 vascular events, and statin‐mediated coronary event 
risk  reduction has been attributed to apo B reduc-
tion.  Data on apolipoproteins and ischemic stroke 
risk  are  somewhat limited and conflicting. In the 
INTERSTROKE study, an elevated apo B to apo A1 
ratio accounted for approximately 27% of the total risk 
of stroke [92]. These results, however, were chal-
lenged  by the Emerging Risk Factors Collaboration 
study, which confirmed the association of these two 
apolipoproteins with cardiac heart disease but not with 
stroke [121].

6.6.7 Hemostatic variables

Despite much effort, very few consistent associations 
have been found between coagulation parameters, 
fibrinolytic activity, platelet behavior and vascular dis-
ease. Often these variables are altered by acute stroke so 
that most case–control studies are confounded, and it 
has not been practical to carry out very many long‐term 
cohort studies.

Plasma fibrinogen has a strong and consistent positive 
association with stroke and coronary events, including 
recurrent stroke [123]. Cigarette‐smoking is a confound-
ing variable so the effect of cigarette‐smoking on stroke 
may be mediated, at least in part, by increasing the 
fibrinogen level, thus accelerating thrombosis. Less 
important but still additional contributing factors 
include age, hypertension, diabetes, hyperlipidemia, lack 
of exercise, social class, social activity, season of the year, 
alcohol consumption, and stress. It is not yet certain 
therefore whether increasing plasma fibrinogen really is 
a causal factor and, if so, whether it acts by increasing 
plasma viscosity or through promoting thrombosis. The 
confusion is compounded because there is no standard 

method for measuring plasma fibrinogen, it tends to rise 
after acute events including infections, it is not easy to 
lower plasma fibrinogen, and no satisfactory randomized 
controlled trials have been reported.

Raised hematocrit is an uncertain risk factor for stroke 
and other acute vascular events, although it does seem to 
be associated with an increased case fatality in ischemic 
stroke [124]. The association is confounded by the fact 
that cigarette‐smoking, blood pressure, and plasma 
fibrinogen are all positively associated with hematocrit. 
Both raised hematocrit and raised plasma fibrinogen 
increase whole blood viscosity, another potentially causal 
risk factor. No randomized trials are available of lower-
ing hematocrit, viscosity, or fibrinogen.

Raised plasma factor VII coagulant activity may be a 
risk factor for coronary events, and also polymorphisms 
of the factor VII gene, but there are very few data for 
stroke [125].

Raised von Willebrand factor antigen is another possi-
ble risk factor for ischemic stroke [126].

Low blood fibrinolytic activity and high plasma 
 plasminogen‐activator type I are coronary risk factors and 
raised tissue plasminogen activator antigen may be asso-
ciated with both coronary and stroke risk, perhaps because 
it is a marker of endogenous fibrinolytic activity [127].

Abnormal platelet activity has not been convincingly 
linked with subsequent stroke in cohort studies, and any 
case–control studies after stroke have great potential for 
bias as stroke alters platelet function. Polymorphisms of 
platelet membrane glycoprotein IIIa were at first associ-
ated with stroke but, as seems to happen so often with 
genetic studies, then rejected on the basis of larger and 
more methodologically sound work [128].

6.6.8 Plasma homocysteine

Because the rare inborn recessive condition of homocyst-
inuria is complicated by arterial and venous thrombosis, 
it is natural to imagine that mildly raised levels of plasma 
homocysteine could be a risk factor for or even a cause of 
vascular disease in general [129]. Raised plasma homo-
cysteine is positively associated with increasing age, 
abnormal lipids, smoking, diabetes, chronic renal failure, 
and hypertension, and it is also raised in nutritional defi-
ciencies and probably after stroke and myocardial infarc-
tion. The observational data linking coronary events, 
stroke, venous thromboembolism, and carotid intima‐
media thickness and stenosis with elevation of plasma 
homocysteine (hyperhomocysteinemia) are now fairly 
robust [130]. In the Vitamin Intervention for Stroke 
Prevention study, for example, homocysteinemia at entry 
was associated with an increased risk of cerebrovascular 
and cardiovascular events. However, a moderate reduc-
tion of the homocysteine levels by using a high‐dose 
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formulation of pyridoxine, cobalamin, and folic acid did 
not have a significant effect in the prevention of recurrent 
stroke [131]. In addition, in the Vitamins to Prevent 
Stroke (VITATOPS) study daily administration of folic 
acid, vitamin B6, and vitamin B12 to patients with recent 
stroke or TIA was not superior to placebo in reducing the 
incidence of major vascular events [132]. In view of the 
strength of the epidemiological association between 
homocysteine and risk of stroke, several trials of homo-
cysteine‐lowering with folic acid and pyridoxine are being 
performed. In this context, hyperhomocystinemia cannot 
yet be regarded as a well‐documented stroke risk factor.

6.6.9 Physical exercise

Physical exercise somewhat reduces blood pressure, 
weight, plasma cholesterol, plasma fibrinogen, and the 
risk of noninsulin‐dependent diabetes mellitus and is 
associated with less cigarette‐smoking [133]. Therefore, 
not surprisingly, lack of exercise is associated with coro-
nary events and there is also strong evidence of a similar 
association with stroke [134]. So far there is insufficient 
evidence from randomized trials to be sure that deliber-
ately increasing exercise levels, in sporting activities or as 
part of a generally healthy lifestyle, reduces the risk of 
vascular events in the general population. However, 
there is evidence (see later) that exercise can prevent 
progression to diabetes in patients with the metabolic 
syndrome as part of an overall lifestyle modification 
program [135].

6.6.10 Obesity

Any relationship between obesity and stroke is likely to be 
confounded by the positive association of obesity with 
hypertension, diabetes, hypercholesterolemia, and lack of 
exercise, and the negative association with smoking and 
concurrent illness. Nevertheless, stroke is more common 
in the obese and so is overall mortality. How to measure 
obesity is itself somewhat controversial; a raised waist : hip 
ratio as a measure of central obesity, and perhaps change 
in body weight, may be stronger risk factors than the tra-
ditional measure of weight compared with height (see 
later) [92]. Adipocytes secrete hormones including leptin 
and adiponectin that help to regulate energy needs and 
have been linked to cardiovascular risk.

6.6.11 The metabolic syndrome

Obesity, specifically visceral obesity, plays a key role in 
the development of the metabolic syndrome and type 2 
diabetes. Visceral adipocytes are insulin‐resistant and 
highly metabolically active and promote dyslipidemia, 
hypertension, and reduced systemic thrombolysis, as 

well as leading to a relatively proinflammatory state. 
The constellation of metabolic abnormalities including 
central obesity, decreased HDL, raised triglycerides 
and blood pressure, and hyperglycemia is known as the 
metabolic syndrome, and this is associated with a 
threefold increased risk of type 2 diabetes and a two-
fold increase in cardiovascular risk, including stroke. It 
is thought to be the main driver for the modern‐day 
epidemic of diabetes and vascular disease. As well as 
the prevention of acute vascular events in patients with 
the metabolic syndrome, primary prevention of which 
is mostly the same as for other groups, one additional 
aim should be to prevent progression to frank diabetes 
[136]. Two strategies have been shown to be effective 
in this regard – lifestyle modification with diet and 
exercise; and angiotensin‐converting enzyme (ACE) 
inhibitors or angiotensin II receptor (AT1) blockers 
(ARB) [137].

6.6.12 Diet

It is technically difficult to measure what people eat and 
how they cook it, relate any particular diet to events 
such  as stroke that occur years later, and to be sure 
that  any association is not better explained by a 
 confounding variable. For example, people who eat a lot 
of fruit tend to have a generally “healthy” lifestyle, not 
to smoke, and they may use less salt. Salt, by increasing 
systemic blood pressure, is probably associated with 
increased stroke risk but this issue is still controversial 
[138]. Sodium reduction at a population level has been 
a major strategy promoted by public health officials to 
reduce blood pressure and consequent cardiovascular 
disease and death [139,140]. Despite these limitations, 
dietary patterns that affect cardiovascular disease 
are  increasingly recognized. The Mediterranean diet, 
which has a relatively high  content of fruits, vegetables, 
monounsaturated fat, fish, whole grains, legumes, and 
nuts, and a low content of red meat, saturated fat, and 
refined grains, has been associated with a lower rate of 
coronary heart disease, stroke, and cardiovascular 
death [141]. Also, in the INTERSTROKE study, a diet 
score was created based on the high consumption of 
fried foods, salty snacks, yolks, or meat (typical Western 
diet) or fruits and vegetables (healthy diet). In this 
study, elevated diet scores, represented mainly by a 
Western diet, accounted for approximately 23% of the 
total risk of stroke [92]. In addition, the results obtained 
in observational studies support that diets low in the 
following may be associated with a raised risk of coro-
nary disease and stroke [142]:

 ● potassium
 ● calcium
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 ● fresh fruit and vegetables
 ● fish
 ● antioxidants such as vitamin E, vitamin C, beta‐carotene, 

and flavonols.

On the whole, randomized trials of dietary interven-
tions and vitamin supplementation have been disap-
pointing [132]. Either the theory is wrong, or the 
interventions were too little, too late, for insufficient 
time or the trials were too small. The effect of a vegetar-
ian diet is unclear.

Despite earlier enthusiasm, it now appears that there is 
no association between coffee consumption and vascular 
disease [143].

6.6.13 Alcohol

The relationship between alcohol, ischemic stroke, and 
carotid atheroma is complex and may be U‐shaped. While 
heavy alcohol consumption may be an independent and 
perhaps causal risk factor, it seems that modest consum-
ers are protected to some extent compared with abstain-
ers or at least not harmed by alcohol consumption [144]. 
Whether “binge” drinking is associated with stroke, 
which has been reported in the Scandinavian region, is 
uncertain but it is possible that irregular drinking carries 
a higher risk. Much of the confusion in relating alcohol 
consumption with stroke may occur because of:

 ● Inaccuracies in person reports of their alcohol con-
sumption and difficulties measuring alcohol consump-
tion accurately over time;

 ● Varied ways of expressing alcohol consumption (per 
day, per week, grams, units, number of drinks, regular, 
binge, etc.);

 ● Different types of alcoholic drinks may have different 
effects;

 ● Pattern of drinking behavior may change over time;
 ● Combining ex‐drinkers, some of whom may have 

given up drinking because of symptoms of vascular or 
other diseases (i.e., are unhealthy), with lifetime non-
drinkers in the analyses;

 ● Biases inherent in case–control studies and publica-
tion bias;

 ● Confounding with cigarette‐smoking, hypertension, 
and deprivation which are positively related, and with 
exercise which is negatively related with alcohol 
consumption;

 ● Confounding by unknown or unmeasurable factors 
that might be linked to drinking or heavy drinking and 
an excess risk of vascular disease which are not taken 
into account (e.g. healthy versus risky lifestyle);

 ● Lumping ischemic and hemorrhagic strokes 
together.

Possible causal explanations, at least in heavy drinkers, 
are that alcohol almost certainly increases the blood 
pressure; traumatic arterial dissection in the neck during 
an alcohol‐related injury; dehydration, hyperviscosity 
and platelet activation perhaps; sleep apnea and hypoxia; 
and that alcohol can cause both AF and cardiomyopathy 
with embolism to the brain.

Perhaps it would be more productive to ask why mod-
est drinking is protective, if it really is. Increased plasma 
high‐density lipoprotein‐cholesterol and lower fibrino-
gen levels are possibilities as is an increase in plasmino-
gen activator and prostacyclin secretion. It is most 
unlikely that a randomized trial of modest alcohol con-
sumption, in the hope of reducing the risk of vascular 
disorders without increasing the risk of other disorders, 
will ever be feasible. Therefore, we are left trying to 
interpret the available observational data.

6.6.14 Race and ethnicity

The Global Burden of Disease Study showed that by the 
year 2010 ischemic heart disease was the leading cause of 
disability worldwide followed by lower respiratory tract 
infections and stroke. According to this study, between 
the years 1990 and 2010 the number of deaths worldwide 
attributed to ischemic heart disease and stroke increased 
from 1 in 5 to 1 in 4 and the stroke‐related disability by 19% 
[145,146]. Significant geographic variations exist in rela-
tionship to the contribution of ischemic heart disease 
and stroke to the burden of cardiovascular diseases. 
Stroke‐related mortality and disability are particularly ele-
vated in China, Africa, and South America; in comparison, 
ischemic heart disease is more common in the Middle 
East, North America, Australia, and much of Europe [147].

A direct comparison between population studies may 
be limited by methodological heterogeneity, disparate 
documentation, and the target population [148]. Several 
studies, however, have shown that stroke mortality and 
burden is particularly elevated in low‐income countries 
even after adjustment for cardiovascular risk factors 
[149]. In addition, a divergent trend has been observed in 
the stroke incidence over the last four decades, with 42% 
decrease in high‐income countries and a greater than 
100% increase in low‐ to middle‐income countries [150].

Stroke incidence of both ischemic stroke and intracer-
ebral hemorrhage does seem greater in black than white 
people living in Western countries [151,152]. The high 
prevalence of hypertension, diabetes, sickle cell disease, 
and social deprivation in black people may be part of the 
explanation [153]. South Asian populations in the United 
Kingdom have a high stroke mortality as well as a high 
prevalence of coronary disease, central obesity, insulin 
resistance, diabetes mellitus, and other risk factors [154]. 
This is in part because they are genetically more at risk 
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than white populations by virtue of higher serum 
lipoprotein(a) concentrations [155].

6.6.15 Specific genes for common types 
of ischemic stroke

Based on the assumption that at least some of the risk for 
stroke is genetic, large numbers of studies have now been 
done or are being done in an attempt to identify the genes 
involved [156]. Aside from specific genetic diseases asso-
ciated with stroke, such as CADASIL, it seems likely that 
the genetic component of stroke risk is modest and 
involves several genes. Genetic variations may play a role 
in the pathogenesis of cerebrovascular disease by affect-
ing the risk of harboring a vascular risk factor, the intrin-
sic susceptibility to such a factor, the severity of stroke if 
this occurs, and the response to primary and secondary 
stroke prevention strategies. The next sections will out-
line different research strategies utilized in the identifica-
tion of genetic variants that affect the risk of stroke and 
highlight some of the most relevant findings in this field.

Candidate gene studies
Most genetic studies so far have been candidate gene stud-
ies, in which the frequency of different genotypes at a spe-
cific locus or loci within a gene or genes thought likely to be 
in some way connected with stroke risk are compared 
between stroke cases and stroke‐free controls. Candidate 
genes have generally been selected on the basis of their 
known or presumed involvement in the control of factors 
or pathways likely to influence stroke risk: blood pressure, 
lipid metabolism, inflammation, coagulation, homocyst-
eine metabolism, and so on [157]. Rigorous meta‐analyses 
of candidate gene studies, both in stroke and other vascular 
diseases such as coronary heart disease, have highlighted 
the various methodological issues discussed earlier. In par-
ticular, they have drawn attention to the problems of small 
study size (most studies have included a few hundred or 
less, rather than the required 1000 or more cases and con-
trols), leading to the potential for publication bias (i.e. small 
positive studies are far more likely to be published and 
available for inclusion in meta‐analyses than small negative 
ones), with very large studies tending to detect either much 
smaller relative risks or no evidence of altered risk at all. 
Large numbers of candidate gene studies have together 
identified a handful of genes (those encoding factor V 
Leiden, methylenetetrahydrofolate reductase, prothrom-
bin and angiotensin‐converting enzyme) which, on the 
basis of results from meta‐analyses, seem likely to influ-
ence risk of ischemic stroke modestly. However, since none 
of the contributing studies was large enough to be inde-
pendently reliable, occult publication bias might still 
account for the apparent effects of these few genes, and 
confirmation in further very large studies is needed.

Linkage studies
As yet there have been far fewer stroke genetics 
 studies that use more traditional study designs, based on 
 collecting information and DNA from related individu-
als with and without the disease of interest. This is at 
least partly because family members of stroke patients 
(who of course tend to be elderly) are often no longer 
still alive, and so obtaining information and samples for 
DNA extraction from large enough numbers of relatives 
is challenging. There are some exceptions, though. For 
example, the Icelandic population has excellent genea-
logical records allowing the construction of complex 
pedigrees, along with stored DNA and medical histories 
on large numbers of people in the population. Family or 
pedigree‐based genetic study designs allow for linkage 
analysis, which has the attraction of not being driven by 
hypotheses about specific candidates, but instead sets 
out to identify which regions of the genome may influ-
ence disease risk, through analyzing the degree of shar-
ing of genetic information (at markers across the whole 
genome) between related individuals with and without 
disease. The Icelandic deCODE group has carried out a 
number of linkage studies to identify regions of the 
genome likely to influence risk of various common 
 diseases, including stroke. Through this process, two 
candidate genes for ischemic stroke, encoding the 
enzymes phosphodiesterase‐4D and arachidonate 5‐
lipoxygenase‐activating protein ALOX5AP, have been 
identified [158]. In addition, sequence variants in the 
zinc finger homeobox 3 (ZFHx) gene and in the pituitary 
homeobox 2 (PITX2) gene have been associated with AF, 
ischemic stroke, and cardioembolic stroke [159,160]. 
There is still some debate, however, about their influence 
in non‐Icelandic populations, since their effect on 
ischemic stroke risk has been confirmed in some, but not 
all,  subsequent studies, and the confirmatory studies 
have not been free of the methodological problems dis-
cussed earlier [161].

Whole genome association studies
The combination of technological developments allow-
ing rapid throughput genotyping at multiple loci, the 
attraction of nonhypothesis‐driven genetic studies, and 
the recognized limitations of traditional linkage 
approaches have together led to a new wave of genome‐
wide association studies, where multiple (up to 500 000 
or more) polymorphisms across the genome are geno-
typed and compared in cases and controls, looking for 
loci where significant differences may suggest genetic 
influences on disease risk. The statistical considerations 
required for such studies are considerable, since huge 
numbers of potential genetic risk factors, albeit not com-
pletely independent of each other (because segments of 
the genome tend to be transmitted together during 
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meiosis – linkage dysequilibrium), are tested simultane-
ously. Thus, there is great potential for missing real 
genetic effects or for finding spurious ones. Nonetheless, 
this approach has had a few (perhaps lucky) successes; as 
an illustration, single nucleotide polymorphism in the 
NINJ2 and WNK1 genes were associated with athero-
thrombotic stroke and genetic variations in the histone 
deacetylase 9 (HDAC9) with large‐vessel thrombosis 
[162–164]; these results, however, have to be interpreted 
cautiously as they have not been replicated in other 
cohorts [165].

Genetic studies of other vascular diseases, known 
vascular risk factors, and intermediate phenotypes
The results of genetic studies of other vascular diseases 
(in particular CHD) may also prove useful in identifying 
likely genetic candidates for ischemic stroke. In addition, 
since much of the genetic risk of stroke seems likely to be 
mediated through already‐known risk factors such as 
cholesterol and blood pressure, studies of these may also 
provide useful information about likely stroke risk genes. 
Finally, genetic studies have started to uncover so‐called 
“intermediate phenotypes,” markers of predisposition to 
stroke (or other vascular diseases), which can be meas-
ured in large numbers of subjects both with and without 
vascular risk factors or disease. These intermediate phe-
notypes include carotid intima‐media thickness and leu-
koaraiosis (measured or graded on CT or MR brain 
scans), and both linkage and candidate gene approaches 
have been used [166]. As with studies of clinically mani-
fest disease, methodological rigor and adequate study 
size are crucial, and so systematic review and meta‐anal-
ysis approaches will be helpful in interpreting the large 
numbers of studies and quantities of data emerging.

We are still far from being able to quantify the genetic 
influences on stroke, or to identify reliably the genes 
involved. One serious challenge is that the available labo-
ratory technology is currently outstripping our ability to 
properly analyze and interpret the results. In the future, 
only careful integration of information from all of the 
different approaches described earlier, together with the 
results of laboratory studies of gene expression and func-
tion, from the molecular to the animal model level, will 
shed useful light on the genetic influences on stroke, 
hopefully allowing us to understand better the way in 
which already‐known risk factors influence stroke, and 
reliably to identify new ones.

6.6.16 Social deprivation

Social deprivation, low socioeconomic status, and unem-
ployment are all inextricably linked and associated with 
increased stroke risk [92]. This association is partly 

caused by a higher prevalence of vascular risk factors, 
stress and adverse health behaviors, such as smoking, 
poor diet, and lack of exercise in deprived populations. 
For example, these factors appear to account for most of 
the north–south gradient in stroke mortality in the 
United Kingdom. Also, it has been suggested that poor 
health and nutrition in utero or infancy are associated 
with the development of vascular risk factors such as 
hypertension and adult vascular disease, including 
stroke. The possibility of reducing stroke risk by tackling 
social deprivation is yet another reason to add to the 
many others to support what has to be political rather 
than medical action.

6.6.17 Infection and inflammation

There has been interest in the notion that infection con-
tributes to the occurrence of stroke. Several pathogenic 
mechanisms may explain the link between these two 
processes [167,168]:

 ● A variety of infective agents may precipitate cerebral 
ischemia by direct involvement of the intracranial ves-
sels. Treponema pallidum, Mycobacterium tuberculo-
sis, viruses from the Herpesviridae family, and some 
fungi, such as Aspergillus spp, are just some of the 
many pathogens that have been associated with cere-
bral vasculopathy and obliterative endarteritis.

 ● The acute inflammation that occurs in infections, even 
during the course of mild processes, is associated with 
an enhanced expression of plasminogen‐activator 
inhibitor‐1 and an inhibition of tissue plasminogen 
activator and thrombomodulin. These and other bio-
chemical mediators modify the vascular endothelium 
from anticoagulant to procoagulant.

 ● Case–control studies have shown an association 
between periodontal disease, chronic bronchitis, and 
infection with Helicobacter pylori, Chlamydia pneu-
moniae, or Cytomegalovirus, with stroke.

 ● Antigens from specific microbial agents, such as 
Chlamydia pneumoniae, Porphyromonas gingivalis, 
Epstein–Barr virus, and influenza A have been 
observed in unstable plaques. Based on this observa-
tion it has been proposed that activated effector T cells 
directed against microbial antigens may contribute to 
plaque inflammation and instability.

 ● Some infective agents can also induce vascular 
changes, such as intimomedia thickening, which may 
constitute the substrate for the future development of 
atherosclerosis.

 ● The inflammatory response to infections is under strict 
genetic control. Interestingly, small studies have shown 
that proinflammatory genetic variants increase the risk 
of stroke in individuals with smoking, infection, and 
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obesity. This observation suggests that chronic infec-
tions may influence traditional vascular risk factors and 
act synergistically in the development of atheroma.

Inflammation is a key factor in the pathogenesis of ath-
erosclerotic disease and plaque stability. Serum markers 
of inflammation such as high sensitivity C‐reactive pro-
tein (hs‐CRP) and lipoprotein‐associated phospholipase 
A2 (Lp‐PLA2) have been shown to complement vascular 
risk factors in identifying individuals at high risk for 
ischemic stroke [169–171]. It has been proposed that 
decreasing the levels of these two markers by using statin 
agents may reduce the risk of cardiovascular events. In 
the JUPITER study, patients with no history of hyper-
lipidemia and elevated hs‐CRP were randomized to 
rosuvastatin or placebo. Compared to the control group, 
rosuvastatin was associated with a reduction of 23% in 
the hs‐CRP levels and a stroke relative risk reduction of 
approximately 50% [172]. Lp‐PLA2 is associated with 
LDL cholesterol and is produced by inflammatory cells. 
The increased expression of Lp‐PLA2 in symptomatic 
carotid atherosclerotic plaque supports its role in perpet-
uating vascular inflammation and plaque stability [173]. 
Further studies are needed to demonstrate the effect of 
reducing the levels of Lp‐PLA2 on stroke prevention.

6.6.18 Sleep‐disordered breathing

Several observational studies have shown an association 
between sleep‐disordered breathing and stroke. Severe 
obstructive sleep apnea almost triples the risk of fatal or 
nonfatal cardiovascular events as compared with healthy 
controls and doubles the risk of stroke or death inde-
pendently of other confounding factors [174,175]. In 
addition, a dose–response relationship has also been 
observed in trend analysis whereby the risk of stroke or 
death increases as a function of severity of sleep apnea. 
The association between sleep‐disordered breathing and 
stroke has not been conclusively established and multi-
ple competing mechanisms can play a role including 
refractory hypertension, cardiac arrhythmias, accelerated 
atherosclerosis, endothelial dysfunction, hypercoagula-
bility, increased inflammation, and cerebral vascular 
dysregulation [176]. Continuous positive airway pres-
sure can reverse or attenuate some of these pathogenic 
processes, particularly hypertension, and may decrease 
cardiovascular mortality [175,177]. Whether the treat-
ment of sleep‐disordered breathing reduces the risk of 
stroke, in particular, is yet to be proven.

6.6.19 “Stress”

It is part of folklore that stress causes strokes: “I was so 
upset, I nearly had a stroke.” Indeed, there are some strik-
ing anecdotes.

This 82‐year‐old lady was admitted for investigation of 
anemia and hepatomegaly. She was found to have multi-
ple liver metastases. When she was told the news, she 
stopped speaking and never spoke again. It took a day or 
so before the medical staff realized that her mute state 
was not “psychological” but that she was aphasic. A brain 
CT scan showed a left cortical infarct. She died some days 
later from her malignancy.

However, establishing a relationship between long‐
term psychological stressors and stroke is challenging. 
There is some evidence that severely threatening life 
events, anxiety and depression, high levels of anger 
expression and psychological stress may trigger the onset 
of stroke, perhaps in people already at risk of stroke 
[92,178]. This has again been shown in a longitudinal 
population‐based study in an urban neighborhood 
whereby both excess fatal and nonfatal stroke in older 
black and white adults was shown [179].

6.6.20 Nonstroke vascular disease

Because atheroma in one artery is likely to be accompa-
nied by atheroma in others, and because embolism 
from  the heart is a common cause of ischemic stroke, 
nonstroke vascular disorders are associated with (i.e. are 
risk factors for) ischemic stroke and TIA (Table 6.9).

Coronary heart disease (e.g. angina or myocardial 
infarction) has been repeatedly associated with an 
increased risk of stroke in postmortem, twin, case–con-
trol and cohort studies. Therefore, it is not surprising 
that electrocardiogram abnormalities and cardiac failure 
are also associated with increased risk of stroke because 
they both so often reflect coronary disease and hyper-
tension, as does left ventricular hypertrophy. 

Cervical bruits (carotid or supraclavicular) are gener-
ally caused by stenosis of the underlying arteries, mostly 
as a result of atheroma, and so become more common 
with age; about 5% of asymptomatic people over the age 
of 75 years have bruits [180]. Carotid bruits are clearly a 
risk factor for ischemic stroke, but not necessarily in the 
same arterial territory as the bruit or by the same stroke 

Table 6.9 Degenerative vascular disorders outside the head 
associated with an increased risk of ischemic stroke and transient 
ischemic attack.

Myocardial infarction/angina
Cardiac failure
Left ventricular hypertrophy
Atrial fibrillation
Cervical arterial bruit/stenosis
Peripheral arterial disease
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mechanism, and also for coronary events, because ath-
eroma of one artery is likely to be accompanied by ath-
eroma of other arteries in the same predisposed 
individual [181]. The risk of these various vascular events 
increases with carotid stenosis severity [182].

Atheroma affecting the leg arteries is associated with 
cerebrovascular and coronary disease in the same indi-
viduals so often that it is not surprising that claudicants 
have an increased risk of stroke and other serious vascu-
lar events [183].

Little seems to be known about the prevalence of 
abdominal aortic aneurysms in ischemic stroke/TIA 
patients. It is said to be quite high, about 10–20%, 
depending on the selection of patients and the size crite-
rion for what constitutes an aneurysm [184]. The inci-
dence of aneurysm rupture in the general population is 
5–10 times higher in men than in women, and so there 
might be an argument for screening men presenting 
with TIA or stroke, particularly perhaps if the cause is 
thought to be atherothromboembolism and bearing in 
mind the advantages of screening even in “normal” 
elderly men from the Multicentre Aneurysm Screening 
Study (MASS) [185].

6.6.21 Other risk factors

Innumerable other risk factors for CHD, and/or ischemic 
stroke, have been suggested and supported by varying 
degrees of evidence. However, it may take many years, 
even decades, before a particular factor is accepted as 
causal, as has been the case for hypertension and smok-
ing. So often initial discoveries of “new” risk factors are 
found subsequently to be spurious [186]. Even by 1981, 
246 risk factors had been counted and by now there must 
be many more [187]. Some may or may not be important 
in the causal pathway to stroke but, even if not, they may 
still conceivably be helpful in predicting future stroke in 
individuals and populations. This distinction is impor-
tant: for example, claudication is clearly not on the causal 
pathway to stroke but is so strongly associated with 
stroke risk that it is included in many statistical models 
that predict later stroke.

6.7  From symptoms, signs, 
and clinical syndrome to cause

Once the diagnosis of ischemic stroke or TIA has been 
made, the cause of the ischemic event needs to be 
established since this has implications for treatment, 
prognosis, and risk of recurrence. Four clinical syn-
dromes, based on the history and examination, can be 
identified: total anterior circulation infarction, partial 
anterior circulation infarction, lacunar infarction, and 

posterior circulation infarction. The clinical syndrome 
reasonably predicts the site and size of the brain lesion, 
which takes one a long way toward the likely cause of the 
ischemic event (Figure 6.20). Clinical localization is eas-
ier if the patient has had an established stroke with stable 
physical signs rather than being in the very early stages 
when the signs are still evolving (brain attack), or has had 
a TIA and any signs have disappeared.

However, stroke localization based on the history and 
examination is by no means infallible: in about one‐quar-
ter of cases where a recent lesion is visible on brain imag-
ing, it is not in the expected place to explain the clinical 
syndrome. For example, although most pure motor strokes 
are caused by a lacunar infarct as a result of SVD, in a 
few cases the CT or MR scan shows striatocapsular 
infarction, which is likely to be caused by middle cere-
bral  artery occlusion with good cortical collaterals 
(Figure 6.20e). And in a study of 150 patients with minor 
stroke and a single acute lesion on DWI, agreement on 
localization to anterior or posterior vascular territory 
between DWI and the clinical judgments of three 
 independent neurologists was only moderate. Thus, 
brain imaging, in particular new techniques such as MR 
DWI, can and if possible should be used to refine lesion 
localization and thus aid in the search for the cause of the 
ischemic stroke/TIA in an individual patient.

6.7.1 Total anterior circulation infarction

The acute ischemic stroke clinical syndrome of a total 
anterior circulation infarction (TACI) comprises a hemi-
paresis, with or without hemisensory loss, homonymous 
hemianopia, and a new cortical deficit such as aphasia or 
neglect. It is a good predictor of infarction of most of the 
middle cerebral artery (MCA) territory on brain CT, as a 
consequence of occlusion of either the MCA mainstem 
(or proximal large branch) or the internal carotid artery 
(ICA) in the neck (Figure  6.20c). Occasionally, a TACI 
can be caused by occlusion of the posterior cerebral 
artery, but the hemiparesis is usually rather mild. The 
cause of the arterial occlusion therefore is usually in the 
heart (e.g. embolism as a consequence of AF, recent 
myocardial infarction, etc.), or it is focal atherothrombo-
sis at the MCA, atherothrombosis complicated by embo-
lism or occasionally propagating thrombosis of the ICA, 

In acute stroke, CT or MRI should be neither the first nor 
only way to classify patients on the basis of the size and 
site of any ischemic brain lesion. Imaging is used to con-
firm and refine where the symptoms and neurological 
signs – in other words, the clinical syndrome – suggest 
the lesion is. From there, it is possible to narrow down 
the potential causes of the infarct.
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or embolism from the aortic arch. Therefore, if the heart 
is clinically normal (history, examination, chest X‐ray, 
and electrocardiogram) and if there is no evidence of 
arterial disease in the neck (bruits, palpation perhaps, 
but mainly duplex sonography), then it is important to 
consider rarities, for example, paroxysmal AF, infective 

endocarditis (echocardiogram, blood cultures) and 
carotid dissection (MR angiogram, and certainly recheck 
for past history of neck trauma, or associated neck or 
face pain). Although transcranial Doppler may confirm 
an MCA mainstem occlusion (but not if it has already 
recanalized), it will not help much in the search for a 

Figure 6.20 (Opposite & above) Various patterns of arterial occlusion cause different types of ischemic stroke. Left‐hand columns: axial CT 
brain scan at the level of the basal ganglia; middle columns, diagram to correspond with the CT brain scan with the area of infarction 
shaded; right‐hand columns: diagram of the middle cerebral artery (MCA) and anterior cerebral arteries on a coronal brain section with the 
area of infarction shaded. A, main trunk of MCA; B, lenticulostriate perforating branches of the MCA; C, cortical branches of the MCA; D, 
cortical branches of the anterior cerebral arteries. (a) Normal arterial anatomy and CT scan. (b) Occlusion – usually embolic (straight arrow) 
from heart, aorta, or internal carotid artery – of a cortical branch of the MCA and restricted cortical infarct on CT (curved arrows); partial 
anterior circulation infarction (PACI). (c) Occlusion – usually embolic (straight arrow) as in (b) above – of MCA mainstem to cause infarction 
of entire MCA territory (curved arrows); total anterior circulation infarction (TACI). (d) Occlusion of one lenticulostriate artery (straight 
arrow) to cause a lacunar infarct (curved arrow); lacunar infarction (LACI). Note that the patient has an old lacunar infarct in the opposite 
hemisphere. (e) Occlusion of the MCA mainstem (straight arrow) but with good cortical collaterals from the anterior and posterior cerebral 
arteries to cause a striatocapsular infarct (curved arrows).

(a)
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cause. A catheter angiogram might be diagnostically 
helpful if it could be justified on the basis of changing the 
patient’s management (e.g. traumatic carotid dissection 
could lead to later litigation, fibromuscular dysplasia 
could stop the search for other explanations, a giant 
aneurysm with contained thrombus might be surgically 
treatable, and so on). MRI and MR angiography, and CT 
angiography, are now widely and more appropriately 
used to show lesions, such as dissection and aneurysms, 
but they are still not always easily available in patients in 
the acute stage of stroke.

6.7.2 Partial anterior circulation infarction

Partial anterior circulation infarction (PACI) is a more 
restricted clinical syndrome with only two out of the 
three components of a TACI; or a new isolated cortical 
deficit, such as aphasia; or a predominantly proprio-
ceptive deficit in one limb; or a motor/sensory deficit 
restricted to one body area or part of one body area 
(e.g. one leg, one hand, etc.). This syndrome is reason-
ably predictive of a restricted cortical infarct caused 
by  occlusion of a branch of the MCA or, much less 
 commonly, of the anterior cerebral artery, as a result of 
embolism from the heart or from proximal sites of 
atherothrombosis (usually the carotid bifurcation), or to 
any other cause of a TACI (Figure 6.20b).

Investigation is therefore similar to that for the 
patient with a TACI, except it is usually easier because 
the patient is fully conscious and less neurologically 
impaired. However, investigation must be quicker 
because of the higher risk of early recurrence and because 
the patient has more to lose from a recurrence which 
might, next time, be a TACI [34]. The potential for sec-
ondary prevention must be considered, particularly eli-
gibility for carotid endarterectomy, and this requires 
early duplex sonography to find any severe carotid steno-
sis, and eligibility for anticoagulation if the patient is in 
AF. Transcranial Doppler (TCD) is unlikely to demon-
strate the blocked cerebral artery because this is almost 
always distal to the MCA mainstem, at a point where 
TCD is not particularly sensitive. Occasionally, however, 
patients with a large PACI, but falling short of the full 
definition of a TACI, do have MCA mainstem occlusion, 
presumably because good collateral flow to the margins 
of the central infarcted area of brain restricts the clinical 
syndrome. This is particularly likely with striatocapsular 
infarction, which usually presents as a PACI 
(Figure 6.20e). Some other PACI syndromes are caused 
by infarction in the centrum semiovale and in boundary 
zones. Anterior choroidal artery infarcts may also pre-
sent as a PACI (or a lacunar) syndrome and they seem to 
be caused by either embolism from proximal sites or 
intracranial SVD.

6.7.3 Lacunar infarction

Lacunar syndromes, the vast majority of which are 
ischemic rather than due to intracerebral hemor-
rhage, are almost always caused by small, deep 
infarcts more likely to be seen on MRI than brain CT 
(Figure 6.20d). These small, deep infarcts are mostly 
caused by a vasculopathy affecting the small perfo-
rating arteries of the brain, and not by embolism 
from proximal arterial sources or the heart and thus 
have a low risk of early recurrence. Therefore, there 
may not be the same urgency to rule out a cardiac 
source of embolism or severe carotid stenosis as 
there is for a PACI.

The capsular warning syndrome has a rather charac-
teristic pattern. Over hours or days, there is a cluster of 
TIAs, consisting typically of weakness down the whole 
of one side of the body without any cognitive or lan-
guage deficit (i.e. pure motor lacunar TIAs). These 
may be followed within hours or days by a lacunar 
infarct in the internal capsule. This syndrome is pre-
sumably caused by intermittent closure of a single len-
ticulostriate or other perforating artery, followed by 
complete occlusion, and one is unlikely to find a proxi-
mal arterial or cardiac cause, as in any other type of 
lacunar ischemic stroke.

Total and partial anterior circulation infarction/transient 
ischemic attacks are usually caused by occlusion of the 
mainstem or a branch of the middle cerebral artery, by 
occlusion of the anterior cerebral artery, or by occlusion 
of the internal carotid artery. Such occlusions are usually 
caused by embolism from the heart, embolism from 
proximal arterial sites of atherothombosis (the internal 
carotid artery origin, the aortic arch, etc.), and sometimes 
by thrombotic occlusion of severe internal carotid artery 
stenosis.

The vast majority of lacunar stroke syndromes are caused 
by ischemia rather than hemorrhage. Most ischemic 
lacunar strokes are the result of a small, deep, not a corti-
cal, infarct. These small, deep infarcts are usually within 
the distribution of a small, perforating artery. The under-
lying vascular pathology is probably “complex” small‐
vessel disease, which differs from atheroma, but 
sometimes atheroma of the parent artery may occlude 
the mouth of the perforating artery. Lacunar infarcts are 
seldom caused by embolism from the heart or from 
proximal arterial sources.
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6.7.4 Posterior circulation infarction

Ischemia and infarction in the brainstem and/or occipi-
tal region is etiologically more heterogeneous than in the 
other three main clinical syndromes. Emboli from the 
heart may reach a small artery supplying the brainstem 
(e.g. superior cerebellar artery) to cause a fairly restricted 
deficit, block the basilar artery to produce a major brain-
stem stroke, travel on to block one or both posterior cer-
ebral arteries to cause a homonymous hemianopia or 
cortical blindness, or any combination of these deficits. 
Similarly, embolism from the vertebral artery (as a result 
of atherothrombosis usually, but sometimes another dis-
order such as dissection) or from atherothrombosis of 
the basilar artery, aortic arch or innominate or subcla-
vian arteries produces exactly the same neurological fea-
tures as embolism from the heart [188]. Even embolism 
from the carotid territory can, in some individuals with 
a dominant posterior communicating artery, a fetal pos-
terior cerebral artery, or a persistent trigeminal artery, 
cause occlusion of the posterior cerebral artery and even 
brainstem infarction [189]. Basilar occlusion, usually as 
a result of severe atherothrombotic stenosis, is likely to 
produce massive brainstem infarction. Obstruction, 
usually by atherothrombosis, of the origin of the small 
arteries arising from the basilar artery, can produce 
restricted brainstem syndromes, as can “complex” SVD 
within the brainstem; certainly some patients with a 
lacunar syndrome have a small infarct in the brainstem. 
A posterior circulation infarction (POCI) does not there-
fore provide much of a clue to the cause of the ischemic 
event. An exception is the patient with simultaneous 
brainstem signs and a homonymous hemianopia, where 
embolism from the heart or a proximal artery must be 
the likely cause and not SVD.

Cerebellar ischemic strokes are mostly caused by embo-
lism from the heart, vertebral and basilar arteries, or by 
atherothrombotic occlusion at the origin of the cerebel-
lar arteries; some are said to result from low blood flow 
alone [190].

Thalamic infarcts can be caused by: “complex” SVD 
affecting one of the small perforating arteries; atheroma-
tous occlusion of these same arteries where they arise from 
the posterior cerebral and other medium‐sized arteries; 
and occlusion of these latter arteries by embolism from the 
heart, basilar, vertebral, and other proximal arterial sites.

6.7.5 Ischemic strokes and transient 
ischemic attacks caused by low cerebral 
blood flow

The pressure gradient across, and blood flow through, 
large arteries is not affected until their diameter is reduced 
by more than 80%. Not surprisingly, therefore, even if 
there is severe disease of the carotid or vertebral arteries, 
cerebral perfusion pressure is usually normal. However, in 
some patients, as the stenosis becomes more severe, flow 
does fall, and eventually cerebral vasodilatation (autoregu-
lation) cannot compensate for the low cerebral perfusion 
pressure. Regional cerebral blood flow (CBF) then falls, 
particularly if the collateral circulation is compromised 
because the circle of Willis, for example, is incomplete or 
diseased. At this stage of exhausted cerebral perfusion 
reserve, the ratio of cerebral blood flow to cerebral blood 
volume falls below about 0, oxygen extraction fraction 
starts to rise and stroke risk probably also rises [191].

Using transcranial Doppler to demonstrate impaired 
cerebrovascular reactivity to a chemical rather than per-
fusion challenge is an indirect but more practical alter-
native to positron emission tomography (PET), but the 
correlation is not perfect [192]. Isotopic measurement of 
the mean cerebral transit time, gradient echo and 
 perfusion‐weighted MRI, MR angiography, CT perfusion 
and near‐infrared spectroscopy are other possibilities.

Therefore, although the notion that ischemic strokes 
may be caused by “hypotension” goes back many years, 
low regional CBF alone is not particularly common and 
cannot easily explain more than a small fraction of strokes. 
Severe arterial stenosis or occlusion, or good evidence of a 
fall in systemic blood pressure just before onset, are sim-
ply not present in most ischemic stroke cases. Most 
ischemic strokes and TIAs must be caused, we believe, by 
embolic or in situ acute (usually thrombotic) occlusion of 
an artery to the brain causing blood flow to be suddenly 
cut off, so causing ischemia in its territory of supply.

Naturally, at times, focal ischemia could also be caused 
just by low flow without acute vessel occlusion but usu-
ally only distal to a severely stenosed or occluded ICA or 
other artery. This is where the vascular bed is likely to be 
maximally dilated and therefore where the brain is par-
ticularly vulnerable to any fall in perfusion pressure 
(even more so if arteries carrying collateral blood flow 
are also diseased). Under these circumstances, a small 
drop in systemic blood pressure might cause transient 
or permanent focal ischemia without any acute occlu-
sive event. Under normal circumstances quite a large 
fall in blood pressure does not cause cerebral symptoms, 
provided it is transient. This is because of autoregula-
tion of CBF. If it does, the symptoms are much more 
likely to be nonfocal (faintness, bilateral blurring of 
vision, etc.) than focal.

Posterior circulation infarction/transient ischemic attack 
can be due to almost any cause of cerebral ischemia, 
which makes it very difficult to be certain of the exact 
cause in an individual patient if one knows no more than 
just the lesion localization.



6 What caused this transient or persisting ischemic event?306

Boundary‐zone ischemia and infarction
Sometimes, ischemia occurs not within but between 
major arterial territories in their boundary zones. 
Because this is where perfusion pressure is likely to be 
most attenuated, it is conceivable that “low flow” as a 
result of low perfusion pressure, as well as the more 
common acute arterial occlusion caused by embolism, 
can cause ischemia in these areas. The alternative term 
of watershed infarction is a misnomer based on geo-
graphical ignorance. A watershed is the line separating 
the water flowing into different river basins (i.e. the high 
ground between two drainage areas), which is quite dif-
ferent from the pattern of arterial supply where flow is 
from larger to smaller vessels.

The evidence that at least some boundary‐zone 
infarcts are caused by low flow rather than acute arterial 
occlusion is that sudden, profound and relatively pro-
longed hypotension (e.g. as a result of cardiac arrest or 
cardiac surgery) sometimes causes infarction bilaterally 
in the posterior boundary zones, between the supply 
territories of the MCA and the posterior cerebral artery 
in the parieto‐occipital region. The clinical features 
include cortical blindness, visual disorientation and 
agnosia, and amnesia. Unilateral posterior boundary‐
zone infarction causes contralateral hemianopia, corti-
cal sensory loss and, if in the dominant hemisphere, 
aphasia. Also, distal to severe carotid stenosis or occlu-
sion, unilateral infarction is well recognized in the ante-
rior boundary zone between the supply territories of the 
MCA and anterior cerebral artery in the frontoparasag-
ittal region, but this does not necessarily mean that the 
cause was low flow rather than embolism. The clinical 
features are contralateral weakness of the leg more than 
the arm and sparing the face, some impaired sensation 
in the same distribution, and aphasia if in the dominant 
hemisphere [193]. There is an internal or subcortical 
boundary zone in the corona radiata and centrum semi-
ovale, lateral and/or above the lateral ventricle. This lies 
between the supply of the lenticulostriate perforating 
branches from the MCA trunk, and the medullary per-
forating arteries which arise from the cortical branches 
of the MCA and the anterior and, perhaps, posterior 
cerebral arteries. Infarction can occur within this inter-
nal boundary zone, usually causing a lacunar or partial 
anterior circulation syndrome, in association with 
severe carotid disease and sometimes an obvious hemo-
dynamic precipitating cause [194].

The diagnosis of “low flow” as the cause 
of ischemic strokes and TIAs
It would be simplistic to presume that all ischemic 
strokes are caused by acute arterial occlusion. However, 
the definitive separation of stroke resulting from “low 
flow” from acute arterial occlusion is far from easy. It is 

probably best inferred from the circumstances surround-
ing the onset of the symptoms, and to some extent by 
their nature, and not very much from either the neuro-
logical signs or the site of any visible infarct on brain 
imaging. Unfortunately, any clinical guidance to “low 
flow” ischemic episodes cannot be validated against a 
“gold standard” because at present there is none.

Most ischemic strokes and TIAs occur “out of the blue” 
with no precipitating activity. However, on the basis of a 
number of convincing case reports, a fall in cerebral per-
fusion pressure as the cause – mostly resulting from a fall 
in systemic blood pressure – should be suspected if the 
symptoms start under certain circumstances:

 ● on standing or sitting up quickly, even if postural 
hypotension cannot be demonstrated in the clinic;

 ● immediately after a heavy meal;
 ● in very hot weather;
 ● after a hot bath or warming the face;
 ● with exercise, coughing, or hyperventilation;
 ● during a Valsalva maneuvre, but paradoxical embolism 

is another possibility;
 ● during a clinically obvious episode of cardiac dys-

rhythmia (chest pain, palpitations, etc.), but embolism 
from the heart is also possible;

 ● during operative hypotension; or,
 ● if the patient has recently been started on or increased 

the dose of any drug likely to cause hypotension, such 
as calcium blockers or vasodilators.

In addition, there is usually very obvious evidence of 
severe arterial disease in the neck, i.e. bruits and/or 
absent pulsations.

TIAs caused by low flow may be atypical “limb‐shak-
ing TIAs” and tend to develop over minutes rather than 
seconds. These consist of stereotyped jerking and shak-
ing of one arm and/or leg contralateral to the cerebral 
ischemia and so are easily confused with focal motor sei-
zures, or there is photoclaudication which is character-
ized by monocular or binocular visual blurring, dimming, 
fragmentation or bleaching, often only in bright light. 
Movement disorders including chorea have also been 
reported but involvement of the face is thought not to 
occur, perhaps because the blood flow to the facial motor 
cortex is not significantly compromised. “Limb‐shaking 
TIAs” typically occur on standing up and may be abol-
ished by a reduction in any hypertensive therapy, or 
carotid surgery, since they are frequently associated with 
severe occlusive carotid disease. There may be visual 
symptoms characteristic of low‐flow ischemic oculopa-
thy or additional nonfocal features, such as faintness, 
mental vagueness, or even loss of consciousness.

It is very important to note that boundary‐zone infarction 
on brain imaging (or at postmortem) is not necessarily 
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caused by low cerebral blood flow (without acute arterial 
occlusion) but this assumption has bedeviled much of 
the literature. The brain CT/MRI‐defined site and size of 
any visible recent infarction is not an accurate way to 
diagnose a low‐flow ischemic stroke. This is, first, 
because some boundary‐zone infarcts result from embo-
lism. Second, there is much variation between individu-
als in where the boundary zones are, and they may even 
change with time in the same individual in response to 
changes in peripheral vascular resistance (Figure 6.21). 
Third, however boundary‐zone infarcts are defined on 
imaging, there is little difference between them and ter-
ritorial presumed‐embolic infarcts in patient demo-
graphic characteristics, vascular risk factors and even in 
the prevalence of arterial disease in the neck severe 
enough to cause low flow, which is far more often 
assumed than measured [195]. However, there have not 
been many comparative studies, definitions of boundary 
zones vary, and the numbers of patients have been small.

On balance, although some boundary‐zone infarcts may 
have a hemodynamic (i.e. low‐flow) cause, many others 
could be caused by embolism or acute occlusive thrombosis. 
After all, any arterial territory has a terminal zone which 
forms a boundary with adjacent arterial territories and 
which is probably particularly vulnerable to ischemia. 
There is no reason to suppose that this zone is more sus-
ceptible to ischemia caused by low flow without acute 
arterial occlusion, than as a result of acute arterial occlu-
sion. Another possibility is that boundary‐zone infarcts 
are caused by a combination of embolization to the mar-
gins of the territorial supply of a cerebral artery, as well as 
insufficient perfusion pressure to clear the emboli because 
of severe arterial disease in the neck, or operative hypo-
tension. Clearly, in view of the diagnostic difficulties, it is 

quite conceivable that low flow is a more frequent cause of 
cerebral ischemia, or less frequent, than currently believed.

Implications for treatment
Being certain that an ischemic episode is caused either by 
low flow alone, or by acute arterial obstruction, seldom 
really matters. It makes very little difference if ischemic 
stroke or TIA caused by low flow is recognized as such 
because unless the precipitating factor(s) can be avoided or 
reversed (particularly over‐treatment of hypertension), the 
management is exactly the same as for presumed embolic 
causes of ischemia, i.e. antithrombotic drugs, statins, careful 
blood pressure lowering, management of any other causal 
vascular risk factors, and surgical relief of any obstruction to 
blood flow if it is practical and safe to do so. However, there 
is certainly a case for less aggressive treatment of hyperten-
sion if there is good evidence of low‐flow symptoms. And 
one must acknowledge that in a patient with or without 
known severe arterial disease in the neck, an ischemic epi-
sode may occasionally be caused by low flow rather than 
embolism or some other cause of acute arterial obstruction, 
and even that different episodes at different times in the 
same patient can be caused by different mechanisms.

Cortical borderzone

Cortical borderzone

Internal borderzone

between ACA and MCA

between MCA and PCA

Figure 6.21 Borderzone areas. Boundary zones 
between the territories of the middle (yellow, 
MCA), anterior (red, ACA), and posterior (green, 
PCA) cerebral arteries. Deeper structures are 
supplied by the lenticulo‐striate (orange) and 
anterior choroideal arteries (blue). The internal 
borderzone is the boundary area between 
lenticulo-striate perforators and the deep 
penetrating branches of the MCA or at the 
borderzone of deep white matter branches of the 
MCA and the ACA. Source: http://www.
radiologyassistant.nl/en/p484b8328cb6b2/
brain-ischemia-vascular-territories.html. 
Reproduced with permission. (Also reproduced in 
color in the plate section.)

The exact sites of the boundary zones between the ter-
ritories of supply of the major cerebral arteries are so 
variable between, and even within, individuals that the 
diagnosis of infarction in a boundary zone based on CT/
MRI alone is all but impossible. Boundary‐zone infarction 
can be caused by acute arterial obstruction, while low 
blood flow does not necessarily cause infarction only 
within boundary zones.
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6.7.6 Clues from the history

The vast majority of TIAs and ischemic strokes start 
suddenly, without any obvious provocation, and there 
are few if any symptoms other than those of a focal neu-
rological or ocular deficit. Sometimes there can be clues 
to the cause in the history (Table  6.10), as well as to 
whether the patient has had a stroke or TIA in the first 
place. These clues may require some tenacity to recog-
nize, or perhaps just an ability to take a history instead of 
rushing to order lots of tests.

Gradual onset
Gradual onset of cerebral ischemic symptoms over hours 
or days, rather than seconds or minutes, is unusual but is 
becoming more recognized now that strokes are being 
seen much earlier. If the onset is gradual, and ischemic 
stroke or TIA is not likely to be caused by low flow or 

Table 6.10 Important clues from the history which may suggest the cause of an ischemic stroke or transient ischemic 
attack, or that the diagnosis of cerebrovascular disease should be reconsidered.

Gradual onset
Low cerebral blood flow without acute occlusion
Migraine
Structural intracranial lesion
Multiple sclerosis

Precipitating factors
Suspected systemic hypotension or low cerebral perfusion 

pressure (standing up or sitting up quickly, heavy meal, hot 
weather, hot bath, warming the face, exercise, coughing, 
hyperventilation, chest pain or palpitations, starting or 
changing blood pressure‐lowering drugs)

Pregnancy/puerperium
Surgery
Head‐turning
Hypoglycemia
Valsalva maneuvre (paradoxical embolism or low flow)

Recent headache
Carotid/vertebral dissection
Migrainous stroke/transient ischemic attack
Intracranial venous thrombosis
Giant‐cell arteritis (or other inflammatory vascular disorders)
Structural intracranial lesion

Epileptic seizures
Intracranial venous thrombosis
Mitochondrial diseases
Nonvascular intracranial lesion

Malaise
Inflammatory arterial disorders
Infective endocarditis
Cardiac myxoma
Cancer
Thrombotic thrombocytopenic purpura
Sarcoidosis

Chest pain
Myocardial infarction
Aortic dissection
Paradoxical embolism

Nonstroke vascular disease or vascular risk factors
Heart disease
Claudication
Hypertension
Smoking

Drugs
Oral contraceptives
Estrogens in men
Blood pressure‐lowering/vasodilators
Hypoglycemic drugs
Cocaine
Amphetamines
Ephedrine
Phenylpropanolamine
“Ecstasy”
Anti‐inflammatory drugs
Antipsychotic drugs
Deoxycoformycin
Allopurinol
l‐asparaginase

Injury
Chronic subdural hematoma
Vertebral/carotid artery dissection
Cerebral air embolism
Fat embolism

Self‐audible bruits
Internal carotid artery stenosis (distal)
Dural arteriovenous fistula
Glomus tumor
Caroticocavernous fistula
Raised intracranial pressure
Intracranial venous thrombosis

Past medical history
Inflammatory bowel disease
Celiac disease
Homocystinuria
Cancer
Irradiation of the head or neck
Recurrent deep venous thrombosis
Recurrent miscarriages
Recent surgery/long distance travel
Family history

There will be no clues from the history if no one bothers 
to take a history in the rush to organize a brain CT or MRI.
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migraine, then the diagnosis should be considered par-
ticularly carefully and a structural intracranial (or ocu-
lar) lesion looked for again, or for the first time if brain 
imaging has not already been carried out (e.g. intracra-
nial tumor, chronic subdural hematoma, cerebral 
abscess). Under the age of 50 years, multiple sclerosis 
should also be considered. However, a priori, focal neu-
rological deficits that develop over hours, and even over 
1 or 2 days, in elderly patients are still more likely to have 
a vascular than a nonvascular cause because vascular 
causes are so much more common than conditions such 
as brain tumors. It is only when progression occurs over 
a longer period that the likelihood of a nonvascular cause 
(such as chronic subdural hematoma) starts to rise.

Precipitating factors
The exact activity and time of onset may both be impor-
tant. Anything to suggest a drop in cerebral perfusion or 
blood pressure may be relevant, as is any operative pro-
cedure. Trauma to the neck even if mild, as in the case of 
neck manipulation or hyperextension, is suggestive of 
arterial dissection as a stroke etiology. Recurrent attacks 
first thing in the morning or during exercise suggest 
hypoglycemia, which is easy to think of in a diabetic 
patient on hypoglycemic drugs but more difficult if there 
is a less obvious cause of hypoglycemia, such as the very 
rare insulinoma or drugs such as pentamidine. Onset 
during a Valsalva maneuvre (e.g. lifting a heavy object) 
suggests a low‐flow ischemic stroke or paradoxical 
embolism, and so sets off a search for deep venous 
thrombosis if there is evidence on echocardiography of a 
patent foramen ovale.

Headache
Headache at around the onset of ischemic stroke or 
TIA occurs in about 25% of patients, is usually mild 
and, if localized at all, tends to be related to the position 
of the brain/eye lesion. It is more common with verte-
brobasilar than carotid distribution ischemia, and less 
common with lacunar ischemia. Severe pain unilater-
ally in the head, face, neck, or eye at around or before 
the time of stroke onset is highly suggestive of carotid 
dissection, while vertebral dissection tends to cause 
unilateral or sometimes bilateral occipital pain. 
Migrainous stroke may be accompanied by headache 
and patients with cerebral autosomal dominant arterio-
pathy with subcortical infarcts and leukoencephalopa-
thy (CADASIL) usually have a history of migraine. In 
the context of the differential diagnosis of TIAs, 
migraine should be fairly obvious, unless there is no 
headache. It is important to note that vertebrobasilar 
ischemia may cause similar symptoms to migraine with 
headache, gradual onset of focal neurological symp-
toms and visual disturbance.

Although intracranial venous thrombosis usually 
causes either intracranial hypertension alone or a suba-
cute encephalopathy, a focal onset does occur and head-
ache (occurring in around 75% of patients) or concurrent 
parameningeal infections can be a clue. Stroke or TIA in 
the context of a patient who has had a headache for days 
or weeks previously must raise the possibility of giant‐
cell arteritis and other inflammatory vascular disorders. 
Pain in the jaw muscles with chewing, which resolves 
with rest, strongly suggests claudication, which is caused 
by external carotid artery disease as a result of giant‐cell 
arteritis far more often than atherothrombosis. Persistent 
encephalopathy and seizures in young patients lacking 
typical vascular risk factors should raise concern for 
atypical causes of stroke such as central nervous system 
vasculitis, infectious‐related vasculopathy, or mitochon-
drial disorders.

Epileptic seizures
Epileptic seizures, partial or generalized, within hours of 
stroke onset are distinctly unusual in adults (about 5%) 
and should lead to a reconsideration of nonstroke brain 
pathologies. They are rather more common in childhood 
stroke. They are more likely with hemorrhagic than 
ischemic strokes and if the infarct is extensive and 
involves the cerebral cortex. They are also likely with 
venous infarction (up to 40%) and mitochondrial disor-
ders. Partial motor seizures can be confused with limb‐
shaking TIAs, but the former are more clonic and the 
jerking spreads in a typical Jacksonian way from one 
body part to another and the latter are supposed never to 
involve the face. Very rarely, transient focal ischemia 
seems to cause just partial epileptic seizures, but proving 
a causal relationship is seldom possible. Interestingly, 
onset of idiopathic seizures late in life is an independent 
predictor of subsequent stroke [196].

Because the diagnosis of stroke may be wrong if a 
tumor on CT is misinterpreted as an infarct (contrast 
enhancement can look very similar in both), partial sei-
zures after a “stroke” should always be an indication to 
reexamine the diagnosis and reassess the imaging. Also, 
seizures in the presence of a history of a few days of 
malaise, headache, and fever should suggest encephalitis 
and the need for an electroencephalogram to show bilat-
eral diffuse rather than unilateral focal slow waves, and 
cerebrospinal fluid examination (raised white cell count, 
but this can also occur in stroke).

Malaise
Stroke in the context of a patient who has been generally 
unwell for days, weeks, or months suggests an inflamma-
tory arterial disorder, particularly giant‐cell arteritis, 
infective endocarditis, cardiac myxoma, cancer, throm-
botic thrombocytopenic purpura, or even sarcoidosis.
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Chest pain
Chest pain may suggest a recent myocardial infarction 
with complicating stroke; aortic dissection, particularly 
if the pain is also interscapular; and pleuritic pain sug-
gests pulmonary embolism and the possibility of para-
doxical embolism.

Vascular risk factors
Vascular risk factors and diseases should be sought. It is 
most unusual for an ischemic stroke or TIA to occur in 
someone with no vascular risk factors, unless they are 
very old, or are young with some unusual cause of stroke 
(Table  6.3). Heart disease of any sort may be relevant 
(source of embolism to the brain, dysrhythmias causing 
low‐flow ischemia, etc.) and cardiac symptoms should 
be specifically elicited in the history: angina, shortness of 
breath, palpitations, and so on.

Drugs and drug users
Drugs may well be relevant: oral contraceptives and 
 hormone replacement therapy in women; anything that 
lowers the blood pressure; hypoglycemic agents; and 
illicit drugs.

Injury
Any injury in the days and weeks before ischemic stroke 
or TIA onset is crucial information. A head injury might 
have caused a chronic subdural hematoma (highly 
unlikely if more than three months previously) although 
this should have been considered earlier at the stroke 
versus nonstroke stage. Of possible relevance is an injury 
to the neck in the hours, days, or even few weeks before 
onset, because this may cause carotid or vertebral dissec-
tion. After long bone fracture, fat embolism may cause a 
generalized encephalopathy, but occasionally there are 
additional focal features [197]. It is therefore essential to 
ask about any injury, strangulation, car crash, unusual 
yoga exercises, neck manipulation, and so forth, in any 
unexplained stroke (Table 6.2).

Self‐audible bruits
Pulsatile self‐audible bruits are rare. They can be differ-
entiated from tinnitus because they are in time with the 
pulse. They may be audible to the examiner on ausculta-
tion of the neck, orbit, or cranium. They are unlikely to be 
caused by carotid bifurcation atherothrombosis because 
the source of the sound is too far from the ear. They are 
much more likely to indicate distal internal carotid artery 
stenosis (due to dissection or, rarely, atherothrombosis), 
dural arteriovenous fistula near the petrous temporal bone, 
glomus tumor, caroticocavernous fistula, intracranial 
venous thrombosis, symptomatic and idiopathic intrac-
ranial hypertension, a loop in the internal carotid artery, 
or just heightened awareness of one’s own pulse [198].

Past medical history
Past medical history of inflammatory bowel disease, 
celiac disease, irradiation of the head and neck, cancer, 
or even homocystinuria may be important. Recurrent 
deep venous thrombosis (DVT) suggests thrombophilia, 
particularly if there is a family history, or the antiphos-
pholipid syndrome. Recurrent miscarriage is another 
feature of the antiphospholipid syndrome. Any reason 
for a recent DVT (e.g. a long cramped journey, admis-
sion to hospital for an acute medical disorder, or surgery) 
should raise the question of paradoxical embolism.

Previous strokes and/or transient ischemic attacks
Previous strokes and/or TIAs in different vascular terri-
tories are more likely with a proximal embolic source in 
the heart, or arch of the aorta, than with a single arterial 
lesion in the neck or head. Attacks going back months 
or more make some causes unlikely (e.g. infective endo-
carditis, arterial dissection).

Family history
There are several rare familial conditions that may be 
complicated by ischemic stroke and TIAs (Table  6.11). 
There is also increasing interest in complex genetic disor-
ders thought to be caused by multiple gene interactions, 
presumably influenced by environmental factors [199]. 
However, family history of stroke is only a modest risk fac-
tor for ischemic stroke. Moreover, much of the association 
appears to be secondary to hereditability of risk factors for 
stroke such as hypertension and diabetes [200]. On the 
other hand, these same risk factors are clearly influenced 
by the environment (for example, diets rich in fat and in 
salt tend to raise the plasma cholesterol and blood pres-
sure, respectively). Just how easy it will be to separate out 
shared genes from shared environment in a disease as 
common as stroke remains to be seen. Disentangling the 
interactions and working out the pathway from genotype 
to phenotype will be a monumental task.

6.7.7 Clues from the examination

Neurological examination
Neurological examination is primarily to localize the brain 
lesion; of course, in patients with TIAs, or those seen some 
days after a minor stroke, there will probably be no signs at 
all or minimal ones, though up to about one‐third of TIA 
patients will have DWI lesion. Occasionally, however, 

If a patient has, or has had, deep venous thrombosis in 
the legs, then consider paradoxical embolism to the 
brain, a familial clotting factor problem, or the antiphos-
pholipid syndrome.
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there may be a clue to the cause. A Horner syndrome ipsi-
lateral to a carotid distribution infarct (i.e. not as the result 
of a brainstem stroke, where it might be expected) sug-
gests dissection of the ICA or sometimes acute athero-
thrombotic carotid occlusion. Lower cranial nerve lesions 
ipsilateral to a hemispheric cerebral infarct can also occur 
in carotid dissection and, like Horner syndrome, are 
caused by stretching and bulging of the arterial wall in 
relation to the affected nerves, or ischemia. Ocular 
ischemia, as well as third, fourth, and sixth cranial nerve 
palsies – sometimes with orbital pain – has been described 

ipsilateral to acute ICA occlusion and stenosis, presuma-
bly caused by ischemia of the nerve trunks.

In a total anterior circulation infarct or brainstem 
stroke some drowsiness is expected, but with more 
restricted infarcts, consciousness is usually normal. 
Therefore if consciousness is impaired and yet the 
“stroke” itself seems mild, it is important to:

 ● reconsider the differential diagnosis (particularly 
chronic subdural hematoma);

 ● consider the diffuse encephalopathic disorders which 
have focal features and which may masquerade as 
stroke (e.g. cerebral vasculitis of some sort, endocar-
ditis, seizure disorder with Todd’s paralysis, intrac-
ranial venous thrombosis, mitochondrial disorders, 
thrombotic thrombocytopenic purpura, familial hemi-
plegic migraine, and Hashimoto’s encephalitis);

 ● remember that comorbidity, such as pneumonia, seda-
tive drugs, infection, and hypoglycemia, may all make 
the neurological deficit seem worse than it really is.

Eyes
The eyes may provide general clues to the cause of a 
stroke (e.g. diabetic or hypertensive retinopathy), or may 
reveal papilledema which would make the diagnosis of 
ischemic stroke, or even intracerebral hemorrhage, most 
unlikely. In addition, it is worth searching thoroughly for 
evidence of emboli, which are very often completely 
asymptomatic [201]:

 ● Fibrin–platelet emboli are dull greyish‐white amor-
phous plugs but are rarely observed, perhaps because 
they move through the retinal circulation and disperse; 
they suggest embolism from the heart or proximal 
sources of atherothrombosis.

 ● Cholesterol emboli quite often stick at arteriolar 
branching points, usually without obstructing the 
blood flow, and appear as glittering orange or yellow 
bodies reflecting the ophthalmoscope light; obvi-
ously  these strongly suggest embolization from 
 proximal atheromatous plaques, but they are often 
asymptomatic.

 ● “Calcific” retinal emboli appear as solid, white, and 
nonreflective bodies and tend to lodge near the edge of 
the optic disc; they suggest embolism from aortic or 
mitral valve calcification.

Table 6.11 Causes of familial stroke (including intracranial 
hemorrhage) and transient ischemic attack.

Connective tissue disorders
Ehlers–Danlos syndrome
Pseudoxanthoma elasticum
Marfan syndrome
Fibromuscular dysplasia
Familial mitral leaflet prolapse
Hematological disorders
Sickle cell disease
Antithrombin III deficiency
Protein C deficiency
Protein S deficiency
Plasminogen abnormality/deficiency
Hemophilia and other inherited coagulation factor deficiencies
Others
Familial hypercholesterolemia
Neurofibromatosis
Homocystinuria
Fabry disease
Tuberous sclerosis
Dutch and Icelandic cerebral amyloid angiopathy
Migraine
Familial cardiac myxoma
Familial cardiomyopathies
Mitochondrial diseases
CADASIL
CARASIL
Sneddon syndrome
Arteriovenous malformations
Cavernous malformations
Intracranial saccular aneurysms

CADASIL, cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy. CARASIL, cerebral autosomal 
recessive arteriopathy with subcortical infarcts and leukoencephalopathy.

If the neurological deficit is mild and yet the patient is 
drowsy, then consider chronic subdural hematoma, cer-
ebral vasculitis, nonbacterial thrombotic endocarditis, 
intracranial venous thrombosis, mitochondrial disorders, 
thrombotic thrombocytopenic purpura, sedative drugs, 
hypoglycemia, familial hemiplegic migraine, and comor-
bidity, such as pneumonia or other infections.
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Localized areas of periarteriolar sheathing, seen as 
opaque white obliteration of segments of the retinal 
arterioles, suggest embolism, usually cholesterol, in the 
past. Roth spots in the retina are very suggestive of 
infective endocarditis. Dislocated lenses should suggest 
Marfan syndrome or homocystinuria; angioid streaks 
in the retina suggest pseudoxanthoma elasticum; and in 
hyperviscosity syndromes there is a characteristic 
retinopathy.

Dilated episcleral vessels are a clue to abnormal anas-
tomoses between branches of the ECA and orbital 
branches of the ICA, distal to severe ICA disease. With 
very severe ICA disease, usually accompanied by severe 
disease of the ipsilateral ECA, the eye may occasionally 
become so ischemic that venous stasis retinopathy 
develops, although arterial disease does not invariably 
underlie this condition. Hemorrhages are scattered 
around the retina with microaneurysms, and the retinal 
veins are dilated and irregular. The retinal blood flow is 
extremely impaired, as demonstrated by lightly com-
pressing the eye with one finger while observing the 
fundus and noting collapse of the central retinal artery. 
With more extreme ischemia, ischemic oculopathy may 
develop with impaired visual acuity, eye pain, rubeosis 
of the iris (dilated blood vessels), fixed dilated pupil, 
“low pressure” glaucoma, cataract, and corneal edema. 
Preexisting raised intraocular pressure, i.e. glaucoma, 
makes the eye more susceptible to low blood flow and 
ischemia as a result.

Arterial pulses
It is always worth feeling both radial pulses simultane-
ously. Any inequality in timing or volume suggests sub-
clavian or innominate stenosis or occlusion, and this is 
further supported if there is an ipsilateral supraclavicular 
bruit or lower blood pressure in the arm with the weak or 
delayed pulse.

An elderly patient presented with a sudden left‐sided hemi-
paresis and no other symptoms. She had right carotid and 
supraclavicular bruits. Brain CT was normal. Three days 
later the duplex examination showed narrowing of the 
right common carotid artery which appeared to be caused 
by dissection of the aortic arch. Only then did she admit to 
some mild chest pain before the stroke. Unequal pulses and 
blood pressures were found in her upper limbs, and chest 
CT confirmed the aortic dissection. The lessons are that 
any pain in or around the chest may be relevant and should 
have been more thoroughly sought, and in all stroke 
patients both radial pulses must be felt routinely before, 
not after, arterial imaging.

The superficial temporal pulses should be easily felt 
and symmetrical. If there is unilateral absence or delay, 
this suggests ECA or CCA disease. Tenderness of any of 

the branches of the ECA (occipital, facial, superficial 
temporal) points toward giant‐cell arteritis. Tenderness 
of the carotid artery in the neck (i.e. the CCA) can occur 
in acute carotid occlusion but is more likely to be a sign 
of dissection, or possibly arteritis.

Absence of several neck and arm pulses in a young person 
suggests Takayasu arteritis. Other causes of widespread dis-
ease of the aortic arch are atheroma, giant‐cell arteritis, 
syphilis, subintimal fibrosis, arterial dissection, and trauma. 
Delayed or absent leg pulses suggest coarctation of the aorta 
or, much more commonly, peripheral vascular disease 
(PVD), which is very common in patients with TIA and 
ischemic stroke (Table 6.3) and may need treating in its 
own right. Furthermore, PVD is an important predictor 
of future serious vascular events (see Table 6.14). Obviously, 
any evidence of systemic embolism would direct the 
search toward a source of emboli in the heart.

Cervical bruits
Listening to the neck is a favorite occupation for inquisi-
tive physicians and can lead to some useful information 
(Figure  6.22). A localized bruit, occasionally palpable, 
over the carotid bifurcation (i.e. high up under the jaw) is 
predictive of some degree of carotid stenosis, but very 
tight stenosis (or occlusion) may not cause a bruit at all 
(Figure 6.23) (Table 6.12). Carotid bruit that is focal, high‐
pitched and of long duration is thought to represent 
underlying high‐grade carotid artery stenosis. External 
carotid stenosis can also cause a bruit in the same place.

Transmitted bruit
from the heart

Bruit from subclavian
artery, or vertebral
artery origin

Bruit from
carotid
bifurcation

Figure 6.22 The sites of various cervical bruits. Note that a bruit 
arising from the carotid bifurcation is high up under the angle of 
the jaw. Localized supraclavicular bruits are caused either by 
subclavian or vertebral origin artery stenosis.
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Bruits transmitted from the heart become attenuated 
as one listens further up the neck toward the angle of the 
jaw, thyroid bruits are bilateral and more obviously over 
the gland, a hyperdynamic circulation tends to cause a 
diffuse bruit, and venous hums are more continuous 
and  roaring, and are obliterated by light pressure over 
the ipsilateral jugular vein. An arterial bruit in the 
supraclavicular fossa suggests either subclavian or proxi-
mal vertebral arterial disease, but a transmitted bruit 
from aortic stenosis must also be considered. Up to 30% 

of the children and young adults have an innocent carotid 
or supraclavicular bruit. The mechanism of production 
is not fully understood but it may also be noted in 
patients with high cardiac output, severe anemia, 
decreased viscosity, and vascular malformations.

Cardiac examination
Cardiac examination is important, particularly to look 
for any cardiac source of embolism. Atrial fibrillation 
will already have been suspected from the radial pulse 
(i.e. irregularly irregular rate); left ventricular hypertro-
phy suggests hypertension or aortic stenosis, and most 
major cardiac sources of embolism are fairly obvious 
clinically (e.g. AF, mitral stenosis, prosthetic heart valve).

Fever
Fever is distinctly unusual in the first few hours after 
stroke onset. Any raised temperature at this time must 
therefore be taken seriously and endocarditis or other 
infections, inflammatory vascular disorders, deep 
venous thrombosis, or cardiac myxoma considered. 
Later on, fever is quite common and usually reflects 
some complication of the stroke.

Skin and nails
The skin and nails occasionally provide clues to the cause 
of ischemic stroke or TIA (Table 6.13).

6.8  Investigation

Investigations are mainly to help unravel the pathologi-
cal type of stroke and then to determine the pathogenesis 
of the cerebral insult, particularly a cause that will influ-
ence immediate or long‐term management. Investigation 
may also provide important prognostic information, e.g. 
severe carotid stenosis on ultrasound. In addition, the 
many patients who also have angina or other cardiac 
symptoms, claudication, or suspected aortic aneurysm 
may well need specific investigations directed at these 
problems with a view to appropriate treatment.
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Figure 6.23 The percentage of patients with a localized bruit over 
the symptomatic carotid bifurcation for various degrees of 
stenosis as estimated (using the European Carotid Surgery Trial 
method) from 298 carotid angiograms. Source: Adapted from 
Hankey and Warlow 1990 [226]. Reproduced with permission of 
BMJ Publishing.

Carotid bruits are neither sufficiently specific nor sensi-
tive to diagnose carotid stenosis severe enough to con-
sider surgery. Arterial imaging is needed.

Table 6.12 The source of neck bruits.

Carotid bifurcation arterial bruit
Internal carotid artery origin stenosis
External carotid artery origin stenosis

Supraclavicular arterial bruit
Subclavian artery stenosis
Vertebral artery origin stenosis
Can be normal in young adults

Diffuse neck bruit
Thyrotoxicosis
Hyperdynamic circulation (pregnancy, anemia, fever, 
hemodialysis)

Transmitted bruit from the heart and great vessels
Aortic stenosis/regurgitation
Mitral regurgitation
Patent ductus arteriosus
Coarctation of the aorta

Venous hum

Getting to the bottom of the cause of an ischemic stroke 
or transient ischemic attack requires much more than 
just neurological skills. Stroke medicine, like neurology, is 
part of general internal medicine. It is important there-
fore that doctors looking after stroke patients have a 
good general internal medical training.
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6.8.1 Routine investigations

Although there are no absolute rules, all patients with 
ischemic stroke/TIA, unless they are already heavily 
dependent or institutionalized, or have already been 
recently investigated for a previous event or some other 
problem, should have basic noninvasive first‐line investi-
gations within a few hours of presentation. None of these 
necessarily require hospital admission, although brain 
imaging does require attendance at hospital (Table 6.14). 
The chance of picking up a relevant abnormality (yield) 
may be very low for some tests – e.g. full blood count 
and  erythrocyte sedimentation rate (ESR) – but these 
are  cheap and the consequences of missing a treatable 
disorder, such as giant‐cell arteritis, are serious. There is 
a higher chance of picking up a treatable abnormality 
with the blood glucose, urine analysis, and electrocardio-
gram (ECG). Depending on the definition, many or even 
most patients are hypercholesterolemic; immediately 
after stroke, but probably not TIA, there is a transient fall 
in plasma cholesterol, which will underestimate the usual 
level [203]. If patients have the basic tests and if the 
results are read, written in the records and acted upon, 
this may well do more good than the inappropriate 
ordering of a huge range of further tests while missing 
some crucial clue from one of the routine investigations 
(such as an ESR of 100 mm in the first hour).

Table 6.14 First‐line investigations for ischemic stroke/transient 
ischemic attack [202)].

Investigation Disorders suggested

All patients
Noncontrast head 
CT of brain MRI
Blood glucose
Oxygen saturation
Urea and 
electrolytes
Full blood count 
and hemostatic 
studies

Markers of cardiac 
ischemia
ECG

Plasma cholesterol

Intracerebral hemorrhage, nonvascular 
intracranial mimic of stroke syndrome
Diabetes mellitus, hypoglycemia
Hypoxemia
Diuretic‐induced hypokalemia, renal 
failure, hyponatremia
Anemia, polycythemia, leukemia, 
thrombocythemia, heparin‐induced 
thrombocytopenia with thrombosis, 
infections
Myocardial infarction

Dysrhythmia, left ventricular hypertrophy, 
silent myocardial infarction
Hypercholesterolemia

Ideally, any investigation should be practical, feasible, 
accurate, safe, noninvasive, inexpensive and, most 
importantly, informative in the sense that the result (pos-
itive or negative, high or low, etc.) will influence patient 
management and outcome.

All patients should have a full blood count, erythrocyte 
sedimentation rate, plasma glucose, urea, electrolytes 
and cholesterol, urine analysis, and electrocardiogram. 
Most should also have a CT and/or MR brain scan.

Table 6.13 Clues to the cause of ischemic stroke/transient 
ischemic attack from examination of the skin and nails.

Finger‐clubbing Right‐to‐left intracardiac shunt
Cancer
Pulmonary arteriovenous 
malformation
Infective endocarditis
Inflammatory bowel disease

Janeway lesions and 
Osler nodes
Splinter hemorrhages

Infective endocarditis

Infective endocarditis
Cholesterol embolization syndrome
Vasculitis

Scleroderma Systemic sclerosis
Livedo reticularis Sneddon syndrome

Systemic lupus erythematosus
Polyarteritis nodosa
Cholesterol embolization syndrome

Lax skin Ehlers–Danlos syndrome
Pseudoxanthoma elasticum

Skin color Anemia
Polycythemia
Cyanosis (right‐to‐left intracardiac 
shunt, pulmonary arteriovenous 
malformation)

Porcelain‐white 
papules/scars

Kohlmeier–Degos disease

Skin scars Ehlers–Danlos syndrome
Petechiae/purpura/
bruising

Thrombotic thrombocytopenic 
purpura
Fat embolism
Cholesterol embolization syndrome
Ehlers–Danlos syndrome

Orogenital ulceration Behçet’s disease
Angiokeratomas Fabry disease
Rash Systemic lupus erythematosus

Tuberous sclerosis
Epidermal nevi Epidermal nevus syndrome
Café‐au‐lait patches Neurofibromatosis
Thrombosed 
superficial veins, 
needle marks

Intravenous drug users
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6.8.2 Second‐line investigations for selected 
patients

Second‐line investigations (Table  6.15) usually have a 
lower yield and are targeted on particular patients. The 

likelihood of a relevant result depends on the selection of 
patients for the investigation – a balance must be struck 
between over‐investigation (inconvenience, high cost, 
possibly high‐risk, low yield, false positive results leading 

Table 6.15 Second‐line investigations for selected ischemic stroke/transient ischemic attack patients.

Investigation Indications Possible disorders

Blood
Liver function Fever, malaise, raised ESR, suspected malignancy Giant‐cell arteritis and other inflammatory 

vascular disorders, infective endocarditis, 
nonbacterial thrombotic endocarditis

Calcium Recurrent focal neurological symptoms very rarely 
caused by hypercalcemia

Hypercalcemia

Thyroid function tests Atrial fibrillation Thyrotoxicosis
Activated partial 
thromboplastin time, dilute 
Russell’s viper time, antinuclear, 
other autoantibodies

Young (<50 years) and no other cause found, past or 
family history of venous thrombosis, especially if 
unusual sites (cerebral, mesenteric, hepatic veins), 
recurrent miscarriage, thrombocytopenia, cardiac 
valve vegetations, livedo reticularis, raised ESR, 
malaise, positive syphilis serology

Antiphospholipid syndrome, vasculitis, 
systemic lupus erythematosus

Serum proteins, serum protein 
electrophoresis, plasma 
viscosity

Raised ESR Paraproteinemias, nephrotic syndrome, 
cardiac myxoma

Hemoglobin electrophoresis Black patients Sickle cell disease and other 
hemoglobinopathies

Antiphospholipid‐antibodies, 
D‐dimer
Protein C and S, antithrombin 
III, activated protein C 
resistance, thrombin timea

Personal or family history of thrombosis (usually 
venous, particularly in unusual sites, such as hepatic 
vein) at unusually young age

Thrombophilias

Thrombin time and/or ecarin
clotting time

Blood cultures

Arterial blood gas

Erythrocyte sedimentation rate

Patients taking direct thrombin inhibitors

Fever, cardiac murmur, hematuria, deranged liver 
function, raised ESR, malaise, unexplained stroke
Abnormal O2 saturation, history, or suspected 
pulmonary process
Fever, arthralgia, cardiac murmur, stroke in the 
young, headache, encephalopathy

Cardioembolic stroke
Infective endocarditis
Hypoxemia, hypercarbia
Vasculitis, infections, nonbacterial 
thrombotic endocarditis

HIV serology Young (<40 years), drug addict, blood products/
transfusion, systemically unwell, lymphadenopathy, 
pneumonia, cytomegalovirus retinitis, etc.

HIV infection

Lipoprotein fractionation Raised plasma cholesterol or strong family history Hyperlipoproteinemia
Serum homocystine Marfanoid habitus, high myopia, dislocated lenses, 

osteoporosis, mental retardation, young patient
Homocystinuria

Leucocyte α‐galactosidase A Corneal opacities, cutaneous angiokeratomas, 
paresthesias and pain, renal failure

Fabry disease

Blood/CSF lactate Young patient, basal ganglia calcification, epilepsy, 
parieto‐occipital ischemia

Mitochondrial diseases

Serum fluorescent treponemal 
antibody absorption test

Positive screening serology tests Syphilis

Drug screen Young patient, no other obvious cause Cocaine/amphetamine etc.‐induced ischemic 
stroke

(Continued )
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to even more over‐investigation) and under‐investiga-
tion (low cost, low‐risk, high yield, but occasional missed 
diagnosis). This balance depends on the consequences of 
overlooking a particular diagnosis. For example, missing 

severe carotid stenosis would be harmful, because 
carotid endarterectomy reduces the risk of stroke, 
whereas missing the lupus anticoagulant whose rele-
vance is unknown, and where the effect of any treatment 

Table 6.15 (Continued)

Investigation Indications Possible disorders

Genetic analysis Familial stroke with periventricular changes on  
CT/MRI

CADASIL

Urine
Urinalysis
Amino acids

Suspected encephalopathy, renal disease
Marfanoid habitus, high myopia, dislocated lenses, 
osteoporosis, mental retardation, young patient

Urinary tract infection, sepsis, 
encephalopathy
Homocystinuria

Drug screen and blood alcohol 
level
Pregnancy test

Young patient, no other obvious cause

Young woman of childbearing age

Toxic encephalopathy, cocaine/amphetamine 
etc.‐induced ischemic stroke
Eclampsia, pre‐eclampsia, posterior 
reversible leukoencephalopathy, syndrome, 
peripartum cardiomyopathy, postpartum 
cerebral angiopathy, cerebral sinus venous 
thrombosis, amniotic fluid embolism

Imaging
Chest X‐ray Hypertension, finger‐clubbing, cardiac murmur or 

abnormal ECG, young patient, ill patient
Enlarged heart, pulmonary arteriovenous 
malformation, calcified heart valves, baseline 
in ill patients

Carotid ultrasound with a view 
to carotid surgery

Carotid TIA or mild ischemic stroke Extracranial carotid stenosis

MR angiography, CT 
angiography, or conventional 
cerebral angiography

Carotid ultrasound suggests severe stenosis of 
recently symptomatic internal carotid artery and 
patient fit and willing for surgery, suspected arterial 
dissection, arteriovenous malformation or aneurysm

Arterial dissection, arteriovenous 
malformation, carotid stenosis

Arch aortography (MR 
angiography)

Symptoms of subclavian steal and unequal brachial 
pulses and blood pressures

Subclavian or innominate stenosis

Cardiac
Echocardiography 
(transthoracic, transesophageal)

Young (<50 years), or clinical, ECG or chest X‐ray 
evidence of heart disease, likely to cause embolism, 
aortic arch dissection

Cardiac source of embolism, aortic arch 
atheroma or dissection

24‐hour ECG Palpitations or loss of consciousness during a 
suspected TIA, suspicious resting ECG

Intermittent atrial fibrillation or heart block

Others
Electroencephalogram Doubt about diagnosis of TIA or stroke: ?epilepsy, 

?generalized encephalopathy
Seizure disorder, structural brain lesion, 
encephalitis, diffuse encephalopathy caused 
by inflammatory vascular disorders, 
Creutzfeldt–Jakob disease

CSF Positive syphilis serology, young patient, ?infective 
endocarditis, possibility of multiple sclerosis

Vasculitis, syphilis, multiple sclerosis, 
infective endocarditis

Red cell mass Raised hematocrit Primary polycythemia
Temporal artery biopsy Older (>60 years), jaw claudication, headache, 

polymyalgia, malaise, anemia, raised ESR
Giant‐cell arteritis

Skin biopsy Familial stroke with typical changes on CT/MRI CADASIL
a Repeat to ensure persistently raised. Transient falls occur after stroke so any low level must be repeated and family members investigated.
CADASIL, cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy; CSF, cerebrospinal fluid; CT, 
computerized tomography; ECG, electrocardiogram; ESR, erythrocyte sedimentation rate; MRI, magnetic resonance imaging; TIA, transient 
ischemic attack.
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is uncertain, may be of little consequence. Also, the bal-
ance will be affected by a reasonable tendency to search 
particularly hard for a cause in an unusual case without 
any evidence of atherothromboembolism, SVD, or 
embolism from the heart.

The main indications for the second‐line investiga-
tions and the disorders likely to be detected are listed in 
Table 6.15. These are discussed in further detail in other 
sections of this chapter and in Chapter 7, although at this 
stage it will be helpful to discuss imaging the brain, cer-
ebral and coronary circulation, lumbar puncture and the 
electroencephalogram.

6.8.3 Imaging the brain

The development of brain and cerebral vessel imaging 
has advanced the management of acute stroke by provid-
ing information regarding the diagnosis and underlying 
cause of the stroke thus enabling treatment to be tar-
geted to a specific individual patient.

Computed tomography
Unenhanced computed tomography (CT) scanning of 
the brain should be a routine investigation for stroke. It is 
the key to distinguishing ischemic stroke from intracer-
ebral hemorrhage. This fundamental distinction deter-
mines the strategy for looking for the cause of a stroke; it 
is crucial in decisions about hemodynamic management 
and antihemostatic treatments, such as anticoagulants, 
aspirin, or thrombolysis; and it is also crucial in any later 
decision that may have to be made about carotid endar-
terectomy. CT has a limited but important role in exclud-
ing intracranial structural lesions that can occasionally 
present as a TIA or stroke. Some would argue that CT 
is  unnecessary in patients with a single suspected TIA 
because it cannot possibly confirm the clinical diagnosis 
but only rule out intracerebral hemorrhage, which 
has hardly ever been reported to cause focal symptoms 
lasting less than 24 hours although the sensitivity of CT 
for microbleeds is poor. Microbleeds are more likely to 
occur in the setting of long‐standing hypertension or 
cerebral amyloid angiopathy and are shown on gradient 
echo MRI (see later) and it is possible that increased use 
of this technique will show microbleeds as a cause of TIA 
(whether that will change their management remains to 
be seen). A structural brain lesion in a TIA patient, such 
as a subdural hematoma, is very unlikely unless the 
symptoms recur. But, as always, these arguments must 
be seen in the context of the availability, convenience, 
risk, and cost of the investigation under debate. All agree 
that transient monocular blindness is certainly one type 
of TIA where brain CT is not necessary because examin-
ing the eye clinically will exclude any structural cause of 
the symptoms.

A HCT done shortly after the onset of symptoms is 
likely to be normal and, therefore, has limited utility 
determining the cause of an ischemic event. It cannot be 
overemphasized that very early CT brain scanning is not 
to demonstrate infarcts, but to exclude hemorrhage. 
Within the first few hours of stroke onset, the main 
thrust of management – and indeed research into acute 
treatment – is to prevent the appearance of infarction on 
CT and so, one hopes, to reduce case fatality and disabil-
ity. There is therefore usually no need to delay CT in the 
hope that any infarct will become visible. If the CT shows 
no infarct and the localization of the stroke is unclear 
(for example, transient hemiparesis in a patient who does 
not attempt to speak could be caused by a cortical, inter-
nal capsule or pontine lesion), MRI, and DWI in particu-
lar, are much more sensitive than CT and should if 
possible be performed in preference to a repeat CT scan. 
MRI/MR venography will help where there is a possibil-
ity of venous rather than arterial infarction.

On the whole, a clinically definite stroke with a nor-
mal CT can be assumed to be caused by an infarct. The 
clinical syndrome is usually predictive enough of the site 
and size of the brain lesion, and so its likely cause, for 
routine management. Infarct localization in patients 
with periventricular low density (leukoaraiosis) may be 
very difficult using CT (or conventional MRI) since there 
are so many small and often asymptomatic infarcts, or 
so much cortical atrophy, that a small recently sympto-
matic infarct simply cannot be distinguished but DWI 
may show the acute lesion in these patients. DWI is par-
ticularly useful in patients presenting with transient 
symptoms or minor stroke.

Occasionally, on an unenhanced CT scan within hours 
of stroke onset, the middle cerebral or basilar artery is 
hyperdense, particularly if thin slices are obtained 
(Figure 6.24). This is caused by an acute embolus or in 
situ thrombosis in the arterial lumen. Although fairly spe-
cific for arterial occlusion, it is not sensitive enough to 
exclude it. If it is really necessary to know the pattern of 
intracranial arterial occlusion, then catheter angiography 
is needed, or possibly MR angiography, CT angiography, 
or transcranial Doppler sonography will do instead.

The CT scan can also show early ischemic changes 
including focal parenchymal hypodensity, loss of  

Very early CT brain scanning of stroke patients is mainly 
to exclude intracerebral hemorrhage and the occa-
sional structural lesion mimicking stroke, it is not to 
demonstrate infarcts although early ischemic change 
may be used to guide decisions regarding suitability for 
thrombolysis.
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grey‐white matter differentiation, effacement of the insu-
lar ribbon, and cortical swelling with sulcal effacement. 
These changes have been shown to predict response to 
thrombolytic treatment and to correlate with outcome 
and risk of hemorrhagic infarction (204].

If there is an anatomically relevant and recent infarct 
in a slightly inappropriate place for the clinical syndrome, 
it is probably best to follow the scan rather than the syn-
drome (i.e. the infarct is in the correct general area of the 
brain, such as an internal capsule lacunar infarct on CT/
MRI in a patient with a partial anterior circulation clini-
cal syndrome). It follows that repeat CT scanning, with 
or without intravenous contrast enhancement, is seldom 
necessary in the search for the cause of an ischemic 
event, but it may be needed if there is uncertainty that 
the patient has had a stroke at all, or even a TIA in some 
circumstances (but MRI is much more sensitive), or if 
the patient deteriorates.

Magnetic resonance imaging
MRI of the brain is more sensitive than CT. It displays 
smaller acute infarcts, especially in the brainstem and 
cerebellum, which appear hyperintense on DWI MR 
imaging and hypointense on apparent diffusion coeffi-
cient (ADC). Gradient echo MRI is also better than CT 
at demonstrating small amounts of blood (e.g. petechial 
hemorrhages at the borders of an infarct) although it is 
unclear whether this has any practical impact on stroke 
management (MRI may simply be demonstrating what is 
already suspected from postmortem studies). 
Unfortunately, MRI is less practical than CT in acutely 
ill, confused stroke patients.

Despite the superior sensitivity of MRI over CT, it is 
still possible to have the clinical syndrome of a stroke and 
yet no relevant and visible brain lesion, even with DWI, 
or at least any relevant lesion that can be differentiated 
from diffuse or multiple periventricular high‐signal areas 
[205].

Conventional MRI can provide additional information:

 ● for the most, the radiological appearance of the infarc-
tion may provide important information related to 
pathophysiology of the stroke;

 ● loss of flow void in a major cerebral vessel may provide 
direct information about exactly which artery (or vein) 
is blocked, and where;

The demonstration of the site and size of an infarct on 
brain imaging helps in determining the underlying cause 
of an ischemic stroke. DWI has greater sensitivity than CT 
or conventional MRI in acute stroke.(a)

(b)

Figure 6.24 (a) Hyperdense middle cerebral artery (arrow) on 
an unenhanced CT brain scan within hours of the onset of a 
total anterior circulation infarct. At this point the infarct is 
hardly visible. However, the next day (b) the large left 
hemisphere infarct is clearly visible and the hyperdense sign 
has vanished.
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 ● it may identify previous areas of silent ischemia;
 ● it may demonstrate asymptomatic microhemorrhages, 

which may influence the selection of antithrombotics, 
particularly in the elderly;

 ● it may be possible to visualize the widening of the arte-
rial wall and mural hematoma in arterial dissection so 
making invasive catheter angiography unnecessary;

 ● it may demonstrate arterial ectasia;
 ● it may demonstrate the typical periventricular 

changes of cerebral autosomal dominant arteriopathy 
with  subcortical infarcts and leukoencephalopathy 
(CADASIL); and

 ● it may elucidate surprises that cannot normally be 
seen on CT, such as the features of multiple sclerosis, 
which can be clinically confused with stroke in young 
adults, and small focal infarcts in the cerebellum in 
some patients with “isolated vertigo” who in previous 
times would have been diagnosed with “acute labyrin-
thitis,” because the less sensitive CT was normal.

DWI MR imaging is becoming increasingly important 
in the assessment of stroke since it is highly sensitive in 
acute stroke and is able to distinguish between acute and 
chronic infarction, unlike routine CT and other MRI 
sequences, although it should be noted that other condi-
tions such as seizure, encephalitis, and multiple sclerosis 
can all cause DWI changes. Thus, DWI can confirm that 
a new ischemic cerebrovascular event has occurred in a 
confused elderly patient with previous strokes, or in 
patients with nonspecific symptoms such as confusion 
or dizziness. Interobserver agreement is better for DWI 
than with conventional MRI but there appears to be a 
lower sensitivity for DWI in posterior circulation acute 
stroke, particularly where lesions are small and within 
the first 24 hours after symptom onset [206].

Identification of ischemic stroke subtype cannot reliably 
be made on the basis of clinical criteria and early CT alone 
and DWI shows localization in a different vascular terri-
tory from that initially suspected on the basis of clinical 
features and conventional MRI in around 18% of patients 
[207]. The presence of bilateral multiple acute infarcts on 
DWI suggests cardioembolism prompting further cardiac 
investigation, whereas one acute infarct with several old 
infarcts in the same vascular territory is more suggestive 
of a thromboembolic event in one arterial territory. 
Multiple recent infarcts in the anterior circulation of the 
same hemisphere suggest either critical carotid stenosis or 
proximal middle cerebral artery stenosis. Demonstration 
of posterior circulation infarction may prompt further 
assessment of the vertebrobasilar vessels. The presence of 
an acute DWI lesion in the anterior circulation in the 
absence of extracranial internal carotid stenosis may war-
rant imaging of the distal carotid and intracranial vessels.

Many patients with TIA or minor stroke delay seeking 
medical attention, and often there is a further delay before 
they are seen by specialist stroke services. In these 
patients, a clear history may be more difficult to obtain, 
clinical signs may have resolved, and it may be difficult to 
make a definite diagnosis of a cerebral ischemic event or 
to be certain of the vascular territory or territories 
involved. DWI is of particular use in this situation because 
it detects clinically appropriate ischemic lesions in a high 
proportion of minor stroke patients when scanned two 
weeks or more after their event. Interobserver agreement 
for identifying recent ischemic lesions in this patient 
group is much higher for DWI than for T2‐weighted 
scans and DWI provides useful information over and 
above T2‐imaging in about one‐third of patients, most 
commonly by increasing diagnostic certainty and by indi-
cating the vascular territory involved.

“Silent” – or unrecognized – cerebral infarction
Focal low‐density areas are often seen on CT (or MRI) in 
patients with TIA or stroke in areas of the brain that are 
clearly irrelevant to the presenting or any past clinical 
event; distal to asymptomatic carotid stenosis; in patients 
with CHD or AF; and even in apparently normal elderly 
people [208]. These asymptomatic lesions are usually small 
and deep, rather than large and cortical, and are often now 
termed nonspecific “white matter hyperintensities” on 
MRI [209]. The assumption is usually made, but without 
pathology verification, that the lesions are a result of previ-
ous subclinical infarction, or perhaps intracerebral hemor-
rhage, or that the patient had not recognized or had simply 
forgotten a previous symptomatic event. In a systematic 
review, “silent infarcts” were identified in approximately 
20% of the healthy elderly population [210]. Not surpris-
ingly, traditional vascular risk factors, including age, hyper-
tension, diabetes, cardiovascular disease, intima‐media 
thickness, carotid stenosis, and so on, have been associated 
with this condition. The prevalence varies enormously 
among series and depends on the precise definition of the 
radiological abnormality, the imaging technique used, how 
the patients were selected, how certain one can really be 
about the lack of previous neurological symptoms, whether 
the observer was blind to any presenting clinical syndrome, 
and the demographic characteristics of the patients. The 
prognostic value of silent ischemia has not been precisely 
defined but its presence has been associated with impaired 
cognitive abilities and with an increased risk of stroke 
[211]. Also, a very obvious and large cortical infarct, even 

The radiological appearance of the infarction provides 
important information related to pathophysiology of the 
stroke.
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without previous symptoms, might at least make one 
reconsider proximal sources of embolism to the brain.

6.8.4 Imaging the cerebral circulation

It would obviously be of interest to image the cerebral 
circulation repeatedly in everyone with an ischemic 
stroke or TIA to display which artery is blocked, how 
quickly recanalization occurs, and where any embolus 
may have originated. In practice, imaging the cerebral 
circulation must always be carefully directed to answer a 
relevant clinical question.

The main indications for imaging the cerebral circula-
tion are if the patient is a potential candidate for carotid 
surgery, the possibility of arterial dissection, patients with 
acute ischemic stroke (e.g. to demonstrate vessel occlu-

sion and thus consideration of recanalization), intracra-
nial sinus venous thrombosis, frequent vertebrobasilar 
TIAs, particularly with subclavian steal, stroke of uncer-
tain cause (e.g., to elucidate cerebral vasculitis) and 
large‐vessel intracranial stenosis with a view to possible 
endovascular intervention. New noninvasive techniques 
such as quantitative MRA, functional MRI, perfusion‐
weighted MR and single photon emission computed 
tomography (SPECT) obtained with or without challenge 
with a cerebrovascular dilator, such as acetazolamide, 
may assess hemodynamic status and predict stroke out-
come in individuals with flow‐limiting stenosis [212,213]. 
In addition, noninvasive quantitative magnetic resonance 
angiography can assess cerebral blood flow and pro-
vide valuable information in large‐vessel occlusive 
 disease (Figure 6.25) [214]. These imaging modalities are 
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Figure 6.25 (a) Cerebral blood flows obtained by quantitative magnetic resonance angiography in a patient with severe narrowing of the 
proximal left internal carotid artery. The flow in the left internal carotid artery and middle cerebral artery (MCA) are decreased compared 
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 considered investigational and further studies are needed 
before they are incorporated into clinical practice.

6.8.5 Carotid imaging

The risks and benefits of carotid endarterectomy are 
sometimes quite finely balanced and so it is essential that 
imaging the carotid bifurcation to help select patients for 
surgery is more or less completely risk‐free and accurate. 
The critical imaging question is “how severe is any steno-
sis at the origin of the internal carotid artery ipsilateral to 
the cerebral or ocular ischemia?” The “gold standard” is 
intra‐arterial selective catheter angiography. However, 
even this is not a perfect test without any interobserver 
variation, but it is reasonably reliable at the severe end of 
the stenosis spectrum where surgical decisions have to 
be made [215]. It is still the gold standard because it was 
the first way the whole of the anatomy of the cerebral 
circulation could be displayed; it has intuitive face valid-
ity; and, most importantly, it was the only accurate imag-
ing technique available when the large randomized trials 
of surgery were recruiting patients. Therefore, any crite-
rion for making the surgery versus no‐surgery decision 
based on the severity of the stenosis, and then applying 
the inferences from those trials to routine clinical prac-
tice, is implicitly based on catheter angiography. If this 
decision is now to be based on noninvasive measure-
ment of carotid stenosis, then it must be very certain that 
what is measured noninvasively can be “translated” to 
what would have been measured if catheter angiography 
had been performed.

Performing intra‐arterial catheter angiography in 
 everyone with a mild carotid ischemic event is clearly 
unacceptable because there is a risk, as well as a cost. 
Furthermore, less than 20% of these patients actually have 
severe carotid stenosis; even if only those with “cortical” 
rather than “lacunar” events are selected, the proportion 
is still less than 30%. The rest presumably have an unsus-
pected source of embolism in the heart; or an arterial 
embolic source which is not imaged, such as in the aortic 
arch and common carotid arteries; or intracranial SVD; 
or less severe carotid bifurcation disease which may still 
have been the source of embolism but is perhaps unlikely 
to be so again in the near future; or ischemia in the verte-
brobasilar distribution. Confining angiography to patients 
with a carotid bifurcation bruit will miss some patients 
with severe stenosis and still subject too many with lower 
degrees of stenosis to the risks, but with nothing to gain 
from carotid surgery. Nor will a combination of a cervical 
bruit with various clinical features do much better.

Catheter angiography
Catheter angiography is inconvenient, invasive, may be 
uncomfortable, costly, carries a risk and may require 
hospital admission, which may introduce unnecessary 

delay before carotid endarterectomy and so risk an 
avoidable stroke in the meantime (Figure  6.26). About 
2–4% of patients have a TIA or stroke – one‐quarter of 
them permanent – as a result of catheter angiography, 
probably more if the patient has severe carotid disease. 
TIAs and strokes complicating angiography occur 
because, first, the catheter tip dislodges atheromatous 
plaque or dissects the arterial wall during insertion, 
injection, or flushing; second, thrombus may form at the 
catheter tip or in blood contaminating the contrast‐con-
taining syringe; and, finally, exceptionally, as a result of 
the almost inevitable injection of some air [216]. In addi-
tion, there are systemic and allergic adverse effects of the 
contrast material, particularly during intravenous digital 
subtraction angiography where large quantities are used. 
Some patients develop a hematoma, aneurysm, or nerve 
injury at the site of arterial puncture (which is usually 
into the femoral artery in the groin), and the occasional 
patient develops de novo or has worsened symptoms of 
peripheral vascular disease in the leg distal to the punc-
ture site, sometimes even leading to amputation [216]. 
The cholesterol embolization syndrome is very rare, but 
it can be fatal. At expert, high‐volume conventional cer-
ebral angiography centers, risk of serious adverse events 
are generally low and within an acceptable range.

Figure 6.26 Anteroposterior view of a selective intra‐arterial 
digital subtraction catheter carotid angiogram showing stenosis 
(arrow) at the origin of the internal carotid artery which can be 
differentiated easily from the external carotid artery (arrowhead) 
because the former has no branches in the neck.
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Neither intravenous digital subtraction angiography 
(IVDSA) nor arch aortography is a satisfactory alterna-
tive to selective intra‐arterial angiography. So often the 
images are poor and stenoses impossible to measure 
(particularly with IVDSA), vessels may overlap, there is 
no accurate information about intracranial vessels and 
the techniques are not necessarily safer. All of these 
 factors combine to reduce the prognostic value of 
the degree of stenosis measured by nonselective angi-
ography. Even with selective angiography, there can 
be   difficulty in distinguishing occlusion from extreme 
 internal carotid artery stenosis, and then late views are 
needed to see contrast eventually passing up into the 
head (Figure 6.27).

Biplanar, but preferably triplanar, views of the carotid 
bifurcation are required to measure the degree of carotid 
stenosis accurately, i.e. to visualize the residual lumen 
without overlap of other vessels, to measure at the nar-
rowest point, and to compare with a suitable denomina-
tor to derive the percentage diameter stenosis. This is the 
measurement on which decisions concerning carotid 
endarterectomy have to be made because this is what the 
randomized controlled trials used. The residual lumen 

alone is unsatisfactory, because normal arteries vary in 
size between individuals and are larger in men than 
women, and there is also variation in the X‐ray magnifi-
cation factor between different centers. Area stenosis is 
impossible to measure on catheter angiograms.

There are three possible methods of measuring carotid 
stenosis on catheter angiograms (Figure  6.28): (i) that 
used in the North American Symptomatic Carotid 
Endarterectomy Trial (NASCET), (ii) that used in the 
European Carotid Surgery Trial (ECST), and (iii) the 
common carotid method. It is, however, quite possible 
for two observers to differ in their assessment of moder-
ate/severe stenosis by 20% [217]. Increasing stenosis 
measured by all three methods predicts equally well the 
risk of ipsilateral ischemic stroke and they are therefore 
all valid in this sense. Fortunately, it is easy to convert the 
measurement by one method to either of the other two 
because they are all linearly related, at least within the 
moderate and severe stenosis range. The ECST and com-
mon carotid method give essentially identical results and 
30%, 50%, and 70% by these methods equates to about 
50%, 70%, and 85% stenosis, respectively, by the NASCET 
method of measurement.

It might be imagined that irregularity of an athero-
thrombotic plaque on an angiogram suggests plaque 
ulceration, instability, complicating thrombosis and 
embolism, and therefore predicts what really matters, 
i.e. ipsilateral ischemic stroke. However, angiography 
tends to underestimate the ulceration observed by vas-
cular surgeons and pathologists. In fact, it is not clear 
what the gold standard of ulceration is supposed to be, 
either at postmortem or by imaging, and there is only 
moderate interobserver agreement in the angiographic 
diagnosis of “ulceration” as well as lack of data regarding 
the reproducibility of the classification of histological 
abnormalities. However, angiographic irregularity of a 
stenotic plaque does predict a higher risk of stroke espe-
cially at higher degrees of stenosis than if the plaque is 
smooth, given the same degree of stenosis and there is 
good correlation between catheter angiographic plaque 
morphology and histology when the latter is rigorously 
evaluated. What effect the angiographic demonstration 
of a “floating thrombus” has on the risk of stroke is 
unknown.

At present therefore the main angiographic criteria for 
the prediction of ipsilateral ischemic stroke are, despite 

Figure 6.27 Lateral view of selective catheter carotid angiogram 
showing almost complete occlusion of the internal carotid artery 
(arrow) with poor flow distal to the lesion (open arrows) and 
delayed filling of the carotid siphon. Normally the carotid siphon 
fills well before the branches of the external carotid artery.

The severity of any carotid stenosis must be measured as 
accurately as possible; guesswork is unacceptable.
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some interobserver variability, percentage diameter ste-
nosis, together with plaque irregularity/ulceration.

Duplex sonography
This technique combines real‐time ultrasound imaging 
to display the arterial anatomy with pulsed Doppler flow 
analysis at any point of interest in the vessel lumen 
(Figure 6.29). Its accuracy is enhanced and it is technically 

Figure 6.28 (a) Three methods of measuring percentage diameter 
stenosis at the origin of the internal carotid artery (ICA) in the 
neck. All use as the numerator the minimum residual lumen 
where the stenosis is most severe (A). However, the denominator 
differs. In the European Carotid Surgery Trial (ECST) method, it is 
an estimate (C) of the normal lumen diameter at the site of the 
stenosis (whether this is at the bifurcation, more distal in the ICA 
or in the distal common carotid artery). In the North American 
Symptomatic Carotid Endarterectomy Trial (NASCET) method, it is 
the diameter of the ICA lumen when it becomes normal and free 
of disease, usually well beyond the bulb (B), and in the cases of 
near occlusion of the ICA an arbitrary 95% stenosis is assigned. In 
the common carotid method, it is the diameter of the common 
carotid artery proximal to the bifurcation, where it is free of 
disease and the diameter is fairly constant (D). (b) An illustrative 
example from a carotid angiogram in which (A)–(D) correspond 
with the measurements described in (a) above. The stenosis 
measures 89% by the ECST method, 88% by the common carotid 
method, and 85% by the NASCET method.
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Figure 6.29 (a) Duplex sonography examination of the carotid 
artery to show a stenotic plaque (arrows) at the carotid bifucation. 
(b) Normal artery for comparison. In both, the head is to the left of 
the picture, the heart to the right. CCA, common carotid artery; 
ECA, external carotid artery; ICA, internal carotid artery.
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easier to carry out if the Doppler signals are color coded 
to show the direction of blood flow and its velocity. Power 
Doppler and intravenous echocontrast may also help. 
The degree of carotid luminal stenosis is calculated not 
only from the real‐time ultrasound image, which can be 
inaccurate when the lesion is echolucent or calcification 
scatters the ultrasound beam, but also from the blood 
flow velocities derived from the Doppler signal. If color 
Doppler is not available, but only grey‐scale duplex, it is 
usually helpful to first insonate the supraorbital artery 
with a simple continuous‐wave Doppler probe, because 
inward flow of blood strongly suggests severe ICA steno-
sis or occlusion, although not necessarily at the origin.

Although duplex sonography is noninvasive and widely 
available, there are some difficulties that any ultrasound 
service must acknowledge and deal with.

 ● It is very operator dependent and so requires skill, 
training, and considerable experience to be sure of 
accurate measurements of stenosis and the avoidance 
of pitfalls, such as confusing the external with the 
internal carotid artery.

 ● It may be difficult to interpret, particularly if there is 
plaque or periarterial calcification.

 ● It is not completely reliable in distinguishing very 
severe (>90%) stenosis (which is operable) from occlu-
sion (which is not), unless used and interpreted with 
very great care.

 ● It is not completely sensitive and specific for severe 
(70–99%) ICA stenosis.

 ● Different machines vary in their accuracy in measur-
ing carotid stenosis.

 ● It provides little information about the proximal arte-
rial anatomy, although this is seldom affected by dis-
ease or relevant to the surgeon, or about distal anatomy. 
Just how often the latter is a really important problem 
is not at all clear (e.g. the position of the upper limit of 
the stenotic lesion, intracranial stenosis, and asympto-
matic intracranial aneurysms).

As staff change and machines are updated, constant 
audit of the results against any subsequent catheter angi-
ography is essential, but this is becoming more and more 
impractical as fewer catheter angiograms are being per-
formed. Another problem is that the technique is still 
evolving and any conclusions about accuracy in measur-
ing the severity and character of carotid lesions can 
become dated, and must be applied in the context of the 
institution [218]. Unfortunately, the literature comparing 
the accuracy of ultrasound versus the gold standard of 
catheter angiography is bedevilled by poor epidemiolog-
ical and statistical methods and seldom conforms to 
standard guidelines for evaluating this kind of diagnostic 
test (Table 6.16) [219]. Nonetheless, with stringent qual-
ity control and confirmation of stenosis by an independent 

observer (see later), duplex sonography is now the most 
common way that carotid stenosis severe enough to war-
rant surgery is diagnosed.

There are no standard and commonly used definitions 
for the ultrasound appearance of plaques (soft, hard, cal-
cified, etc.) and there is also considerable variation in 
reporting between and even within the same observers 
at different times. Therefore, although unstable and 
ulcerated plaques are more likely to be symptomatic than 
stable plaques with fibrous caps, the ultrasound inaccu-
racy compromises any study of the relationship between 
plaque characteristics on duplex sonography and the risk 
of later stroke, and so the selection for carotid surgery.

Despite all these limitations, duplex sonography is a 
remarkably quick and simple investigation in experi-
enced hands, and it is neither unpleasant nor risky. 
Very rarely, the pressure of the Doppler probe on the 
carotid bifurcation can dislodge thrombus, or cause 
enough carotid sinus stimulation to lead to bradycardia 
or hypotension. The same conceivably applies to the 
various arterial compression maneuvres that may be 
carried out during transcranial Doppler or extracranial 
Doppler sonography, and any such compression should 
be avoided in patients who may have carotid bifurca-
tion disease.

Reliable duplex sonography in a laboratory with strin-
gent quality control, with any carotid stenosis confirmed 
by an independent observer, is now generally the best 
way to diagnose stenosis that is severe enough for 
carotid endarterectomy to be worthwhile.

Table 6.16 Methodological criteria for comparing a test 
for measuring carotid stenosis against the “gold standard” 
of intra‐arterial catheter angiography.

Prospective study design
Consecutive series of patients, or random sample
Adequate description of the study population
A spectrum of stenosis severity over the clinically relevant range
No exclusion of patients with poor images
Adequate details of the imaging techniques
Images assessed by one technique “blind” to the images of the 
other
Adequate detail of exactly how the stenosis is measured by 
both techniques
Proper statistical methodology for comparing continuous and 
discontinuous variables
Reproducibility of measurements reported (inter‐ and 
intraobserver reliability)
Appropriate sample size for adequate power
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CT angiography
This is a widely used method for imaging the carotid 
arteries and cerebral circulation [220]. It requires a large 
dose of intravenous contrast to outline the arterial lumen, 
there is X‐ray exposure, and may underestimate stenosis. 
However, CT angiography has a short acquisition time, 
provides a detailed view from the arch of the aorta to the 
cerebral arteries with multiple viewing angles and three‐
dimensional reconstruction, and allows the imaging of 
calcium deposits separately from the  vessel lumen out-
lined by the contrast (Figure  6.30) [221]. Furthermore, 
CT angiography can be combined with CT perfusion. 
This approach allows a rapid evaluation of cerebral perfu-
sion by generating maps of cerebral blood volume, cere-
bral blood flow, time to peak, and mean transient time.

Magnetic resonance angiography
Although noninvasive and safe, MRA alone, particularly 
non‐enhanced imaging (or “time‐of‐flight” imaging) is 
unlikely to be accurate enough in estimating carotid ste-
nosis, at least at the present stage of development [222]. 
The pictures are not always adequate to allow measure-
ment of the carotid stenosis (movement and swallowing 
artifacts are particular problems); the severity of the ste-
nosis tends to be overestimated; there may be a flow gap 

distal to a stenosis of as little as 60%, making precise ste-
nosis measurement impossible, and even in the posterior 
part of the carotid bulb, in both cases probably because of 
loss of laminar flow and increased residence times of the 
blood; irregularity/ulceration are not well seen; and severe 
stenosis can be confused with occlusion (Figure  6.31) 
[223]. However, image quality and reproducibility of 
measurement of stenosis are significantly improved 
with  contrast‐enhanced MRA [224]. So far, there have 
not been enough methodologically sound comparisons 
(Table  6.16) of MRA with catheter angiography [225]. 
The comparative studies that have been carried out have 
frequently been overtaken by changes in MR technology. 
Despite the limitations of MRA, its use is increasing as 
the role of MRI brain imaging in stroke expands.

Imaging of the internal carotid artery: advantages 
and disadvantages of noninvasive and invasive 
methods
The main advantage of noninvasive methods over 
 catheter angiography is there is no serious procedural 
risk, and they can usually be done very quickly. In fact the 
procedural risk may have been overestimated in the past. 
Although an early systematic review of prospective 
studies of the risks of catheter angiography in patients 

(a) (b)

Figure 6.30 CT angiogram of the carotid 
bifurcation. (a) Two‐dimensional 
reconstruction to show severe stenosis at 
the origin of the internal carotid artery 
(arrow) as well as areas of calcification of 
the distal common carotid artery 
(arrowheads). (b) Three‐dimensional 
reconstruction of the same artery to show 
the relationship with the cervical 
vertebrae. Common (open arrow), internal 
carotid stenosis (arrow), and external 
carotid arteries and branches 
(arrowheads).
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with cerebrovascular disease reported a 0.1% risk of death 
and a 1.0% risk of permanent neurological sequelae, more 
recent studies have reported lower risks in both academic 
centers and community hospitals [226,227]. Also it should 
be noted that most studies counted all strokes that 
occurred within 24 hours of angiography as procedural 
complications. Given that the risk of stroke shortly after 
presentation with symptomatic carotid  stenosis and prior 
to endarterectomy is about 0.5% per day, the excess risk of 
permanent neurological sequelae due to angiography in 
recently symptomatic patients may be less than 1.0%. 
Little is known, however, in terms of incidence and 
implications of silent cerebral ischemia associated with 
conventional angiography.

In contrast to pharmaceutical products, new diagnostic 
or imaging strategies are not subject to stringent regula-
tory control, and no standards are set for validation. Given 
that the available techniques of carotid imaging use com-
pletely different source data to estimate stenosis, that 
there is major variation in carotid bifurcation anatomy 
between individuals, and between the sexes, translation of 
measurements of stenosis from one technique to another 
is not at all straightforward. Although several hundred 
studies of carotid imaging have been published over the 
last two decades, most are undermined by poor design, 
inadequate sample size, and inappropriate analysis and 
presentation of data. Several studies have concluded 
that individual noninvasive methods could not substitute 
for catheter angiography as the sole pre‐endarterectomy 
imaging technique because of the frequency with which 
the degree of stenosis was  misclassified [228].

Given the major shortcomings of a Doppler ultrasound 
alone in selection of patients for endarterectomy, the 
combination of Doppler ultrasound with other noninva-
sive methods of imaging, usually MRA or CTA, has been 
studied. Inappropriate decisions in comparison with 
catheter angiography were reduced to less than 10% in 
patients in whom the results of Doppler ultrasound and 

MRA were concordant [229]. Catheter angiography is 
still required in the patients in whom Doppler ultra-
sound and MRA do not produce concordant results.

6.8.6 Vertebrobasilar transient 
ischemic attacks

Vertebrobasilar TIAs were thought for many years to be 
associated with a lower risk of stroke than carotid territory 
TIAs. However, recent work has shown that the risk of stroke 
is at least as high, and possibly higher in the first few weeks 
after the event [230]. It is not clear that vascular surgery has 
much to offer other than in the rather special situation of sub-
clavian steal. However, there are an increasing number of 
reports of angioplasty and stenting of atherothrombotic sten-
oses of the vertebral or proximal basilar arteries, but this 
remains investigational. MR or CT angiography are the most 
useful noninvasive methods of imaging the posterior circula-
tion, although catheter angiography is often still necessary to 
confirm or exclude significant stenosis.

Although asymptomatic subclavian steal is quite com-
mon (reversed vertebral artery flow detected by ultra-
sound or vertebral angiography), symptomatic subclavian 
steal is less common, presumably because collateral blood 
flow to the brainstem is enough to compensate for the 
reversed vertebral artery blood flow distal to ipsilateral 
subclavian stenosis or occlusion. The clinical syndrome is 
quite easily recognized by unequal blood pressures 
between the two arms, a supraclavicular bruit, and verte-
brobasilar TIAs, which may or may not be brought on by 
exercise of the arm ipsilateral to the subclavian stenosis 
or occlusion, so increasing blood flow down the vertebral 
artery from the brainstem to the arm muscles. It is only 
this sort of symptomatic patient who may require surgery 
and therefore who has to accept the risk of any preceding 
angiography. Innominate artery steal is even rarer, with 
retrograde vertebral artery flow distal to innominate 
rather than subclavian artery occlusion.

(a) (b)

Figure 6.31 (a) MR angiogram (three‐
dimensional time‐of‐flight) showing 
severe internal carotid stenosis. While the 
stenosis is clearly “severe,” it is not possible 
to measure its exact extent because of the 
“flow gap” (arrow) distal to the lesion. (b) 
On the other hand, catheter angiography 
shows the lesion clearly (arrow) so that a 
stenosis of 82% (by the European Carotid 
Surgery Trial or common carotid artery 
method) or 71% (by the North American 
Symptomatic Carotid Endarterectomy Trial 
method) can be measured. The marked 
irregularity of the surface of the stenosis is 
also clearly visible, whereas this feature 
was lost on the MRA.
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6.8.7 The diagnosis of cervical 
arterial dissection

Arterial dissection tends to heal and there is equipoise 
regarding use of anticoagulants or any other specific 
treatment. It is still often necessary to make a definitive 
diagnosis because this aborts unnecessary further inves-
tigation to look for the cause of an ischemic stroke or 
TIA; there may be medicolegal issues, such as litigation 
against some assailant or other person responsible for 
any trauma; the patient (and their life insurance com-
pany, employers, and so on) can be reassured that the 
risk of recurrence is low; and long‐term antithrombotic 
drugs and other conventional secondary prevention 
treatments may not be needed. The gold‐standard imag-
ing used to be catheter angiography because ultrasound 
and other noninvasive methods were neither specific nor 
sensitive enough to rely on [231]. However, there is a 
widespread consensus that cross‐sectional MRI includ-
ing T1‐weighted images with fat saturation, to show 
hematoma within the widened arterial wall, combined 
with MRA, is the safer and best option.

6.8.8 Vascular imaging in acute 
ischemic stroke

Vascular imaging in acute ischemic stroke or TIA 
allows the identification of patients with symptomatic 
extracranial atheromatous carotid stenosis that may 

benefit from carotid endarterectomy as well as those 
with flow limiting narrowing that may require cautious 
hemodynamic management. Other potential indica-
tions for angiography include suspicion of any of the 
following.

 ● Cervical arterial dissection.
 ● An aneurysm of the extra‐ or intracranial circulation 

large enough to contain thrombus which might embo-
lize to the brain or eye. This is very rare, but surgery 
may be required to clip or remove an aneurysm, or 
anticoagulation might be indicated.

 ● Fibromuscular dysplasia – although whether and how 
it should be treated is not at all clear.

 ● Cerebral vasculitis, which can be associated with bead-
ing and narrowing of cerebral arteries, although this is 
neither a specific nor sensitive feature. This diagnosis 
is better made by serological tests, extracranial tissue 
biopsy (renal, skin, etc.), or by meningeal/cortical 
biopsy, if clinically justifiable.

 ● Moyamoya syndrome is exceedingly rare and any 
treatment possibilities are severely limited.

6.8.9 Transcranial Doppler sonography

Transcranial Doppler sonography provides information 
on the velocity of blood flow and its direction in relation 
to the ultrasound probe, in the major intracranial arteries 
at the base of the brain, and so whether they are occluded 
or stenosed (Figure 6.32). It is noninvasive, repeatable on 

Anterior Cerebral Artery
(70–80 mm) Terminal Internal

Carotid Artery
(55–65 mm)

Transtemporal
window

Middle Cerebral Artery
(30–60 mm)

Basilar Artery
(80–120 mm)

Vertebral Artery
(60–79 mm)

Transforaminal
window

Figure 6.32 Transcranial Doppler sonography. The base of the skull looked at from above (eyes at the top of the diagram) to illustrate the 
transtemporal and the transforaminal cranial sonographic windows and typical waveforms obtained from the major intracranial arteries. 
The numbers in parenthesis denote the depth of insonation.
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demand, can be performed at the bedside, is not expen-
sive, and is not too difficult to perform accurately. It is 
very safe, although during tests involving compression of 
the carotid artery it is conceivable that emboli can be 
released from an underlying atheromatous plaque, and 
bradycardia can occur. However, the patient has to keep 
reasonably still; the examination can take as long as an 
hour; the skull is impervious to ultrasound in 5–10% of 
cases, more with increasing age and in females, but less if 
intravenous echocontrast is used; exact vessel identifica-
tion may be difficult, but color‐flow real‐time imaging 
makes this easier; spatial resolution is poor; diagnostic 
criteria vary; and the technique is not always accurate in 
comparison with cerebral catheter angiography [232,233].

Transcranial Doppler can detect silent embolic signals 
in patients with asymptomatic carotid artery stenosis, 
which has been shown to herald the occurrence of TIA 
or stroke [234]. It is also used for monitoring during 
carotid endarterectomy, the diagnosis of patent foramen 
ovale, risk stratification and treatment in sickle cell dis-
ease, and perhaps in helping define stroke risk there are 
four other possible indications: display of intracranial 
arterial occlusion and stenosis; assessment of cerebro-
vascular reactivity; and acceleration of clot lysis follow-
ing treatment with a thrombolytic agent in acute 
ischemic stroke [235].

Display of intracranial arterial occlusion 
and stenosis
Stenosis can be difficult to distinguish from hyperemia 
because both increase flow velocity, but transcranial 
Doppler can display occlusion of the MCA mainstem if 
not the branches, the anterior cerebral artery and, less 
easily, of the basilar and posterior cerebral arteries. It 
cannot demonstrate occlusion of smaller arteries that 
cannot be seen. However, at present, this information is 
of limited clinical relevance although it may aid in selec-
tion of patients for recanalization.

Emboli detection
What may become of more clinical relevance is the 
detection of emboli as high‐intensity transient signals on 
the sonogram, so‐called microembolic signals (MES) 
(Figure 6.33). Although the vast majority of MES appear 
to be asymptomatic, their detection may help in distin-
guishing cardiac and aortic arch from carotid emboli, 
because with the first two, emboli should be detected in 
several arterial distributions, whereas with the last in 
only the one arterial distribution distal to the supposed 
embolic source [236]. In addition, MES in patients with 
asymptomatic carotid artery stenosis has been associ-
ated with a higher risk of stroke or TIA and may be use-
ful in the early selection of patients who are likely to 
benefit from endarterectomy [234].

Assessment of cerebrovascular reactivity
Transcranial Doppler sonography can also be used to 
assess cerebrovascular reactivity, i.e. the capacity for 
intracranial vasodilatation in response to acetazolamide, 
carbon dioxide inhalation or breath‐holding, although 
these three methods do not always produce concordant 
results [237]. However, there is still debate about exactly 
how to standardize this test (what exactly is “abnormal”?) 
and it is not routinely used. It may even be important to 
recognize normal variation during the day. Interestingly, 
impaired reactivity may have some prognostic signifi-
cance for identifying individual patients at particularly 
high risk of stroke from among those with carotid steno-
sis and internal carotid artery occlusion, although the 
numbers studied have been small and the situation is 
not yet clear‐cut. With time, and presumably increasing 
 collateralization, any impairment of reactivity can return 
to normal.

6.8.10 Imaging the coronary circulation

Symptomatic CHD is very common in TIA and ischemic 
stroke patients; about one‐third have angina or have 
had a myocardial infarction (Table  6.3). It clearly 
requires the usual cardiological investigation and treat-
ment. In addition, a substantial proportion of patients 
without symptomatic CHD have evidence of subclinical 
coronary artery lesions, the exact figure depending on 
how intensively the patients are investigated. Therefore, 
it is hardly surprising that the future risk of serious cor-
onary events is high. However, the detection of asymp-
tomatic coronary artery disease does not at present 
influence the long‐term management of ischemic 

Figure 6.33 Transcranial Doppler signals from the middle cerebral 
artery. Arrow shows the high intensity microembolic signal (MES) 
of an embolus. Note that the embolic signal does not extend 
beyond the Doppler trace and is of higher intensity (brightness) 
than the rest of the Doppler signal. (Also reproduced in color in 
the plate section.)
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stroke/TIA patients because vascular risk factors will 
be treated and antithrombotic drugs and statins used 
anyway, and it is unknown whether coronary artery 
surgery/stenting has any impact on the long‐term prog-
nosis in this category of patient. There is no formal 
indication therefore for exercise ECG testing, thal-
lium‐201 dipyridamole scintigraphy or coronary angi-
ography, unless the patient has cardiac symptoms or 
other reasons, such as an abnormal resting ECG, to 
suggest coronary artery disease requiring surgical or 
endovascular treatment.

6.8.11 Lumbar puncture

Lumbar puncture is certainly not a routine investigation 
in acute stroke. It is of no use in differentiating intracer-
ebral hemorrhage from ischemic stroke although it still 
has an important place in CT scan‐negative sudden 
headache. It can be dangerous if there is an infarct or 
hematoma causing mass effect or obstruction to cere-
brospinal fluid (CSF) flow, and in patients taking antico-
agulant drugs it can be complicated by spinal hemorrhage. 
It is only useful if there is diagnostic doubt and a possibil-
ity of subarachnoid hemorrhage, encephalitis, meningi-
tis, multiple sclerosis, or central nervous system 
vasculitides is considered. Normally, there is no change 
in the CSF after acute ischemic stroke but there can be 
up to 100 white blood cells/mm3, more if there have been 
septic emboli to the brain.

6.8.12 Electroencephalogram

Infarcts, or hemorrhages, involving the cerebral cortex 
are likely to cause ipsilateral slowing of the EEG, but 
there are better clinical and imaging ways of distinguish-
ing them from deep lesions such as lacunar infarcts. If 
the diagnosis of stroke is unclear and encephalitis or 
some other generalized encephalopathy are possibilities, 
or even Creutzfeldt–Jakob disease, then a bilaterally 
abnormal EEG would weigh against stroke. Also, when 
there is confusion between stroke and epilepsy masquer-
ading as stroke, or epilepsy making an old stroke seem 
worse, focal seizure activity on the EEG is informative. 
An EEG may also help distinguish a TIA from focal epi-
lepsy but a routine EEG is not necessary.

6.8.13 Cost‐effectiveness

Wherever there is uncertainty, as there certainly is in how 
far to investigate stroke patients, there is always consider-
able variation in practice between and within coun-
tries – and doctors. Not everyone will agree with our views 
on the investigation of ischemic stroke/TIA patients. 
However, we must emphasize that the criteria for any 
investigation have nothing to do with scientific curiosity or 

financial profit, which can both so easily distort recom-
mendations. We are only interested if the result of an inves-
tigation is likely to influence the patient’s management in a 
useful way, without unacceptable risk, and potentially 
improve their outcome. What is meant by “unacceptable” 
must depend on the balance of the risk of investigation and 
the risk of not doing the investigation and so prejudicing a 
patient’s outcome; this balance will surely change as new 
and safer investigations are developed, and treatments 
improve. Thus, we are “minimalist” and should, as a result, 
be cost‐effective. On the other hand, those who are more 
aggressive in their treatments (in our view, very often rely-
ing on theory rather than evidence from randomized trials 
and meta‐analyses), would clearly regard our minimalist 
investigation strategy as sloppy and seriously lacking in 
detail, perhaps even negligent.

The debate about cost‐effectiveness should ideally 
concentrate on where the real money is (such as MR 
angiography) and not on inexpensive investigations 
(such as the erythrocyte sedimentation rate) which 
even if performed in extremely large numbers will 
have  a negligible impact on the overall investigation 
budget. Moreover, the cost of investigation must be 
seen within the context of the total hospital costs of 
stroke.

6.9  Identifying the three most 
common causes of ischemic stroke 
and transient ischemic attack

About 95% of ischemic strokes and TIAs are caused by 
atherothromboembolism, SVD, or embolism from the 
heart (Figure 6.1). The 5% comprising the rarities may or 
may not be reasonably obvious from the clinical history, 
examination, and routine first‐line investigations and 
should be looked for particularly assiduously, with fur-
ther appropriate investigations, where they are most 
likely to be present, i.e. in young and middle‐aged 
patients, or if there is no good evidence for one of three 
main causes of cerebral ischemia or any of the main 
stroke risk factors (hypertension, smoking, diabetes mel-
litus, AF, carotid bruit, and evidence of coronary or 
peripheral vascular disease) (Table 6.17). If there is the 
problem of two, three, or even four competing causes for 
cerebral ischemia in an individual patient then one must 
concentrate on the treatable. In the region of 10% of 

How far a patient is investigated for the cause of their 
stroke or transient ischemic attack depends on how the 
results of any investigation will influence treatment 
decisions.
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patients with ischemic stroke have evidence of both 
atherothrombosis and a cardiac source of embolism, 
while about two‐thirds of patients with an identifiable 
rare cause of cerebral ischemia also have one or more of 
the common vascular risk factors. Naturally, if a TIA 

patient definitely has giant‐cell arteritis then that should 
be treated, whether or not the patient also has hyperten-
sion and AF. As the giant‐cell arteritis comes under con-
trol, one should consider lowering the blood pressure, 
giving a statin and using anticoagulants or antiplatelet 
drugs as one might for primary prevention in people 
who have never had a stroke.

In the first minutes of medical contact after a stroke, 
all that is available diagnostically is the clinical syn-
drome but this can take one a long way toward estab-
lishing the cause, and then a CT brain scan is usually 
required to rule out cerebral hemorrhage. In the next 
few hours and days, during which further investiga-
tions can be carried out, a more precise idea of the 
cause may be formed which, although too late to influ-
ence any acute treatment, may modify further manage-
ment. The stroke clinical syndrome is not very helpful 
in deciding between more than one competing cause in 
an individual patient, although a lacunar event is 
unlikely to be caused by embolism from the heart, 
aorta, or carotid bifurcation, even if one or more of 
these embolic sources are present. Nonetheless, many 
physicians feel that severe carotid stenosis should be 
operated on, and patients with nonrheumatic AF 
should be prescribed anticoagulants, even if the patient 
has had a recent lacunar ischemic stroke since there is 
evidence of benefit.

Our guidelines to distinguish the three main causes of 
ischemic stroke/TIA are based on common sense and 
the scientific literature, as far as it goes, but have not and 
cannot be thoroughly validated, because there is no gold 
standard to define the cause in every case. Even for those 
who die, the postmortem can still leave uncertainties. 
Therefore, uncertainty must be accepted and, given the 
difficulty in defining a precise cause in an individual 
patient, it is not surprising that in many cases – depend-
ing on the diagnostic criteria and how far investigation is 
taken – no certain cause is found. However, in clinical 
practice, the exact cause is less important than deciding 
what to do next, if anything, i.e. would the result of a par-
ticular investigation, and knowing the cause of the stroke, 
influence the choice of treatment for this particular case? 
For example, one might not prescribe anticoagulants for 
a fibrillating patient with stroke who was an elderly alco-
holic given to falling over, but opt for aspirin instead.

Table 6.17 Stroke subtype and etiology in young adults aged 
18–45 years [238].

Total number
(total = 215) Percentage

Stroke subtype (n =
Large‐vessel atherosclerosis 4 2
Small‐vessel disease 14 7
Cardioembolism 100 47
Other determined etiology 74 34
Multiple etiologies 4 2
Undetermined 18 8
Incomplete evaluation 1 1

Stroke cause
Cardioembolic 100 47

PFO associated 76 35
Cardiomyopathy 10 4.7
Valvular heart disease 7 3.3
Fibroelastoma 3 1.4
Infective endocarditis 1 0.5
Myocardial infarction/left 
ventricular thrombus

2 0.9

Ventricular septal aneurysm 1 0.5
Noncardioembolic 74 34

Dissection 29 13.5
Reversible cerebral 
vasoconstriction syndrome

11 5.1

Moya‐moya disease 7 3.3
Hypercoagulable statea 6 2.8
Primary angiitis of the CNS 5 2.3
Drug‐induced stroke 5 2.3
Migrainous infarction 3 1.4
Antiphospholipid antibody 
syndrome

2 0.9

Thrombosed aneurysm 2 0.9
Hyperhomocysteinemia 1 0.45
Radiation arteriopathy 1 0.45
Essential thrombocytosis 1 0.45
Cancer 1 0.45

a Includes factor V Leiden mutation, protein S deficiency, and 
antithrombin III deficiency.

It is very difficult, and usually impossible, to be sure of 
the actual cause of an ischemic stroke or transient 
ischemic attack if several potential causes are present in 
the same individual, and sometimes even if only one is 
present.
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6.9.1 Atherothromboembolism

Although atherothromboembolism is the most common 
cause of ischemic stroke/TIA, about 50% of patients have 
other causes and so it must not be assumed that every 
stroke is caused by this admittedly common vascular dis-
order. More positive evidence, if possible, is required 
(Table 6.18). It is not realistic to be precise in every indi-
vidual, but there are some criteria that make athero-
thromboembolism more likely:

 ● a total or partial anterior circulation syndrome with-
out any cardiac embolic source;

 ● the presence of vascular risk factors, such as smoking, 
hyperlipidemia, and hypertension;

 ● absent or diminished pulses or vascular bruits, par-
ticularly over the symptomatic artery, together with 
duplex or angiogram‐confirmed stenosis;

 ● cholesterol emboli in the retina;
 ● boundary‐zone infarction on brain imaging;
 ● MR‐DWI showing multiple acute infarcts in the ante-

rior circulation territory of one hemisphere.

This problem is more difficult when dealing with ver-
tebrobasilar rather than carotid ischemia, because there 
are more causes. However, a large infarct in the cerebel-
lum or in the territory of the posterior cerebral artery is 
likely to be atherothromboembolic if there is no cardiac 
source of embolism.

Table 6.18 The strength of the evidence for the three main causes of ischemic stroke and transient ischemic attack in an individual 
patient based on clinical variables and investigations [239].

Atherothromboembolism
Definitely a potential cause Atherosclerotic stenosis of 70–99% in the intra‐ or extracranial arteries supplying the ischemic area 

evidenced by conventional angiography, CTA, MRA, or carotid Doppler
Any atherosclerotic stenosis <70% in the intra‐ or extracranial arteries supplying the ischemic area with 
attached luminal thrombus evidenced by conventional angiography, CTA, MRA, or carotid Doppler
Mobile thrombus in the aortic arch
Occlusion with imaging evidence of atherosclerosis in an intra‐ or extracranial artery supplying the 
ischemic area

Uncertain causality Atherosclerotic stenosis of 70–99% in the intra‐ or extracranial arteries supplying the ischemic area 
suspected based on carotid bruit or asymmetric blood pressure on both brachial arteries
Any atherosclerotic stenosis <70% in the intra‐ or extracranial arteries supplying the ischemic area with 
attached luminal thrombus suspected based on carotid bruit or asymmetric blood pressure on both 
brachial arteries
Aortic arch plaque >4 mm in thickness without a mobile component

Unlikely cause of the stroke Presence of intra‐ or extracranial artery plaque without stenosis
Aortic arch plaque <4 mm in thickness
Stenosis of any degree in a contralateral brain artery
History of myocardial infarction, coronary revascularization, or peripheral artery disease

Small‐vessel disease 
Definitely a potential cause Deep infarct on MRI or CT in the territory corresponding to symptoms and either

 ● one or several old lacunar infarcts in territories different from the index stroke
 ● leukoaraiosis on MRI or CT, microbleeds on MRI, dilatation of perivascular spaces on MRI or CT, or
 ● recent similar TIA

Uncertain causality Single, deep branch artery stroke or
Syndrome suggestive of deep infarct with no evidence of stroke on MRI or CT

Unlikely cause of the stroke Leukoaraiosis on MRI or CT, and microbleeds on MRI, and/or dilatation of perivascular spaces on MRI 
or CT, and one or more silent or chronic infarcts in territories different from the index stroke

Cardioembolism
Definitely a potential cause Demonstration of mitral stenosis, prosthetic heart valve, myocardial infarction within the past 4 weeks, 

mural thrombus in the left cavities, left ventricular aneurysm, sick sinus syndrome, permanent/
transient paroxysmal atrial fibrillation or flutter, ejection fraction <35%, endocarditis, intracardiac mass, 
PFO plus in situ thrombosis, and PFO plus concomitant PE or DVT preceding the brain infarction

Uncertain causality PFO and ASA, PFO and concomitant PE or DVT (but not preceding the brain infarction), spontaneous echo 
contrast, apical akinesia of the left ventricle and impaired ejection fraction but >35%, or only suggested by 
history of myocardial infarction, palpitations, multiple repeated brain infarcts on different vascular territories, 
or systemic infarction, or only suggested by radiological or autopsy demonstration of systemic infarction

Unlikely cause of the stroke One of the following: PFO, ASA, valvular strands, mitral annulus calcification, calcified aortic valve, 
nonapical akinesia of the left ventricle

ASA, atrial septal aneurysm; DVT, deep venous thrombosis; PE, pulmonary embolism; PFO, patent formane ovale; TIA, transient ischemic attack.
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If possible, it is worth making a positive diagnosis of 
atherothromboembolism because this stops the fruitless 
search for alternatives; it directs attention to defining the 
degree of any symptomatic carotid stenosis and therefore 
the need for carotid endarterectomy; it also emphasizes 
the control of vascular risk factors and the use of antiplate-
let drugs. It is impossible to be absolutely precise about 
whether an event was caused by acute arterial occlusion or 
low flow, or either mechanism at different times but, fortu-
nately, this difficulty seldom affects clinical management.

6.9.2 Intracranial small‐vessel disease

That an ischemic stroke or TIA was caused by intracra-
nial SVD is highly likely if the clinical syndrome is lacu-
nar – easier in stroke than TIA patients to be sure – and 
 particularly if there is no cardiac source of embolism 
clinically, no clinical or ultrasound evidence of arterial 
disease in the neck, and no reasonably obvious rare cause 
of stroke clinically or on the routine investigations 
(Table 6.17). It is very likely that there will be stroke risk 
factors but, apart from recent myocardial infarction and 
AF, these are about as likely as in atherothromboembolic 
ischemic stroke. From the management point of view, a 
positive diagnosis of SVD reduces the urgency for the 
detection of severe carotid stenosis which, if found, is 
difficult to interpret. Is it really caused by embolism or 
low flow (in which case carotid endarterectomy may be 
indicated) or is it “asymptomatic,” in which case it per-
haps should be left alone? Our view is that, even if the 
syndrome is lacunar, carotid endarterectomy might well 
be recommended, but only if the patient has severe 
carotid stenosis on the symptomatic side and other fac-
tors in favor of surgery, as perhaps for primary stroke 
prevention. We would be more likely to prescribe antico-
agulants for a lacunar patient in AF, even though the AF 
might not be relevant. At least we could reassure our-
selves that worthwhile primary stroke prevention is defi-
nitely achieved by anticoagulation in patients who are 
able to handle the treatment.

6.9.3 Embolism from the heart

The diagnosis of ischemic stroke or TIA caused by 
embolism from the heart should only be considered at all 
if there is an identifiable cardioembolic source, which is 
the case in about 20–30% of ischemic stroke/TIA patients 
(Table 6.4), a higher proportion in recent studies using 
transesophageal echocardiography. However, in perhaps 
one‐third the cardiac source is of uncertain relevance, 
because there is another, maybe more likely, cause of cer-
ebral ischemia, such as carotid stenosis.

Other than lacunar syndromes (which are seldom 
caused by cardiac embolism), the neurological and con-

ventional brain CT/MRI features of any cerebral ischemic 
event do not reliably distinguish a cardioembolic from 
some other cause of ischemic stroke. However, DWI may 
demonstrate several acute lesions in multiple arterial ter-
ritories suggesting a cardioembolic source (but also an 
aortic arch source). In fact, most cardiac lesions with a 
substantial embolic threat can be suspected, and even 
definitively diagnosed, by competent clinical examina-
tion, an ECG, and a chest X‐ray. In addition, transtho-
racic echocardiography may be indicated to refine the 
clinical diagnosis and guide the management of any 
suspected lesions (e.g. mitral stenosis, atrial myxoma). 
Transesophageal echocardiography, with intravenous 
echo contrast, is somewhat invasive, uncomfortable, 
occasionally risky (bronchospasm, hypoxia, angina, car-
diac dysrhythmias, vocal cord paresis, bacteremia, phar-
yngeal bleeding, esophageal laceration or perforation, 
and endocarditis) and sometimes difficult to perform in 
acute stroke [240]. However, it undoubtedly provides 
more information (e.g. patent foramen ovale, valvular 
vegetations, thrombus in the left atrium) and displays 
atheromatous plaques in at least part of the aortic arch 
(Table 6.19) [241]. None the less, routine transthoracic, 
and certainly routine transesophageal echocardiography 
without preceding transthoracic echocardiography, is 
not justifiable because the yield in unselected patients is 
extremely low, particularly in the crucial sense of chang-
ing management rather than collecting anatomical infor-
mation for no very obvious purpose other than research. 
Putting patients to inconvenience and risk in the search 
for a diagnosis that does not then lead on to a 
change – preferably evidence‐based – in their manage-
ment cannot be justified. Transthoracic and then – if 
necessary – transesophageal echocardiography may well 
help if a cardiac source of embolism is suspected on the 
basis of the history (past rheumatic fever, ischemic 
events in more than one vascular territory, etc.), cardiac 
examination (murmurs, etc.), ECG (atrial fibrillation, 
recent myocardial infarction), particularly if there is no 
reasonable alternative cause (such as severe carotid ste-
nosis, giant‐cell arteritis, etc.). Moreover, in young 
patients with no obvious cause of cerebral ischemia, it is 
justifiable to examine the heart in considerable detail, 
even as far as transesophageal echocardiography, 
because degenerative arterial disease is so rare in these 
patients [242].

The presence of intracardiac thrombus on echocardiogra-
phy does not necessarily mean that embolism has 
occurred, while the absence of intracardiac thrombus does 
not necessarily mean that embolism has not occurred. In 
either case, embolism may recur sooner or later.
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The decision on whether an identified potential 
embolic source in the heart was the cause of the 
ischemic stroke or TIA can be quite easy if most of 
the criteria in Table 6.17 are fulfilled; for example, if the 
patient is aged 30 years, has a mechanical prosthetic 
heart valve and no vascular disorder or risk factors. 
Also, some cardiac lesions are much more threatening 
causes of embolism than others (Table  6.4). On the 
other hand, it can be clinically impossible; for example, 
if the patient is a 70‐year‐old and has both AF and 
severe carotid stenosis ipsilateral to a single cortical 
infarct confirmed on DWI, when one might be tempted 
(correctly perhaps) to recommend anticoagulation as 
well as carotid endarterectomy. Some cardiac lesions 
are so common in the normal stroke‐free population 
(e.g. patent foramen ovale, mitral annulus calcification) 
that their relevance in an individual patient with 
ischemic stroke is unassessable without additional evi-
dence of embolism. One comes back to treating what is 

treatable (to prevent stroke recurrence), provided the 
risks are not thought to outweigh the potential benefits 
and the patient is prepared to accept the risk of treat-
ment, as well as the benefit. Whether emboli detection 
with transcranial Doppler becomes helpful in sorting 
out the origin of emboli remains to be seen, it is cer-
tainly not a routinely available investigation as yet.

Long‐term monitoring of the electrocardiogram
Several observational studies using long‐term cardiac 
monitoring have shown that the rate of paroxysmal AF in 
individuals with cryptogenic stroke ranges from 5% to 20% 
[244–246]. A direct comparison between studies is con-
founded by patient selection, length of monitoring, extent 
of investigations pertaining to identify alternative causes of 
cerebral embolism, and quantification of AF burden. What 
is clear is that the yield of AF detection increases with the 
length of cardiac monitoring. In the CRYSTAL‐AF study, 
patients with cryptogenic stroke were monitored for 
extended periods of time using an implantable cardiac 
device. In this study, the rates of AF were 8.9%, 12.4%, and 
30% after 6, 12, and 36 months of monitoring, respectively 
[247]. An unresolved question is which patients are candi-
dates for long‐term cardiac monitoring. In the Embrace 
study, more than 70% of the events of AF were asympto-
matic [248]. Thus, selecting patients for cardiac monitor-
ing based on classic signs and symptoms of AF may prove 
to be ineffective. The diagnostic yield increases with age 
and, probably, with some electrographic and blood find-
ings. However, these factors have not been properly inves-
tigated. The current general recommendation is for at least 
30 days of monitoring, particularly for patients with a sus-
pected embolic mechanism and unclear source [249]. If 
found, the next pertinent question is whether the dys-
rhythmia is the cause or the consequence of the stroke. 
Infarction of the insular cortex increases the risk of auto-
nomic dysregulation and leads to myocardial injury, elec-
trocardiographic changes, and cardiac dysrhythmias [250]. 
In addition, approximately 20% of strokes in patients with 
atrial fibrillation are noncardioembolic in origin, highlight-
ing that the detection of a cardiac dysrhythmia does not 
necessarily prove causation [251].

Long‐term cardiac monitoring is usually performed in 
patients in sinus rhythm with symptoms suggestive of 
transient global cerebral hypoperfusion (faintness, light-
headedness, diffuse weakness, etc.). Also in those who 
might have paroxysmal AF (history of palpitations or 

Table 6.19 Comparison of transthoracic versus transesophageal 
echocardiography for detecting potential cardiac sources 
of embolism.

Transthoracic 
echcocardiography preferred

Transesophageal 
echocardiography preferred

Left ventricular thrombusa Left atrial thrombusa

Left ventricular dyskinesis Left atrial appendage 
thrombusa

Mitral stenosis Spontaneous echo contrast
Mitral annulus calcification Intracardiac tumors
Aortic stenosis Atrial septal defectb

Atrial septal aneurysm
Patent foramen ovaleb

Mitral and aortic valve 
vegetations
Prosthetic heart valve 
malfunction
Aortic arch atherothrombosis/
dissection
Mitral leaflet prolapse

a The detection of intracardiac thrombus is not necessarily relevant, 
because not all thrombi embolize and the lack of intracardiac 
thrombus may not be relevant, either because it is too small to be 
detected or it has embolized already.
b A less invasive alternative is to inject air bubbles or other 
echocontrast material intravenously and, if there is a patent foramen 
ovale, they can be detected by transcranial Doppler sonography of the 
middle cerebral artery, particularly with a provocative Valsalva 
maneuvre. There is considerable variation in the methods and this 
influences the diagnostic sensitivity and specificity. It is also uncertain 
what size of shunt is “clinically relevant,” and some bubbles may pass 
to the brain through pulmonary rather than cardiac shunts [243].

If atrial fibrillation is found, it is pertinent to question 
whether the dysrhythmia is the cause or the conse-
quence of the stroke. The detection of a cardiac dys-
rhythmia does not necessarily prove causation.
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possibly irregular pulse, etc.) and present with focal neu-
rological deficits in the context of large‐artery occlusive 
disease. Long‐term cardiac monitoring is reasonable in 
patients with stroke of unknown origin after initial eval-
uation. Length of monitoring, significance of dysrhyth-
mias of short duration, and how the findings may 
influence immediate or long‐term management are fac-
tors to consider before ordering this test.

Venography
Ultrasound to detect DVT of the legs may be required in 
the rare case where paradoxical embolism is suspected. 
If negative, X‐ray venography of the legs or MR venogra-
phy of the pelvic veins is more sensitive [252]. Criteria to 
suspect paradoxical embolism include [253]:

 ● an ischemic event occurring in the context of a Valsalva 
maneuvre (lifting, straining, coughing, trumpet play-

ing, etc.), or anything else likely to increase right atrial 
pressure and so encourage blood flow from the right to 
left atrium;

 ● a patent foramen ovale or other septal defect identified 
with contrast echocardiography or transcranial 
Doppler sonography;

 ● echocardiographically visible clot in the right atrium 
or across the interatrial septum;

 ● a reason for DVT or pelvic venous thrombosis (e.g. 
recent surgery or lengthy travel); and,

 ● no other more likely cause.

However, these clues are far from specific and sensitive 
for the reliable diagnosis of paradoxical embolism in an 
individual patient [254]. Furthermore, any venography 
must be performed early (within 48 hours at most) 
because DVT is so common as a consequence of stroke, 
particularly in a paralyzed leg.
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7.1  Introduction

Stroke is a common disease and the usual risk factors 
and causes are frequently encountered in clinical prac-
tice. Stroke in older patients with vascular risk factors is 
often attributed to causes such as small‐vessel or lacu-
nar disease, atherosclerosis in the cervical or intracra-
nial neurovasculature, or embolism of thrombus from 
the heart or aortic arch. However, in most case series, up 
to 30% of strokes are of undetermined etiology, labeled 
as “cryptogenic” stroke, or attributed to an unusual 
cause. The challenge for the clinician is to distinguish 
the unusual case from the background of routine strokes 

that are seen daily in any busy neurology service. Adding 
to the clinical challenge is the fact that some of these 
rare causes may be seen only a few times per year or 
even per career.

This chapter deals with these “unusual” causes. The 
approach taken is to highlight clues in the history, on 
examination and on imaging, which should serve as “red 
flags” that something unusual may be underlying the 
patient’s presenting symptoms. These red flags, high-
lighted in tables and within the text, are intended to 
prompt the clinician to dig further with specific testing 
to uncover the unusual cause. It is worth mentioning that 
stroke is mostly a disease of the aged. As people age, risk 
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factors for stroke such as hypertension, diabetes melli-
tus, heart disease and atrial fibrillation, and hyperlipi-
demia become more prevalent. The stroke mechanisms 
that result from these risk factors therefore become more 
common. It follows that in the aged, as a proportion of 
strokes, the uncommon causes are underrepresented. 
Conversely, because stroke in a young person (generally 
aged <50 years) is infrequent, unusual mechanisms 
become more prevalent. An aggressive search for 
uncommon causes, particularly those for which specific 
preventative treatments are available, is therefore more 
likely to be rewarding in a younger patient than in an 
older person. Balanced against this, however, is the rec-
ognition that even the elderly can have rare disease. The 
“red flags” mentioned in the text may therefore be most 
helpful in the elderly as a way to target further testing.

Finally, it is important to distinguish stroke risk factors 
from stroke mechanism. For the purposes of this chapter, 
a stroke mechanism is the proximate cause of stroke; it is 
an answer to the questions: Why was this artery blocked? 
Where did this thrombus originate? Examples of stroke 
mechanisms include hemodynamic failure from cervical 
internal carotid stenosis, or atrial fibrillation (AF) with 
embolism of thrombus from the heart. A stroke risk fac-
tor is an underlying condition that predisposes patients 
to stroke. Risk factors lead to strokes via stroke mecha-
nisms. For example, hypertension (a stroke risk factor) 
can lead to coronary disease and ischemic damage to the 
conduction system of the heart, causing AF and cardi-
oembolic stroke. Here hypertension is the risk factor, but 
AF is the mechanism. It follows that patients can have 
risk factors but have an unknown mechanism (crypto-
genic stroke), or have a mechanism (AF) but no other 
underlying vascular risk factors. Of course, these con-
cepts are not mutually exclusive; many conditions are 
both risk factors and mechanisms.

In this chapter we divide the unusual causes of stroke 
into several subcategories including arterial injury; 
inflammatory vasculopathies and syndromes; congenital 
arteriopathies; hematological disorders; stroke as a result 
of systemic illnesses; genetic causes; and others. This 
division is more pedagogical than biological, but we 
believe it helps organize clinical thinking at the bedside.

7.2  Arterial injuries

7.2.1 Cervical arterial dissection

This entity is the most common determined cause of 
stroke in young adults. Recognition is becoming easier 
with the increased use of high‐resolution vascular imag-
ing with magnetic resonance angiography (MRA) and 
computerized tomography angiography (CTA). Arterial 

dissections are characterized by a tear in the lining of the 
artery, allowing blood to enter the arterial wall, creating 
a “false lumen.” The intima may be pushed inward into 
the lumen of the artery, narrowing or occluding the “true 
lumen” and leading to low flow, or, more commonly, 
embolism from thrombus in a region of stagnant blood 
flow distal to the occlusion [1]. It is unknown if throm-
bus can form as a result of the intimal tear itself and con-
sequent collagen exposure, in the absence of stagnant 
blood flow, although this seems likely. Dissections may 
be intracranial or extracranial (cervical) and may occur 
in the carotid or vertebral arteries [2, 3].

Cervical arterial dissections are considerably more 
common than intracranial dissections and their presen-
tations are different enough that they should be consid-
ered separately. Patients with acute dissection generally 
have severe headache or neck pain. Carotid dissection 
pain may be localized to the forehead, periorbital region, 
ipsilateral bridge of the nose, jaw, or neck. Cervical 
carotid artery dissections can be accompanied by a par-
tial Horner syndrome: ipsilateral miosis, ptosis, and a 
small area of anhydrosis over the eye. It is said that 
carotid dissections usually either bulge outward, causing 
Horner syndrome but no stroke, or inward, leading to 
stroke but no Horner syndrome [1]. However, both may 
occur. The pain of vertebral artery dissection is generally 
felt in the ipsilateral occiput and neck but occasionally 
can mimic the pain of occipital neuralgia. The pain usu-
ally comes on suddenly and may precede the stroke by 
hours, days, or rarely months. A history of inciting 
trauma can be elicited in about half of patients [4]. The 
trauma may be major and obvious, such as a major motor 
vehicle accident or a fall, but is more often surprisingly 
minimal. Chiropractic manipulations are associated with 
dissections, but in some cases the patient may have 
sought out a chiropractor because of the neck pain from 
the dissection. Patients have reported dissections after 
exceedingly minimal trauma such as sneezing, coughing, 
sexual activity, holding a phone in the neck, and other 
everyday activities. It is unclear why an activity that the 
patient has engaged in innumerable times might trigger 
a dissection once in a lifetime [4].

There are some underlying illnesses that predis-
pose patients to dissections. These include fibromuscu-
lar dysplasia, Ehlers–Danlos syndrome type IV, Marfan 
syndrome; alpha‐1 antitrypsin deficiency; autosomal 
dominant polycystic kidney disease, and osteogenesis 
imperfecta [2, 4]. Arterial dissection as the presenting 
syndrome for these conditions is rare, except for fibro-
muscular dysplasia. Ultrastructural analyses of skin biop-
sies in patients with dissections have variably disclosed 
connective tissue abnormalities in some studies [5]. 
There is some evidence that dissections may be sympto-
matic of a transient systemic vasculopathy of unknown 
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cause, with evidence of vascular changes in clinically 
uninvolved temporal arteries; these changes have not 
been present in the same patient months later [6]. 
Reproduction of these findings could help explain why 
dissections tend to cluster in time in the same patient.

Besides pain, the severity of the presenting symptoms 
depends entirely on stroke size and location. Carotid 
dissections may be angiographically minor but cause 
devastating MCA occlusions due to embolism; or lead to 
complete carotid occlusion but not cause any ischemic 
stroke at all. The same is true of vertebral artery occlu-
sions; in the posterior circulation, lateral medullary 
infarction is the single most common stroke, but the 
range of strokes run from trivial to embolic basilar artery 
occlusion. Cranial neuropathies, especially the hypo-
glossal nerve, may also result from carotid dissection 
either due to ischemia or direct compression by the 
enlarged arterial wall in the neck [7–9].

Diagnosis rests on a high index of suspicion in young 
patients, particularly those reporting headaches, neck 
pain, or trauma antedating the onset of cerebral ischemic 
symptoms. Vascular ultrasound may be useful for occlu-
sive carotid dissection. However, most carotid dissec-
tions occur in the high cervical portion of the artery, a 
region not well imaged by ultrasound. Vascular imaging 
with CTA or MRA may disclose an irregularity or flame‐
shaped tapered occlusion of the internal carotid or verte-
bral anywhere along its course; carotid dissections are 
usually contained by the bony carotid canal and do not 
tend to extend intracranially, whereas vertebral artery 
dissections may more easily do so. Axial imaging with T1 
fat‐saturated MRI often discloses a ring of bright hemo-
siderin around the carotid, which confirms the diagnosis 
(Figure 7.1). Patients who present with otherwise unre-
markable complaints of acute onset neck pain turn out to 
have vertebral artery dissections when studied with ded-
icated imaging. This raises the possibility that many or 
even most dissections do not lead to stroke [10–12].

Treatment of cervical carotid and vertebral artery dis-
section remains controversial. In the hyperacute phase, 
there is no evidence that the presence of a cervical artery 
dissection raises the risk of complications from intrave-
nous thrombolytic therapy, and some case reports sug-
gest the opposite [13]. Thereafter, opinions differ on the 

utility of antiplatelet therapy compared with anticoagu-
lation. The CADISS trial suggested no difference in 
 preventing stroke or death between antiplatelet and anti-
coagulation agents in patients with symptomatic carotid 
and vertebral artery dissections [14]. In the setting of a 
large area of acute infarction (>1/3 of the MCA territory, 
for example) the risk of hemorrhagic transformation 
probably outweighs any theoretical benefit of anticoagu-
lation. For smaller infarcts or TIAs, current guidelines 
recommend either class of agent. Both retrospective and 
prospective studies have all failed to show any difference 
between aspirin and warfarin, and have uniformly sug-
gested that the risk of recurrent stroke may be extremely 
low [14, 15]. In North America, most neurologists tend 
to favor anticoagulation [16], but there is no evidence for 
the superiority of this approach. Endovascular or surgi-
cal options are reserved for the rare patient who has a 
stroke despite reasonable medical therapy, regardless of 
the appearance of the artery. Arterial stenting may be 
considered particularly if recurrent ischemia occurs in 
setting of flow failure; artery sacrifice with coil ligation 
may be considered in recurrent stump embolus from an 
occlusive dissection [17, 18].

Long term, about half of arteries return to a normal 
appearance on follow‐up imaging by six months; most of 
the angiographic recovery takes place sooner. However, 
the risk of stroke beyond the first few weeks seems to 
remain low regardless of the angiographic appearance of 
the artery. In those patients who are treated with antico-
agulation, 3–6 months seems reasonable. The novel or 
direct oral anticoagulants (dabigatran, rivaroxaban, 
apixaban) may offer advantages over warfarin for these 
often young, otherwise active patients, though their 
safety and efficacy for treatment of cervical artery dis-
sections have not been systematically studied.

Patients occasionally develop an aneurysmal out-
pouching of either the cervical vertebral or carotid 
artery as the result of a dissection. These lesions almost 
never rupture, and only rarely serve as a source of embo-
lism [19]. Unless they cause mass effect on local struc-
tures, rapidly enlarge on serial imaging, or embolize 
despite medical therapy, they do not otherwise require 
intervention [20].

Since the mechanism of dissection is independent of 
the risks of atherothrombosis, there is little rationale for 
initiating treatment with antihypertensive or choles-
terol‐lowering drugs, of for continuing antiplatelet treat-
ment beyond six months.

What to tell the patient:

1) The risk of stroke on either an antiplatelet agent or 
anticoagulant is low.

2) Either treatment is reasonable based on currently 
available data.

RED FLAG!

For cervical artery dissection: neck, jaw, head, or occipi-
tal pain ipsilateral to the stroke for hours to days prior to 
stroke onset; major or minor trauma; underlying con-
nective tissue disorders; Horner syndrome in carotid 
dissection.
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(a)

(c)

(b)

Figure 7.1 (a) Carotid dissection on catheter angiography. The flame‐shaped elongated tapered occlusion (arrow) is characteristic for 
dissection. In contrast to atherosclerotic disease, the stenosis or occlusion typically occurs distal to the carotid bifurcation. (b) Carotid 
dissection on MRA. Postcontrast MRA showing a dissection causing occlusive flamed‐shaped tapered occlusion (arrow) of the right 
cervical internal carotid artery. (c) Carotid dissection on MRA. Axial MRA with fat‐saturation technique shows crescrentic intrinsically T1 
hyperintensity (arrow) consistent with mural hematoma in a high cervical right internal carotid dissection, causing stenosis of the true 
carotid lumen (arrow). 
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3) A repeat vascular image in three months is reasonable 
but not essential. Many arteries heal and look normal, 
but even if they do not, the risk of stroke long term is 
quite low. It is not clear what action an abnormal 
artery seen at repeat imaging should provoke.

4) Given a very low risk of stroke recurrence, there is no 
evidence to suggest that patients should seek to avoid 
“normal” activities that place strain on the neck, 
although it would be prudent to avoid excessive neck 
flexion or extension.

7.2.2 Intracranial dissections

Intracranial dissections occur less frequently than cervi-
cal artery dissections. The usual cause is major trauma, 
but they occasionally occur spontaneously or as a result 
of intracranial rostral extension of a cervical vertebral 
artery dissection. Cervical carotid dissections can be 
confined by the bony carotid canal at the skull base. 
Intracranial dissections may extend outside the thin 
or  absent adventitia of the intracranial vasculature, 
resulting in aneurysm formation and/or subarach-
noid hemorrhage [21–23]. In these circumstances, vessel 
reconstruction by either endovascular or microsurgical 
approaches are reasonable. Dissections that extend 
intraluminally usually cause vessel stenosis or occlusion 
and ischemia is a greater risk [24]. One large case series 
suggested that these patients may be safely anticoagu-
lated, but the efficacy of anticoagulation versus anti-
platelet therapy has not been established [25]. Either 
therapy is reasonable. Patients with intracranial dissec-
tions might reasonably undergo interval noninvasive 
vascular imaging (MRA or CTA) at 6 or 12 months to 
rule out the late development of an aneurysm.

7.2.3 Penetrating injuries to cervicocephalic 
vessels

These injuries may cause dissections, aneurysms, or 
occasionally catastrophic carotid rupture. The latter 
mandates immediate surgical therapy in most cases. A 
bullet can cause internal carotid artery transection with-
out bleeding; presumably the associated heat cauterizes 
the artery as it passes through. Stump embolism from 
the occluded distal segment has been reported [26].

With the increasing availability of accurate noninva-
sive vascular imaging, dissections or arterial compres-
sion from bone fragments in the setting of cervical spine 
fractures or basilar skull fractures are frequently diag-
nosed. Many of these are unassociated with stroke, and 
the best management for these lesions is unknown. The 
natural history is relatively benign for these lesions and 
medical therapy (antiplatelet or anticoagulant therapy) is 
typically first‐line therapy. Since these tend to occur in 

the setting of major systemic trauma, consultation with 
the entire team caring for the patient is required before 
initiation of any antithrombotic therapy [26].

7.2.4 “Bow Hunter” syndrome

This syndrome consists of the occurrence of posterior 
circulation ischemic symptoms upon neck rotation, due 
to compression of one or both vertebral arteries by 
arthritic vertebral bony spurs. The diagnosis can be con-
firmed by dynamic angiography, in which the patient 
carries out provocative maneuvers during a catheter 
angiogram, with demonstration of arterial compression 
dependent upon head rotation. Occasionally transcra-
nial Doppler may show decreased velocity in the proxi-
mal basilar artery with provocative maneuvers. Ruling 
out more mundane peripheral cause of vertigo (if this is 
the only symptom) is important prior to embarking on 
surgical decompression of the relevant artery [27–29]. 
Indeed, isolated vertigo is unlikely to be the only conse-
quence of posterior circulation ischemia.

7.2.5 Fibrocartilaginous embolism

This rare and contentious syndrome is presumed due to 
the sudden intrusion into the spinal or vertebral circula-
tion of extruded cervical disc material. Patients com-
plain of sudden onset neck pain with the rapid onset of 
spinal cord ischemic symptoms such as para‐ or quadri-
plegia, and loss of anterior spinal territory sensations 
(temperature and pin) with relative sparing of posterior 
circulation sensation (vibration). MRI shows spinal cord 
infarction, but this may not be visible until several days 
after onset. There is no way to definitively establish this 
diagnosis short of tissue confirmation at surgery (rarely 
warranted) or autopsy. Treatment is supportive, and 
recovery is usually incomplete. The differential diagno-
sis includes viral, postviral, and autoimmune myelopa-
thies, as well as spinal cord compression by an extrinsic 
mass, and spinal cord hemorrhage from an AVM or AV 
fistula [30, 31].

7.2.6 Aortic dissection

Aortic dissections involving the arch may cause cerebral 
stroke in two ways. First, the dissection may occlude the 
great vessels coming off the arch, leading to global or 
focal brain ischemia. Second, aortic dissections may 
lead to profound hypotension and hypoxic ischemic 
encephalopathy [32]. Management should involve vas-
cular and thoracic surgeons. Abdominal aortic dissec-
tions may occlude the radicular arteries, including the 
artery of Adamkiewicz, leading to an anterior spinal 
artery infarction, usually in the circulatory border zone 
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in the mid‐thoracic region. This may also occur as the 
result of surgery on an abdominal aortic aneurysm. 
Neurosurgeons may place a lumbar drain for 24 hours 
on the theory that lowering intrathecal pressure will 
increase spinal perfusion pressure [33], but this approach 
has not been validated in clinical trials.

7.2.7 Embolism from aneurysms

As discussed earlier, cervical dissections can lead to 
aneurysms that may thrombose. Cervical aneurysms of 
this type almost never rupture, but they may be the 
source for distal thromboembolism. Stenting across 
the orifice of the aneurysm, or placing coils within the 
aneurysm to exclude it from the parent artery is often 
an effective therapy. More troublesome is the situation 
of a dramatically enlarged, partially thrombosed fusi-
form dilatation of the basilar artery [34, 35]. These mas-
sively enlarged arteries may exert dramatic mass effect 
upon the pons. Patients face the competing risks of 
aneurysm enlargement and catastrophic rupture on one 
hand, and complete thrombosis of the involved segment 
with the consequences of basilar occlusion on the other. 
There is no standard treatment strategy. One approach, 
not validated by clinical trials, is to place stents in the 
lumen of the involved artery to decrease access of clot 
to the circulation [36].

7.3  Autoimmune diseases 
and systemic vasculopathies

7.3.1 Systemic lupus erythematosis (SLE)

SLE may cause ischemic stroke in several ways. First, 
patients with active SLE may form sterile vegetations on 
heart valves (usually the mitral valve) causing Libman‐
Sacks endocarditis that serves as a source of brain 
embolism. These small vegetations may be invisible on 
echocardiography [37, 38]. Second, SLE is associated 
with the presence of prothrombotic autoantibodies 
known generally as anticardiolipin antibodies, as well as 
the lupus anticoagulant [39]. These antibodies may 
rarely cause arterial occlusions, but also are associated 
with an increased risk of cerebral venous sinus throm-
bosis [39] and of peripheral venous thrombosis with 
paradoxical embolism. Third, the inflammatory state 
induced by SLE leads to accelerated atherosclerosis, 
possibly exacerbated by diabetes mellitus induced by the 
chronic use of steroids [40]. Finally, there is a rare CNS 
vasculitis associated with SLE. The latter is often dis-
cussed in this context, but is by far the rarest of the SLE 
stroke mechanisms [41].

SLE should be suspected in any young stroke patient 
[42]. A careful history is usually a better screening tool 

than a panel of laboratory markers, as the latter may gen-
erate false positives. It is important to inquire after, and 
look for on exam, unusual joint pain or swelling, fever, 
general malaise, rash (either livedo reticularis or malar 
rash), photosensitivity, weight loss, recurrent miscar-
riages, or other unexplained health complaints [43–46]. 
The presence of any of those in a young, particularly 
female, patient should then prompt more detailed testing 
and rheumatological evaluation [47, 48].

Laboratory studies should be interpreted cautiously. 
Otherwise healthy patients may have a mildly elevated 
antinuclear antibody, so in isolation this test does not 
establish any diagnosis; when positive more specific test-
ing is indicated. In active SLE the erythrocyte sedimenta-
tion rate (ESR) is usually quite elevated, and renal 
function may be impaired [39]. Screening for LAC and 
ACL antibodies (see later) should be carried out. In the 
setting of headache and stroke, lumbar puncture may 
reveal nonspecific indicators of inflammation (elevated 
protein or cell count) that suggest vasculitis; detailed 
cardiac imaging looking for both vegetations and other 
sources of embolism is important.

SLE patients with stroke can present with a smatter-
ing of abnormal lupus laboratory tests (antihistone anti-
bodies, anti‐double‐stranded DNA antibodies, and so 
on). These patients may not have an elevated ESR and 
had no systemic symptoms of autoimmune disease. In 
some cases, full‐blown SLE can develop months or even 
years later, including arthropathy and renal failure. 
Therefore, the possible emergence of later symptoma-
tology should be considered by their primary care phy-
sician. Patients with SLE also have a higher prevalence 
of coronary and carotid artery plaques presumed of ath-
erosclerotic origin [49] that have been seen on CT [40] 
and ultrasound [50]. Overall, patients with SLE also 
have a higher burden of cerebral small‐vessel disease on 
imaging [51].

Treatment includes specific therapies for the under-
lying SLE, and antithrombotic therapy either with anti-
coagulation or antiplatelet therapy. The general view is 
that chloroquine is effective for milder cases, and for 
more severe cases, corticosteroids, often in combina-
tion with cyclophosphamide or methotrexate, are effec-
tive [52, 53]. In the setting of recurrent venous and/or 
arterial thromboses, indefinite anticoagulation with 
warfarin to INR 2‐3 is recommended [54]. In addition, 
patients with full‐blown antiphospholipid syndrome 
(see later) are usually treated with long‐term anticoag-
ulation. The dilemma is how to treat a first abnormal 
cerebral thrombosis in a patient with SLE but no anti-
cardiolipin antibodies or lupus anticoagulant, and no 
cardiac source of embolism. Definitive studies are lack-
ing though the advent of the more convenient novel 
oral anticoagulants may shift the balance toward 
anticoagulation.
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7.3.2 Antiphospholipid antibody syndrome 
(APLAS)

Antiphospholipid antibodies include anticardiolipin 
IgG, IgM, and IgA, the lupus anticoagulant, and anti‐
beta‐2 glycoprotein 1 antibodies (anti‐β2). These are 
associated with increased risk of venous and arterial 
thrombosis. Diagnosis of APLAS requires at least one 
clinical event defined by abnormal thrombosis and/or 
pregnancy morbidity (fetal loss, premature birth related 
to eclampsia, or multiple embryonic losses); and labora-
tory diagnosis consisting of the presence of one or more 
antibodies on repeated testing, separated by 12 weeks. 
Of all of these, lupus anticoagulant probably confers the 
highest risk [54]. Anticardiolipin IgG, when present in 
titers > twice normal, also increases the risk. The other 
antibodies, in isolation, are of less certain significance. 
The antibodies test should be repeated after a few weeks 
because the titers may fall transiently during an acute 
episode in a patient who might have the typical syndrome 
but no antibodies at initial testing in the acute phase [55]. 
Other clinical features of APLAS include migraine head-
aches, multi‐infarct dementia, and depression. When 
APLAS occurs in the setting of SLE, it is termed “second-
ary” APLAS. When patients do not meet clinical criteria 
for SLE, the term “primary APLAS” is used.

Patients with APLAS may have the skin condition 
livedo reticularis. This swirling, red and white macular 
rash is usually seen on the thighs, tends to occur in 
women, and is thought to represent dermal vasculitis or 
thrombosis [56–58]. The combination of stroke and 
livedo reticularis is known as Sneddon syndrome [59, 
60]. About half of patients with clinical Sneddon syn-
drome have positive ACL or LAC titers [61]. Sneddon 
syndrome may also include the other features of APLAS 
described earlier. It is unclear if the presence of livedo 
reticularis should influence medical therapy per se; but 
patients with this rash should undergo testing for the 
APL antibodies [62–65].

Treatment is controversial. Most authorities recom-
mend long‐term anticoagulation for true APLAS. 
Warfarin has conventionally be used, although clinical 
evidence is limited. The presence of antiphospholipid 
antibodies may interfere with INR test results, and 

some patients prefer oral fixed‐dose anticoagulants. 
Conversely, routine stroke patients without SLE, who 
have a single elevated titer of either anticardiolipin anti-
bodies, lupus anticoagulant or both, do not seem to have 
a higher risk of recurrent stroke than similar patients 
without these antibodies, and do not have a lower risk of 
recurrence when treated with warfarin to INR 1.4–2.8, 
compared with aspirin. The practice of anticoagulating 
patients with APLAS to INRs >3 has not been validated 
in clinical trials [66, 67]. Future studies on the role of 
novel anticoagulants are needed [68].

7.3.3 Catastrophic antiphospholipid 
syndrome

A rare syndrome of progressive severe diffuse thrombo-
sis and multiorgan failure resembling thrombotic throm-
bocytopenic purpura in the setting of antiphospholipid 
antibodies has been termed the “catastrophic” antiphos-
pholipid syndrome. This has a reported mortality of 50%, 
often involves the CNS, and may be triggered by other 
systemic illnesses. Treatment includes anticoagulation as 
well as plasma exchange or intravenous immunoglobulin 
[69–71].

7.3.4 Other systemic autoimmune diseases 
and stroke

Most of the systemic rheumatological diseases may be 
associated with stroke in the setting of chronic (“basi-
lar”) noninfectious meningitis [72]. General clinical hall-
marks of this entire class of diseases include headache, 
often multifocal brain infarction, and a prior history of 
the underlying illness [73]. Only rarely is ischemic stroke 
the presenting feature of a rheumatologic disease. 
Diagnosis usually rests on the combination of systemic 
investigations for the few distinguishing characteristics 
of these syndromes, and cerebrospinal fluid analysis. It is 
important to be systematic in stroke evaluations and to 
not overlook the possibility that patients with unusual 
diseases may still have stroke due to the usual causes.

7.3.5 Rheumatoid arthritis

This systemic, and rather common, inflammatory dis-
ease may rarely be accompanied by a cerebral vasculitis 
[74–76]. A more life‐threatening complication is atlanto-
axial subluxation with resultant vertebrobasilar junction 
compression [77].

7.3.6 Sjögren syndrome

Primary Sjögren syndrome is characterized by dry eyes, 
dry mouth, and autoimmune destruction of lacrimal and 
salivary glands [78]. It is diagnosed by the combination 

The antiphospholipid syndrome cannot be diagnosed 
based on a single raised titer of antibody in the serum. 
The titer must be substantially raised on at least two sep-
arate occasions, 12 weeks apart, and associated with a 
combination of cerebral ischemia and one or more of the 
following: deep venous thrombosis, recurrent miscar-
riage, livedo reticularis, cardiac valvular vegetations, 
thrombocytopenia, or migraine.
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of high‐titer specific antibodies (anti‐SSA and ‐SSB), and 
minor salivary gland examination in a lip biopsy speci-
men. Reduced lacrimation may be detected using the 
Schirmer test. Rarely, Sjögren syndrome is compli-
cated by a cerebral vasculitis characterized by headache, 
stroke, encephalopathy, and inflammatory spinal fluid. 
Treatment is aimed at the underlying disease [79–84].

7.3.7 Behçet disease

This is a systemic inflammatory state that primarily 
causes oral and genital ulcers, with varying combinations 
of uveitis, skin lesions, and joint and intestinal inflamma-
tion. Patients with “neuro‐Behçet” syndrome may have a 
relapsing encephalopathy with inflammatory spinal fluid 
(often with surprisingly high counts of CSF polymorpho-
nuclear cells) and cerebral inflammatory lesions. There 
is a rarer frank vasculitis that may affect any size artery 
and result in either ischemic or hemorrhagic stroke [85–
87]. The most common cerebrovascular complication, 
however, is intracranial sinus thrombosis. In fact, Behcet 
disease is not an uncommon autoimmune disease found 
in patients with sinus thrombosis, especially of Middle 
Eastern background [85]. Usually Behçet disease involves 
the CNS after the systemic manifestations have already 
led to diagnosis, but occasionally sinus thrombosis may 
be the presenting feature. Diagnosis is by the combina-
tion of clinical manifestations and a positive “pathergy” 
test, wherein a needle prick leads to the development of 
an erythematous nodule [88, 89]. There are no rand-
omized trials of treatments for neuro‐Behçet disease, 
although there are such for the systemic illness. 
Thalidomide, colchicine, corticosteroids, azathioprine, 
and cyclosporine have all been recommended as sys-
temic treatments [89].

7.3.8 Cryoglobulinemia

Cryoglobulins are antibodies that form a gel at low tem-
peratures. Mixed cryoglobulinemia is most often associ-
ated with chronic inflammatory states, particularly 
hepatitis C infection. Mixed cryoglobulinemia, includ-
ing  in the setting of hepatitis C, has been associated 
with  encephalopathy, seizures, myelopathy, and rarely 
ischemic stroke [90, 91]. Diagnosis of cryoglobulinemia 
also requires ruling out other potential causes of circula-
tion plasma cryoglobulins including malignancy, infec-
tions, or circulating monoclonal and/or polyclonal 
immunoglobulins [91]. The overall picture is similar to 
CNS vasculitis, including the appearance of the few 
angiograms that have been reported. In some cases, his-
tology of the vessel wall was normal but the lumen was 
filled with immunoglobulin‐rich deposits [92]. Diagnosis 
is established in the appropriate clinical context by the 

demonstration of cryoglobulins in the blood. Treatment 
of the underlying disorder (e.g. antiviral therapy) is usu-
ally effective, but for severe cases, steroids, IVIG, and 
plasma exchange have been tried.

7.3.9 Scleroderma

Scleroderma, also known as progressive systemic sclero-
sis, is a systemic connective tissue disease characterized 
by inflammation, fibrosis, and vasculopathy in multiple 
organs, particularly the skin and lungs. While the usual 
neurological complications involve the peripheral nerv-
ous system, rare cases of stroke attributed to underlying 
scleroderma have been reported [93–95]. These case 
reports have variably documented vascular calcifica-
tions, vasoconstriction, and frank vasculitis with signs of 
inflammation in the CSF [94]. A few patients have been 
described who responded to immunosuppression, but 
interpretation of limited data is difficult [96].

7.3.10 Relapsing polychondritis

Relapsing polychondritis is a rare condition seen in 
middle‐aged men and women. It is characterized by 
febrile episodes of inflammation affecting the cartilage 
of the ears, nose, larynx, trachea, and ribs. There is 
often an arthropathy, inflammation in the eyes and 
optic nerve, deafness and vertigo, anemia and a high 
ESR [97]. Complications in the nervous system can be 
seen with cerebral vasculitis with subacute aseptic 
meningitis, cranial nerve palsies, global encephalopa-
thy, epileptic seizures, stroke/transient ischemic attack, 
aortic arch syndromes, and peripheral neuropathy [98–
101]. Immunosuppression has been tried with varying 
success, though data is limited [102].

7.4  Inflammatory vasculopathies

7.4.1 Temporal arteritis

The most common vasculitis involving the brain is the 
temporal arteritic form of giant‐cell arteritis (GCA), 
although it is fundamentally a systemic vasculitis. 
Patients are rarely under the age of 50. The neurologist is 
usually confronted with peripheral manifestations of 
polymyalgia rheumatica, headache, jaw claudication, and 
ischemic visual loss, the latter reflecting inflammation 
and narrowing in the branches of the external carotid 
artery (ECA). These may be accompanied by progressive 
malaise, an elevated ESR and/or C‐reactive protein 
(CRP), and less commonly other cranial ischemic symp-
toms such as tongue numbness and necrosis, peripheral 
vertigo, and scalp necrosis [103, 104]. Any artery in the 
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body may be affected, including the aorta (with dramati-
cally increased risk of aortic aneurysm) and anterior spi-
nal artery. The usual cause of blindness in this syndrome 
is anterior ischemic optic neuropathy, and there is a risk 
of sequential involvement of the contralateral eye if left 
untreated. Other ocular manifestations can include 
diplopia from extraocular muscle ischemia, retinal artery 
occlusion, and posterior ischemic optic neuropathy. 
VZV infection has been implicated as an etiology [105].

Ischemic stroke may occur in any vascular distribu-
tion, but there is a preponderance of involvement in the 
posterior circulation due to the significant presence in 
those vessels of an internal elastic lamina that extends 
about 5 mm beyond the vertebral artery dural penetra-
tion. Arterial biopsy is the definitive investigation to 
show giant cells and other evidence of chronic inflam-
mation in the vessel wall with destruction of the internal 
elastic lamina [106] (Figure  7.2). Other manifestations 
include cortical blindness or other occipital infarcts, lat-
eral medullary infarction, and “top of the basilar” syn-
drome. The extradural vertebral arteries are more often 
involved than the internal carotid arteries (ICA) [107, 
108]. The presence of conventional vascular risk factors 
increases the risk of stroke in temporal arteritis.

Diagnosis rests on a combination of clinical factors, 
elevated ESR (albeit normal in about 20% of patients), 
elevated CRP, and temporal artery biopsy. The latter is 
mandatory to establish a definitive diagnosis, but can be 
negative or show nonspecific arteritis rather than pathog-
nomic giant cells. If clinical suspicion is high, steroid 
therapy should not be delayed while awaiting biopsy as 
blindness may occur before results are available. Bilateral 
temporal artery biopsy does not have a significantly 
higher yield than unilateral biopsy. Corticosteroids will 

not interfere with biopsy’s histological appearance if per-
formed within a few days. However, the sooner the biopsy 
is done the better [109].

When visual loss or stroke occurs, intravenous steroid 
treatment is often administered; and it has been sug-
gested that the addition of aspirin may reduce the risk of 
stroke during the initial phases of treatment. Oral ster-
oids (typically in the form of prednisone at 1 mg/kg) 
should then be initiated, with an attempt to begin to 
taper the steroid after six weeks. The pace of steroid 
weaning is variable and should be guided by changes in 
symptoms of headache, muscle pain, ocular exam, and 
ESR. It may take 1 or 2 years to completely wean oral 
steroids [110]. The role of steroid‐sparing agents such as 
methotrexate is unclear; trials have shown mixed results. 
Case reports have described therapeutic success with 
newer biological anti‐inflammatory drugs but more 
information from trials is needed [111, 112].

7.4.2 Takayasu arteritis

This is a vascular inflammatory condition affecting the 
aortic arch and descending aorta, as well as the major 
branches of the arch, and occasionally the renal arteries. 
It is more common in Asians, and more common in 
women, but the reported degree of female preponder-
ance varies depending upon the population under study. 
The disease has three phases of pathophysiology; ini-
tially there is diffuse vascular inflammation in the arte-
rial medial layer; this is followed by neovascularization 
via the vasa vasorum; and finally, a sclerosing stage dur-
ing which arteries become rigid and severely stenosed or 
occluded [113–117].

Clinically, many patients report systemic symptoms 
such as malaise, fatigue, myalgia, arthralgia, and fever; in 
some the symptoms of brain, limb, eye, or renal ischemia 
are the first to appear. These may include stroke, blind-
ness, transient ischemic attacks or transient vision loss, 
headache, syncope, “subclavian steal” with dizziness, or 
claudication. Cardiac symptoms may be prominent in 
patients who develop aortic regurgitation [117].

Figure 7.2 Giant‐cell arteritis: superficial temporal artery biopsy 
showing multinucleated giant cells (arrows) lying in relation to the 
damaged internal elastic lamina of the vessel wall. Stain H&E, ×60 
magnification. Source: Courtesy of Dr. Colin Smith, Edinburgh.

If a patient presents with cerebral or ocular ischemia and 
is aged over 50 years, and there is a recent history of 
malaise and headache not likely to be caused by infec-
tive endocarditis or other infection, then an erythrocyte 
sedimentation rate must be performed urgently. If it is 
raised, high doses of corticosteroids should be started 
before the results of any temporal artery biopsy are 
known, and sometimes even before the biopsy is per-
formed (which must be within a few days).
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Suggestive physical findings include pulselessness 
(absence of peripheral pulses, which may be asymmetri-
cal—“pulseless disease”), neovascularization in the eye, 
and diminished peripheral pulses in the lower extremities. 
Most patients have an elevated ESR and CRP, and may 
have anemia or leukocytosis. Vascular imaging confirms 
the diagnosis by showing severe stenosis or occlusion of 
the supra‐aortic arteries at their origins from the aorta. 
Aneurysms are often seen in expanded collateral vessels, 
such as the vertebrobasilar system in the case of bilateral 
carotid occlusion (Figure 7.3). Other conditions that may 
lead to a similar angiographic and clinical presentation 
include advanced atherosclerosis, radiation vasculopathy, 
congenital anomalies, collagen vascular diseases, and, 
rarely Behcet disease. Strokes may occur due to low‐flow 
states from multiple cervicocephalic arterial occlusions, 
embolism or ruptured flow‐related aneurysms [118].

There are no randomized trials to guide therapy 
[119].  Empiric recommendations are similar to those 

for temporal arteritis, including initial steroid therapy, 
with gradual tapering while monitoring serological and 
clinical progression. The role of antithrombotic therapy 
in this condition is unclear; the use of aspirin seems rea-
sonable. Patients may require surgical revasculariza-
tion, including of the brain, but this should be delayed 
until the acute inflammatory stage of the disease has 
remitted [120].

7.4.3 Primary angiitis of the central nervous 
system (PACNS)

This rare disorder affects less than 1 in 2 000 000, and 
consists pathologically of inflammation of small arteries 
and veins in the brain and spinal cord. It has also been 
called “granulomatous angiitis of the CNS,” and “isolated 
angiitis of the CNS.” Microscopically, leptomeningeal 
arteries are the most commonly involved, and the patho-
logical process is segmental.

Establishing the diagnosis is difficult for several rea-
sons. First, the older literature conflates PACNS with the 
angiographically similar but clinically distinct reversible 
cerebral vasoconstriction syndrome (RCVS; Section 7.5) 
[121]. This has led to terms such as “benign angiopathy 
of the CNS” and “angiographically diagnosed CNS vacu-
litis” entering the neurovascular lexicon. Second, the 
only way to definitively diagnose PACNS is brain biopsy 
or autopsy. Brain biopsy itself is imperfect, however, 
since the pathological process is patchy and the rate of 
false negative biopsies may be as high as 25% [122]. 
Third, it is usually only the most unusual, treatment‐
resistant, or severe cases that undergo brain biopsy or 
autopsy. Therefore, case series of biopsy‐proven PACNS 
may represent a skewed subgroup of the spectrum of 
more severe disease presentations [123]. This may 
change with developments in noninvasive vessel‐wall 
MRI which may allow direct visualization of the inflamed 
vessel wall (see later).

Despite the aforementioned caveats, the most reliable 
current information on the clinical characteristics of 
PACNS comes from case series of biopsy‐proven cases 
[123, 124]. These suggest that PACNS is a syndrome of 
subacute headache, personality change, cognitive defi-
cits and encephalopathy, punctuated in a minority of 
cases by discrete stroke‐like onset of focal sign and 
symptoms. In case series, the average time from onset to 
diagnosis can be several months [125, 126]. This under-
scores the subacute nature of the condition. Isolated 
stroke is only rarely a presentation of PACNS. In almost 
all cases, brain MRI is abnormal, showing a combination 
of chronic, acute, and subacute ischemic lesions 
(Figure 7.4). Some patients have tumefactive lesions that 
on biopsy represent granulomatous angiitis; this is rare 
[127]. Also described is isolated PACNS of the spinal 

Figure 7.3 Postcontrast MR angiogram showing the typical 
features of Takayasu arteritis with smooth short and long stenoses 
and occlusions of the major arteries in the neck. Long arrow: 
stenosis of the right subclavian artery and origin of the right 
vertebral artery. Arrowheads: smooth long stenosis of the left 
common carotid artery. Blood reaches the internal carotid arteries 
via collaterals in the neck.
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cord, presenting as a steroid‐responsive myelopathy 
[128]. Vascular imaging is often nonspecific for ascer-
taining this diagnosis. About 40% of biopsy‐confirmed 
cases have normal angiography; and when abnormal the 
vascular pathology seen on angiography is often impos-
sible to distinguish from RCVS or atherosclerosis [128]. 
When the disease activity is confined to the deep white 
and grey matter in the territory of small vessels, angio-
grams are often normal. Noninvasive vascular imaging 
(MRA, CTA) is even less helpful. High‐resolution con-
trast‐enhanced vessel wall imaging has been helpful in a 
few reported cases [106].

Spinal fluid is abnormal in most cases, but the abnor-
malities are nonspecific. The most common findings are 
those of inflammation: high protein and CSF pleocyto-
sis. Serum markers of inflammation such as ESR (often 
normal), CRP and rheumatologic markers, are usually 
not helpful in the absence of symptoms and signs of sys-
temic autoimmune disease [128].

Brain biopsy remains the gold standard for diagnosis, 
and the yield is probably maximized by performing open 
biopsy of brain and meninges including vessels in a region 
where the disease has been recently active based on MRI. 
The nondominant anterior temporal lobe may be an 
appropriate region for nontargeted biopsy if there are 
no safely accessible targets with recent brain infarction. 

As mentioned earlier, brain biopsy is negative in 25% of 
cases that are ultimately proven to be PACNS. One series 
suggests that initiating treatment in the context of a nega-
tive biopsy may be appropriate [126].

Biopsy may show either granulomatous or necrotizing 
vasculitis. It also helps to differentiate PACNS from 
other conditions with similar manifestations including 
brain or intravascular lymphoma, sarcoidosis, gliomato-
sis cerebri, and infectious (such as fungal) vasculitis.

Treatment of PACNS is difficult. There are no rand-
omized trials to inform the choice of medication, and the 
outcomes are so variable that it is difficult to know if any 
treatment makes a difference [129]. Most authorities 
recommend steroids as first‐line therapy. In an acute 
flare‐up, it would be reasonable to start oral steroids 
after a several days pulse of high‐dose intravenous ster-
oids. Patients are followed expectantly with serial neuro-
logical examinations and MRI. The appearance of new 
signs or symptoms or new brain infarction on MRI 
prompts consideration of brain biopsy followed, if posi-
tive, by some combination of cyclophosphamide, IVIG, 
or other cytotoxic agents. The role of newer immuno-
suppressants is less clear. Treatment may be prolonged; 
the disease often remits after 6–12 months, but can 
recur. The assistance of a rheumatologist for long‐term 
management is helpful.

(a) (b)

Figure 7.4 MRI of a patient with biopsy‐confirmed PACNS. (a) Multifocal FLAIR hyperintense lesions (arrows). (b) Postcontrast sequences 
show fine reticular (arrows) enhancement in bilateral subcortices consistent with vascular inflammation. 
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A variant of PACNS deserves separate mention. 
Greenberg and colleagues have described patients 
with subacute cognitive impairment, seizures, and 
brain MRI showing multiple microhemorrhages and 
diffuse temporal and parietal lobe FLAIR abnormali-
ties in the white matter [130]. Pathologically these 
patients show a combination of amyloid angiopathy 
and reactive vasculitis. This inflammatory amyloid dis-
ease is usually steroid responsive and tends not to recur. 
Most patients are genetically ApoE 4/4, the rarest of 
the ApoE genotypes [131].

7.4.4 Susac disease (retinococchleocerebral 
vasculopathy)

Susac disease is a clinical triad of encephalopathy accom-
panied by branch retinal artery occlusions and hearing 
loss from cochlear infarction; accompanied by microin-
farcts on MRI. It tends to affect women in the third to 
fifth decade of life, and often starts with nonspecific 
malaise, headaches, and episodes of encephalopathy. 
Eventually the occurrence of monocular vision loss from 
branch retinal artery occlusion, low frequency sensori-
neural hearing loss, and the characteristic appearance of 
microinfarcts in the central corpus callosum allow the 
diagnosis. The encephalopathy may be quite severe, and 
cerebrospinal fluid pleocytosis is common. Treatment is 
empirical but most experts recommend aggressive 
immunosuppression with corticosteroids and IVIG as 
early as possible. Occasional severe cases may require 
cyclophosphamide, plasma exchange, or even biological 
therapies such as rituximab. The disease tends to remit 
by 1–2 years but relapses have been reported. One com-
mon cause of relapse is discontinuation of immune ther-
apy too early or too rapid tapering of steroids [132, 133].

7.4.5 Cogan syndrome

Cogan syndrome may superficially mimic Susac syn-
drome [134]. Cogan syndrome is characterized by inter-
stitial keratitis, an inflammatory infiltration of the cornea 
leading to fluctuating vision loss, ocular pain and red-
ness, and photophobia. The occurrence of sudden, 
severe, asymmetric hearing loss, vertigo, and tinnitus 
may lead to confusion with Susac syndrome, but the 
identification of the characteristic corneal, as opposed to 
retinal, lesion should resolve this confusion. Neurological 
involvement is unusual but has been characterized 
by  meningoencephalitis, seizures, peripheral or cranial 
neuropathy, and rarely stroke. Systemic vasculitis involv-
ing skin and internal organs has been described, and 
about half of patients have nonspecific symptoms of 
headache, fever, weight loss, fatigue, and muscle and 
joint pain [135, 136].

7.4.6 Acute posterior multifocal placoid 
pigment epitheliopathy (APMPPE)

APMPPE is characterized by acute, painless, usually 
bilateral loss of vision, most common in young men, with 
a characteristic appearance of the retina on ophthalmos-
copy and fluorescein angiography. This may occur on its 
own, as a postinfectious syndrome, or as part of a gener-
alized autoimmune illness such as lupus, rheumatoid 
arthritis, or postvaccination. It has rarely been associated 
with CSF pleocytosis, arterial and venous infarction, 
with histology on brain biopsy consistent with PACNS. It 
is thought to lie on a continuum with Susac syndrome 
and Eale retinopathy, to be discussed next [137].

7.4.7 Eale retinopathy

Eale retinopathy is characterized by peripheral retinal 
capillary ischemia, retinal and/or optic nerve neovascu-
larization, vitreous hemorrhage, and retinal detachment. 
It is unclear if this is a single diagnostic entity or a syn-
drome with multiple causes. It is most common in young 
men, and has rarely been associated with stroke. This 
association is of unclear significance as the appearance 
of Eale retinopathy can occur in patients with other dis-
eases, including hypercoagulable states and hyperviscos-
ity syndrome, which may also cause stroke. Symptoms 
are variable and this entity may occasionally be found 
incidentally during routine eye examination [138, 139].

7.4.8 Kohlmeier‐Degos disease (malignant 
atrophic papulosis)

Kohlmeier‐Degos disease is an often‐fatal triad of charac-
teristic skin lesions, intestinal ischemia and perforation, 
and stroke. In the malignant form (e.g. not limited to the 
skin), lesions characterized by an atrophic, smooth, white 
center with an erythematous border appear on the skin, 
followed usually within months by microvascular infarc-
tion of the intestines, perforation, and peritonitis. Lesions 
like those on the skin may be seen at surgery. About 20% 
of patients have cerebrovascular complications including 
brain and spinal cord infarction [140]. This syndrome has 
been hypothesized to be a vasculitis, a disorder of coagu-
lation, or a rare manifestation of other systemic illnesses 
such as lupus. A range of immunosuppressive and 
antithrombotic therapies have been reported, none with 
any evidence of effectiveness [141, 142].

7.4.9 Paraneoplastic vasculitis

Paraneoplastic vasculitis can occur as an inflammatory 
response directed to the arterial wall because of similar-
ity with antigens ectopically expressed by a tumor such 
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as an occult malignancy. This response can produce cen-
tral nervous ischemia by causing either thrombosis or 
stenosis of the arterial vessels. The most common forms 
of cancer associated with vasculitis are Hodgkin disease, 
lymphoma, hairy‐cell leukemia, and lung cancer [143–
145]. It is relatively uncommon for a paraneoplastic 
cause to vasculitis and, when present, rare for this to 
cause ischemic strokes [146]. Clinically, paraneoplastic 
vasculitis can have a heterogeneous presentation. There 
can be cerebral and spinal signs, along with isolated cra-
nial nerve involvement. There can also be diffuse and 
progressive encephalopathy due to multifocal infarction. 
Imaging with MRI can show several vascular territory 
involvements especially if encephalopathy is present 
[147]. CSF pleocytosis may be present. Echocardiograms 
are useful to rule out bacterial and embolic causes. Often 
a cerebral angiogram will be necessary if standard MRA 
and CTA are unrevealing. Treatment often depends on 
the underlying cancer if found. Vasculitis can also be 
treated with immunosuppression therapy such as IVIG 
or plasmapheresis and steroids [148]. Prognosis depends 
on early identification of source and depends on the 
underlying tumor.

7.4.10 Therapeutic drug‐induced vasculitis

Pharmaceutical agents can cause inflammation of blood 
vessels. Diagnosis generally rests on establishing a tem-
poral relationship between an offending medication, 
excluding other medical conditions that could mimic 
drug‐induced vasculitis, and other causes of vasculitis. 
The most common culprits are immunomodulators and 
antibiotics though many other medications can also 
cause this including psychotropic medications, allopuri-
nol, and 2‐deoxycoformycin [149]. The most common 
feature of drug‐induced vasculitis is skin rash. This type 
of vasculitis typically attacks the skin and muscle, caus-
ing symptoms such as arthralgias and myalgias. Renal 
and pulmonary manifestations can also occur. Rarely, 
central nervous system change including cognitive 
change can occur, as with paraneoplastic vasculitis, and 
sensorineural hearing loss and cerebral pachyleptomen-
ingitis has been reported [150]. The exact pathogenesis 
is unknown though one proposed mechanism is of an 
activated immune response due to the formation of a 
complex with neutrophils that accumulate and become 
cytotoxic [151]. There are no specific clinical or labora-
tory markers to distinguish this from other vasculitides. 
Both acute‐phase markers, ESR and CRP, can be ele-
vated. Elevated antineutrophil cytoplasmic antibodies 
(ANCA) are commonly seen in both drug‐induced vas-
culitis and ANCA‐associated vasculitis [150]. Diagnosis 
can be difficult due to failure to recognize the syndrome, 
variable prolonged course, and limited diagnostic testing. 

A comprehensive drug history is important in all patients 
with concern for vasculitis, focusing particularly on the 
last six months. For treatment, the culprit drug should be 
discontinued. If the central nervous system or any other 
organ is actively or severely involved, corticosteroids 
therapy should be considered. With cardiorespiratory 
compromise, additional immunosuppression, such as 
with cyclophosphamide in addition to high‐dose corti-
costeroids should be used. The duration of immunosup-
pression is routinely shorter than a primary vasculitis 
syndrome, and maintenance therapy is usually unneces-
sary. There is evidence against a strategy of discontinu-
ing immunosuppression because antineutrophil 
cytoplasmic antibody levels fall [152]. Patients should be 
advised to avoid future use of the culprit medication and 
it should be documented in their records that the medi-
cation can cause a serious drug reaction.

7.5  Reversible cerebral 
vasoconstriction syndrome (RCVS)

RCVS is a vasculopathy syndrome involving reversible 
narrowing and dilation of cerebral arteries. Patients tend 
to be younger than patients with ischemic stroke and 
without significant cardiovascular risk factors, present-
ing with acute onset of severe headaches, often described 
as “thunderclap.” However, 20% of headaches are suba-
cute and less severe and reoccur over the course of 
weeks. Associated features include nausea, vomiting, 
fluctuating and sometimes bilateral neurologic deficits, 
and occasionally seizures [153, 154]. MRI brain tends to 
be normal (in contrast to vasculitis, which is usually 
associated with focal lesions). On angiography, cerebral 
arteries demonstrate segmental narrowing and dilation 
(Figure 7.5). This is thought to be due to vasoconstric-
tion though other causes of vasoconstriction should be 
ruled out. There are now descriptions of an overlapping 
syndrome between RCVS and CNS vasculitis [155, 156]. 
A list of potential causes is listed in Table 7.1. Associations 
with primary angiitis of the CNS have been made and 
RCVS can be difficult to distinguish. Main features of 
RCVS include clinical stability and spontaneous 
improvement, not features of PACNS. Angiographically, 
RCVS tends to be more concentric affecting medium‐
sized vessels whereas PACNS is more eccentric. 
Important elements in diagnosis of RCVS are based on 
symptoms, presence of recognized precipitating factors, 
and imaging findings including reversibility of vascular 
stenosis, and CSF analysis [157]. Calcium channel block-
ers (nimodipine and verapamil) have been most often 
used for treatment and are likely to help mostly for head-
aches [153]. In severe cases, endovascular therapy may 
have a role [158].
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7.6  Migraine

Stroke and migraine are common and can coincide with 
one another. The manifestations of migraine aura with-
out migraine (“acephalgic migraine”) may mimic stroke, 
but the presence of positive sensory symptoms (tingling 
numbness, positive visual phenomena) suggest migraine. 
Importantly, in stroke the patient does not usually show 
weakness until a task is attempted; in migraine the limb 

(a) (b)

Figure 7.5 RCVS on MRA. (a) 3D time‐of‐flight MRA of the head shows multifocal segmental stenoses (arrows) of varying degrees 
throughout the intracranial neurovasculature. (b) Four‐month follow‐up MRA shows complete resolution of the intracranial stenoses to 
normal caliber.

RED FLAG!

What to tell the patient: With focal neurologic impair-
ment and sudden‐onset headaches, other CNS pathol-
ogies including subarachnoid hemorrhage need to be 
ruled out immediately. Thus, waiting for resolution of 
headache is not recommended. On angiography, if 
segmental narrowing is demonstrated, other causes of 
vasculitis should be ruled out. As there are multiple 
exposures that could potentially cause RCVS, patients 
should avoid triggers. Even with seizure on presenta-
tion, the long‐term use of seizure prophylaxis is not 
recommended unless there is a structural lesion pre-
sent. Reassuringly, most patients recover over the 
course of several weeks to three months, including 
resolution of vasospasm on reimaging. Long‐term mor-
bidity and mortality is uncommon and most recover 
fully, though the most common residual complaint is 
chronic headache.

Table 7.1 Potential causes of RCVS.

Primary headache disorders
Migraines
Primary thunderclap headache syndrome
Pregnancy (postpartum angiopathy)
Medications, drugs, and biologics
Cough and cold suppressants (pseudoephedrine, 
phenylpropanolamine)
Antidepressants (selective serotonin reuptake inhibitors and 
serotonin‐noradrenaline reuptake inhibitors)
Antimigraine agents (sumatriptan and other triptans, 
isometheptene, ergotamine tartrate, methylergonovine maleate)
Diet pills (amphetamine derivatives, Hydroxycut)
Chemotherapeutic agents (tacrolimus, cyclophosphamide)
Adrenergic agents (epinephrine, bromocriptine, lisuride)
Illicit drugs (cocaine, ecstasy, marijuana, lysergic acid 
diethylamide)
Other (erythropoietin, indomethacin, intravenous immune 
globulin, interferon alpha, nicotine patches, red blood cell 
transfusions, licorice, ovarian stimulation, oral contraceptive pills)
Miscellaneous causes
Hypercalcemia, porphyria, pheochromocytoma, bronchial 
carcinoid tumor, unruptured saccular cerebral aneurysm, head 
trauma, spinal subdural hematoma, carotid endarterectomy, 
cervical artery dissection, neurosurgical procedures, carotid 
glomus tumor, tonsillectomy, neck surgery, high altitude, 
cerebral venous thrombosis

Source: Adapted from Singhal AB, Bernstein RA. Postpartum 
angiopathy and other cerebral vasoconstriction syndromes. 
Neurocrit Care 2005;3:91.
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may feel weak but function relatively normally when 
required. As awareness of weakness is usually less than at 
other times, stroke can occur either prior to or after a 
migraine episode even if the symptoms are unfamiliar to 
the patient. The chronology and relationship between 
migraine and stroke can be difficult to organize [159]. 
Stroke in migraineurs warrants a similar workup as 
nonmigraineurs.

Migraine as stroke risk factor: patients with migraines, 
particularly women on oral contraceptives, have a higher 
risk for ischemic stroke than hemorrhagic stroke [160–
162]. There is also a possible increased risk for myocar-
dial infarction and cardiovascular risk factors [162]. 
Possible associations include: similar pathophysiology, 
comorbidities, and related syndromes between migraines 
and stroke [163]. 

 ● Underlying pathophysiology of migraine can be linked 
to stroke and other vascular disorders such as vasos-
pasm, platelet hyperaggregation, patent foramen ovale 
[164], and the treatments associated with migraine can 
be vasoactive including ergotamine and triptans.

 ● Common comorbidities are present between stroke 
and migraines, including genetic factors.

 ● Various syndromes can produce both migraine‐like 
headaches and cerebrovascular disease.

 ● Migraineurs could simply have worse cardiovascular 
risk factors than the general population and current 
observational epidemiology studies have not been able 
to adjust completely for this as a confounders [165].

Migrainous stroke. This is clinical syndrome. It is not 
a diagnosis of exclusion or desperation. It can be a pos-
itive statement of a clinical syndrome without another 
cause of stroke. Patients with migraine with auras can 
experience their typical aura, which then persists as a 
focal neurological deficit. Migraine auras can occa-
sionally be confused with a transient ischemic attack, 
and it is important to obtain the patient’s clinical and 
migraine history. Possibly due to visual auras with 
migraines, visual disturbances such as homonymous 
hemianopia can often appear in migrainous stroke. 
Brain imaging may or may not show a relevant lesion, 
but can be presumed an infarction. A full workup for 
other etiologies is warranted since they can be con-
fused or associated with migraines as well including 
arterial dissection, antiphospholipid syndrome, 
CADASIL, mitochondrial cytopathy, or an arterio-
venous malformation [166, 167].

Vasospasm is one of the more commonly postulated 
etiologies after visualization in the retinal circulation 
from monocular blindness [168]. Arterial occlusion has 
been rarely demonstrated. Recurrent spontaneous vasos-
pasm in the extracranial ICA has not been seen in 
migraineurs [169, 170].

7.7  Posterior reversible 
encephalopathy syndrome (PRES)

PRES is typically described with MRI findings of a sym-
metric parieto‐occipital edema but can affect other ter-
ritories and have other imaging appearances. Patients 
can present with various combinations of encephalopa-
thy, headache, seizure, and visual deficits [171]. PRES 
can present with focal neurologic deficits and so mimic 
ischemic or hemorrhagic stroke or transient ischemic 
attack. Posterior circulation syndrome mimics can be 
seen in severe cases of PRES involving the posterior fossa 
structures. Indeed, in severe cases patients with PRES 
can develop acute infarcts. The etiology is thought to be 
either vasospasm or thrombosis leading to hypoperfu-
sion. On diffusion MRI sequences, PRES can appear 
hyperintense but without the similar restriction seen in 
an acute infarct (Figure 7.6).

7.8  Pediatric vasculitides

7.8.1 Kawasaki disease

Kawasaki disease (mucocutaneous lymph node syn-
drome) is one of the more common childhood vascu-
litides, though it can rarely appear in adults as well. The 
highest incidence is seen in East Asian children. In 
Kawasaki, vascular damage is caused by inflammatory 
cell infiltration. While the etiology is unknown, similari-
ties with infectious syndromes have led to a transmissi-
ble agent being suspected. It can often be confused with 
an infectious illness since it typically manifests as a self‐
limited condition with a fever. The hallmark signs fea-
tures are mucocutaneous involvement with cervical 
lymphadenopathy, lip and oral mucosa erythema, rash, 
and nonexudative conjunctivitis along with fever. Many 
patients can also have gastrointestinal complaints includ-
ing diarrhea, vomiting, or abdominal pain. These symp-
toms do not always begin simultaneously. There are no 
diagnostic laboratory tests, but supportive evidence 
comes from systemic inflammation including elevation 
in acute‐phase reactants, leukocytosis, a left‐shift in 
neutrophils, and thrombocytosis. For formal diagnosis, a 
fever lasting at least five days is required to be present 
[172]. Those who do not fulfill all criteria have incom-
plete Kawaski disease. While not part of the main crite-
ria, cardiovascular disease is one of the main causes for 
morbidity and mortality and can warrant treatment. 
Severely ill patients can develop fusiform aneurysms and 
have poor perfusion of their extremities. Immunotherapy 
with IVIG can be given early in the course. The American 
Academy of Pediatrics (AAP) and American Heart 
Association (AHA) also recommend high‐dose aspirin 
(80–100 mg/kg/day) during the acute phase, which can 



7 Unusual causes of ischemic stroke and transient ischemic attack360

be tapered as the patient’s laboratory markers decrease 
[173]. Prognosis and follow‐up are generally based on 
severity of cardiovascular complications. Echocardiogram 
during presentation and 2–6 weeks after illness is gener-
ally recommended. It is unclear if patients, as adults, are 
more prone to future cardiovascular disease.

7.8.2 Henoch‐Schoenlein purpura (HSP)

HSP is also known as immunoglobulin A vasculitis. It is 
the most common childhood systemic small‐vessel vas-
culitis, occurring primarily between age 3 and 15 years, 
although rarely in adults. There is no known etiology to 
the IgA‐mediated immune response although there have 
been speculations about different antigens that may be 
involved. HSP is a self‐limiting disease characterized 
by  four main features that can order at any point and 
sequence: (i) palpable purpura without thrombocytope-
nia and coagulopathy; (ii) arthralgia with or without 
arthritis; (iii) abdominal pain; (iv) renal disease. Central 
nervous system involvement from HSP is rare, but can 
include seizure, neuropathy, altered level of conscious-
ness, visual abnormalities, intracerebral hemorrhage and 
ischemic stroke. The etiology of stroke in HSP is 
unknown [174]. If the diagnosis of HSP is unclear with 
incomplete or unusual clinical manifestation, a biopsy 

can be done of any affected organ, which can show IgA 
depositions [175]. There are no specific laboratory val-
ues though thrombocytopenia, coagulopathy, and ele-
vated creatinine can be seen. Supportive care for mild 
disease is the standard of care given the self‐limiting 
nature. Symptomatic management for pain from arthral-
gia can also be necessary. Hospitalization could be nec-
essary if the patient fails to maintain adequate hydration 
and needs i.v. fluid or if there is intense severe abdominal 
pain that requires systemic glucocorticoids. Only <1% 
develop any complications from HSP, usually in the form 
of a renal complication [176]. An important differential 
diagnosis for HSP is meningococcal meningitis.

7.9  Bites and stings

Snake bite, and stings from scorpions, spiders, and wasps 
are often neglected as causes of stroke, and toxic effects 
of venom can affect many people where such bites and 
stings are common. Snake venom contains metallopro-
teinases and other substances that have both anti‐ and 
procoagulant activity, which is thought to induce both 
hemorrhagic and ischemic stroke, respectively. Scorpion 
stings can cause muscle weakness, arterial hypertension, 
cardiac arrhythmias, myocarditis, and pulmonary edema. 

(a) (b)

Figure 7.6 MRI of a patient with PRES. (a) FLAIR sequences demonstrate bilateral parieto‐occipital hyperintensities (arrows) consistent 
with edema. (b) Four‐week follow‐up MRI in the same patient shows resolution of the FLAIR hyperintensities.  
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Acute increase in arterial hypertension from a hyperac-
tive sympathetic system can lead to intracranial hemor-
rhage. Scorpion stings can also cause hypoperfusion, 
consumption coagulopathy, vasculitis, and embolism 
that can lead to ischemic stroke. Spider venom can rarely 
cause stroke. Recluse spiders in the genus Sicarius can 
cause a syndrome called loxoscelism that can manifest as 
a coagulopathy which can cause ischemic strokes. Wasp 
stings rarely cause stroke, but when they do it is proposed 
that vasoconstriction either from anaphylaxis reaction or 
mediators released from the venom causes an inflamma-
tory response which can lead to a prothrombotic state. In 
each case, specific antivenoms may be available, and 
combined with hydrocortisone, but there is otherwise no 
specific treatment for the stroke [177, 178].

7.10  Infections

Ischemic strokes occasionally occur as complications of 
central nervous infections. The suspected etiology is 
that inflammation leads to secondary thrombosis of 
arteries and veins. Hemorrhagic stroke can be seen from 
vessel rupture. Other proposed etiologies of stroke 
include hypercoagulability, vasculitis, and endocarditis 
(Table 7.2).

7.10.1 Bacterial/purulent meningitis

Cortical surface vessels are typically affected in meningi-
tis. In a population review, stroke was seen in 14% of the 
152 cases of meningitis [179] (Figure  7.7). No current 
association with meningitis and conventional cardiovas-
cular risk factors has been identified.

7.10.2 HIV

HIV can cause ischemic and hemorrhagic stroke in a 
variety of patterns. Vasculitis of any pattern of small‐, 
medium‐, and large‐sized vessels can develop from a 
known infectious pathogen, triggering factor, or idio-
pathic cause [180]. Other infections associated with HIV 
that can cause stroke include TB and fungal meningitis, 
syphilis, endocarditis; and thrombocytopenia may occur 
(Table 7.3). Small‐vessel vasculopathy in otherwise well 
HIV‐positive patients is similar to that seen in HIV‐neg-
ative patients so it is questionable if this is a direct cause 
of stroke [181]. If a patient is found to be HIV‐positive 
during stroke workup, other causes of stroke including 
indirect and cardiovascular risk factors should continue 
to be excluded.

7.10.3 Herpes zoster

Zoster vasculitis can cause intracranial periarterial 
inflammation and thrombosis. Herpes zoster can 
develop skin lesions in the ophthalmic or other der-
matomes, sometimes several years after chicken pox. 
Gilden and colleagues have reported many patients 
with a history of varicella zoster infection (shingles, 
zoster opthalmicus) who after a few months develop 
vascular occlusions, hemorrhages, or aneurysms [182] 
(Figure  7.8). Vasculopathy can develop that leads to 
stenosis and occlusion of cerebral arteries and those at 
the base of the brain [183–188]. Varicella zoster vascu-
lopathy (VZV) has been reported to cause a more 
widespread encephalopathy with multiple infarcts. 
Recently, VZV has also been linked with giant‐cell 
arteritis, noted earlier as a possible etiology of stroke. 
Zoster‐related vasculopathy is diagnosed by finding 
VZV‐reactive IgG in the spinal fluid. Treatment is 
usually a combination of steroids and antiviral 
medication.

7.10.4 Hepatitis C

Stroke in chronic HCV infections has been reported at a 
higher prevalence than in the general population, usually 
associated with the presence of cryoglobulinemia. HCV 
has also been associated with atherosclerotic plaque for-
mation [189, 190]. Inflammation is thought to cause 

Table 7.2 Ischemic stroke and transient ischemic attacks caused 
by infections.

Tuberculosis
Fungal (cryptococcus, candida, aspergillus, mucormycosis)
Syphilis
Acute bacterial meningitis
Chronic meningitis
Meningococcal
Pneumococcal
Hemophilus
Borrelia
Leptospirosis
Mycoplasma
Hydatid disease
Cat‐scratch disease
Carotid inflammation
Pharyngitis
Tonsillitis
Lymphadenitis
Viral (HIV, arenavirus, flavivirus, herpes zoster, 
cytomegalovirus, hepatitis C)
Parasitic (worms, neurotrichinosis, cysticercosis)
Infective endocarditis
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plaque rupture and then thromboembolism [191, 192]. 
HCV‐vasculitis can also occur with cryoglobulinemia 
due to the precipitation of complement‐fixing immune 
complexes in typically small‐vessel walls [193, 194]. A 
subacute leukoencephalopathy can also occur. Obtaining 
a sustained virologic response from treatment of HCV 
has been shown to reduce stroke risk [195].

7.10.5 Pharyngitis, tonsillitis, and lymphadenitis

Complicated pharyngitis, tonsillitis, and lymphadenitis 
have been reported to cause carotid artery inflammation 
with secondary thrombosis in children [196]. Various other 

(a) (b)

Figure 7.7 MRI of an immunosuppressed patient with cryptococcal meningitis. (a) Postcontrast MRI shows enhancement along the 
brainstem and basal cisterns. (b) Diffusion‐weighted MRI in the same patient shows multiple small acute infarcts likely due to small‐vessel 
infectious vasculitis. 

Table 7.3 Complications of HIV/AIDS as causes of stroke.

Intracranial hemorrhage
Coagulopathy (disseminated intravascular coagulation and 
thrombocytopenia)
Ischemic stroke/TIA
Chronic tuberculous
Meningitis (syphilitic and fungal)
Herpes zoster vasculopathy
Cytomegalovirus vasculopathy
Infective endocarditis
Nonbacterial thrombotic (marantic) endocarditis
Aneurysms/ectasia

Figure 7.8 Cerebral angiogram in a patient with VZV vasculitis. 
Multiple intracranial infectious aneurysms (arrows) are seen after 
presentation with ischemic infarction and subarachnoid 
hemorrhage. 
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infections have also been implicated with ischemic and/or 
hemorrhagic stroke with different degrees of evidence:

 ● borrelia burgdorferi or Lyme disease [197–200]
 ● leptospirosis [201]
 ● chlamydia [202]
 ● mycoplasma [203]
 ● cytomegalovirus [204]
 ● neurotrichinosis [205]
 ● cysticercosis [206, 207]
 ● cat‐scratch disease [208]
 ● hydatid cysts [209, 210].

7.11  Congenital arteriopathies

There are several probably congenital arterial abnormali-
ties that, while uncommon, may occasionally cause stroke.

7.11.1 Circle of Willis variants 
and hypoplastic cervical arteries

Normal variants of the circle of Willis can play crucial 
roles in stroke [211]. An azygous anterior cerebral artery 
is a persistent embryonic median artery of the corpus 
callosum, with a prevalence of 0.2–0.4% [212]. A stroke 
affecting this artery would potentially affect both hemi-
spheres. Bi‐hemispheric or azygous anterior cerebral 
artery is when one A2 is hypolastic and the contralateral 
A2 provides the major blood supply to the ACA terri-
tory bilaterally. The prevalence of this variant is 2–7% 
[213]. Occlusion of the dominant A2 would result in 
bilateral hemispheric ischemia. Hypoplastic/absence of 
the A1 segment of the anterior cerebral artery is seen 
between 1% and 10% [214]. The tissue supplied by these 
vessels is at increased risk for thromboembolic disease 
due to diminished collateralization. Five percent of the 
general population can have an absent anterior commu-
nicating artery. About 2.7% of the population have an 
accessory middle cerebral artery where an artery arises 
from the ACA and travels parallel to M1 [215]. This 
artery may provide collateral flow to distal MCA territo-
ries [216]. In fetal origin of the posterior cerebral artery, 
the embryonic posterior cerebral artery does not regress; 
thromboembolic events originating in the carotid artery 
can cause posterior circulations symptoms. Posterior 
communicating artery infundibulum, a funnel‐shaped 
region of dilation at the origin of the posterior commu-
nicating artery or less commonly the anterior choroidal 
artery, can be confused for an aneurysm. It is round or 
conical, symmetrical and less than 2 mm. Unlike cere-
bral aneurysms they are not associated with increased 
bleeding risk. Other variants include a common poste-
rior cerebral and superior cerebellar artery trunk, early 
branching MCA, and hyperplastic anterior choroidal 

artery, although these are not generally associated with 
increased risk of cerebrovascular events.

7.11.2 Fibromuscular dysplasia (FMD)

FMD is a segmental disorder in medium‐sized arteries 
that can present at any age. FMD tends to be more com-
mon in females, and can affect multiple arteries in an 
individual [217–219]. There is some evidence of a sub-
stantial genetic contribution to FMD, but the causal gene 
has not been identified [220]. The most commonly 
affected arteries are the renal arteries, causing renovas-
cular hypertension. The cerebrovascular arteries most 
commonly affected are the mid to high cervical portion 
of the ICA and the vertebral artery at the level of the first 
two cervical vertebrae.

The vessel pathology demonstrates a fibrosed arterial 
wall in one or more segments. Atheromatous plaque and 
inflammation are not seen, nor is the location typical for 
atheroma. On angiography, a variety of appearances can 
present. The most common is the “string of beads,” tubu-
lar segmental, and long stenotic areas (Figure  7.9). A 
fibrous “web,” appearing smoother and with more regu-
lar contours than atherothrombotic stenosis can appear 
to obstruct vessels [221]. FMD can result in arterial ste-
nosis, occlusion, aneurysm, and dissection [220]. In a US 
registry of patients with FMD neurologic events were 
common, including TIA (13%), cervical artery dissection 
(12%), and stroke (10%) [222]. It is unknown how many 
people in the general population could have asympto-
matic FMDs, therefore when FMD is seen, it is not always 
relevant to the presenting symptoms.

There is a lack of randomized, clinical trials for 
FMD and limited natural history knowledge. Antiplatelet 
therapy is generally recommended for cerebrovascu-
lar  FMD with no other contraindications [223–225]. 
Otherwise, treatment is based on associated disease i.e. 
with aneurysm and dissection. Revascularization with 
endovascular therapy is not recommended for asympto-
matic FMD patients [226], and although there is a Class 
IIa recommendation for revascularization for patients 
with symptomatic FMDs, many would suggest medical 
management first. Importantly, blood pressure should 
be monitored, with low threshold for investigating for 
the presence of renal artery FMD [220].

7.11.3 Connective tissue disorder

Marfan syndrome, Ehlers–Danlos syndrome type 4, 
alpha‐1 antitrypsin deficiency, osteogenesis imperfecta, 
and other less well‐characterized, familial, connective 
tissue disorder can cause cervical arterial dissection. 
Marfan syndrome and Ehlers–Danlos syndrome type IV 
can also lead to arterial aneurysms that can in turn cause 
embolism [227, 228].
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7.11.4 Autosomal dominant polycystic 
kidney disease (ADPKD)

ADPKD is characterized by multiple bilateral renal cysts. 
Patients with ADPKD have been found to be up to four 
times more likely to have intracranial aneurysms [229]. 
The natural history is unknown. The gene mutation, 
ADPKD1, is located on chromosome 16, and a family 
history of ruptured intracranial aneurysms is often pre-
sent. Because of the aneurysms, patients with ADPKD 
are at risk for hemorrhages, increased by the presence of 
hypertension related to the renal manifestations of 
ADPKD. Screening for aneurysms should be a decision 
made by the patient after discussion on the risks of any 
intervention and the potential benefits. For patients with 
known aneurysms, monitoring and treatment is similar 
for patients without ADPKD. Risk factors should con-
tinue to be modified.

7.12  Moyamoya disease

Moyamoya in Japanese translates to “puff of smoke,” 
describing the diffuse blush of contrast as collaterals 
appear at angiography. Rather than a specific vascular 
pathology, “moyamoya” describes a radiologically defined 
pattern consequent to severe stenosis or occlusion of one, 

or bilateral, distal ICAs. Often, there is additional 
involvement of parts of the circle of Willis and sometimes 
the proximal cerebral and basilar arteries [230, 231]. At the 
base of the brain, small collateral vessels develop from the 
lenticulostriate, thalamoperforator, and pial arteries; 
orbital and ethmoidal branches of the ECA; leptomenin-
geal collaterals from the posterior cerebral artery; and 
transdural vessels from branches of the ECA, producing 
the smoke pattern in the basal ganglia region on the cere-
bral angiogram (Figure  7.10). Moyamoya may also be 
associated with intracranial aneurysms [232].

Moyamoya disease is where patients have the charac-
teristic vasculopathy with no known risk factors. Patients 
with moyamoya syndrome (i.e. the radiological appear-
ance) usually have well‐recognized conditions [233]. It 
is most commonly seen in East Asian populations, nota-
bly in Japanese. Several causes have been described. 
Etiologies can be familial [234, 235], congenital, or 
acquired disorders and include arterial occlusion due to 
basal meningeal or nasopharyngeal infection; vasculitis; 
irradiation; trauma; fibromuscular dysplasia; a general-
ized fibrous disorder of arteries [236, 237]; sickle cell dis-
ease; Down syndrome [238]; neurofibromatosis; and 
primary oxalosis. Atheromatous plaques are not typi-
cally responsible for moyamoya. Some cases will remain 
cryptogenic (i.e. moyamoya disease), and can progress 
even after diagnosis [239].

(a) (b) (c)

Figure 7.9 Vessel imaging of FMD. Selective catheter angiogram showing fibromuscular dysplasia of the internal carotid artery. Note 
the irregular “beaded” appearance of (a) the right and (b) the left carotid arteries. (c) Postcontrast MRA shows alternating stenosis and 
dilation (small arrows) and a pseudoaneurysm (large arrow) in the mid‐cervical right internal carotid artery. 



7.13 Unusual embolic material 365

Children with the syndrome often present with recur-
rent focal cerebral ischemia, cognitive impairment, head-
ache, seizures and, occasionally, involuntary movements. 
The suspected etiology of stroke is thought to be the con-
sequences of low cerebral blood flow. Adults can present 
similarly. In addition, subarachnoid, intracerebral, or 
intraventricular hemorrhage caused by rupture of the 
collaterals, or of any associated aneurysms can also occur 
[240, 241]. Antiplatelet agents have been recommended 
to prevent microemboli from sites of arterial stenosis, 
another proposed etiology of the observed ischemia 
[233]. Anticoagulation is not often used; and where head-
ache is a prominent feature calcium channel blockers can 
be used with caution. Surgical revascularization from the 
ECA using either direct or indirect methods of creating 
an anastomosis to the distal MCA may be helpful, but dif-
ferent approaches are used in different centers [242, 243]. 

In the case of acute deterioration, oxygen supplementa-
tion (while avoiding hyperventilation) and increasing 
cerebral blood flow (including the use of intravenous iso-
tonic fluid) have been recommended.

7.13  Unusual embolic material

7.13.1 Cholesterol embolism

This rarely reported clinical syndrome is seen in patients 
with widespread atheromatous plaques, although it may 
be more common than currently diagnosed [244–246]. 
Generally described as a complication of instrumentation 
or surgical repair of large atheromatous arteries such as the 
aorta, it can also be seen spontaneously or in the context 
of anticoagulant or thrombolytic therapy. The proposed 

(a) (b)

Figure 7.10 Catheter angiography of moyamoya disease. (a) AP view in a patient who presented with right hemispheric ischemic 
infarction demonstrating occlusion of the distal right internal carotid and proximal middle cerebral arteries. The right middle cerebral 
artery (dashed arrow) is reconstituted via collateral vessels. Reconstitution of the lateral lenticulostriates via collateral vessels in a “puff of 
smoke” configuration (small arrows). (b) Lateral view of a selective carotid catheter angiogram from a patient with moyamoya syndrome. 
The internal carotid artery ends in numerous small dilated lenticulostriate arteries (thin arrows) and meningeal and ophthalmic artery 
collaterals (fat arrow and open arrow, respectively). Source: (b) Courtesy of Professor Takenori Yamaguchi, National Cardiovascular Centre, 
Osaka, Japan. 
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etiology is that atheromas release atheromatous debris 
and cholesterol crystals into the circulation [247].

Symptom onset can develop hours or days after sur-
gery as a subacute syndrome with features like systemic 
vasculitis or infective endocarditis. Symptoms include 
malaise, fever, proteinuria, hematuria, renal failure, 
abdominal pain, gastrointestinal bleeding, drowsiness 
and confusion, skin petechiae, splinter hemorrhages, 
livedo reticularis, cyanosis of fingers and toes, and 
peripheral gangrene; other features include raised eryth-
rocyte sedimentation rate, anemia, thrombocytopenia, 
neutrophil leukocytosis, eosinophilia, and hypocomple-
mentemia [248–250].

Diagnosis can be made based on characteristic pathol-
ogy showing cholesterol emboli occluding the microcir-
culation throughout the body, including the brain and 
spinal cord [247, 251]. Cholesterol emboli may be seen in 
the retina. Although rare, similar deposits can be seen in 
patients who have not presented with relevant clinical 
features, and so the specificity of this finding is uncertain. 
Iloprost, a prostacyclin analogue, may be an effective 
treatment [251].

7.13.2 Air embolism

Air embolism can occur when there is a combination of 
(a) a communication between air and vasculature and (b) 
a pressure gradient allowing for the passage of air into 
circulation [252]. When air enters into the cerebrovascu-
lar system, focal neurologic deficits and stroke can occur. 
Most commonly cited iatrogenic causes include arterial 
or cardiac catheterization, surgery, central venous cath-
eterization and pulmonary barotrauma, but nontrau-
matic causes have also been reported [252]. Early brain 
CT may show the gas bubbles and MR shows diffusion 
restriction within the ischemic regions [253, 254]. 
Patients with neurologic deficits should have hyperbaric 
oxygen therapy (HBOT) initiated as early as possible. 
There is a sharp decrease in the successful treatment of 
cerebral air emboli after a 4–5‐hour delay [255]. In a ret-
rospective cohort study of 86 patients with air embolism, 
those that initiated HBOT prior to 6 hours had better 
outcomes and improved recovery than those where 
treatment was initiated later than 6 hours [256]. No ran-
domized clinical trials are available and the exact mecha-
nism as to why HBOT would be useful is unclear [257].

7.13.3 Fat embolism

Fat embolism can occur between 12 hours to a few days 
after long‐bone injury from, for example, trauma or sur-
gery. Most accounts report a global encephalopathy, 
respiratory distress, and skin petechiae. Focal neurologic 
and stroke‐like findings are uncommon [258, 259].

7.14  Hematological disorders

Underlying disorders of the hematologic pathways can 
lead to ischemic vascular disease, intracranial venous 
thrombosis, and TIAs (Table  7.4). Routine bloodwork 
including blood and platelet counts and coagulation 
times will often be the first line in screening for these 
disorders. Most centers also have a standardized order 
set of labs if there is high suspicion for a hematologic 
association with a stroke. It can be difficult to determine 
if the hematologic disorder was the reason or a contrib-
uting factor to the stroke, simply increasing the risk or 
severity of stroke in patients with coexistent vascular risk 
factors such as atherosclerosis. If a disorder is found in 
workup, collaboration in management with a hematolo-
gist is recommended.

7.14.1 Hereditary coagulation disorders or 
thrombophilias

These are rare, familial conditions in which spontaneous 
and if untreated, recurrent venous thrombosis can 
develop, including in the intracranial venous circulation. 
The main causes include antithrombin III deficiency, 
protein C and protein S deficiency, activated protein C 
resistance, factor V Leiden mutation, factor 7 deficiency, 
factor 8 elevation, and prothrombin G20210A mutation 
[260]. In the general Caucasian population, the preva-
lence of the following hereditary coagulation disorders 
are: 0.02–0.2% in antithrombin III deficiency, 0.2–0.5% 
in protein C deficiency, unknown in protein S deficiency, 
4–5% in heterozygote factor V Leiden mutation, and 2% 
in heterozygote prothrombin G20210A mutation [261, 
262]. The following are the estimated lifetime probabili-
ties of developing venous thrombosis compared with 
those with no coagulation disorder: 8.1 times higher for 
antithrombin deficiency, 8.5 times higher for protein S 
deficiency, 7.3 times higher for protein C deficiency, and 
2.2 times higher for factor V Leiden [261]. Arterial 
thrombosis is an uncommon feature of these disorders 
[263, 264] unless a venous‐to‐arterial shunt is present 
(allowing paradoxical embolism), but occasionally symp-
toms which appear to be an arterial occlusion may in fact 
have been caused by venous occlusion. While these dis-
orders are regarded as risk factors of thrombotic events 
and strokes, only 10% of these patients have these ten-
dencies, 30% are associated with bleeding, and the 
majority are otherwise asymptomatic [265].

Patients who have these abnormalities may in fact have 
an arterial cause for their ischemic stroke since these 
hypercoagulable conditions tend to be more associated 
with venous thrombotic events including DVT and PE 
[260]. As patients with these conditions typically present 
at a younger age, other causes of stroke in the young 
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 discussed in this chapter including arterial dissections 
should be discussed with the patient and worked up. In 
acute stroke, in patients on anticoagulants and in preg-
nant patients coagulation factors are often reduced and 
so these tests can be unreliable in the acute setting, war-
ranting repeat testing at later occasions. If other family 
members have a history of thromboembolic events, it is 
often worthwhile to see if they also have been tested, and 
what the results were. If they have not been tested, then 
they might similarly be advised to consult a hematolo-
gist. It appears that smoking and hormone therapy could 
put these patients at even greater risk [264].

While monitoring platelets and other blood counts 
have been suggested for identifying a cause‐and‐effect 
role of these disorders with stroke, no definitive quanti-
fiable measures have been identified. For management, 
typically, hematologists recommend a period of antico-
agulation for venous stroke of at least six months. If a 
second event occurs, life‐long anticoagulation is recom-
mended [266].

A hypercoagulable state may occur because of other 
conditions, but the extent to which this hypercoagulable 
state is directly related to incident arterial or venous 
strokes may not be clear. Such conditions include:

 ● nephrotic syndrome due to possible “hypercoagulabil-
ity” [267, 268];

 ● antiphospholipid syndrome (Section 7.3.2);
 ● widespread malignancy (Section 7.16);
 ● desmopressin: a synthetic vasopressin replacement 

that reduces urine production by limiting water elimi-
nation in the urine [269];

 ● intravenous immunoglobulin (IVIG): carries a small 
risk of stroke and this should be taken into account 
when considering in patients with known vascular 
disease or multiple vascular risk factors [270, 271];

 ● androgens [272];
 ● hypereosinophilic syndrome [273, 274];
 ● antifibrinolytic drugs have caused both cerebral 

venous and arterial thrombosis [275];
 ● recombinant human erythropoietin (epoetin) increases 

hematocrit levels which may induce a hypercoagulable 
state. This perhaps can trigger more a venous then arte-
rial syndrome in dialysis patients and athletes [276, 277];

 ● obstructive sleep apnea.

Table 7.4 Stroke/TIA caused by hematological disorders.

Abnormalities of formed blood elements – quantitative
Polycythemia rubra vera
Polycythemia (relative, secondary, essential)
Thrombotic thrombocytopenic purpura and hemolytic–
uremic syndrome
Iron‐deficiency anemia
Abnormalities of formed blood elements – qualitative
Hemoglobinopathies (e.g. sickle cell disease, thalassemia)
Paroxysmal nocturnal hemoglobinuria
Leukemia
Intravascular lymphoma
Hyperviscosity
Polycythemia
Waldenström macroglobulinemia
Multiple myeloma
Coagulation pathway disorders (thrombophilia)
Antithrombin III deficiency
Protein S deficiency
Protein C deficiency
Activated protein C resistance most commonly caused by a 
mutation of factor V protein (factor V Leiden)
Prothrombin (factor II) mutation
Factor VII deficiency
Elevated factor VIII
Plasminogen abnormality or deficiency
Elevated concentrations of factors II, VII, VIII
Antifibrinolytic drugs
Activated factor VIIa
Prothrombotic states of uncertain cause
Cancer
Disseminated intravascular coagulation
Pregnancy and the puerperium
Oral contraceptives
Heparin‐associated thrombocytopenia with thrombosis
Antiphospholipid syndrome
l‐asparaginase
Nephrotic syndrome
Desmopressin
Intravenous immunoglobulin
Androgens
Hypereosinophilic syndrome

If a coagulation abnormality (thrombophilia) is found in a 
patient with an arterial or venous stroke, then the abnor-
mality must be confirmed weeks or months after the 
acute event before any persisting and definite “thrombo-
philia” can be reliably diagnosed. Even then, the cause of 
the stroke might be something else and the thrombo-
philia is either an additional cause, or unrelated.
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7.14.2 Prothrombotic drugs

Nonillicit drugs can induce a prothrombotic state that 
can cause both venous and arterial events. Many factors 
can play a role depending on the drug. Endothelial dam-
age causing platelet adherence to subendothelium lining 
to form a thrombus can be seen with chemotherapy 
and with contrast media [278]. Oral contraceptives can 
promote thrombosis by altering coagulating factors. 
Intravenous immunoglobulin can increase the blood vis-
cosity and decrease blood flow, leading to a prothrom-
botic state [278]. Heparin can induce an immune‐mediated 
prothrombotic state that will be discussed further later. 
In most cases, recognizing the event and stopping the 
drug is the most important step in management.

With the increased use of anticoagulants and the role of 
novel anticoagulants, increased attention has been placed 
on the availability of “antidotes” or reversal agents. 
Traditionally, fresh frozen plasma was the standard for 
reversing bleeding in patients on anticoagulants. Now, 
there are many more treatment options. Recombinant fac-
tor VIIa (NovoSeven) has been used to treat hemophilia 
and bleeding disorders with a relatively low incidence of 
thrombotic events [279]. Prothrombin complex concen-
trate (PCC) products have also been used for reversing 
anticoagulants: Factor eight bypassing activity (FEIBA) is 
an inhibitor coagulant complex that is an active PCC. 
There is a risk of increased incidence of thrombosis with 
the off‐label use of PCC for reversing anticoagulants that 
needs to be weighed with the potential to stop hemorrhage 
[280]. The contents of the PCC themselves have the poten-
tial to generate thrombin, but reversing the anticoagulant 
may place the patient at risk for the thromboembolic events 
for which the medication was introduced [281–283].

Specific reversal agents for direct oral anticoagulants 
(DOAC) have been developed to neutralize anticoagu-
lant activity in instances of uncontrolled or perioperative 
bleeding. One such agent is idarucizumab, a high‐affin-
ity dabigatran binder, which caused no procoagulant 
activity in healthy individuals and lower rates of throm-
botic events than those reported for PCC use in reversal 
of vitamin K antagonists after serious bleeding events 
[284–287]. A factor Xa decoy receptor named andexa-
net alfa and a synthetic small molecule ciraparantag have 
also been reported to reverse effects of anti‐Xa DOACs 
[288, 289]; however, it is unknown whether these medi-
cations have a procoagulant effect. More research is 
being conducted on the efficacy and safety of these direct 
anticoagulant reversal agents.

7.14.3 Heparin‐induced 
thrombocytopenia (HIT)

HIT is the development of low platelet count due to 
the  administration of heparin. An immune‐mediated 
response causes antibody to activate platelets, which is in 

turn associated with increased risk of thrombosis in cer-
ebral arteries and veins [290–292]. A screening test to 
detect antibodies against heparin‐PF4 complexes should 
be performed in all patients suspected of HIT. In manag-
ing HIT, all heparin‐based products should be stopped. 
To treat the thrombosis, a non‐heparin‐based agent such 
as bivalirudin, argatroban, fondaparinux, or danaparoid 
should be considered for anticoagulation [293, 294].

7.14.4 Anemia

Anemias including iron‐deficiency anemia can in severe 
cases provoke a TIA in patients with severe cerebral 
arterial disease [106, 295]. Thought to be due to throm-
bocytopenia, anemia has also been associated with 
intracranial venous thrombosis and with ischemic arte-
rial stroke [296–298]. Anemia can produce nonspecific 
neurological symptoms such as generalized weakness, 
fatigue, poor concentration, and faintness [295]. The 
occurrence of anemia in association with stroke should 
provoke a search for underlying conditions such as 
malignancy, which can be associated with both.

7.14.5 Sickle cell disease

Children homozygous for sickle cell disease are prone to 
develop ischemic and hemorrhagic strokes due to fragile 
collaterals and aneurysms with an overall annual risk of 
1%. Vessel occlusions are related to thrombi caused by 
rigid RBCs and their interactions with the coagulation 
system and endothelium. Intimal proliferation can cause 
arterial stenosis and ectasia. Strokes are rarer in heterozy-
gous patients but may still occur in the setting of sickling 
crisis causing hypoxia. Prophylactic RBC transfusions are 
helpful for stroke prevention in high‐risk children.

7.14.6 Paroxysmal nocturnal 
hemoglobinuria

Paroxysmal nocturnal hemoglobinuria is a rare acquired 
disorder where the immune complement system destroys 
hemopoietic stem cells. This results from a defect in red 
blood cell surface protein formation that would typically 
inhibit the complement destruction. Typically, venous 
thrombosis occurs including in the brain, although arte-
rial thrombosis has occurred. Anemia is typical at presen-
tation. Patients can also present with abdominal pain, 
recurrent deep venous thrombosis, dark urine, hemolysis, 
and a low platelet and granulocyte count [299, 300].

7.14.7 Leukemia

Leukemia patients more often present with intracra-
nial  hemorrhage or with a “hyperviscosity syndrome.” 
Cerebral arterial or venous occlusions tend to be a less 
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common presentation. Vascular occlusion can occur 
from various associated issues such as from increasing 
viscosity in the whole blood, nonbacterial thrombotic 
endocarditis, and opportunistic infections [301, 302].

7.14.8 Intravascular lymphoma 
(intravascular lymphomatosis)

This is a rare form of B‐cell lymphoma caused by 
 neoplastic lymphocyte proliferation within the lumen 
of  small vessels and occurring in almost any organ. 
Neurological complications include multifocal stroke, 
TIA, and encephalopathy. More often, central nervous 
features are more global including a subacute progres-
sive dementia and seizure [301, 303]. Patients tend to be 
in late middle age [304]. All parts of the nervous system 
can be involved, i.e. spinal cord, nerve roots, and periph-
eral nerves [305]. Characteristically, patients have 
malaise, skin nodules and plaques, and a raised plasma 
lactate dehydrogenase level [303]. Brain imaging is non-
specific with infarct‐like and mass lesions, and some-
times meningeal enhancement (Figure  7.11). The 
diagnosis can only be made by biopsy, typically of skin or 
brain. The course is extremely aggressive with a high 
mortality rate and death within a few months of symp-
tom onset [306].

7.14.9 Essential thrombocytosis

Essential thrombocythemia is also known as idiopathic 
primary thrombocytosis. A sustained platelet count 
defines this disease >600 × 109/L, which can be associ-
ated with a prothrombotic state in both the arterial and 
venous systems [307, 308]. Since there is a defect in 
platelet function, a paradoxical bleeding risk is present. 
Symptomatically, patients can present with headache, 
transient focal and nonfocal disturbances are the most 
common neurological complaints [309, 310]. Other 
potential causes of thrombocytosis including malig-
nancy, splenectomy or hyposplenism, surgery and other 
trauma, hemorrhage, iron deficiency, infection, poly-
cythemia rubra vera, myelofibrosis, and leukemia [310] 
should be excluded. Depending on risk for bleeding or 
clotting, patients may be monitored, treated with aspirin, 
or with a platelet reducing agent such as interferon‐alpha 
and hydroxycarbamide [311].

7.14.10 Lymphomatoid granulomatosis

Lymphomatoid granulomatosis is a rare lymphoprolifer-
ative disorder mostly causing diffuse infiltration and 
nodules in the lungs. Skin, central, and peripheral nerv-
ous systems involvement can be seen with vascular infil-
tration by abnormal lymphocytes and plasma cells, and a 

Figure 7.11 Fluid‐attenuated inversion recovery (FLAIR) MRI axial views in a patient with histologically proven intravascular lymphoma. 
Areas of infarction are seen in grey (curved arrow) and white matter (straight arrows).
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necrotizing vasculitis [312]. The disease is thought to be 
triggered when Epstein–Barr virus‐infected malignant 
B  cells and cytotoxic T cells proliferate, often in the 
 setting of immunosuppression [313]. The neurological 
syndrome is of a subacute encephalopathy, cranial neu-
ropathies, seizures, and stroke. Treatment often involves 
a combination of corticosteroids, rituximab, and chemo-
therapy [314, 315].

7.14.11 Thrombotic thrombocytopenic 
purpura (TTP) and hemolytic uremic 
syndrome (HUS)

Another rare hematologic syndrome, TTP appears 
acutely or subacutely for which effective treatments are 
available. It can and often does overlap in children with 
HUS [316, 317]. The etiology of infarcts is due to forma-
tion of platelet microthrombi that can travel to organs, 
including the brain [318, 319]. Symptoms include a fluc-
tuating encephalopathic illness that may feature epileptic 
seizures and focal neurologic signs [320, 321]. Imaging 
with brain CT and MRI can initially be normal but can 
also show infarcts or a posterior reversible encephalopa-
thy syndrome imaging pattern with posterior cerebral 
edema [318, 322]. Intracerebral hemorrhage can also be 
seen although this may be due to or exacerbated by ther-
apeutic heparinization or acute hypertension rather than 
directly caused by TTP itself [322]. The patient often 
presents critically sick with encephalopathy, malaise, 
fever, skin purpura, renal damage, proteinuria, and 
hematuria. Laboratory work with blood film shows 
thrombocytopenia, microcytic hemolytic anemia and 
fragmented red cells. Typically, the plasma lactate dehy-
drogenase levels are very high. Therapy involves plasma-
pheresis. Corticosteroids and rituximab can also be used 
if plasmapheresis is insufficient [319].

7.14.12 Paraproteinemias

The paraproteinemia syndromes include Waldenström 
macroglobulinemia, multiple myeloma, and the POEMS 
syndrome. There is an increase in acidophilic material 
from the precipitation of abnormal plasma proteins, 
which could potentially occlude arterial and venous ves-
sels [323, 324]. There is also impaired platelet activity, 
both in terms of reactivity and platelet count, potentially 
increasing the risk of intracranial hemorrhage [325, 326]. 
Overall, stroke is rare. More often, patients with these 
syndromes present with varying severity of “hyperviscos-
ity syndrome”: headache, ataxia, diplopia, dysarthria, 
lethargy, poor concentration, confusion, drowsiness, 
coma, visual blurring, and deafness; the retina shows 
dilatation and tortuosity of the veins, venous occlusions, 
papilledema, and hemorrhages [263]. While the exact 

etiology is often unclear, symptoms can be caused by 
uremia, hypercalcemia, or lymphoma complicating the 
paraproteinemia.

7.14.13 Disseminated intravascular 
coagulation (DIC)

DIC is a bleeding diathesis with the potential to cause 
widespread hemorrhagic infarcts. This includes intrac-
ranial hemorrhages associated with acute or subacute 
global encephalopathy as opposed to stroke‐like epi-
sodes [327]. Often patients present with critical illness 
due to a primary disease such as an obstetric emergency, 
sepsis, or trauma. Sometimes it is difficult to distinguish 
the effects of DIC from the effect of the primary disease 
on the brain [328]. The diagnosis is supported by a low 
platelet count, prolonged prothrombin and activated 
partial thromboplastin times, low plasma fibrinogen, 
raised fibrin degradation products in plasma, and raised 
d‐dimers. Management is focused on the primary dis-
ease, but platelets, fresh frozen plasma, and cryopre-
cipitate can be considered for cases with significant 
bleeding [329].

7.14.14 Polycythemia

Polycythemia is defined as a hematocrit >55% in a rested, 
well‐hydrated patient, and the blood taken without 
venous occlusion. Patients can have an “absolute” poly-
cythemia due to an increase in red blood cells or “rela-
tive” polycythemia due to depletion of the plasma 
volume.

Patients with polycythemia rubra vera (also known as 
primary proliferative polycythemia) can develop 
ischemic strokes, TIA, or intracranial venous thrombo-
sis. The neurologic risk in patients is not well known as 
the disease is rare, with no reliable prospective studies 
[330, 331]. Based on a small trial, the risk of cardiovascu-
lar events including stroke and myocardial infarction 
was about 5% with placebo versus 2% in the aspirin group 
over a 3‐year period, though the estimate itself was based 
on only 18 events [332]. A few factors contribute to 
thrombosis formation: increased whole‐blood viscosity, 
thrombophilia, and altered platelet activity and endothe-
lial cell function favoring thrombosis formation. 
Paradoxically, intracranial hemorrhage can develop due 
to defective platelet function causing a hemostatic defect.

Relative polycythemia can be caused by reduced 
plasma volume from a variety of issues including alcohol, 
dehydration, diuretics, and hypertension. Secondary 
polycythemia can be caused by raised red‐cell mass 
including from chronic hypoxia, smoking, cerebellar 
hemangioblastoma, and renal tumor. A direct causal 
relationship has not been well established with stroke.
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7.15  Perioperative stroke

7.15.1 Cardiac procedures

Strokes may complicate cardiac procedures and surgeries 
during the operative period or in the days following, with 
variable risk depending on the patient profile and the 
involved procedure or required intervention. Several 
mechanisms are possible depending on the nature and 
circumstances of the procedure (Table  7.5). Most fre-
quently, embolic phenomena occur from the aortic arch; 
intraprocedural hypotension and arrhythmia are other 
possible culprits [333]. Silent ischemic and hemorrhagic 
lesions seen on CT or MR imaging are more common 
than clinical stroke syndromes in the postoperative set-
ting; DWI lesions on MRI can be seen following up to 
45% of cardiac surgeries [334]. Silent infarcts – DWI 
lesions – are more common in those with a high vascular 
risk profile (age, prior vascular lesion burden, presence 

of atheromatous disease on thoracic aorta). The clinical 
significance of these silent DWI lesions is debated as 
some of these lesions may regress. However, infarcts 
seen on MRI without acute localizing stroke symptoms 
can also be associated with cognitive or neuropsycho-
logical impairments or both.

Cardiac catheterization
Diagnostic cardiac catheterization and intervention are 
common procedures and carry a relatively low risk of 
neurologic complications of around 0.1–0.4% in retro-
spective reports [334]. Interestingly, the transradial 
approach may be associated with increased risk of cere-
bral ischemia. Similar stroke risk is described for acute 
MI treated with bare metal stent compared with treat-
ment with drug‐eluding stents [335].

Coronary bypass
Coronary artery bypass grafting is a commonly per-
formed surgical procedure. Perioperative stroke compli-
cates up to 6% of cases [334]. The presence of aortic arch 
atheromatous disease is an independent risk factor for 
stroke in PCI and CABG [336].

Valve repair: open versus endovascular
Open‐chamber cardiac surgeries were previously 
thought to carry higher risk of cerebral ischemic compli-
cations due to increased risk of thrombi, air, and other 
particles created within the intraoperative period [337]; 
however, recent studies have shown similar rates of 
stroke complicating open and transcatheter approach 
aortic valve replacement (5.5–6.1% at 30 days) [338]. 
DWI lesions are reported in 38–47% [339].

Heart transplant
Ischemic stroke or TIA can complicate up to 13% of 
orthotopic heart transplants [340]. Twenty percent of 
complications occur in the first two weeks postop, 80% 
in the late postoperative phase. In the perioperative 
period, hemodynamic instability, cardiac arrest, extra-
corporeal circulation over 2 hours, prior history of 
stroke, and carotid stenosis greater than 50% have been 
reported to be risk factors for the occurrence of cerebro-
vascular complications [341].

7.15.2 General surgery

General surgery has a lower risk of stroke complication 
risk than cardiac surgery, affecting less than 1%. Risk fac-
tors include prior stroke history, vascular disease, and 
cardiopulmonary disease [342]. Many stroke mecha-
nisms are possible depending on the type of surgery, 
underlying disease, and drugs used intra‐ and periopera-
tively such as anesthetics and antithrombotics (Table 7.6). 

Table 7.5 Possible causes of stroke and cognitive decline 
complicating cardiac surgery.

Embolization to the brain during surgery of:
platelet aggregates
fibrin
calcific valvular debris
intracardiac thrombus
atheromatous debris from the aorta
fat, air, and silicone or particulate matter from the pump–

oxygenator system
vegetations complicating infective endocarditis

Embolism after surgery from:
thrombus on suture lines or on prosthetic material
left ventricular thrombus complicating myocardial infarction
atrial fibrillation
infective endocarditis

Global hypoperfusion and ischemia resulting from 
perioperative hypotension (Chapter 6)
Hemodilution during surgery
Simultaneous carotid endarterectomy under the same 
anesthetic (Chapter 16)
Cholesterol embolization syndrome (Section 7.13.1)
Thrombosis associated with heparin‐induced 
thrombocytopenia (Section 7.14.3)
The systemic inflammatory response
Nonspecific effect of general anesthesia
Intracranial hemorrhage caused by:

thrombocytopenia
disseminated intravascular coagulation
uncontrolled hypertension
antithrombotic drugs

Paradoxical embolism from postoperative deep venous 
thrombosis (Chapter 6)
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Current guidelines for the temporary withdrawal of 
antithrombotics for nonvascular and noncardiac surgery 
in patients with known cerebrovascular disease are 
incomplete, particularly for antiplatelet agents and for 
novel anticoagulants [343]. What must be balanced is the 
risk of hemorrhage during the procedure with the under-
lying risk of thromboembolism that provoked the initia-
tion of treatment.

7.15.3 Cerebrovascular catheterization 
and procedures

Digital subtracted angiography (DSA) is the gold standard 
for evaluation of the head and neck neurovasculature and 
continues to be commonly used despite advancements of 
noninvasive CT and MR angiography (see Chapter  6). 
Cerebral angiography carries a neurologic complication 
rate of 1–3%, increased to up to 10% in those with high‐
grade ICA stenosis. Gas and induced thromboembolism 
are proposed culprits. Between 15% and 26% have DWI 
lesions after cerebral angiography, associated with diffi-
culty of case, longer duration, difficulty with probing, and 
the amount of contrast utilized [334].

Coil occlusion of a cerebral aneurysm is associated 
with a 5–9% rate of neurologic deficits, up to 28% with 
thromboembolic vessel occlusion [334].

Procedures performed for stroke prevention related 
to atherosclerotic carotid stenosis carry a risk of peripro-
cedural stroke. Endarterectomy carries a 2.3–4.1% of 

perioperative stroke complications whereas endovascu-
lar carotid stenting carries a periprocedural stroke risk of 
4.1–7.7% [344, 345] (see Chapter 16). Thromboembolism 
from cross‐clamp and arterial dissection is commonly 
cited as source of stroke.

7.15.4 Pulmonary vein thrombosis

Blood stasis after left upper lobectomy or lung trans-
plantation [346] and pulmonary malignancies can be 
risks for thrombus formation in the pulmonary vein 
[347]. PVT can rarely also develop spontaneously [348]. 
Pulmonary vein stump thrombus is seen in around 3% of 
patients who have undergone left upper lobectomy [347, 
349], and there have been case reports of embolic strokes 
and systemic infarcts as complications [350]. PVT is 
typically treated with anticoagulation.

7.16  Neoplasm and effects 
of treatment

Up to 15% of cancer patients have cerebral infarction 
[351]. Stroke risk appears to be highest in patients with 
lung, pancreatic, and colorectal cancers [352]. Strokes 
can occur in these patients via multiple mechanisms 
(Table  7.7). Delineating the cause of cerebral ischemic 
injury may alter treatment and affect stroke recurrence. 
However, overall prognosis after stroke in patients with 
active malignancies is poor [353]; whether this is due to 
the prognosis from the underlying malignancy, to thera-
peutic nihilism, or to other factors is not clear.

7.16.1 Malignancy‐related coagulopathy

Active malignancy can cause a hypercoagulable state, 
which has been associated in this population with venous 
and arterial thrombotic events, though the direct cause‐
and‐effect relationship has not been described. Patients 
often have low grade activation of the coagulation sys-
tem which would be expected to increase the risk of arte-
rial and venous thrombosis [354, 355]. Consumptive 
coagulation disorders may be associated with the tumor 
itself or with chemotherapy. Malignancy is associated 
with venous and arterial thrombosis. After evaluating for 
alternative etiologies, strokes attributed to malignancy‐
related hypercoagulable state can often be treated with 
anticoagulation, low molecular weight heparin is a pre-
ferred agent for preventing recurrent venous thrombo-
embolic events [356], but the ideal regimen for stroke 
prevention has not been confirmed.

Intracerebral hemorrhage can also occur in the setting 
of thrombocytopenia, coagulopathy, and disseminated 
intravascular coagulation, which are usually associated 

Table 7.6 Possible causes of stroke during or soon after general 
surgery.

Intra‐ or postoperative hypotension causing low‐flow 
infarction, particularly if there are stenotic or occluded arteries 
supplying the brain (Chapter 6)
Hemostatic defect resulting from antithrombotic drugs, or 
disseminated intravascular coagulation, causing intracranial 
hemorrhage
Occlusion or dissection of neck arteries caused by faulty 
handling and positioning during general anesthesia 
(Section 7.2.1)
Paradoxical embolism from postoperative deep venous 
thrombosis (Chapter 6)
Withdrawal of long‐term warfarin therapy for stroke 
prevention
Penetrating trauma of a neck artery during attempted venous 
catheterization or neck surgery (Section 7.2.3)
Perioperative myocardial infarction or atrial fibrillation
Infective endocarditis (Chapter 6)
Fat embolism after long‐bone surgery (Section 7.13.3)
Air embolism (Section 7.13.2)
The rather nebulous concept of postoperative 
“hypercoagulability”
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with hematologic malignancies, AML or CML blast cri-
sis. An acute rise in peripheral blast cells can cause 
small‐vessel occlusion, endothelial damage, hyperviscos-
ity, and direct vessel rupture [354].

7.16.2 Metastatic complications

Hemorrhage into brain metastasis from solid tumor may 
occur through tumor necrosis, rupture of thin neoplastic 
vessels, or invasion/destruction of adjacent vessels. 
Tumor emboli causing aneurysmal formation and subse-
quent rupture is less common. Subdural hematoma from 
dural metastasis has also been described [357].

Lepto/dural sinus invasion
Skull and dural metastasis can infiltrate or compress 
dural sinuses causing stasis and thrombosis. Rarely this 
can occur with leptomeningeal invasion [354]. Metastatic 
venous occlusion is typically treated with radiation, and 
the benefit of anticoagulation in this setting is unknown.

7.16.3 Cardiac and aortic tumors

These tumors may cause embolism of tumor material or 
of surface clot into the cerebrovascular system. Cardiac 
tumors have a prevalence of 0.02–0.45% [358]. Benign 
tumors include atrial myxoma and fibroelastoma, and 
malignant tumors include left atrial rhabdosarcoma and 
aortic sarcoma. Cardiac myxoma is the most common 
benign cardiac tumor (Figure  7.12), most frequently 
occurring in the left atrium, with 30–40% of patients pre-
senting with arterial emboli. Emboli are thought to consist 
of tumor and thrombus and may cause ischemia as well as 
aneurysmal formation and ICH [359]. Papillary fibroelas-
toma is the most common primary cardiac valvular tumor 
[360]. Sarcomas are exceptionally rare invasive tumors 
and can cause widespread embolic vascular metastases.

7.16.4 Marantic endocarditis

Marantic endocarditis, also known as nonbacterial 
thrombotic endocarditis, is assumed to be a more com-
mon cause of ischemic stroke in cancer patients, although 
the incidence in cancer patients is unknown [361]. It can 

Table 7.7 Possible causes of stroke in malignancy.

Marantic (nonbacterial thrombotic) endocarditis causing 
cerebral embolism
Tumor embolism
Cardiac tumors

Atrial myxoma
Fibroelastoma
Aortic sarcoma
Atrial rhabdosarcoma

Tumor dural invasion
Tumor invasion or compression of cerebral arteries
Intracerebral hemorrhage into primary tumor
Intracerebral hemorrhage into cerebral metastasis

Melanoma
Choriocarcinoma
Germ cell tumors
Renal cell carcinoma
Lung carcinoma
Breast carcinoma

Drugs
l‐asparaginase
Bevacizumab
Cisplatin
Doxorubicin
Mitomycin
Bleomycin
Tamoxifen

Malignancy‐related hypercoagulable state
Hyperviscosity syndrome
Coagulopathy and thrombocytopenia
Disseminated intravascular coagulation
Paraneoplastic vasculitis
Radiation‐induced vasculopathy
Opportunistic infections

Figure 7.12 Echocardiogram of atrial myxoma. Transesophageal 
echocardiogram shows a 2 cm well‐circumscribed mass attached 
by a broad base to the interatrial septum. 
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be associated with any type of cancer, but is more com-
mon in adenocarcinoma. Immune‐mediated damage to 
heart valves leads to sterile vegetations of platelet‐fibrin, 
which then embolize into the arterial system [362].

7.16.5 Leukemia, myeloma, intravascular 
lymphoma, and lymphomatoid 
granulomatosis

These are hematologic disorders that are associated with 
increased stroke risk. They are discussed in Section 7.14.

7.16.6 Radiation

Irradiation of the head, neck, and supraclavicular region 
(such as for breast cancer) can cause damage to the cervi-
cal and intracranial neurovasculature causing vasculopa-
thy and accelerating atherosclerosis (Figure 7.13). Carotid 
artery rupture is a rare complication of tumor resection 
and radiation. Childhood brain irradiation (especially in 
ALL) increases risk for moyamoya syndrome [363].

7.16.7 Stroke‐like migraine attacks after 
radiation therapy (SMART)

SMART syndrome has been described as a late‐term 
complication of radiation for brain tumor treatment, 
occurring usually many years after the treatment course. 

Patients present with headache, focal neurologic deficit, 
and occasionally seizures. MR imaging typically shows 
unilateral restricted diffusion not following a vascular 
distribution, with cortical gyriform edema and contrast 
enhancement, which improves or resolves spontane-
ously several weeks later, along with the clinical symp-
toms (Figure  7.14). The pathophysiology of SMART is 
thought to be similar to PRES [364, 365].

7.16.8 Chemotherapy treatments

Chemotherapy treatments can lead to stroke via activation 
of the coagulation pathway (including via tumor lysis), 
endothelial damage, and vasospasm. The following drugs 
are reported to be associated with an increase in stroke:

1) l‐asparaginase is an enzyme inhibitor of protein syn-
thesis commonly used in induction of acute leukemia. 
It can cause cerebral infarction commonly by venous 
thrombosis [366].

2) Bevacizumab is a vascular endothelial growth factor 
(VEGF) inhibiting antibody used to treat several types 
of cancer; it has been associated with increased cere-
brovascular events, likely related to the drugs’ direct 
target of the vascular endothelium [367].

3) Cisplatin use has been linked to cerebrovascular events, 
possibly through effects of clotting factors including 
increased levels of von Willebrand factor [368].

4) Doxorubicin may cause a cardiomyopathy leading to 
ventricular thrombus formation and thromboem-
bolic events [369].

5) Mitomycin, bleomycin, and gemcitabine have each 
been implicated in thrombotic microangiopathy syn-
drome in adenocarcinoma [370]; cerebrovascular 
events can result from increased platelet and fibrin 
deposition in arterioles and capillaries.

6) Tamoxifen, a selective estrogen receptor modulator 
(SERM), is used in breast cancer by decreasing factors 
that increase the growth of breast cells and increasing 
factors that decrease the growth of breast cells. It has 
been associated with a doubled ischemic stroke risk 
[371].

7) Anastrole is an aromatase‐inhibitor breast cancer drug 
that carries less thromboembolic and cerebrovascular 
risk compared with tamoxifen. The effects of aro-
matase inhibitors on lipid levels are variable and cor-
relation with vascular events is unknown [372, 373].

7.16.9 High‐dose or intrathecal 
methotrexate

High‐dose or intrathecal methotrexate can induce a 
neurotoxic leukoencephalopathy that presents with 
stroke‐like symptoms; it is considered to be a stroke 

Figure 7.13 Arch aortogram showing narrowing (arrows) of the 
large arteries in the neck 20 years after irradiation of cervical 
lymph nodes affected by Hodgkin disease.
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mimic [374, 375]. Symptoms and diffusion restriction 
(including ADC normalization) usually resolve within 
days [376, 377].

7.17  Medications and drugs

7.17.1 Hormonal agents

Observational studies show an increased risk of ischemic 
stroke associated with the use of oral contraceptives 
(OCPs) [378]. This association has been much debated 
and uncertainty continues due to a lack of prospective 
studies and an inability to make direct comparisons 
because the composition of OCPs has changed over 
time  [379, 380]. There seems to be a dose‐dependent 
stroke risk with increased stroke risk in older studies 
where estrogen doses were higher than at present [380]. 
Particularly, there seems to be an increased risk of cere-
bral venous thrombosis in women taking OCPs, particu-
larly if they carry an inheritable condition or other risk 
factor such as smoking. Several mechanisms (including 
hypercoagulability, vasculopathy, or facilitation of other 
stroke causes) are proposed but the exact mechanism is 
unknown. Progesterone‐only pills appear to be associ-
ated with no to very low risk of stroke. Patients who have 
a stroke are advised to avoid estrogen‐containing OCPs 
and to use progesterone‐only pills if oral contraception is 
required. Even though the risk of stroke in young females 

is low (around 1 : 100 000 patient‐years), patients with 
migraine with aura might wish to avoid estrogen‐ 
containing OCPs, particularly if migraines increase in 
frequency or severity while on OCPs. They should cer-
tainly be advised to stop smoking. However, the absolute 
risk of stroke is such that around 25 000 patients with 
migraine with aura would have to take OCPs for a year to 
cause one additional stroke. Individuals may consider 
the health and social consequences of an unplanned 
pregnancy (given a maternal mortality rate of around 1 
in 1000) to be more important. If a patient has a stroke 
while on OCPs, it would be recommended to stop OCPs, 
but the clinician is advised to evaluate for other causes 
of stroke in the young before labeling OCPs as even an 
indirect cause of the stroke.

7.17.2 HRT

Hormonal (estrogen) therapy has been associated with a 
favorable lipid and hemostatic profile, and in observa-
tional studies is not associated with an increased stroke 
risk. However, randomized studies have shown a one‐
third increase in the risk of ischemic stroke and no pro-
tective effect for vascular disease [381, 382]. Patients 
using HRT should weigh the potential benefits (post-
menopause symptoms, less osteoporosis) against the 
excess risk of stroke as well as other potential harm 
(increased breast cancer, venous thromboembolism, and 
coronary events).

(a) (b)

Figure 7.14 MRI in a patient with SMART syndrome. (a) DWI sequences show abnormal restricted diffusion throughout the left cerebral 
hemisphere in the temporal, parietal, and occipital lobes. (b) FLAIR hyperintensities and cortical edema are seen in a similar left 
hemispheric distribution. 
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7.17.3 Androgens and anti‐androgen 
therapy

There are no convincing data that testosterone therapy 
increases the risk of cardiovascular disease, and it may 
reduce risk in those with metabolic disease (reduced 
obesity, fat mass, waist circumference) [383]. Androgen 
deprivation (orchiectomy in patients with prostate CA) 
is associated with increased stroke risk [384].

7.17.4 Anti‐inflammatory drugs

Concerns have been raised about increased risks of myo-
cardial infarction and possibly stroke in patients using 
cyclo‐oxygenase (COX) 2 inhibitors including rofecoxib, 
valdecoxib, celecoxib, etoricoxib, and lumiracoxib [385, 
386]. This increased risk is thought to be related to inhi-
bition of the production of prostacyclin in the vascular 
endothelium. Patients with stroke are advised to avoid 
COX 2 inhibitors if possible, and to use a conventional 
nonsteroidal anti‐inflammatory drug (NSAID) such as 
ibuprofen or naproxen, which cause more COX 1 inhibi-
tion and less COX 2 inhibition.

7.17.5 Sildenafil, cialis

Nitrous oxide inhibition may acutely cause systemic 
blood pressure lowering and theoretically may increase 
the risk of stroke; however, there are few reports of this 
complication.

7.17.6 Anabolic steroids

Anabolic steroids are synthetic substances derived from 
testosterone which have been used for muscle building to 
enhance performance in competitive sports. Several case 
studies have linked their use to cardiovascular events 
(myocardial infarction, stroke, death) but the mechanisms 
are not well described. Blood pressure, hyperlipidemia, 
EKG changes, concentric left ventricular hypertrophy, 
and endothelial dysfunction have each been implicated, 
but data has been equivocal [387]. Polycythemia and 
lacunar infarction have also been reported [388].

7.17.7 Antipsychotic medications

Risperdone and olanzapine have been associated with 
increased cerebrovascular adverse events in elderly 
patients with dementia [389]. Conflicting results have 
been reported in investigating increased stroke risk in 
second‐generation antipsychotics [390]. Potential mech-
anisms include increased metabolic risk, thrombotic 
effects, cardiovascular effects including orthostasis, and 
sedation leading to dehydration. The correlation between 
these medications and stroke remains uncertain.

7.17.8 Intravenous immunoglobulins (IVIG)

IVIG is used to treat immune‐mediated disorders. 
Arterial and venous thrombotic complications are 
reported in up to 13% of patients and led to the introduc-
tion of an FDA warning in 2013. These adverse events 
typically occurred in patients with other vascular risk 
factors including age, prior thromboembolic event, 
being bedridden, and in those receiving high doses of 
IVIG [391]. The hypothesized mechanism was increased 
plasma viscosity particularly in patients with impaired 
circulation, but a recent meta‐analysis found no evidence 
for such an association [392].

7.17.9 Medications affecting coagulation

Heparin (which may cause heparin‐induced thrombocy-
topenia), desmopressin, and recombinant factors for 
anticoagulant reversal such as FEIBA, are associated 
with an increase in stroke risk. These are discussed in 
Section 7.14.2.

7.17.10 Recombinant human erythropoietin

Recombinant human erythropoietin (epoetin) was pre-
viously thought to carry increased stroke risk through 
increased hematocrit and hypercoagulability.

7.17.11 Drugs of abuse: cocaine

Cocaine use is widespread and is a risk factor for stroke. 
Acute cocaine use can trigger stroke within hours of 
use; chronic use also increases stoke risk. Proposed 
mechanisms include sympathomimetic effect causing 
hypertension and vasoconstriction, effects on myocar-
dial contractility and arrhythmias, prothrombotic state 
[393], enhanced platelet aggregation [394], or vasculitis 
or vasculopathy [395] causing large‐vessel atherosclero-
sis [396, 397], lacunar [398], cardiogenic, or cryptogenic 
nonlacunar strokes. Active cocaine users also have an 
increased risk of ICH and in cocaine users many SAH 
cases are aneurysmal [397]. A clear mechanistic link is 
lacking and the pathophysiology may have multiple 
components.

7.17.12 Drugs of abuse: amphetamines

Amphetamines can lead to small‐ and medium‐vessel 
vasculopathy that can precipitate ischemic injury or 
intracerebral hemorrhage [399]. Other potential factors 
include increased platelet aggregation, cardioembolism, 
and hypertensive surges. Interestingly, there is interest in 
utilizing amphetamines for motor and language recovery 
after stroke [400–402]. Other sympathomimetic drugs 
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may rarely cause stroke by similar mechanisms to 
amphetamines:

 ● Ephedrine and pseudoephedrine (Sudafed) [403]
 ● Phentermine: anorexiant [404]
 ● Oxymetazoline (Afrin)
 ● Methylphenidate (Ritalin) [405]
 ● MDMA (methylene dioxymethylamphetamine, 

“ecstasy”).

7.17.13 Drugs of abuse: cannabis

Case reports have proposed a link between cannabis use 
and stroke, in particular citing vasospasm as a potential 
mechanism in ischemic stroke [406–408]. Despite mari-
juana’s widespread use, associated strokes are apparently 
relatively infrequent.

7.17.14 Drugs of abuse: injected

Injected drug abuse can also lead to stroke by infective 
endocarditis. Comorbid conditions to consider include 
HIV, syphilis, hepatitis C, alcohol abuse, and trauma, 
which can also lead to stroke.

7.18  Pregnancy 
and the puerperium

Stroke complicates about 1 in every 2500 to 10 000 deliv-
eries [409]. Several entities may contribute to ischemic 
stroke and intracerebral hemorrhage risk. Hormone 
 levels are in flux during these periods and combined 
with the acute stress response can lead to a transient 
hypercoagulable state. Hormones likely also play a role 
in  endothelial activation triggering vascular changes. 
Hemodynamic changes also play a role. In pregnant 
women, stroke risk appears to be higher in the third tri-
mester of pregnancy through to six weeks postpartum. 
Several of the mechanisms leading to stroke present with 
headache and suspicion should be raised in the appropri-
ate context [410].

7.18.1 Hypercoagulable state

Pregnancy causes a variety of coagulation changes 
including increased production of coagulation factors, 
increased plasminogen activator inhibitors, protein C 
resistance, reduced protein S, and downregulation of 
fibrinolytic processes [411]. In association is the 
increased risk of arterial ischemic strokes and cerebral 
venous thrombosis. Population studies have shown an 
increased risk of postpartum stroke in caesarean section 
deliveries.

7.18.2 Arterial dissection

Cervical artery dissections may occur in labor and deliv-
ery as a result of hormonal and mechanical triggers. 
Observational studies show a relatively low risk of recur-
rent dissection with pregnancy 1 year after initial dissec-
tion in women without underlying connective tissue 
disease [412]. Women with history of spontaneous CAD 
or triggered by mild mechanical events may be advised 
to undergo caesarean or no‐push assisted vaginal delivery 
to decrease mechanical risks. Peripartum CAD may 
coexist with RCVS, PRES, and SAH [413].

7.18.3 Peripartum vasculopathy

Pre‐eclampsia and eclampsia are common, but can also be 
associated with rarer cerebrovascular syndromes during 
pregnancy including reversible cerebral vasoconstriction 
syndrome (RCVS) (along the spectrum of, if not synony-
mous with Call‐Fleming syndrome and postpartum angi-
opathy) and PRES. Likely mechanisms of vasculopathy 
include hypertension and hormone‐induced vasocon-
striction, endothelial changes, and impaired cerebrovas-
cular autoregulation [414]. A thunderclap headache and 
multifocal constriction of the intracranial vasculature 
often characterize RCVS. It may lead to ischemic infarc-
tion, convexity SAH, and infrequently intraparenchymal 
hemorrhage. HA and vasoconstriction usually subside 
after 12 weeks. CCB may be of benefit. PRES presents 
more frequently with subacute headache, seizure, enceph-
alopathy, and visual changes in the setting of vasogenic 
edematous changes on cerebral imaging.

7.18.4 Intracerebral hemorrhage

ICH is reported to be more common than ischemic 
stroke in pregnancy and the puerperium in Asians. 
Possible etiologies include aneurysmal rupture, AV mal-
formation, pre‐eclampsia/eclampsia, and coagulopathy/
DIC [415, 416]. Peripartum vasculopathy may lead to 
SAH and less frequently intraparenchymal hemorrhage.

Pituitary apoplexy, amniotic fluid and air embolism are 
rare complications in pregnancy and the peripartum 
period. Peripartum cardiomyopathy and PFO also 
increase risk of thromboembolic stroke in pregnancy.

7.19  GI disorders

7.19.1 Inflammatory bowel disease (IBD)

Ulcerative colitis and Crohn’s disease carry a modest 
increase in stroke risk [417–420]. Chronic inflammation is 
recognized as a major risk factor for atherosclerosis. 
Prothrombotic state is another possibility as vitamin B6 and 
homocysteine are present in higher levels in IBD patients.
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Figure 7.15 Mitochondrial encephalomyopathy, lactic acidosis, and stroke‐like episodes (MELAS): T2‐weighted MR scan. The first scan 
(left‐hand panel) shows an infarct‐like hyperintensity in the parieto‐occipital cortex (white arrow). The second scan (right‐hand panel) was 
obtained two weeks later and shows a new lesion in the left parieto‐occipital cortex (open white arrow); the earlier lesion has vanished.

7.19.2 Degos disease (see Section 7.4)

Malignant atrophic papulosis is a rare obliterating vascu-
lopathy causing multifocal infarcts in the skin and inter-
nal organs, in particular the gastrointestinal tract and 
nervous system [421]. The most likely proposed mecha-
nism of stroke is via a coagulopathy.

7.19.3 Celiac disease

Celiac disease seems to be associated with only a small 
increase in stroke risk [422, 423]. Vasculitis has been 
suggested as a possible etiology for stroke due to the 
role of tissue transglutaminase in maintaining endothe-
lial integrity. Vitamin deficiencies are another potential 
link [424].

7.20  Mitochondrial disease

Mitochondrial disease, caused by deletions and point 
mutations in mitochondrial DNA, is typically maternally 
inherited. It can cause several clinical phenotypes.

7.20.1 Mitochondrial encephalopathy, lactic 
acidosis, and stroke‐like episodes (MELAS)

MELAS is a well‐described syndrome presenting any 
time between childhood to middle‐aged adulthood with 
migraine‐like headache, seizures, focal neurologic defi-
cits, and encephalopathy. Full expression of the disease 
leads to eventual cortical blindness and dementia. Other 

features of MELAS include progressive muscle weak-
ness, ataxia, cardiomyopathy, endocrinopathies such as 
diabetes and hypogonadism, sensorineural hearing loss, 
and external ophthalmoplegia. Importantly, mosaicism 
in the mitochondrial lineage means that not all tissues 
are affected, which leads to a broad range of clinical 
manifestations.

Imaging findings in MELAS typically show affected 
posterior parietal and occipital lobes, not usually follow-
ing cerebral arterial territories (Figure 7.15). The cause of 
the brain lesions and stroke‐like episodes is unknown 
but favored to be due to oxidative metabolic derange-
ment in the brain rather than ischemic vascular 
pathology.

The diagnosis should be based on clinical [425], neuro-
imaging, histochemical, and molecular data. Plasma and 
CSF lactate are usually elevated. Genetic mutation analy-
sis can be performed. Given the mosaicism described 
earlier it is common to test DNA from an early morning 
urine sample if blood testing is normal.

Several point mutations have been associated with 
MELAS, with a point mutation in mtDNA A3242G 
occurring in >80% of cases. Not all patients with MELAS 
have known mutations, and MELAS can also occur in 
sporadic rather than maternally inherited cases.

There is no current treatment for MELAS.

7.20.2 Kearns Sayre

Kearns Sayre is a mitochondrial encephalomyopathy 
associated with cerebral infarcts with unclear etiolo-
gies. Patients can have cardiomyopathy and arrhythmias 
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requiring pacemaker implantation; cardioembolism 
causing ischemic strokes has been reported [426].

7.21  Single gene disease

7.21.1 CADASIL

Cerebral autosomal dominant arteriopathy with subcor-
tical infarcts and leukoencephalopathy (CADASIL) is an 
autosomal dominant small‐vessel disease presenting in 
mid‐adulthood, caused by NOTCH3 gene mutations on 
chromosome 19 [427].

Migraine with aura is common feature in CADASIL, 
affecting up to 40% of patients and beginning between ages 
20 to 40. Cerebral ischemic manifestations affect up to 85% 
of CADASIL patients, typically occurring during the 
fourth and fifth decades. These consist of TIA and com-
pleted infarcts and are mainly lacunar. Patients may have 
associated mood and psychiatric disturbances. A subcorti-
cal dementia is typically diagnosed by the fifth or sixth dec-
ade and is the second most common clinical feature of 
CADASIL [428]. Symptom onset and severity may vary.

MRI imaging typically shows characteristic T2 hyper-
intensities in the periventricular and deep white matter. 
Involvement of the anterior temporal lobes (in up to 60% 
of patients) may differentiate this disease radiographically 

from leukoaraiosis and demyelinating plaques of MS 
(Figure 7.16). Focal changes can also be seen in the basal 
ganglia, thalami, and brainstem. The extent of these 
white matter changes is variable but increases with age. 
Microhemorrhages on GRE imaging can be seen in up to 
50% [429].

Eosinophilic PAS positive material deposits can be 
seen in leptomeningeal and perforating artery walls of 
the brain, as well as in small vessels of the skin, muscle, 
nerves, and other viscera. Diagnosis can be confirmed by 
skin biopsy, or by genetic testing. Genetic testing for 
NOTCH3 mutations focusing on exons where the muta-
tions are most frequent confirms the CADASIL.

There is no specific treatment for CADASIL, and med-
ical management usually entails antiplatelet agents and 
cerebrovascular risk factors reduction. Triptans and 
other vasoconstricting agents should be avoided. Genetic 
counseling is important for this chronic and ultimately 
fatal condition which often becomes symptomatic and 
diagnosed after patients have had children. Psychological 
support for patient and family is also crucial.

7.21.2 CARASIL

Patients with cerebral autosomal recessive arteriopathy 
with subcortical infarcts and leukoencephalopathy 
(CARASIL) present with early adult‐onset dementia, 

(a) (b)

Figure 7.16 Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL): FLAIR MR brain 
scan showing (a) numerous abnormal high signal areas in the cerebral white matter bilaterally and, typically, (b) in the anterior temporal 
lobes (arrows), which would be most unusual in multiple sclerosis, for example.
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gait disturbance, alopecia, and low back pain. MRI 
findings are similar to CADASIL with symmetric T2 
hyperintensities affecting the periventricular and deep 
white matter including anterior temporal lobes, exter-
nal capsule, cerebellum, and brainstem. The disease is 
caused by a mutation in the HTRA1 gene encoding for 
a serine protease [430]. Pathologically, there is smooth 
muscle cell loss in the cerebral small arteries without 
significant sclerosis (seen in ischemic small‐vessel 
 disease) [431].

7.21.3 CARASAL

Cathepsin A related arteriopathy with strokes and leu-
koencephalopathy (CARASAL) is an autosomal dominant 
disorder mapping to chromosome 20q13. Affected patients 
present with therapy‐resistant hypertension, ischemic 
strokes and ICH, and later cognitive decline [432].

7.21.4 Retinal vasculopathy with cerebral 
leukodystrophy (RVCL)

RVCL is a group of disorders including cerebroretinal 
vasculopathy (CRV), hereditary endotheliopathy, retin-
opathy and nephropathy (HERNS), hereditary vascular 
retinopathy (HVR), and hereditary systemic angiopa-
thy (HSA), which are an autosomal dominant multisys-
tem disorder of middle age onset, causing systemic 
angiopathies [433]. Neuroimaging shows tumor‐like 
lesions with vasogenic edema and focal calcifications. 
These disorders are linked by frameshift mutations in 
the DNA exonuclease TREX1 on chromosome 3p21 
[434, 435]. Steroids have been used to reduce cerebral 
edema; otherwise treatments are limited. The prognosis 
is poor leading to death in 5–10 years from symptoms 
onset [436].

7.21.5 COL4A1 genes

COL4A1 genes encoding type IV collagen alpha‐1 chain 
have been associated with porencephaly and infantile 
hemiparesis, and more recently identified as a cause of 
small‐vessel disease presenting in adulthood leading to 
subcortical hemorrhage and lacunar infarction [437]. 
Imaging findings also consist of microhemorrhages and 
leukoaraiosis in patients without typical cerebrovascular 
risk factors [438].

7.21.6 Fabry disease

Fabry is an X‐linked lysosome storage disorder of gly-
cosphingolipid accumulation due to alpha‐galactosidase 
A deficiency [439], affecting 0.4–2.6% of the population 
[440]. Typical symptoms include angiokeratoma and 
acroparesthesias. It causes endothelial dysfunction, 

 vessel ectasia, and premature atherosclerotic disease 
leading to stroke as well as renal insufficiency and car-
diomyopathy. Strokes can be subcortical or cortical, 
attributed to small‐ or large‐vessel disease and cardi-
oembolism. Fabry disease may be responsible for 3–5% 
of cryptogenic strokes, and approximately 1% of all 
strokes in the young [440]. Treatment with enzyme 
replacement therapy is not curative but slows disease 
progression.

7.21.7 Homocystinuria

Homocystinuria is an autosomal recessive disorder 
caused by cystathionine beta‐synthase deficiency. It 
leads to a multisystemic disorder affecting connective 
tissue, muscles, cardiovascular and central nervous sys-
tem, usually presenting in childhood or young adult-
hood. It is associated with cerebral arterial and venous 
thrombosis, though the mechanism is unclear. 
Endothelial injury and platelet aggregation leading to 
atheroma has been hypothesized. Vitamin B6 has been 
used for treatment; however, no specific cure has been 
identified [441].

7.21.8 Primary oxalosis

Primary oxalosis is characterized by a peroxisomal ala-
nine‐glyoxalate aminotransferase deficiency leading to 
calcium oxalate nephrolithiasis and progressive renal 
disease. Deposition may occur in the heart and blood 
vessels. Primary oxalosis has been reported to cause 
thrombotic occlusion of proximal cerebral blood vessels 
causing a moyamoya syndrome, as well as cardioembolic 
infarction [442].

7.21.9 Neurofibromatosis

Neurofibromatosis is an autosomal dominant disorder 
associated with increased ischemic and hemorrhagic 
stroke risk in the adult and pediatric population [443]. 
Neurofibromatosis may be complicated by distal carotid 
stenosis or occlusion causing a moyamoya syndrome. 
Ectasia and occlusion of cerebral arteries, aneurysmal 
formation, and tumor compression of cerebral arteries 
have also been described [444, 445].

7.21.10 Tangier disease

Tangier disease is an autosomal recessive disease of high‐
density lipoprotein (HDL) deficiency caused by muta-
tions in the ATP binding cassette transporter A1 
(ABCA1) gene encoding for a membrane transporter. It 
leads to multisystem disease including neuropathy, 
hepatosplenomegaly, enlarged and orange tonsils, and 
atherosclerosis leading to premature MI and stroke [446].
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7.22  Cerebral venous sinus 
thrombosis (CVST)

CVST can present with a variety of neurologic symptoms 
that were previously associated with severe morbidity 
and mortality. With widespread use of noninvasive cere-
brovascular imaging, CVST seems more common, 
though still much rarer than arterial ischemic stroke. 
CVST accounts for about 1% of all strokes [447]. Prognosis 
is generally good with timely diagnosis and treatment.

7.22.1 Clinical presentation of CVST

In comparison to arterial strokes, CVST is more com-
mon in the pediatric population than in older patients. 
Patients can present with persistent headache, altered 
mentation, seizures, and focal neurologic dysfunction. 
The severity of symptoms likely relates to the location 
and extent of thrombosis. CVST causes venous hyper-
tension and increased ICP, leading to headache and 
papilledema. Papilledema can cause transient visual 
blurring as well as visual field constriction. Increased 
ICP can lead to sixth nerve and other cranial neuropa-
thies. Headache onset is typically subacute over days but 
can be sudden. Seizures and focal neurologic symptoms 
develop as a result of venous hypertension and cerebral 
edema, and venous infarction. Cortical vein thrombosis 
can cause more acute stroke‐like symptoms depending 
on its location and may be under‐diagnosed particularly 
if symptoms are transient and mild or if imaging does not 
show a hemorrhagic or any infarct. Thrombosis of the 
deep venous structures can cause venous hypertension 
in bilateral deep structures such as the hypothalami, 
thalami, corpus striatum, and medial temporal – occipi-
tal lobes, causing coma and abnormal eye movements.

7.22.2 CVST precipitating factors

A variety of risk factors can predispose to cerebral 
venous thrombosis, generally linked to the triad of blood 
stasis, vessel wall changes, and increased blood coagula-
bility (Table 7.8). Prothrombotic conditions, acquired or 
genetic, are of importance in determining a precipitating 
cause for CVST. Acquired risks include trauma, infec-
tion, drugs, pregnancy and puerperium, malignancy, 
and APLAS. Inherited risks include genetic thrombo-
philias. Homozygous prothrombin G20210A, homozy-
gous factor V Leiden, APLAS, deficiencies of antithrombin 
III, protein C and protein S, and combined defects are 
considered severe thrombophilias. Heterozygous factor 
V Leiden, heterozygous prothrombin G20210A, and 
elevated factor VIII are considered causes of mild throm-
bophilia. Estrogen‐containing OCPs are recognized as a 
predisposing factor for CVST, particularly in women 
with underlying prothrombotic tendencies such as 

Table 7.8 Predisposing factors for cerebral venous sinus 
thrombosis.

Pregnancy and puerperium
Antiphospholipid syndrome
Hereditary coagulopathies

Protein C or S deficiency
Antithrombin III deficiency
Factor V Leiden mutation
von Willebrand disease
MTHFR mutation
Hyperhomocysteinemia

Coagulopathies due to hematologic disorders
Polycythemia
PNH
Anemia
Sickle cell disease
Disseminated intravascular coagulation

Systemic diseases
Behcet
Systemic lupus erythematosus
Systemic vasculitides
Inflammatory bowel disease
Nephrotic syndrome
Dehydration
Bacterial or fungal infection

Malignancy
Leukemia
Lymphoma
Carcinoma
Hyperviscosity

Procedures and treatments
Bone marrow transplantation
Intracranial surgeries
Dural puncture
Jugular vein catheterization

Drugs
Oral contraceptives
Corticosteroids
l‐asparaginase
Androgens
Recombinant human erythropoietin
Antifibrinolytics

Local infiltration
Otitis, sinusitis, mastoiditis
Dental abscess
Tonsillitis
Meningitis
Tumor dural invasion

Venous malformations
Head trauma
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 prothrombin gene mutation or factor V Leiden [448, 
449], or with concomitant tobacco use. Pregnancy and 
puerperium (see section on pregnancy and puerperium) 
are associated with a transient prothrombotic state that 
lasts from the beginning of pregnancy through 6–8 weeks 
postpartum. Dural AV fistulas may have a thrombosis in 
the dural draining veins and sinuses (CVST conversely 
leads to development of a fistula). Systemic illness and 
dehydration are common risk factors in neonates and 
infants. In about 20% of CVST cases, no precipitating 
cause is identified.

7.22.3 Diagnosing CVST

Suspicion of CVST should be high in patients with pro-
thrombotic risk factors presenting with clinical syn-
dromes described earlier, especially if there are signs of 
elevated intracranial pressure. Superior sagittal sinus 
thrombosis is most common. Increased use of noninva-
sive cerebrovascular imaging has played an important 
role in diagnosis and management of CVST (Chapter 6). 
Commonly utilized vascular imaging techniques include 
CT venogram and MR venogram, which can detect fill-
ing defects in the veins and venous sinuses. Interpretation 
may be limited by variations in venous anatomy. CT can 
show hemorrhagic changes in the brain parenchyma as 
well as hyperdensity within an acutely thrombosed vein. 
MR imaging is generally more sensitive for diagnosis of 
CVST and can help with determining the chronicity 
of  thrombosis. MR imaging of the brain parenchyma 
can  show edematous tissue related to venous backup, 
venous infarction, and petechial hemorrhagic changes 
(Figure 7.17).

7.22.4 CVST Treatment

Anticoagulation is the mainstay of treatment for CVST, 
even in cases presenting with venous infarction and 
intracerebral hemorrhage. A typical regimen includes 
intravenous heparin in the acute setting followed by 
transition to an oral anticoagulant such as warfarin with 
INR goal of 2–3. Patients are advised to avoid precipitat-
ing risk factors for recurrent CVST or VTE such as 
smoking or OCP use. Duration of anticoagulation is gen-
erally 3–6 months for those with provoked CVST and an 
avoidable precipitating factor followed by re‐assessment 
of ongoing risk. Lifelong anticoagulation may be war-
ranted in patients with severe thrombophilias in whom 
recurrence risk is high. Endovascular treatments 
(thrombectomy, local thrombolysis) is reasonably safe, 
but typically reserved for cases refractory to systemic 
anticoagulation where there is progression of neurologic 
decline [450].

In the acute phase, cerebral edema may require hyper-
osmolar treatment. There is a lack of formal evidence for 
CSF drainage and decompressive craniectomy; however, 
these may be considered in life‐threatening cerebral 
edema and compression. Seizures related to CVST typi-
cally respond well to anti‐epileptic drugs. Poorer prog-
nosis has been seen in older patients, men, involvement 
of the deep venous system or right lateral sinus, and 
motor deficits [447, 451, 452].

7.23  Other unusual causes 
of stroke

7.23.1 Hereditary hemorrhagic telangiectasia 
(HHT), or Osler–Weber–Rendu syndrome

HHT is an autosomal dominant disorder affecting 2 to 
3  per 100 000 population, causing characteristic AVM 
and telangiectasias in the skin, mucous membranes, vis-
ceral organs (lungs, gut), and CNS. Cerebral ischemia 
most commonly occurs by way of paradoxical embolism 
through pulmonary AVMs (which are also a risk for sys-
temic septic emboli causing, for instance, brain abscesses). 
Hyperviscosity and air embolism have also been reported 
[453]. One‐third of neurologic complications in HHT are 
hemorrhagic and due to cerebral or spinal vascular mal-
formations including AVF, AVM, and microAVM [454]. 
MRI techniques have shown up to 20% prevalence of cer-
ebrovascular malformations in HHT patients [455].

7.23.2 Pulmonary AVM (PAVM)

PAVMs are an abnormal direct connection between the 
pulmonary artery and pulmonary vein causing right–left 
shunting. Between 45% and 90% of PAVM are associated 
with HHT and may rupture [456] or cause R–L shunting 
leading to paradoxical embolism. Stroke mechanism is 
through paradoxical embolism to the cerebral arteries 
from venous thrombosis traveling through the PAVM 
shunt [457]. PAVM is diagnosed via TTE with contrast 
or at cardiac CT. Treated with embolization [458], obser-
vational data suggests improvement in mortality, but 
there is no evidence from RCTs [459].

7.23.3 von Hippel‐Lindau disease (VHL)

VHL is an uncommon (1 in 36 000 births) multiorgan 
tumor syndrome affecting kidney, pancreas, adrenal 
gland, retina, and CNS. CNS hemangioblastomas are 
common in VHL. Despite being a highly vascular tumor, 
presentation with a stroke syndrome is rare, and the 
risk  of associated intraplaque hemorrhage or SAH is 
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unknown. Intracranial aneurysms are also seen in VHL 
but it is uncertain whether the tumor suppressor gene 
causally relates to aneurysm formation [460].

7.23.4 Progeria (Hutchinson‐Gilford 
syndrome)

Progeria is a rare, sporadic or autosomal dominant, 
degenerative disorder that causes premature aging in the 
pediatric population, affecting an estimated 1 in 18 mil-
lion. Large‐ and small‐vessel disease are seen in this dis-
order, with intracranial steno‐occlusive arterial lesion 
distinct from other vasculopathies of childhood and 
aging‐related atherosclerosis. Clinically silent brain 
lesions are also seen [461].

7.23.5 Sturge‐Weber

Sturge‐Weber is a sporadic, progressive, neurocutaneous 
disorder affecting 1 in 20–50 000 and causing a port wine 
stain, ocular abnormalities, and leptomeningeal angio-
mata, recently linked to an underlying mutation in 
GNAQ [462]. Neurologic deterioration including stroke 
and stroke‐like episodes are thought to be due to 
impaired blood flow to the brain [463].

7.23.6 Wyburn‐Mason syndrome (Bonnet–
Dechaume–Blanc syndrome)

Wyburn‐Mason syndrome is a rare congenital phakoma-
tosis characterized by ipsilateral arteriovenous malfor-
mations in the brain, eye, and facial nevi [464, 465]. 
These patients can present with ICH.

7.23.7 Epidermal nevus syndromes

Epidermal nevus syndromes include several phenotypic 
disorders, including epidermal nevi with one or more 
congenital cerebral, ocular, or osseous anomalies. 
Vascular abnormalities include arterial dysplasia and 
arteriovenous shunting [466].

7.23.8 Sweet syndrome (acute febrile 
neutrophilic dermatosis)

Sweet syndrome is an inflammatory disorder causing 
recurrent episodes of red/purple nodules/plaques in the 
face arms and upper trunk, associated with fever, malaise, 
and neutrophilia. Neuro‐Sweet syndrome has been 
described to include meningo‐encephalitis [467]. It is a 
treatable disorder usually precipitated by drug exposure or 

(a) (b)

Figure 7.17 MRI in thrombosis of the internal cerebral veins, vein of Galen, straight sinus, and torcular herophili. (a) FLAIR sequences show 
extensive associated venous congestion and edema in the bilateral basal ganglia, thalami, and adjacent white matter, leading to bilateral 
thalamic (arrows) venous infarction (b). 
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systemic malignancy. This syndrome has been associated 
with HLA‐B54 in the Japanese population. In contrast to 
neuro‐Behcet disease (see Section  7.3.7), neuro‐Sweet 
syndrome is not associated with uveitis or cutaneous vas-
culitis, and does respond to steroid treatment [468].

7.24  Ischemic stroke or transient 
ischemic attack without 
an identified cause

Unless a patient has clear risk factors for cerebrovascular 
disease such as hypertension, tobacco use, diabetes, and 
hyperlipidemia, or evident cardiovascular or other arte-
rial vascular disease, a cerebral ischemic event should 
not be labeled as due to cerebrovascular disease or 
degenerative arterial disease. Even if a cerebral infarct 
appears wedge‐shaped on diagnostic imaging, the stroke 
etiology should not be assumed “cardioembolic” without 
clear evidence of high‐risk features for central embolism 
such as atrial fibrillation or valvular or myocardial struc-
tural abnormalities. Certainly cerebral, cerebrovascular, 
and cardiac imaging could point to many other, though 
rare, possibilities of the stroke etiology from cerebral 
venous thrombosis to cardiac tumors. After taking an 
exhaustive history, performing a thorough systemic and 
neurological examination, and analyzing all appropriate 
laboratory and imaging data, there are still some patients 
without a clear stroke mechanism. In those patients with 
mild or putative risk factors found in the diagnostic 

workup for an ischemic stroke (OCP use without other 
hypercoagulability, or triptan use for frequent migraines), 
it would be reasonable to remove these risk factors to 
reduce even a small risk of a potential recurrence. 
Longitudinal evaluation must be undertaken to find 
treatable sources of stroke (e.g. prolonged cardiac moni-
toring for occult AF, or follow‐up imaging for vague cer-
ebrovascular stenoses), as the risk of a stroke recurrence 
may be high. A stroke is deemed cryptogenic if there 
are  no evident direct cause or high‐risk features for 
recurrence.

In perplexing cases, it is prudent to review and repeat 
a thorough history and examination, being astute for 
preceding triggers or medical “red flags” that may lead to 
a link to the source of stroke. If a patient’s course does 
not follow that of a typical cerebral ischemic event, it is 
also important to confirm the diagnosis of ischemic 
stroke or TIA, so as to avoid potentially unnecessary 
testing and treatment of stroke risk factors.

What to do for patients with true cryptogenic stroke? 
After confirming the diagnosis and ensuring a negative 
comprehensive evaluation, a clinician can reassure the 
patient with some degree of confidence that although the 
stroke was unexpected, testing has ruled out high‐risk 
features for stroke recurrence, and after taking the 
appropriate precautions, the patient is at relatively low 
risk of having another event. Reasonable treatments 
include a daily aspirin regimen, reducing cerebrovascu-
lar risk factors, and avoiding substances and activities 
that may predispose to future stroke.
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8.1  Introduction

The chief motivation for assigning a cause to a nontrau-
matic intracerebral hemorrhage (ICH) is to generate a plan 
for managing the acute ICH and preventing a recurrence. 
It is probably most useful to assume that there is generally 
no single cause for ICH, but rather an interaction of risk 
factors, some of which can be interrelated. Therefore, 
when a so‐called “hypertensive ICH” occurs in elderly 
patients with hypertension who use anticoagulants for 
atrial fibrillation, neither hypertension nor anticoagulant 
is the sole cause of the hemorrhage. Although both are 
major risk factors [1], the relative weight of each factor in 
causing ICH depends on the severity of structural damage 
to the small arteries of the brain due to chronic hyperten-
sion, the intensity of anticoagulation, and perhaps the 
actual blood pressure immediately before the bleeding 
occurs. However, a combination of recognized causes, 
such as hypertension and anticoagulants, does not invari-
ably lead to ICH. The presence or absence of other factors 
that may be of minor importance individually, such as old 
age, black race, and low cholesterol level can be decisive [2, 
3]. In fact, it is not uncommon that a combination of minor 
factors results in ICH, indicating that major causes are nei-
ther necessary nor sufficient for occurrence of ICH.

The known causal factors of ICH can be grouped into 
three major categories: chronic progressive diseases or 
malformations of cerebral vessels, hemostatic factors, 
and hemodynamic factors (Table 8.1). Genetic variation 
plays a substantial role in risk of ICH and influences the 
biology of all three processes [4, 5]. The location of hem-
orrhage within the brain often gives a clue to the under-
lying vascular disorder; therefore, defining whether the 
epicenter of hemorrhage is in the basal ganglia, thala-
mus, cerebellum, brainstem, subcortical white matter, or 
cortical–subcortical junction (lobar region) is a crucial 
first step when assessing patients with ICH (Figure 8.1).

8.2  Disorders and malformations 
of the cerebral blood vessels

Disorders or malformations of the brain vascular system 
are present in the majority of patients, although the 
underlying abnormality varies with age. Arteriovenous 
malformations and cavernous malformations are the 
most common cause of ICH under the age of 40 years. 
Rupture of the small perforating arteries resulting in 
hemorrhage within the deep gray matter structures tends 
to be more common in individuals over the age of 40, 
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and, along with cerebral amyloid angiopathy leading to 
lobar hemorrhage, accounts for most cases in elderly 
people. The proportion of each causative factor within a 
given patient population depends on the age distribution 
and presence of other risk factors. The relative probabili-
ties of each factor in relation to hemorrhage location are 
further discussed in Section 8.6.

8.2.1 Chronic hypertension

Chronically elevated blood pressure, along with age, is 
one of the most powerful risk factors for all types of 
stroke [6, 7]. Chronic hypertension underlies the degen-
erative changes in the small perforating arteries that ulti-
mately lead to their rupture in deep subcortical and 
infratentorial regions. Hypertension increases the risk of 
hemorrhagic and ischemic stroke to a similar degree [8], 
doubling the risk with each 5 mmHg rise in the diastolic 
blood pressure [9]. This finding is further supported by 

the fact that generally the same blood vessels are affected 
in both hypertensive hemorrhage and hypertensive 
occlusive disease, with lipohyalinosis and intimal hyper-
plasia seen in both conditions.

In hospital‐based studies, the proportion of ICH 
patients with underlying chronic hypertension usually 
ranges between 65% and 83%, depending on the ICH 
subtype [10]. The population attributable risk of hyper-
tension for deep ICH ranges between 40% and 75% in 
white and black populations, respectively [2]. A system-
atic review of studies that compared blood pressure in 
deep versus lobar hemorrhage demonstrated moderately 
higher prestroke excess of hypertension (odds ratio 1.5) 
in patients with first‐time deep hemorrhage compared to 
those with lobar hemorrhage [11]. This finding suggests 
that hypertension may be just as common in lobar hem-
orrhage as it is in hemorrhages occurring in the deep 
structures. Furthermore, patients categorized as normo-
tensive in these studies might have had mild degrees of 
hypertension without evidence of end‐organ damage. As 
in any other disorder, high‐risk patients account for 
only a small proportion of the population, with most 
patients only at moderate risk of developing the disease. 
Prospective studies of ICH survivors, however, clearly 
point a role for hypertension in both lobar and deep ICH 
[12]. Recent studies have begun to use genetic factors to 
measure the inherited liability for hypertension; as 
expected, individuals who inherit a larger number of 
alleles associated with high blood pressure are at higher 
risk for deep ICH [10, 13].

Charcot–Bouchard aneurysms
In the 1860s Charcot and Bouchard examined the brains 
of patients who had died from ICH by immersing the 
brains in running water to remove unclotted blood and 
brain tissue. They found multiple, minute outpouchings 
of small blood vessels that they called miliary aneurysms 
or microaneurysms [14]. These lesions, also known as 
Charcot–Bouchard aneurysms, are usually found in the 
thalamus and corpus striatum, and less frequently in the 
pons, cerebellum, and cerebral white matter (Figure 8.2). 
Microaneurysms were considered the common source of 
ICH until the beginning of the twentieth century when it 
was demonstrated that a portion of these outpouchings 
are perivascular collections of blood clot [15, 16].

In 1963, Ross Russell performed a postmortem study in 
a group of hypertensive and normotensive elderly sub-
jects and demonstrated a close relationship between 
microaneurysms and hypertension [17]. Microaneurysms 
were found in 15 of 16 individuals with hypertension, 
whereas only 10 of 38 normotensive subjects had microa-
neurysms. In addition, the number of microaneurysms 
per person was significantly higher in the hypertensive 
group. The lesions measured 300–900 µm in diameter 

Table 8.1 Etiology of intracerebral hemorrhage.

Structural: disorders and malformations of the cerebral 
blood vessels

 ● Chronic hypertension (Section 8.2.1)
 ● Cerebral amyloid angiopathy (Section 8.2.2)
 ● Saccular aneurysm (Section 8.2.3)
 ● Arteriovenous malformations (Section 8.2.4)
 ● Developmental venous anomalies (Section 8.2.5)
 ● Capillary telangiectasias (Section 8.2.6)
 ● Cavernous malformations (Section 8.2.7)
 ● Dural arteriovenous fistulas (Section 8.2.8)
 ● Carotid–cavernous fistulas (Section 8.2.9)
 ● Hemorrhagic transformation of ischemic stroke 

(Section 8.2.10)
 ● Sinus venous thrombosis (Section 8.2.11)
 ● Mycotic aneurysm and septic arteritis (Section 8.2.12)
 ● Moyamoya disease (Section 8.2.13)

Hemostatic factors
 ● Anticoagulants (Section 8.3.1)
 ● Antiplatelets (Section 8.3.2)
 ● Thrombolytics (Section 8.3.3)
 ● Coagulation factor deficiency (Section 8.3.4)

Hemodynamic factors
 ● Acute hypertension (Sections 8.4.1)
 ● Reversible cerebral vasoconstriction syndrome (Sections 8.4.2)

Miscellaneous
 ● Malignancy (Sections 8.5.1)
 ● Vasculitis (Sections 8.5.2)
 ● Drugs (Section 8.5.3)
 ● Alcohol (Sections 8.5.4)
 ● Trauma (Section 8.5.5)
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and were found in small arteries with diameter varying 
from 100 to 300 µm, most commonly the branches of the 
lateral lenticulostriate arteries (Figure 8.3). This finding 
was further confirmed and expanded upon in larger stud-
ies, demonstrating that the distribution of microaneu-
rysms paralleled that of the small perforating arteries, 
which are found in the deep brain regions [18] (Figure 8.4).

The role of microaneurysms in the pathogenesis of 
ICH remains controversial [19], with debate arising from 
the fact that few observations have directly traced an 
ICH to a specific microaneurysm. It is likely that the rup-
ture of the small perforating arteries results from lesions 
other than microaneurysms. C. Miller Fisher examined 
the hematoma in several patients with deep ICH and 
found multiple points of bleeding shaped as “fibrin 
globes,” consisting of platelet plugs that occluded the 

arterial lumen [20] (Figure 8.5). He demonstrated degen-
erative changes including segmental lipohyalinosis and 
fibrinoid necrosis in the wall of ruptured perforating 
arteries. These changes were associated with arterial 
wall thinning, making the arteries vulnerable to micro-
trauma resulting from adjacent hemorrhage. Fibrinoid 
necrosis and, atrophy and fragmentation of the smooth 
muscle layer are the most common pathologic findings 
in patients with deep ICH, which are usually found in the 
middle and distal portions of perforating arteries [21]. 
Furthermore, arterial dissection was shown to be com-
mon feature in ruptured perforating arteries [22].

Microbleeds
Magnetic resonance imaging (MRI) of the brain using 
T2*‐weighted and the related sequences, including 

(a) (b)

(d) (e)

(c)

Figure 8.1 Brain CT scans depicting hemorrhages in the (a) thalamus, (b) basal ganglia, (c) lobar region, (d) brainstem, and (e) cerebellum.
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 gradient‐recalled echo (GRE) and susceptibility‐weighted 
sequences, have allowed the identification of hemosid-
erin deposition representing small, clinically “silent” 
hemorrhages, called microbleeds [23, 24] (Figure  8.6). 
These represent small leakage of blood from the perfo-
rating arteries or arteries in the lobar area that have been 
damaged by chronic hypertension or cerebral amyloid 
angiopathy (CAA), respectively. Postmortem studies 
showed the presence of hemosiderin in about two‐thirds 

of these lesions [25]. Microbleeds are seen in 5–23% in 
the general population, with approximately 75% of lesions 
located in the cerebral cortex or subcortical white matter, 
and less frequently in the basal ganglia and internal cap-
sule [26–29].

It has been shown that microbleeds represent the same 
cerebral small‐vessel disease associated with ICH, with 
location correlating with the underlying pathology. In 
patients above the age of 55, multiple microbleeds located 

Figure 8.2 Charcot–Bouchard aneurysm (“Miliary aneurysms”). Fig. 1: a microaneurysm surrounded by blood clot. Fig. 2: blood clot. Figs 3 
and 4: microaneurysms without surrounding clot. Source: Charcot and Bouchard 1868 [14].



(a) (b)

Figure 8.3 (a) X‐ray of lenticulostriate 
arteries in a coronal section of basal 
ganglia in an elderly individual with 
hypertension showing irregularity of the 
main trunk, attenuation of small arteries 
and microaneurysms (black arrows). 
(b) Enlarged view of the aneurysms. 
Barium sulfate was injected into the 
arterial tree before fixation of the brain 
with formalin. Source: Ross Russell 1963 
[17]. Reproduced with permission of 
Oxford University Press.

(a) (b)

Figure 8.4 (a) Microaneurysms identified in the cerebral hemispheres of 53 individuals are mapped in successive coronal sections. (b) 
Distribution of hindbrain microaneurysms in the same subjects. Source: Cole and Yates 1967 [18]. Reproduced with permission of John 
Wiley & Sons.
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in the lobar regions are nearly pathognomonic of underly-
ing CAA, once vascular malformations are ruled out [30, 
31]. Microbleeds that are located in the lobar region are 
associated with the ε2 and ε4 alleles of apolipoprotein E 
gene (APOE), consistent with the hypothesis that micro-
bleeds are indicative of CAA [32–34]. Microbleeds are 
also associated with surrogate indicators of hypertension 

such as lacunar infarcts, white matter disease, retinal 
microvascular lesions, and left ventricular hypertrophy 
[35]. Along with age and low serum cholesterol level, 
hypertension is the most common risk factor for micro-
bleeds in healthy individuals as well as those with stroke 
[36, 37]. Microbleeds tend to be more common in patients 
taking antiplatelets or anticoagulants [38–40].

Microbleeds are common in patients with stroke [41, 
42] and appear to predict the occurrence of future 
ischemic and hemorrhagic stroke in healthy individuals 
[43] as well as those who have had transient ischemic 
attack or ischemic stroke [44]. Hemorrhagic transforma-
tion of ischemic stroke, whether spontaneous or throm-
bolysis‐associated, tends to be more common in patients 
with microbleeds [45].

Hemodynamics of deep intracerebral hemorrhage
Hematoma volume is the most important predictor of 
ICH outcome. Approximately 25% of patients demon-
strate significant hematoma expansion, especially during 
the initial days after hemorrhage [46]. Significant hema-
toma expansion is defined as 33–50% volume increase or 
an absolute increase in hematoma volume of 12.5–20 mL 
[47]. Hematoma expansion is likely a heterogeneous pro-
cess involving breakdown of blood–brain barrier and 
dysregulation of hemostasis [48]. C. Miller Fisher pro-
posed that rupture of a single small artery may lead to 
subsequent rupture of other fragile arteries causing an 
“avalanche” of secondary hemorrhages [20]. A postmor-
tem study demonstrated 2–11 ruptured arteries in indi-
viduals who died following deep ICH [21].

Imaging studies have provided indirect support for the 
“avalanche” theory [49]. Serial CT scans in patients with 
deep ICH presenting within 3 hours of onset of symp-
toms demonstrated that within 1 hour after presentation 
the hematoma volume increases in 25% of patients [50]. 
An additional 12% of patients had expansion between 1 
and 24 hours after presentation. Anticoagulation is asso-
ciated with increased risk of early and delayed hematoma 
expansion, as well as higher mortality [51]. Antiplatelets 
likely increase the risk of hematoma expansion, although 
less than anticoagulants [52]. Extravasation of contrast 
media within the hematoma on CT angiography (“spot 
sign”) is an independent predictor of hematoma expan-
sion [53–55] and poor clinical outcome in ICH [56, 57]. 
It also predicts hematoma expansion regardless of time 
elapsed from symptom onset [58] (Figure 8.7).

Recurrence of intracerebral hemorrhage
The recurrence rate of ICH is 2.3% per year, exceeding 
the rate of subsequent ischemic stroke (1.1% per year) 
[59]. Subsequent hemorrhages rarely occur in the same 
site as previous hemorrhages [60] (Figure  8.8). The 
cumulative 2‐year recurrence rate is 3.4% in patients 

RBC

P

A

F

Figure 8.5 Schematic representation of an occlusive thrombus at 
the site of rupture in a small perforating artery. A, ruptured artery; 
F, fibrin; P, platelets; RBC, red blood cells. Source: Based on Fisher 
1971 [20]. Reproduced with permission of Oxford University Press.

Figure 8.6 T2*‐weighted gradient‐recalled echo MRI showing 
multiple microbleeds (arrows).
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with deep hemorrhage and 15.7% in those with lobar ICH; 
this difference is presumably explained by the role of CAA 
in lobar hemorrhage [61]. The most important risk factor 
for recurrent deep ICH is uncontrolled hypertension [62]; 
control of hypertension can significantly reduce, but is 
unlikely to eliminate the risk of ICH in patients with cer-
ebrovascular disease, including those with CAA [12, 63].

8.2.2 Cerebral amyloid angiopathy

Although it can occur in the young when inherited as an 
autosomal dominant condition [64], CAA is the leading 
cause of lobar ICH in the elderly [65]. CAA is character-
ized by deposition of β‐amyloid protein in the media and 
adventitia of small arteries and capillaries of leptomenin-
ges and cerebral cortex (Figure 8.9). The prevalence of 
CAA increases with age, reaching 40–50% in individuals 
over 85 years, and affects both sexes equally [66]. The 
prevalence of CAA in patients with deep hemorrhage is 
approximately 10%, comparable to that in healthy indi-
viduals older than 65 years [67].

Hemorrhages associated with CAA typically occur at 
the border between the gray and white matter [68] and 
may rupture towards the brain surface and spread 
through the subarachnoid or subdural spaces [69]. CAA‐
associated hemorrhages are more likely to occur in the 
temporal and occipital than the frontal and parietal 
lobes, and tend to cluster in posterior brain regions [70]. 
This may be due to the vulnerability of these regions to 
minor trauma, or characteristics of the posterior circula-
tion that influence elimination of β‐amyloid [71]. CAA‐
associated cerebellar hemorrhages are less common [72]. 
CAA‐associated hemorrhages can also be precipitated 
by anticoagulation or thrombolysis [73].

Recurrence of CAA‐associated ICH is substantially 
higher than that for hemorrhages attributed to hyperten-
sive small‐vessel disease [59, 74]. Recurrent hemorrhages 
often occur in the same lobe as the initial ICH [70] and 
their risk is proportional to the baseline number of 
microbleeds [75]. In addition, carriers of APOE ε2 or ε4 
alleles are at increased risk of recurrence compared to 
those carrying the common ε3 allele [74]. In addition to 

Figure 8.7 CT angiography performed 2 hours after onset of 
symptoms in a right thalamic hemorrhage showing extravasation 
of contrast media, known as “spot sign” (arrow). Subsequently, the 
hematoma volume increased threefold.

Figure 8.8 Recurrent deep intracerebral 
hemorrhage. Left: Right basal ganglia 
hemorrhage (white arrow) with rupture 
into the frontal horn of the right lateral 
ventricle (open arrow). The hematoma was 
surgically evacuated. Right: Second 
hemorrhage eight months after the initial 
episode; cerebral angiography was 
normal.
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intracerebral bleeding, CAA is also increasingly recog-
nized as a cause of cortical superficial siderosis [76].

Other clinical features
Three major nonhemorrhagic manifestations of CAA 
merit attention. The most frequent condition is cogni-
tive impairment, sometimes presenting as full‐blown 
dementia without preceding hemorrhage [77, 78]. 
Memory impairment in individuals with moderate to 
severe CAA is independent of age, sex, Alzheimer dis-
ease pathology, and other risk factors [79]; however, the 

number of microbleeds is correlated with the degree of 
cognitive impairment [80, 81]. It is usually associated 
with diffuse demyelination of subcortical white matter 
similar to abnormalities seen in patients with hyperten-
sive vasculopathy [82, 83]. However, white matter abnor-
malities, also known as leukoaraiosis, are thought to 
result from arteriolosclerotic changes in the perforating 
arteries. A distinguishing feature is that white matter 
abnormalities attributed to CAA usually affect the tem-
poral lobe and splenium of corpus callosum [84]. In addi-
tion, the prevalence of clinically silent, small cerebral 

(a) (b)

(c)

Figure 8.9 (a) Parietal lobe hemorrhage in the cortical–subcortical junction presumably caused by cerebral amyloid angiopathy 
(white arrows). (b) Histological section of the brain stained with Congo red showing amyloid deposits in the arteriolar wall (arrows). 
(c) Apple‐green birefringence of amyloid deposits stained with Congo red observed with polarized light microscopy (arrows) (×200).
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infarcts in patients with CAA is relatively high. The pres-
ence of subacute infarcts is associated with hemorrhage 
burden, but not with conventional atherosclerotic risk 
factors, suggesting that the pathogenesis is related to 
CAA rather than to comorbid ischemic disease [85].

A less common manifestation of CAA is recurrent 
 episodes of transient focal weakness, paresthesia, or 
numbness that can spread over contiguous body parts. 
These episodes may be caused by transient ischemia or 
small hemorrhages that result in focal seizures or spread-
ing cortical depression [86]. Often, the diagnosis can be 
made only in retrospect when a lobar hemorrhage super-
venes. The presence of microbleeds on susceptibility‐
weighted images in the corresponding brain region [87] 
and the absence of hemodynamically significant stenosis 
in that vascular territory help distinguish these spells 
from transient ischemic attack.

Chronic hemorrhage in the cerebral sulci, known as 
superficial siderosis, also appears to arise from bleeding 
due to CAA. Siderosis is predominantly seen in patients 
with CAA, and is an uncommon finding in other causes 
of ICH [88, 89]. The proximity of siderosis to lobar 
microbleeds is another clue to its proposed association 
with CAA [90].

Perivascular inflammation is another feature of CAA 
that presents with headache, seizure, cognitive decline, 
and focal neurological deficits [91–93]. MRI white mat-
ter abnormalities associated with pleocytosis and mild 
elevation of protein in the cerebrospinal fluid may be 
indistinguishable from the primary angiitis of the central 
nervous system. A definite diagnosis can only be made 
with brain biopsy or postmortem examination, demon-
strating perivascular inflammation with multinucleated 
giant cells and amyloid‐laden vessels.

Genetics of sporadic cerebral amyloid angiopathy
The exact source of vascular amyloid deposits is contro-
versial. The current evidence suggests that the β‐amyloid 
is derived from precursor proteins synthesized in situ by 
neurons and is subsequently deposited in vessel walls 
[94]. It has been proposed that β‐amyloid is trapped in 
vessel walls due to defects in the interstitial fluid drain-
age pathways [95, 96]. Ineffective transport of amyloid 
protein out of the central nervous system also contrib-
utes to this process [97].

Rapid progress is being made in identifying the genetic 
factors underlying sporadic CAA. Patients with APOE ε2 
and ε4 alleles are at greater risk for CAA‐related hemor-
rhage compared to those who carry ε3 [98]. The risk 
alleles are present in approximately two‐thirds of indi-
viduals with CAA compared to less than 25% in elderly 
controls, and are associated with hemorrhage at younger 
age and higher recurrence rate [74]. Increasing numbers 
of ε4 (0, 1, or 2) is associated with increasing severity of 

vascular amyloid deposition [99, 100], whereas the ε2 
allele predisposes to amyloid‐associated vessel break-
down, including fibrinoid necrosis, wall splitting, and 
microbleeds [101, 102]. The ε2 allele is particularly asso-
ciated with larger hematoma volume, worse clinical out-
come, and increased mortality [103].

The biological overlap between CAA and Alzheimer 
disease has been leveraged to identify further genetic 
risk factors for CAA. A common variant within the 
complement receptor 1 gene (CR1) has been shown to 
influence the β‐amyloid deposition in the brain paren-
chyma and increases the risk of Alzheimer disease 
[104]. Subsequently, this variant was demonstrated to 
be associated with primary and recurrent CAA‐associ-
ated ICH, and an increased degree of vascular amyloid 
deposition [105].

Familial cerebral amyloid angiopathy
Multiple mutations have been identified in autosomal 
dominant forms of CAA. In the Icelandic type, which 
has a median age of onset of 30 years, the amyloid pro-
tein is encoded by a mutant cystatin C gene (CST3) 
[106]. All other familial forms of CAA are associated 
with mutations in the amyloid beta (A4) precursor pro-
tein (APP). Four sites of mutation have been identified so 
far, all of which are located within the β‐amyloid 
sequence, encoding 36–43 amino acid peptides pro-
cessed from APP [64].

Hereditary cerebral hemorrhage with amyloidosis‐
Dutch type (HCHWA‐D) was first identified in Katwijk, 
the Netherlands, and hence called the Dutch type CAA. 
All patients can be categorized into three large pedigrees 
that have resided in two villages on the North Sea coast. 
The dominant clinical feature is ICH that occurs at the 
median age of 50 years, and is often preceded by cogni-
tive decline [107]. The Dutch type is caused by a missense 
mutation that results in substitution of glutamine for glu-
tamic acid at residue 693 of APP [108]. Another missense 
mutation, substituting lysine for the same amino acid, 
was identified in an Italian family who presented with 
recurrent ICH and isolated involvement of cerebral arter-
ies, sparing the brain parenchyma [109]. Subsequently, 
this mutation was identified in several unrelated Italian 
families with recurrent ICH, epilepsy, and cognitive 
decline who also had amyloid deposition in the cerebral 
gray matter [110]. Carriers of the Arctic mutation (p.
E693G) predominantly present with clinical and neuro-
pathological features of Alzheimer disease. Despite mod-
erate to severe CAA, no evidence of hemorrhage was 
found in the patients who underwent autopsy [111, 112].

Patients with the Flemish mutation (p.A692G) present 
with lobar ICH or cognitive dysfunction, and extensive 
vascular and parenchymal amyloid deposits in their fifth 
decade of life [113, 114]. The Iowa mutation (p.D694N), 
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identified in a family of German descent, causes ICH 
in one kin [115], but leukoencephalopathy and demen-
tia in another [116]. Other mutations in APP involving 
residues other than 692–694 are associated only with 
dementia, including rare forms of familial Alzheimer 
disease [117, 118].

Cerebral amyloid angiopathy and Alzheimer 
disease
The relationship between CAA and Alzheimer disease 
is highly complex [119]. Both conditions are associated 
with accumulation of β‐amyloid, although in different 
locations, and both are associated with the APOE ε4 
allele and variation at CR1 [105]. Severe CAA is present 
in 25% of patients with Alzheimer disease, and 50% of 
patients who die due to CAA‐related ICH meet the diag-
nostic criteria of Alzheimer disease [120, 121]. Patients 
with both CAA and Alzheimer disease have more severe 
cognitive impairment than patients with Alzheimer dis-
ease alone [122]. Moreover, patients with Alzheimer dis-
ease are at higher risk of stroke, particularly ICH, in an 
age‐dependent pattern [123].

In CAA accompanied by Alzheimer disease, the vascu-
lar amyloid deposits predominantly involve cortical cap-
illaries and consist of the longer amyloid β42–43 species 
similar to the deposits found in the senile plaques in 
these patients [124]. In contrast, the shorter amyloid β40 
variant is the most common peptide deposited in the 
cortical and leptomeningeal arteries in CAA patients 
without Alzheimer disease [125].

The association of CAA and Alzheimer disease with 
APOE epsilon alleles is another point of overlap. The ε4 
allele is a risk factor for amyloid deposition in both CAA 
and Alzheimer disease, while the ε2 allele is only associ-
ated with vessel breakdown in CAA and does not pose 
any risk of Alzheimer disease. Despite the similarities in 
pathogenic mechanisms and clinical features, CAA and 
Alzheimer disease are clinically distinct entities. It is well 
established that CAA may occur without clinical evi-
dence of dementia, amyloid plaques, or any other patho-
logic hallmarks of Alzheimer disease and vice versa [126].

Diagnosis
The diagnosis of CAA in an elderly individual with lobar 
hemorrhage can be made noninvasively using the Boston 
Criteria [31] (Table  8.2). The occurrence of multiple 
lobar hemorrhages, either at the same time or over sev-
eral days, is a typical but not unique feature of CAA [127] 
(Figure 8.10). Multiple ICH may also result from other 
factors such as head trauma, sepsis, and diffuse intravas-
cular coagulation (Table 8.3).

CAA should be suspected in patients over the age of 55 
with spontaneous lobar hemorrhage. A definitive diag-
nosis of CAA is often not made, as leptomeningeal 

biopsy is rarely indicated for the diagnosis. The diagnosis 
“probable CAA” is highly sensitive and specific. It 
requires the presence of two or more hemorrhages or 
microbleeds restricted to regions typically affected by 
CAA with complete sparing of locations characteristic 
for hypertensive hemorrhage. Susceptibility‐weighted 
sequence is superior to T2*‐weighted imaging for the 
detection of old microbleeds, as they accentuate the 
hypointensities caused by hemosiderin deposits.

8.2.3 Saccular aneurysm

ICH occurs in 4–42.6% of patients with subarachnoid 
hemorrhage (SAH) secondary to aneurysmal rupture 
[128] (Figure 8.11). Aneurysmal hemorrhages that lead to 
ICH are often from anterior communicating artery, inter-
nal carotid artery, or middle cerebral artery [129, 130] 
and those associated with large hematoma volume are 
predominantly found in the middle cerebral artery [128].

The coexistence of SAH and ICH is associated with 
higher rebleeding rate and unfavorable clinical outcome, 
especially in patients with hematoma volume larger than 
50 cm3 [129]. The higher rebleeding rate may be due to 
the larger size of aneurysms causing ICH, as aneurysm 

Table 8.2 Boston Criteria for cerebral amyloid angiopathy 
(CAA)‐related intracerebral hemorrhage [31].

Definite CAA
Full postmortem examination demonstrating:

 ● Lobar, cortical, or corticosubcortical hemorrhage
 ● Severe CAA with vasculopathy
 ● Absence of other diagnostic lesion

Probable CAA with supporting pathology
Clinical data and pathologic tissue (evacuated hematoma or 
cortical biopsy) demonstrating:

 ● Lobar, cortical, or corticosubcortical hemorrhage
 ● Some degree of CAA in specimen
 ● Absence of other diagnostic lesion

Probable CAA
Clinical data and MRI or CT scan demonstrating:

 ● Multiple hemorrhages restricted to lobar, cortical, or 
corticosubcortical regions (cerebellar hemorrhage allowed)

 ● Age ≥55 yr
 ● Absence of other cause of hemorrhage

Possible CAA
Clinical data and MRI or CT scan demonstrating:

 ● Single lobar, cortical, or corticosubcortical hemorrhage
 ● Age ≥55 yr
 ● Absence of other cause of hemorrhage

CAA, cerebral amyloid angiopathy; CT, computed tomography; MRI, 
magnetic resonance imaging.
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size is a significant risk factor for early rebleeding. In 
addition, rebleeding frequently results in ICH, possibly 
due to arachnoid adhesions developed after the initial 
hemorrhage [131].

8.2.4 Arteriovenous malformations

Cerebral arteriovenous malformations (AVMs) are aber-
rant, direct shunting between the arterial and venous 
systems that are surrounded by gliotic brain tissue, and 
are commonly found in the supratentorial region. The 
annual detection rate is 1 in 100 000 and most individuals 
are asymptomatic at the time of diagnosis [132]. AVM is 
the single most common cause of ICH in patients under 
the age of 45, accounting for approximately 30% of cases 
in this age group [132, 133].

Most AVMs are sporadic with familial occurrences 
constituting less than 5% of all cases [134, 135]. However, 
it is unclear whether the described familial occurrences 
are coincidental or indicate true familial aggregation 
[136]. Although multiple AVMs are rare, their frequency 
is probably underestimated as the additional AVM is 

Figure 8.10 Multiple lobar hemorrhages in familial cerebral amyloid angiopathy. Top: Right temporal lobe hemorrhage (arrow). Left and 
right: Small lobar hemorrhage in the left cerebral convexity 3 years later (arrow); the previous hemorrhage is seen as a hypodense cavity 
(arrowhead). Bottom: Right parietal lobe hemorrhage 2 years after the second episode (arrow).

Table 8.3 Etiology of multiple intracerebral hemorrhages.

 ● Cerebral amyloid angiopathy
 ● Thrombolysis
 ● Disorders of hemostasis
 ● Metastatic tumors
 ● Leukemia
 ● Sinus venous thrombosis
 ● Vasculitis
 ● Eclampsia
 ● Trauma
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often very small. About half of patients with multi-
ple  AVMs have hereditary hemorrhagic telangiectasia 
(Osler–Weber–Rendu syndrome; also discussed in 
Section 7.23.1) [137]. The presence of more than one 
brain AVM is highly predictive of hereditary hemor-
rhagic telangiectasia [138].

Hemorrhage is the most common presentation, fol-
lowed by seizure, headache, and focal neurological defi-
cit with both size and location of lesions playing a 
significant role in clinical manifestation [139–141]. 
Generally, AVMs result in lobar hemorrhage, but deep 
ICH may also occur. If hematoma reaches the brain sur-
face it may result in SAH; isolated SAH is seen in 4% of 
hemorrhages due to AVM [142]. The vessel rupture site 
is usually on the venous side, unless there is an aneu-
rysm on the arterial side. This may explain the often 
slower onset of symptoms and better prognosis of hem-
orrhages from AVMs compared to those resulting from 
the rupture of perforating arteries or saccular aneu-
rysms [143].

The high blood flow secondary to the direct arterio-
venous communication can lead to the development of 
saccular aneurysms that are usually found on the feed-
ing arteries and less frequently within the AVM nidus 
[144]. These aneurysms may be the source of bleeding; 
AVMs with aneurysm are more likely to rupture with an 
annual bleeding rate of 7%, compared to 2–3% for 
AVMs without aneurysm, and are associated with worse 

clinical outcome [145]. The annual AVM‐associated 
ICH in individuals with untreated lesions ranges 
between 2.8% and 4.6%, with a recurrence rate of 7% 
[146]. The strongest risk factor for recurrent bleeding of 
untreated AVM is hemorrhage as the initial manifesta-
tion; exclusive deep venous drainage, deep‐seated 
lesions, and associated aneurysms are other predictors 
of recurrent hemorrhage [146].

CT scan may not be sensitive for detection of AVMs in 
acute ICH due to the compression of nidus by hema-
toma. AVM is observed as a signal void, often with an 
associated draining vein on T1‐ and T2‐weighted MRI. 
Angiography is the gold standard test, demonstrating 
large feeding arteries and rapid shunting of blood to 
enlarged and tortuous veins, and a central nidus of 
dilated vessels between the arteries and veins. 
Calcification may also be seen in the nidus or surround-
ing brain tissue (Figure 8.12). (For treatment of AVMs, 
see Chapter 14.)

8.2.5 Developmental venous anomalies

Developmental venous anomalies (DVA), also known as 
venous angiomas, consist of several dilated veins with 
normal arterial input that converge into a single abnor-
mal vein that in turn empties into the cortical venous 
system, or less commonly into the deep venous system 
[147]. The radial orientation of the medullary veins, 

(a) (b)

Figure 8.11 (a) Deep intracerebral hemorrhage in a 45‐year‐old woman. (b) Cerebral angiography showed an aneurysm in the left 
anterior cerebral artery (arrow).
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separated by normal brain parenchyma, creates the 
impression of “caput medusa.” DVA are usually solitary, 
located in the supratentorial region, often in the frontal 
lobe, and less frequently in the parietal lobe and cerebel-
lum [148]. DVA is the most common cerebral vascular 
malformation encountered in autopsy; in a series of 4000 
consecutive brain autopsies, vascular malformations were 
found in 4%, of which 63% were DVA [149]. They may 
coexist with cavernous malformations in 13–40% of cases, 
as well as with other cerebral vascular malformations [150].

DVA uncommonly become symptomatic. The most 
common presentation is headache, although the identi-
fied DVAs are likely an incidental finding rather than the 
cause [148]. The annual rate of symptomatic hemor-
rhage from DVA without previous rupture is <1% [151]. 
T1‐weighted MRI with contrast shows medullary veins 
that converge on a dilated transcerebral vein, creating 
the characteristic “sunburst pattern.” When hemorrhage 
occurs, DVA may appear as hypointense tubular struc-
tures within the white matter on T2‐weighted images 
(Figure  8.13). Conventional angiography is the gold 
standard test demonstrating radially arranged small 
medullary veins with paucity of normal veins, creating 
“caput medusa” appearance during late capillary or 
venous phase (Figure 8.14).

The majority of DVA merely represent variations in 
the venous drainage rather than a true pathology. The 
enlarged vein, which is the pathognomonic feature of 
venous malformation, is an indispensable conduit for 
blood drainage out of the brain in the absence of other 
functional drainage pathways. Therefore, occlusion of 
these large veins by operative interventions or due to 
spontaneous thrombosis can be disastrous [152, 153].

8.2.6 Capillary telangiectasias

Capillary telangiectasias are small vascular malforma-
tions composed of vessels similar to capillaries but with a 
larger lumen (20–500 µm) that are separated by normal 
brain tissue. The pons, middle cerebral peduncles, and 
dentate nucleus are the most common sites. Cerebral tel-
angiectasias are generally low‐risk lesions even when 
bleeding occurs [154]. The risk of hemorrhage is very 
low unless when multiple lesions are present in heredi-
tary hemorrhagic telangiectasia, which more commonly 
involves other organs such as lungs, mucous membranes, 
and liver [155]. Occasionally, concomitant AVMs occur 
in patients with hereditary hemorrhagic telangiectasia, 
especially in the lungs; in fact, two‐thirds of the neuro-
logical complications in these patients are secondary to 

(a) (b)

Figure 8.12 (a) CT scan demonstrating right parietal lobe hemorrhage in a 27‐year‐old man. The adjacent calcifications suggest an 
arteriovenous malformation. (b) Cerebral angiography depicts the branches of the middle cerebral artery (arrow) and anterior cerebral 
artery (arrowhead) that feed the malformation.
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pulmonary AVMs [156]. Hypointense “black dots” on 
T1‐ and T2‐weighted MRI are suggestive but not diag-
nostic of telangiectasia. These lesions could be differen-
tiated from DVA by late arterial or early capillary 
enhancement on angiography.

8.2.7 Cavernous malformations

Cerebral cavernous malformations are mulberry‐like 
conglomerates, measuring 1 mm to several centimeters 
that are composed of thin‐walled vascular structures 
without muscular or elastic layers, or intervening brain 
tissue [157]. Cavernous malformations are encountered 
in 0.5% of routine postmortem evaluations [158], and are 

frequently associated with other vascular malformation 
such as capillary telangiectasias and DVA [159, 160]. 
Cavernous malformations are not static and often grow 
or shrink [161] and may also appear de novo in sporadic 
cases [162] with exposure to brain radiation a likely risk 
factor [163, 164]. The majority of lesions are located in 
the supratentorial region, usually in the cortical and sub-
cortical area. Infratentorial lesions are usually found in 
the pons and cerebellum [165].

Cavernous malformation may occur sporadically, 
accounting for 80–90% of the cases in white populations, 
or in a familial pattern [166]. The familial form was first 
detected in Mexican‐American families, representing 
approximately half of all cases in people of Mexican 

Figure 8.13 Developmental venous 
anomalies. Left: Gadolinium‐enhanced 
T1‐weighted MRI shows the radial 
orientation of converging veins (small 
arrows) towards a central draining vein 
(large arrow). Right: Early T2‐weighted MRI 
shows hemorrhage into the right centrum 
semiovale; the hyperintense core of 
methemoglobin (long arrow) is 
surrounded by a hypointense rim of 
intracellular deoxyhemoglobin (short 
arrow) and a hyperintense zone of edema 
(open arrow). The central draining vein is 
represented by the tubular signal void.

Figure 8.14 Developmental venous anomalies. Left: CT scan showing hemorrhage in the cerebellar vermis (black arrow). Middle: 
Angiography of left vertebral artery shows normal arterial phase. Right: The venous phase demonstrates abnormal venous channels 
converging towards a single draining vein (“caput medusa”, arrow).
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origin [167]. In contrast to sporadic cases that are usually 
solitary, most patients with familial forms present with 
multiple lesions that increase in number with advancing 
age. Conversely, in a patient with multiple lesions, the 
probability of having a first‐degree relative with cavern-
ous malformation is 75%. Mutations in three genes 
located on chromosome 7 have been shown to cause the 
hereditary form, with mutations in KRIT1 accounting 
for 40% of cases [166]. Approximately 20% of familial 
cases in non‐Hispanic white people are linked to muta-
tions in CCM2 and CCM3 [168, 169]. Hereditary cavern-
ous malformation demonstrates incomplete penetrance; 
half of the mutation careers are asymptomatic and in 
10% no lesion could be identified [166].

Cerebral cavernous malformations are often clinically 
silent [170]. Seizures, ICH, and transient or permanent, 
progressive focal neurological deficit are the most com-
mon presenting features [171]. Focal neurological defi-
cits are commonly seen with brainstem lesions, which 
usually develop gradually and may remit, mimicking 
multiple sclerosis [172]. The estimated risk of hemor-
rhage varies between 0.25% and 6% per year; lesions of 
the brainstem are more likely to bleed compared to 
supratentorial lesions [157]. Hemorrhages from cavernous 

malformations are usually limited and rarely fatal; 
 however, many neurosurgeons advocate resection of 
symptomatic lesions in the brainstem or spinal cord 
where even small bleeds can be dangerous.

Considering the minimal blood flow through cavern-
ous malformations, they may not be identified with 
angiography. On T1‐ and T2‐weighted MRI, cavernous 
malformations are characterized by a combination of a 
reticulated core of mixed signal intensity with a sur-
rounding rim of hypointensity, corresponding to hemo-
siderin deposits (Figure 8.15). Smaller lesions appear as 
hypointense areas (black dots) and are better identified 
by susceptibility‐weighted sequence [173].

8.2.8 Dural arteriovenous fistulas

Dural arteriovenous fistulas (DAVF) are direct shunts 
between the meningeal arteries and a cortical vein or 
dural venous sinus. The feeding arteries are most often 
branches of the middle meningeal artery or occipital 
branches of the external carotid artery, and are rarely 
supplied by the internal carotid or vertebral artery. 
Most cases are acquired and idiopathic, seen in patients 
over the age of 50 years. Less frequently, thrombosis 

(a) (b)

Figure 8.15 Cavernous malformations. (a) Coronal T1‐weighted MRI in a 48‐year‐old woman presenting with transient vertigo, tinnitus, 
tingling around the nose, and paresthesia of the right side of the body. The sharply demarcated lesion in the left side of the pons and 
middle cerebellar peduncle without mass effect suggests cavernous malformation (arrow). Angiography of left vertebral artery was 
normal. (b) T2‐weighted MRI shows multiple cavernous malformations in the cerebellum and temporal lobes (arrows).
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of  dural venous sinuses, neoplasm, infection, head 
trauma, or intracranial surgery may result in DAVF 
[174]. It is suggested that thrombotic or neoplastic 
occlusion of a venous sinus leads to venous hyperten-
sion that consequently results in the formation of 
abnormal anastomoses between the arterial and venous 
systems [175].

Based upon anatomical similarities, DAVF are catego-
rized into three types: type I DAVF drain directly into a 
dural venous sinus, most often the transverse and sig-
moid sinuses, and less frequently the superior sagittal 
and cavernous sinuses. Type II DAVF empty into a 
venous sinus but also have retrograde drainage into lep-
tomeningeal veins, whereas type III lesions drain only 
into leptomeningeal veins [176].

The presenting symptoms of DAVF are variable, 
depending on the location of fistula, venous drainage, 
and the flow direction. Common manifestations include 
headache, pulsatile tinnitus, especially with transverse or 
sigmoid sinus fistulas, papilledema, hydrocephalus, focal 
or global nonhemorrhagic neurologic deficits, and hem-
orrhage [177, 178]. ICH is the presenting event in 15% of 
patients [179]. The draining veins traverse various com-
partments, from dura to the brain parenchyma, and 
hence fistula rupture may result in subdural, subarach-
noid, or more frequently intraparenchymal hemorrhage 
[180]. Direct or indirect cortical venous drainage, multi-
ple fistulas, and venous thrombosis remote to fistula 
portend an aggressive clinical behavior, with higher rate 
of hemorrhage [181, 182]. Due to cortical venous reflux, 
DAVF type II and III are associated with an increased 
risk of ICH. Depending on the anatomy of the venous 
system, DAVF in certain locations such as tentorium or 
anterior cranial fossa may present with hemorrhage in 

75–90% of cases [178]. Conventional digital subtraction 
angiography is useful for both diagnosis and directing 
treatment (Figure 8.16).

8.2.9 Carotid–cavernous fistulas

Carotid–cavernous fistulas are high‐flow shunts that 
result from a direct connection between the intracavern-
ous carotid artery and the surrounding cavernous sinus. 
They are most commonly caused by trauma, especially 
with skull base fracture, and less frequently by the rup-
ture of aneurysms of the intracavernous internal carotid 
artery, venous sinus thrombosis, and genetic conditions 
associated with arterial wall defects [183, 184].

Symptoms usually appear abruptly and include pulsat-
ing exophthalmos, conjunctival injection, orbital bruit, 
and diplopia. Spontaneous rupture of dilated and con-
gested cortical veins that drain into the cavernous sinus 
results in ICH or SAH in 5% of patients [183, 185].

Conventional digital subtraction angiography is the 
gold standard of diagnosis. CT scan and MRI demon-
strate expansion of cavernous sinus and superior orbital 
vein, and enlargement of extraocular muscles [186]. 
Transcranial Doppler may show increased blood flow 
velocity and decreased pulsatility index in the carotid 
siphon.

8.2.10 Hemorrhagic transformation 
of ischemic stroke

Hemorrhagic transformation is a common complication 
of ischemic stroke and is likely a multifactorial phenom-
enon. Although the pathophysiologic mechanism is 
debated, the current evidence implicates disruption of 

Figure 8.16 Dural arteriovenous fistulas. Left: CT scan showing right cerebral convexity hemorrhage (arrows). Middle: Arterial phase 
angiogram of right external carotid artery demonstrates abnormally large meningeal branches converging towards the fistula (arrow). 
Right: Venous phase angiogram shows filling of dilated intracranial veins.
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the blood–brain barrier [187]. It occurs in about 8% of 
patients with ischemic stroke, but the rate varies depend-
ing on the patient population and radiological criteria 
used for the diagnosis [188].

Embolic stroke and less frequently infarcts secondary 
to venous occlusion tend to be associated with higher 
rate of hemorrhagic transformation compared to the 
other ischemic stroke subtypes. Thrombolytic therapy is 
one of the strongest risk factors [189]. Advanced age, 
extent of parenchymal hypodensity on CT scan, hyper-
glycemia, and diabetes are other predictors of hemor-
rhagic transformation [190, 191]. On CT scan, patchy 
hyperdensity within a hypodense area, as well as wedge‐
shaped hyperdensity that extends to the cortex, suggest 
hemorrhagic transformation.

Hemorrhagic transformation of ischemic infarction is 
typically classified as (i) hemorrhagic infarction (HI), 
which appears on CT as heterogeneous hyperdensity in a 
portion of a hypodense infarcted area without mass 
effect, or (ii) parenchymal hematoma (PH), which 
appears as a rather homogeneous, dense hematoma with 
mass effect. The European Cooperative Acute Stroke 
Study (ECASS) categorized hemorrhagic transforma-
tions based on the radiographic criteria into two sub-
types of HI and two subtypes of PH [192] (Table 8.4). In 
addition to radiological characterization, this framework 
is relevant for clinical prognostication of hemorrhagic 
transformation.

8.2.11 Sinus venous thrombosis

Thrombosis of the cerebral veins and dural sinuses is an 
uncommon cause of ICH. It is more common in women, 
with a female to male ratio of 3 : 1, likely secondary to 

pregnancy, puerperium, use of oral contraceptives, and 
hormone replacement therapy [193, 194]. The etiology 
of sinus venous thrombosis (SVT) is similar to that of 
venous thrombosis in other body parts, with hereditary 
or acquired prothrombotic conditions present in many 
instances [195].

The clinical manifestation of SVT is variable and 
includes isolated elevation of intracranial pressure, focal 
neurologic deficit, seizure, ICH, and altered mental sta-
tus [195]. The onset of symptoms can be acute, subacute, 
or chronic, with 30–40% of patients presenting with ICH 
[196]. The increased venous and capillary pressure 
results in disruption of blood–brain barrier, and conse-
quently vasogenic edema and plasma leakage into the 
interstitial space. Therefore, hemorrhage is usually pre-
ceded by an ischemic phase that lasts for hours to days, 
presenting with focal neurologic deficit, seizure, or 
encephalopathy. As intravenous pressure continues to 
rise, venous hemorrhage may occur due to venous or 
capillary rupture. The hemorrhage is usually intraparen-
chymal with or without associated infarction, and is 
rarely subarachnoid [197].

Diagnosis of SVT requires a high level of clinical suspi-
cion; hemorrhages in unusual locations, such as the 
bilateral parasagittal area or temporal lobe is suggestive. 
Venous imaging should be pursued when lobar ICH pre-
sents without a clear etiology or when it does not comply 
with the defined arterial boundaries [198]. The radio-
logic criteria for the diagnosis of SVT include filling 
defect and demonstration of thrombus; isolated filling 
defect may represent hypoplasia and is not sufficient for 
diagnosis (Figure 8.17). Demonstrating thrombus within 
dural sinus is complicated due to time‐dependent 
changes in the thrombus, causing decreased sensitivity 
of MRI [199]. In the acute stage (day 1–5), the thrombus 
appears isointense on T1 and, strongly hypointense on 
T2 and susceptibility‐weighted sequences. In the suba-
cute phase (up to day 15), it becomes hyperintense on T1 
as well as on T2, and after the third week the intensity is 
decreased in all sequences until establishment of normal 
blood flow.

8.2.12 Mycotic aneurysm and septic arteritis

Mycotic or infectious intracranial aneurysms result from 
degeneration of arterial wall secondary to bacteremia or 
septic emboli, and usually involve the branching points 
or distal branches of anterior circulation as opposed to 
saccular aneurysms, which tend to occur near the base of 
the brain and circle of Willis [200]. Although the term 
“mycotic” denotes fungal etiology, the majority of 
mycotic aneurysms are caused by bacteria in immuno-
compromised patients with septicemia resulting from 
Staphylococcus aureus or Streptococcus species [201].

Table 8.4 European Cooperative Acute Stroke Study (ECASS) 
radiographic classification of hemorrhagic transformation.

Hemorrhage 
classification Radiographic appearance

Hemorrhagic 
infarction 
type 1 (HI1)

Small hyperdense petechiae

Hemorrhagic 
infarction 
type 2 (HI2)

More confluent hyperdensity throughout the 
infarct zone; without mass effect

Parenchymal 
hematoma 
type 1 (PH1)

Homogeneous hyperdensity occupying <30% 
of the infarct zone; some mass effect

Parenchymal 
hematoma 
type 2 (PH2)

Homogeneous hyperdensity occupying >30% 
of the infarct zone; significant mass effect. 
Or any homogeneous hyperdensity located 
beyond the borders of the infarct zone
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Mycotic aneurysms account for 2.5–6.5% of all intrac-
ranial aneurysms, and usually result from the lodging of 
septic emboli within distal vessels or contiguous spread 
of extravascular infection such as meningitis or cavern-
ous sinus infection [202]. They frequently present with 
focal neurologic deficit or ICH rather than SAH, which 
is the predominant presentation of saccular aneurysms 
[201] (Figure 8.18). Approximately, 65% of patients with 
mycotic aneurysm have infective endocarditis, which is 
complicated by ICH in 1–10% of cases [201, 203]. 
However, ICH secondary to infective endocarditis fre-
quently results from hemorrhagic transformation of 
ischemic infarctions caused by septic emboli or rupture 
of pyogenic arteritis, rather than ruptured mycotic 
aneurysms [204]. ICH resulting from mycotic aneu-
rysms is associated with high morbidity and mortality 
and an overall case fatality rate of 25–50%, which is 
much higher than that of ICH alone in corresponding 
age groups [205].

8.2.13 Moyamoya disease (also see 
Chapter 7)

Moyamoya disease is a chronic progressive cerebrovas-
cular condition characterized by bilateral stenosis or 
occlusion of the arteries around the circle of Willis and 
abnormal collateral circulation. Moyamoya means “puff 
of smoke” in Japanese, describing the characteristic 
appearance of collateral vascular tangle seen on angiog-
raphy. It usually involves large arteries, most commonly 
distal internal carotid arteries, and the proximal portion 
of anterior and middle cerebral arteries. Moyamoya dis-
ease has a bimodal age distribution with minor and 
major peaks at 5–9 and 45–49 years, respectively [206].

The etiology of moyamoya disease is largely unknown. 
The high incidence among the Japanese and other Asian 
populations, along with familial occurrence in 10% of 
cases strongly suggest a genetic etiology. RNF213, encod-
ing ring finger protein 213, has been suggested as an 
important susceptibility factor in East Asians [207, 208]. 
Other loci have also been described, but their true sig-
nificance remains undefined [209–211]. The primary 
pathology consists of arterial narrowing, caused by idio-
pathic proliferation of intima, and tortuosity and thick-
ening of the internal elastic lamina [212]. The collateral 
arterial network is the sequel of the disease rather than 
the primary abnormality.

The clinical features of moyamoya disease are variable 
and may present with seizure, transient ischemic attack, 
or ischemic or hemorrhagic stroke. In Asia, ICH, SAH, 
and occasionally intraventricular hemorrhage are the 
most common manifestations of the disease in adults, 
whereas children frequently present with ischemic stroke 
[213]. In contrast, adult patients of European descent 
usually present with ischemic stroke [214, 215]. ICH fre-
quently occurs in the thalamus and basal ganglia, and is 
caused by the rupture of widened perforating vessels in 
the collateral network or associated aneurysms. Without 
angiographic demonstration of the primary occlusive 
disorder, moyamoya cannot be distinguished from the 
more common hypertensive vasculopathy.

On MRI, multiple punctate flow voids in the basal 
 ganglia and thalamus represent dilated collateral vessels 
that are virtually diagnostic for moyamoya disease [216]. 
Linear hyperintensities in the leptomeninges and 
perivascular spaces, called “ivy sign” may be seen on 
fluid‐attenuated inversion recovery and contrast‐
enhanced T1‐weighted MRI [217, 218]. Stenosis or 

Figure 8.17 Cerebral venous thrombosis. Left: CT scan showing a hemorrhage in the left temporal lobe; the hyperdense core (long arrow) 
is surrounded by a slightly hyperdense rim (short arrow) consistent with hemorrhagic transformation of an infarct. Middle: CT angiography 
shows a filling defect in the left sigmoid sinus (arrow). Right: MR venography depicting filling defects in the left transverse and sigmoid 
sinuses (short arrows). Note the normal right transverse and sigmoid sinuses (open arrow).
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occlusion of the distal internal carotid artery, and the ori-
gin of the anterior and middle cerebral arteries on both 
sides, as well as abnormal vascular networks in the basal 
ganglia are the characteristic angiographic findings [219].

8.3  Hemostatic factors

8.3.1 Anticoagulants

Anticoagulants are associated with an increase in risk of 
intracranial hemorrhage, particularly intraparenchy-
mal, and less frequently subdural and subarachnoid 

hemorrhage. The mortality rate of warfarin‐associated 
ICH exceeds 50%, which is considerably higher than that 
of primary ICH in patients not on warfarin [220, 221].

Warfarin is the strongest predictor of ICH; it increases 
the risk two‐ to fivefold, depending on the degree of anti-
coagulation [222, 223]. International normalized ratio 
(INR) above 3 is associated with larger hematoma vol-
ume, which is a predictor of poor clinical outcome [224]. 
Nevertheless, INR is usually within therapeutic range in 
the majority of patients [225]. This reflects the presence 
of an underlying vascular disease that is unmasked by 
anticoagulation, rather than a direct causal effect 
between anticoagulants and ICH.

(a) (b)

(c) (d)

Figure 8.18 Mycotic aneurysm. (a) CT scan shows subarachnoid hemorrhage in the basal cisterns (arrow), and (b) a right frontal 
hemorrhage (arrow). (c) Cerebral angiography demonstrates irregular aneurysms at the top of the basilar artery (arrow), and (d) in a distal 
branch of the middle cerebral artery (arrow). Echocardiography showed mitral valve vegetation and regurgitation.



8 What caused this intracerebral hemorrhage?418

The frequency of warfarin‐associated lobar ICH 
increases with advancing age, possibly due to an overall 
increase in the prevalence of CAA with age. A consider-
able proportion of elderly patients take both warfarin 
and aspirin; it is likely that the combined use of warfarin 
and aspirin is associated with a higher risk of ICH com-
pared to warfarin alone [226–228]. Advanced age, poorly 
controlled hypertension, and preceding cerebral infarc-
tion further increase the risk [229]. Leukoaraiosis, micro-
bleeds, and APOE ε2 and ε4 alleles have also been 
suggested as predictors of warfarin‐associated ICH. The 
novel oral anticoagulants, including dabigatran, rivar-
oxaban, and apixaban, which have been approved for 
stroke prevention in patients with nonvalvular atrial 
fibrillation, have equal or superior efficacy and safety 
compared to warfarin [230–232]. Direct oral anticoagu-
lants are associated with lower risk of intracranial bleed-
ing compared to vitamin K antagonists [233]. However, 
randomized clinical trials on reversing these agents in 
the event of ICH are lacking.

The shape of hematoma precipitated by anticoagulants 
is often irregular and has higher expansion rate [234]. 
A  blood‐fluid level that develops between sedimented 
red blood cells and serum is more common [235] 
(Figure 8.19).

8.3.2 Antiplatelets

The absolute increased risk of primary ICH associated 
with antiplatelets is small. Taking aspirin for primary and 
secondary prevention of coronary artery disease increases 
the risk of ICH only by 2 events per 10 000 patient‐years. 
Hypertension and cerebral microbleeds are associated 
with an increased risk of hemorrhage in individuals tak-
ing aspirin [40, 236]. The dose of aspirin does not appear 
to have an effect on this risk [237, 238]. The combination 
of clopidogrel and aspirin is associated with a small but 
significant increased risk compared to clopidogrel alone 
[239]. On the other hand, combined aspirin and clopi-
dogrel therapy results in an increased rate of moderate 
bleeding, but not intracranial hemorrhage, compared to 
aspirin alone [240]. The evidence regarding the effect of 
antiplatelets on the risk of ICH recurrence is inconclusive 
[241, 242]. Other nonsteroidal anti‐inflammatory drugs 
do not have an effect on the risk of ICH [243, 244].

8.3.3 Thrombolytics

ICH is a serious and potentially fatal complication of 
thrombolytic therapy for ischemic stroke; variable rates 
have been reported. The tPA study by the National 
Institute of Neurological Disorders and Stroke (NINDS) 
demonstrated asymptomatic and symptomatic hemor-
rhage in 4.5% and 6.4% of patients treated with tPA, 
respectively [245].

Risk factors include female sex, age above 75 years, low 
body mass index (BMI), history of stroke, and uncon-
trolled hypertension. Although it is difficult to determine 
the risk with certainty, the predictive model developed 
by the Cooperative Cardiovascular Project can be used 
to assess the bleeding risk [246] (Table 8.5). Thrombolysis 
is discouraged in patients with scores of 5 or more, as this 
is associated with 4% risk of occurrence and 50–60% 
mortality rate [246, 247]. Similar to anticoagulant‐ and 
antiplatelet‐associated ICH, CAA is the most frequent 
underlying abnormality, which is lobar and multiple in 
about one‐third of cases [248, 249]. Similarly, CAA may 
result in lobar ICH that occurs after thrombolysis for 
ischemic stroke at another territory [250].

8.3.4 Coagulation factor deficiency

Intracranial hemorrhage may occur in severe deficiency 
of factors VIII (hemophilia A) and IX (hemophilia B), 
and rarely factor XIII [251]. It is most commonly seen in 
neonates, but it also occurs in older children and adults. 
Spontaneous ICH is more common than trauma‐induced 
hemorrhage [252]. However, head trauma may provoke 
hemorrhage in patients with mild hemophilia or von 
Willebrand disease [253]. The incidence of ICH in 

Figure 8.19 CT scan showing left frontal hemorrhage with a 
blood‐fluid level representing the interface between sedimented 
red blood cells and supernatant plasma suggesting anticoagulant‐
associated hemorrhage.
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 hemophilia patients older than 2 years is 2%, with an asso-
ciated mortality rate of 20%. Less common coagulation 
disorders associated with spontaneous ICH are congeni-
tal afibrinogenemia, factor X deficiency, autoantibodies 
against factor XIII, type I cryoglobulinemia, and advanced 
liver cirrhosis [254–258] (Figure 8.20).

8.4  Hemodynamic factors

8.4.1 Acute hypertension

An acute increase in blood pressure above 180/120 mmHg 
can precipitate ICH, particularly in patients with rela-
tively low baseline blood pressure [259]. Chronic hyper-
tension leads to arteriolar hypertrophy that minimizes 
transmission of pressure to capillaries. In contrast, rapid 
increase in blood pressure in normotensive patients 
results in vascular damage at relatively lower blood pres-
sure [260]. Patients with impaired autoregulation are also 
at higher risk. Similarly, relative hypertension after 
carotid endarterectomy in a previously hypoperfused 
hemisphere may lead to ICH [261]. Other cerebrovascu-
lar manifestations of hypertensive emergency include 
lacunar infarcts, SAH, and hypertensive encephalopathy.

8.4.2 Reversible cerebral vasoconstriction 
syndrome (also see Chapter 7)

Reversible cerebral vasoconstriction syndrome (RCVS) 
is a collective term used to describe a set of vasoconstric-
tive syndromes that present acutely with sudden, severe 
“thunderclap” headache, with or without other neuro-
logical symptoms [262]. Although these syndromes have 
different causes and presentations, they are categorized 
under RCVS as a unifying diagnostic category, given 
their common clinical and angiographic features. RCVS 
is characteristically seen in middle‐aged women. 
Physiological changes during pregnancy and postpartum 
period, hormonal therapy, and therapeutic or recrea-
tional vasoactive drugs are associated with RCVS 
[263–265].

Headache is the ubiquitous feature, observed in almost 
all patients, and often remains the only manifestation 
[266]. The onset of headache is acute and with extreme 
pain peaking in less than 1 minute, mimicking that of a 
ruptured aneurysm. Less frequently, patients may pre-
sent with acute hypertension, focal neurologic deficit, 
seizure or, ischemic or hemorrhagic stroke. ICH occurs 
as a single lobar lesion in 6–20% of patients and may be 
associated with another stroke including an ischemic 
stroke or convexity SAH. Patients with RCVS commonly 
have a history of migraine, which is associated with 
an  increased risk of intracranial hemorrhage in these 
patients [264].

A set of diagnostic criteria has been proposed for 
RCVS. Reversible vasoconstriction observed in multiple 
vascular territories is the critical diagnostic factor [267]. 
In addition, resolution of angiographic changes should 
be complete or substantial by 12 weeks after onset of 
symptoms [268]. Cerebral angiography demonstrates 
diffuse, segmental narrowing and dilatation, creating the 

Table 8.5 Predictors of thrombolysis‐associated intracranial 
hemorrhage [246].

Risk factors
Risk 
score

Rate of intracranial 
hemorrhage (%)

Age ≥75 yr 0 or 1 0.69
Black race 2 1.02
Female sex 3 1.63
Prior history of stroke 4 2.49
Systolic blood pressure 
≥160 mmHg

≥5 4.11

Weight ≤65 kg for women 
or ≤80 kg for men
INR >4 or PT >24
Use of alteplase (versus 
other thrombolytic agents)

INR, international normalized ratio; PT, prothrombin time.

Figure 8.20 Multifocal intracerebral hemorrhage in a patient with 
advanced liver cirrhosis.
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Figure 8.21 Left: Irregular hemorrhage in both frontal lobes (black arrows) with disproportionate edema (white arrows). Middle: CT scan 
performed three months later showed diffuse edema in both frontal lobes with significant mass effect (arrows). Right: After injection of 
intravenous contrast a grossly irregular tumor (glioblastoma multiforme) emerged.

characteristic “string of beads” pattern [267]. 
Cerebrospinal fluid analysis is usually normal or only 
shows mild pleocytosis and increased protein that should 
normalize after a few weeks.

8.5  Miscellaneous

8.5.1 Malignancy

Cerebrovascular disease is a frequent cause of neurological 
symptoms in patients with malignancy. The type of stroke 
depends on the specific nature and stage of cancer, and the 
antineoplastic regimen used for treatment. ICH is more 
common in hematologic malignancies, especially myeloid 
leukemia, than in solid tumors [269]. It occurs in about 
20% of patients with myeloid leukemia, constituting 70% of 
all cerebrovascular accidents in these patients [270].

ICH secondary to malignancy occurs due to coagu-
lopathy, thrombocytopenia, platelet dysfunction, or 
metastasis. Coagulation disorders are usually associated 
with hematologic malignancies, whereas tumor metasta-
sis to the brain, dura, or skull is the primary mechanism 
in patients with solid tumors. Disseminated intravascu-
lar coagulation (DIC) in patients with leukemia is more 
likely to result in ICH than those that occur in solid 
tumors [269]. DIC in patients with malignancy is thought 
to be due to excessive thrombin production leading to 
increased consumption of coagulation factors, platelets, 
and coagulation inhibitors. Acute promyelocytic leuke-
mia is characteristically associated with DIC due to the 

release of Auer rods, the cytoplasmic granules within 
promyelocytes that contain procoagulant factors. 
Thrombocytopenia may occur due to bone marrow infil-
tration by hematologic malignancies or metastatic 
tumors, as well as bone marrow insufficiency secondary 
to chemotherapy or radiotherapy. With normal platelet 
function, the risk of ICH increases significantly only 
when the platelet count is below 10 000/μL. Typically, 
DIC causes single hematoma, whereas severe thrombo-
cytopenia leads to multiple hemorrhages [271].

Hemorrhage within cerebral tumors accounts for about 
5% of all ICH, with glioblastoma multiform, meningioma, 
and metastatic tumors constituting most cases [272]. 
Melanoma, bronchial carcinoma, renal carcinoma, and 
choriocarcinoma are the most common metastatic brain 
tumors that lead to ICH. Intratumoral hemorrhage fre-
quently results from rapid tumor necrosis, rupture of 
newly formed blood vessels, and vascular invasion [269]. 
Several features on neuroimaging suggest a tumor as the 
underlying cause of hemorrhage, including irregular, 
mottled hematoma with a hypodense center indicating 
necrosis, and a disproportionate degree of surrounding 
edema and mass effect (Figure 8.21). Multiple hematomas 
and nodular enhancement of the surrounding tissue after 
intravenous contrast also indicate an underlying tumor.

8.5.2 Vasculitis

Vasculitis of the central nervous system results from 
primary involvement of the cerebral or spinal blood 
 vessels, or secondary to a systemic disorder such as 
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systemic vasculitis, connective tissue disease, or infec-
tion. Primary angiitis of central nervous system (PACNS) 
is an idiopathic primary vasculitis characterized by 
mononuclear inflammation in the media and adventitia 
of small and medium‐sized arteries and veins through-
out the central nervous system, with a predilection for 
cerebral cortex and leptomeninges. The inflammation 
causes narrowing, thrombosis, and occlusion of the cer-
ebral vessels, leading to ischemia and necrosis. Presenting 
features in order of frequency include decreased cogni-
tion, headache, seizure, and ischemic and hemorrhagic 
stroke [273].

Several conditions could present with similar clinical 
and radiological manifestations, specifically ICH includ-
ing granulomatosis with polyangiitis, polyarteritis nodosa, 
and systemic lupus erythematosus [274]. Cerebral vascu-
litis secondary to bacterial or viral meningitis can also 
result in ICH [275].

Lumbar puncture is an essential diagnostic work‐up in 
patients suspected to have PACNS. Analysis of cerebro-
spinal fluid is usually abnormal in most patients, but is 
not specific. Cerebral angiography demonstrates “bead-
ing” in small arteries. Biopsy of leptomeninges and the 
underlying cortex is the gold standard for diagnosis 
of  PACNS, demonstrating Langerhans giant cells and 
lymphocytic or necrotizing vasculitis.

8.5.3 Drugs

Sympathomimetic drugs such as cocaine, ampheta-
mines, and phenylpropanolamine may independently 
cause ICH [276, 277]. Cocaine‐associated ICH may 
occur after oral, intravenous, or inhalational use, but it 
is more common after inhalation of crack cocaine, 
which is a mixture of cocaine hydrochloride and ammo-
nia or baking soda [278]. These hemorrhages usually 
occur in the lobar area and are often multiple [279]. 
Patients with cocaine‐associated ICH have a higher rate 
of underlying aneurysms and vascular malformations, 
which are found in 50% of cases [280]. Postmortem 
studies have not shown vasculopathic changes in 
patients without vascular malformation [281, 282]. 
Normal blood vessels suggest hemodynamic rather than 
structural factors as the underlying mechanism. This 
hypothesis is supported by a higher frequency of hyper-
tension in these patients compared to those with vascu-
lar abnormalities [283].

ICH is a rare but often devastating complication of 
amphetamine abuse. There are several reports of ICH 
after ingestion of amphetamine, methamphetamine or 
ring‐substituted amphetamine (MDMA or “ecstasy”), 
and less frequently dextroamphetamine. ICH can hap-
pen within a few minutes after using amphetamines, 

with any routes of administration and with relatively 
small doses. Similar to cocaine‐associated ICH, a vascu-
lar abnormality is frequently identified [284]. Multifocal 
areas of alternate segments of narrowing and dilatation 
(“beading”), as well as occlusion, are commonly seen on 
angiography [285]. At postmortem examination, these 
lesions correspond to areas of fibrinoid necrosis in small 
and medium‐sized vessels, which are also seen in other 
organs [286]. However, these abnormalities are not seen 
in all cases, suggesting sudden rise in the blood pressure 
as the precipitating factor [287]. ICH has also been 
reported in association with the use of ephedrine or epi-
nephrine [288, 289].

8.5.4 Alcohol

The definition of high alcohol intake differs across stud-
ies that evaluated the relationship between alcohol and 
ICH. A systematic review showed a dose‐dependent 
relationship between alcohol and ICH, with the risk dou-
bled in individuals with alcohol intake more than 56 g/
day compared to those who drink less than this amount 
[290]. The possible mechanisms by which high alcohol 
intake may contribute to ICH include increased blood 
pressure, inhibitory effect on platelets and coagulation 
factors, decreased fibrinogen and von Willebrand factor, 
and liver dysfunction [291, 292]. On the other hand, it 
was shown that moderate alcohol intake (≤2 drinks/day) 
has a small protective effect on ICH, but no association 
was found between heavy alcohol use and ICH [2]. 
Furthermore, some studies found no association between 
alcohol intake and ICH [293, 294]. It is also controversial 
whether occasions of excessive drinking (“binge drink-
ing”) can precipitate ICH, SAH, or ischemic stroke, con-
sidering the possible confounding effect of other factors 
such as trauma and associated lifestyle factors [295].

8.5.5 Trauma

Traumatic ICH typically occurs in brain surface due to 
coup and countercoup injuries with a predilection for 
anterior and basal frontal, anterior temporal, or occipital 
areas. Even minor head trauma may result in the rupture 
of vulnerable arteries in susceptible individuals, espe-
cially those with CAA. Occasionally, a superficial contu-
sion may evolve within hours or days from a slightly 
hypodense mottled lesion to a hematoma [296]. Patients 
on anticoagulants are at increased risk even with mild 
head injury [297]. Commonly, the initial lesion immedi-
ately follows the trauma and is accompanied by focal or 
global neurological deficit. However, it can occur with a 
delay of days to weeks in a condition termed delayed 
post‐traumatic hemorrhage [298].
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8.6  Diagnosis

8.6.1 History

The cause of ICH may occasionally be inferred from 
patient history:

 ● Long‐standing hypertension suggests hypertensive 
small‐vessel disease in patients with nonlobar hemor-
rhage. However, hypertension is common and it may 
coexist with the primary etiology.

 ● Previous hemorrhage in the same location suggests a 
structural lesion such as an AVM. If the second hem-
orrhage is distant from the primary lesion, CAA should 
be considered.

 ● Seizure may indicate AVM, cavernous malformation, 
or a tumor. If seizures are partial and new‐onset, CAA 
should be considered [299]. History of transient 
ischemic attacks or cognitive impairment also support 
the diagnosis of CAA.

 ● The use of anticoagulants is a vital piece of informa-
tion as it should be reversed urgently.

 ● In patient known to have malignancy, especially mela-
noma, bronchial carcinoma, or renal carcinoma, hem-
orrhage into a metastatic tumor is the most likely 
diagnosis. Metastatic choriocarcinoma should be con-
sidered in a patient who is pregnant or in puerperium.

 ● Concomitant valvular heart diseases raises suspicion 
of septic embolism, although it is usually not the cause 
in the majority of these individuals.

 ● If spontaneous hemorrhages at other body parts such 
as skin are detected, disorders of hemostasis should be 
explored. In patients with hemophilia, severe head-
ache, stroke, or sudden, unexplained coma is highly 
suggestive of ICH.

 ● History of recreational drugs, particularly cocaine and 
amphetamines, should be sought in all ICH patients.

 ● The circumstances preceding ICH may provide clues 
to the underlying condition. Preceding neurological 
deficits suggest hemorrhagic transformation of an 
ischemic infarct, whereas puerperium indicates sinus 
venous thrombosis or choriocarcinoma. Dissection of 
vertebral or carotid artery should be considered in 
patients with neck trauma.

 ● A family history of ICH at a relatively young age may 
suggest cavernous malformation, hereditary hemor-
rhagic telangiectasia, or familial CAA.

8.6.2 General physical examination

Inspection could provide important clues to the etiology 
of ICH such as petechiae and bruising in coagulation dis-
orders, telangiectasia of the skin and mucous membranes 
in hereditary hemorrhagic telangiectasia, and local skin 
discoloration consistent with malignant melanoma. 

Hypertension is almost always present on presentation, 
although it is the etiology in only half of patients and is a 
reactive phenomenon in the remainder. Hypertensive 
vascular changes in the retina or left ventricular hyper-
trophy suggest that hypertension is a contributing factor, 
but the absence of these findings does not exclude this 
possibility. Heart murmurs may be coincidental but 
should prompt evaluation of infective endocarditis, as 
should needle track marks in intravenous drug users. A 
collapsed lung or hepatosplenomegaly may point towards 
a malignancy.

8.6.3 Neurological examination

The neurological manifestations of ICH almost always 
include focal neurological deficits with or without 
decreased level of consciousness. Signs and symptoms 
develop quickly, usually within seconds and minutes. 
Rapid resolution of neurological deficit typically sug-
gests ischemia, but ICH might also present with tran-
sient signs and symptoms [300, 301].

Decreased or loss of consciousness is a nonlocalizing 
feature, except in hemorrhages in the posterior fossa. 
Altered level of consciousness is not a reliable distin-
guishing factor between hemorrhagic and ischemic 
stroke. Throughout the course of disease, level of con-
sciousness decreases in about one‐third of the patients 
secondary to hematoma expansion, cerebral edema 
especially after the first 48 hours, obstructive hydro-
cephalus, or medical complications such as hypona-
tremia or neurogenic pulmonary edema.

Focal neurological deficits are determined by the loca-
tion and size of hemorrhage. Hemorrhage in the caudate 
nucleus may produce a few focal deficits, and usually 
presents with general symptoms of ICH such as head-
ache, vomiting, and decreased consciousness. In tha-
lamic hemorrhage, the nature of neurological deficits 
critically depends on the affected nuclei [302]. A charac-
teristic feature of posterolateral thalamic hemorrhages is 
distortion of the vertical orientation of the body with a 
tendency to tilt towards the ipsilateral side [303].

8.6.4 Laboratory studies

Although laboratory studies rarely provide diagnosti-
cally relevant information, they are crucial for the gen-
eral medical management of patients who are often in 
poor clinical condition. Hemostatic function should be 
evaluated in all patients. Partial thromboplastin time, 
prothrombin time, and thrombin time may be abnormal 
in patients with coagulopathy. Thrombocytopenia with 
normal platelet function is generally assumed to precipi-
tate ICH only with platelet counts less than 10 000/μL. 
Bleeding time is abnormal in patients with abnormal 
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platelet function such as chronic renal failure or autoim-
mune diseases. Various tests for measurement of plate-
let  function, including platelet function analyzer 100 
(PFA‐100), VerifyNow, and platelet aggregation have 
been applied in patients with antiplatelet agent‐associ-
ated ICH. There is little evidence to suggest, however, 
that these tests have sufficient sensitivity to detect plate-
let dysfunction and have any role in the management of 
ICH [304].

Autoantibodies, usually IgG class, may impair the 
activity of specific coagulation factors in inhibitor syn-
dromes that usually develop in patients with hemophilia 
who have received multiple infusions of factor concen-
trates, or in patients with autoimmune diseases. Blood 
cultures should be obtained if infective endocarditis is 
suspected. High erythrocyte sedimentation rate or C‐
reactive protein titers support the diagnosis. Mild leuko-
cytosis may result from ICH, especially with large 
hematomas [305].

8.6.5 Computed tomography scan

Noncontrast head CT scan is the single most common 
imaging modality used for the evaluation of acute ICH. 
CT scan is sensitive for the detection of acute lesions, 
and provides information on accompanying abnormali-
ties including extension of hemorrhage into the ventri-
cles, edema, and shifts in the brain contents. Hyperacute 
hemorrhages appear isodense and quickly become 
hyperdense. The density of hematoma decreases gradu-
ally from the periphery towards the center, and reaches 
the density of white matter within 2–3 weeks. CT angi-
ography has become a common imaging modality in the 
acute phase because of its role in identifying underlying 
vascular malformations and aneurysms, as well as active 
extravasation of contrast media, termed the “spot sign” 
[306]. Follow‐up brain CT scan is usually required to 
assess hematoma expansion, severity of edema, and shift.

8.6.6 Magnetic resonance imaging

The MR signal intensity of hemorrhage changes depend-
ing on the oxidation state of the iron atoms of hemo-
globin and the integrity of the red blood cell membrane 
[307]. Paramagnetic molecules such as deoxyhemo-
globin and methemoglobin produce local inhomogene-
ity in the magnetic field and lead to fast decay of the local 
MR signal. This property of paramagnetic molecules is 
called magnetic susceptibility effect, resulting in hypoin-
tensity on MRI sequences sensitive to this effect.

In the hyperacute phase (i.e. the first few hours), hema-
toma appears slightly hypointense or isointense on T1‐
weighted images and slightly hyperintense on T2‐weighted 
images. A thin rim of hypointensity on T2 can be seen 

due to the formation of deoxyhemoglobin at the periph-
ery. In the acute phase, there is iso‐ or slight hypointen-
sity on T1, and marked hypointensity on T2 images due 
to susceptibility effect of deoxyhemoglobin.

The early subacute phase includes the first few days to 
a week after hemorrhage, during which formation of 
methemoglobin and oxidization of iron to ferric state 
results in marked hyperintensity on T1‐weighted image. 
Hematomas continue to appear hypointense on T2 
images due to the presence of susceptibility effect. With 
degradation of red blood cell membrane in the late suba-
cute phase, methemoglobin diffuses within the hema-
toma, resulting in the loss of susceptibility effect and 
consequently hyperintensity on T2 images.

In the chronic phase, the excess iron atoms liberated 
by protein degradation are converted to hemosiderin, 
exerting susceptibility effect leading to hypointensity on 
T2. These lesions are best visualized using susceptibil-
ity‐weighted or GRE sequences. The hematoma center 
may evolve into a fluid‐filled cavity or slit isointense with 
cerebrospinal fluid.

8.6.7 Angiography

Given the high accuracy of CT and MR angiography, 
conventional angiography is used less frequently. 
However, cerebral angiography is indicated in patients 
suspected to have vascular lesions. Normotensive indi-
viduals under the age of 45 years with lobar hemorrhage 
appear to benefit the most from angiography given the 
high probability (50–80%) of treatable vascular lesions in 
this age group [308]. Vascular lesions may be too com-
pressed to be seen in the acute phase, and therefore it 
may be needed to defer angiography until the mass effect 
of hematoma has resolved.

8.7  Subdural hematoma

Subdural hematoma is discussed in this chapter because 
many causes of subdural hematoma overlap with those 
of ICH (Table  8.6). In addition, subdural hematoma 
occurs in 20% of patients with lobar ICH, particularly 
when hematoma volume is larger than 60 cm3 [69]. A 
ruptured leptomeningeal artery adjacent to the dura 
with extravasation into both the parenchyma and sub-
dural space is the most plausible explanation for con-
comitant subdural and ICH.

Isolated subdural hematoma commonly occurs in the 
elderly due to the rupture of bridging veins. Occasionally, 
subdural bleeding is arterial, resulting from the rupture 
of small pial arteries, usually in the perisylvian area [309]. 
Anticoagulation is an important contributory factor, 
accounting for approximately 20% of chronic subdural 
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hematomas [310]. Low cerebrospinal fluid pressure is 
increasingly recognized as a cause of chronic subdural 
hematoma; abnormalities that suggest this etiology 
include diffuse dural enhancement and occasionally ton-
sillar herniation, mimicking Chiari malformation [311, 
312]. Cerebrospinal fluid leak may be iatrogenic due to 
lumbar puncture or neurosurgery, but may also occur 
spontaneously [313].

Spontaneous subdural hematomas usually occur over 
the cerebral convexity, although they may also be found 
in other areas such as posterior fossa and posterior inter-
hemispheric fissure [314, 315]. Acute hemorrhages 
appear as hyperdense crescentic collections over the cer-
ebral convexity (Figure 8.22). Frequently, subdural hema-
tomas progress gradually, turning into a hypodense fluid 
collection on CT scan. In cases resulting from aneurys-
mal rupture, there is usually a tell‐tale extravasation of 
blood into the subarachnoid space but occasionally sub-
dural hematoma is the only manifestation.

The MRI signal intensity of subdural hematoma devel-
ops in a pattern like that of ICH. Acute hematoma is 
hypointense on T2‐weighted images, and becomes 
hyperintense on both T1‐ and T2‐weighted images in the 
subacute phase. With degradation of hemoglobin and 
accumulation of hemosiderin, chronic subdural hemato-
mas become hypointense on T1‐weighted images.
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9.1  Basic overview of subarachnoid 
hemorrhage

9.1.1 Anatomic overview

A basic grasp of the anatomy of the brain and its vascular 
supply is crucial to understanding the pathophysiology of 
bleeding in different intracranial compartments. The 
brain surface and skull are separated by three layers of 
membranes, or meninges. The pia is a thin membrane 
directly adherent to the brain surface, and the dura is 
adherent to the skull surface. The arachnoid adheres to the 
inner surface of the dura. Although the space between the 
pia and brain, the dura and skull, and the arachnoid and 
dura are only potential spaces with no separation under 
normal circumstances, the subarachnoid space that lies 
between the arachnoid and pia is filled with cerebrospinal 
fluid. In addition, the major cerebral arteries and their 
large branches travel in the subarachnoid space, only 
entering the brain tissue in the form of small penetrating 
arterioles. Thus, subarachnoid hemorrhage (SAH) occurs 
either from a source vessel traveling in the subarachnoid 
space, or when a hemorrhage that originates in brain tissue 
dissects through the thin pia membrane and into the suba
rachnoid space. Similarly, rupture of subarachnoid arteries 
may cause intraparenchymal extension with development 
of an intracerebral  hemorrhage simultaneously with SAH, 

again because the pia provides little mechanical barrier 
support. In the second section of this chapter, we will 
review the multiple specific conditions and mechanisms 
that lead to SAH.

Several additional anatomic peculiarities are worth 
noting. First, the arteries in the subarachnoid space are 
large and exposed to the full systemic blood pressure, as 
vascular autoregulation occurs in the small, distal blood 
vessels of the brain. As a consequence, rupture of these 
arteries can quickly extravasate a large volume of blood 
with devastating consequences. Second, because the sub
arachnoid space is an open, fluid‐filled space, in contrast 
to the epidural and subdural potential spaces, there 
may be less tamponade effect as there is no threshold of 
pressure required to dissect open a space to be filled 
with blood. Third, whereas the anatomic structure of the 
epidural and subdural spaces inherently work to contain 
hemorrhages within those compartments and anatomi
cally isolate them from other intracranial structures, the 
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Subarachnoid hemorrhage occurs either from a source 
vessel traveling in the subarachnoid space, or when 
a  hemorrhage that originates in brain tissue dis-
sects  through the thin pia membrane and into the 
 subarachnoid space.



9 What caused this subarachnoid hemorrhage?438

subarachnoid space is a fairly large container of cerebro
spinal fluid, continuous over the outer surface of the brain 
and spinal cord. This fact may be exploited when seeking 
to confirm a diagnosis of SAH by lumbar  puncture, but 
can also be deleterious as the proinflammatory blood 
products spread to intracranial,  ophthalmic, and  spinal 
structures distant from the site of  hemorrhage. Finally, 
because multiple important  structures  traverse (cerebral 
arteries, cranial nerves) or project into ( hypothalamus, 
arachnoid granulations) the subarachnoid space, the 
release of blood into the compartment and subsequent 
inflammation can provoke a wide variety of secondary 
injuries such as cerebral vasospasm, cranial neuropathies, 
hydrocephalus, and diabetes insipidus. Injury from SAH 
is a combination of harm caused by local effects at the site 
of bleeding, concurrent  intraparenchymal injury, disrup
tions of cerebrospinal fluid dynamics with hydrocephalus 
and elevated intracranial pressures, and harm to other 
structures in the subarachnoid space.

9.1.2 Epidemiology of subarachnoid hemorrhage

According to recently compiled data, approximately 
800 000 people experience a new or recurrent stroke each 
year in the United States, of which 3% are   SAHs  [1]. 
Similar to ischemic stroke and intracerebral hemorrhage, 
the incidence of SAH is higher in black, Hispanic, and 
Native American populations. A large prospective cohort 
study of stroke in Mexican  Americans, for example, 
found that the age‐adjusted risk ratio for SAH was 1.57 
compared with non‐Hispanic white populations, and 
double for black populations [2, 3]. The incidence 
appears to be greater yet among Native American and 
Pacific Islander populations, although among all race 
groups the proportion of SAH to all stroke types is typi
cally near 3% [4–6]. Not only are the rates of SAH greater 
in non‐white racial groups, but mortality rates are uni
formly higher as well [7]. Studies have not found a clear 
difference in care access or delivery, suggesting the 
increased mortality represents intrinsic disease‐related 
factors, such as known differences in aneurysm burden 
and location by race [8]. Other risk factors for aneurys
mal SAH include cigarette smoking, nicotine, caffeine 
and cocaine use, hypertension, low body mass index, and 
lower educational achievement [9].

Describing the severity spectrum of SAH cases with 
precision is difficult. Over 40 grading schemes have been 
proposed for the disease [10]. Commonly used schemes, 
such as the Hunt and Hess Scale, have only fair to moder
ate interrater reliability and many studies indicate little 
statistical difference in outcome between grades [10]. 
A reasonable approximation is that about 22% of patients 
with SAH due to ruptured aneurysms present stuporous 
and with severe deficits, or worse [11]. Approximately 
15% of patients presenting with subarachnoid bleeding 
have no identifiable cerebrovascular lesions on angiogra
phy [12, 13]. These patients are generally milder in sever
ity and experience better outcomes [13, 14].

An important caveat that must be kept in mind  whenever 
interpreting literature on SAH is that most publications 
focus exclusively on hemorrhages caused either by rup
tured intracranial aneurysm or idiopathic SAHs where no 
underlying primary lesion or mechanism is identified. This 
is primarily driven by the fact that a large preponderance of 
cases are caused by ruptured intracranial aneurysms, and 
because the course,  management, and prognosis of sec
ondary SAHs (e.g. bleeding from superficial melanoma 
metastases, subarachnoid extension of a primary intracer
ebral hemorrhage) are primarily driven by the underlying 
primary disease  process. For example, given that the inci
dence of intracerebral hemorrhage is more than three times 
greater than primary (aneurysmal or idiopathic) SAH, and 
that 40% of patients with intracerebral hemorrhage develop 
secondary SAH, we would expect that there would be more 
SAH cases yearly due to secondary causes than from an 
aneurysmal or idiopathic source [1, 15]. Again, because the 
signi ficance and management of secondary SAH is poorly 
understood for most nonaneurysmal processes, the inci
dence is not clearly reported for most nonaneurysmal con
ditions and is difficult to estimate.

9.2  Mechanisms of subarachnoid 
bleeding

In this section, we will consider in greater detail the 
 various pathologic mechanisms that have been associ
ated with subarachnoid bleeding, expanding upon the 
basic anatomic ideas already presented.

9.2.1 Arterial malformations and injuries

As described earlier, SAH due to rupture of vascular 
structures within the subarachnoid space is among the 

Approximately 3% of the 800 000 strokes each year in the 
United States are subarachnoid hemorrhages, with a 
higher incidence in black, Hispanic, and Native American 
populations. One‐fifth of patients present stuporous 
with severe deficits, and around 15% have no identifiable 
cerebrovascular lesions on angiography.

Subarachnoid hemorrhage secondary to conditions 
such as subarachnoid extension of intracerebral hemor-
rhage, hemorrhagic metastases, and other processes are 
common.
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most common and lethal forms of primary hemorrhages 
in that intracranial compartment. Here we describe 
these vascular anomalies in greater detail.

Saccular (berry) aneurysm
Hemorrhage from saccular aneurysm rupture is the 
best‐studied cause of SAH. Saccular (or “berry”) aneu
rysms are focal outpouchings of a thinned and weakened 
artery wall. Although saccular aneurysms may form in 
any location of the arterial vascular system, in practice 
they are overwhelmingly observed at or near vessel 
bifurcations on first‐ or second‐order arterial branches 
of the vessels emanating from the circle of Willis. 
Histopathology of intracranial saccular aneurysms show 
defects in the media of the vessel wall, in particular, 
degeneration of the muscularis and elastica [16, 17]. 
Important parts of saccular aneurysms are the neck 
and  the dome. The neck is the channel joining the 
 aneurysm sac to the parent vessel lumen. As discussed in 
Chapter 15, certain ultrastructural characteristics of the 
 aneurysm, such as the ratio of the neck diameter to sac 
diameter, can influence endovascular options for aneu
rysm obliteration. The dome is the distal portion of the 
aneurysm sac opposite to the neck. The dome of the 
aneurysm is the site at highest risk for rupture. When 
aneurysms grow larger than 4 mm portions of the dome 
can become extremely thin and become foci for rupture 
and hemorrhage [16]. Another important factor in 
patients with intracranial saccular aneurysm is that the 
presence of multiple aneurysms in the same patient is 
common. The International Study of Unruptured 
Intracranial Aneurysms reported that 55.2% of all 
patients in the observational cohort had more than one 
unruptured aneurysm [18].

Aside from typical locations at proximal bifurcation 
points of the main cerebral arteries, saccular aneurysms 
also develop in association with arteriovenous malfor
mations (“flow aneurysms”) and from septic emboli in 
distal branches of cerebral arteries. The histological 
structure of these less common secondary aneurysms 
is  essentially identical to that of idiopathic saccular 
 aneurysms [19]. Aneurysms are believed for form in 
association with arteriovenous malformations due to the 
combined effect of congenitally abnormal and weak 
blood vessel walls in the high flow lesion, as well as the 
chronic effects of turbulent flow.

Although ruptured aneurysms account for the majority 
of severe cases of primary SAH, most cerebral aneurysms 
never rupture. The prevalence of unruptured intracranial 
aneurysms is estimated to be 3.2% in the general popula
tion, and substantially higher in groups with known risk 
factors for aneurysm such as polycystic kidney disease, 
positive family history, and brain tumor [20]. A recent 
meta‐analysis of 19 studies including 6556 unruptured 
aneurysms in 4705 patients found a 1.3% rupture 
risk  in  subjects followed >10 years, with increased age, 
female  sex, size >5 mm, posterior circulation location, 
 symptomatic status, and particular ethnicity (Japanese or 
Finnish) being factors associated with increased risk of 
rupture [21].

Patients who have been treated for a ruptured cerebral 
aneurysm in the past are at substantially increased risk 
of  recurrent SAH from either the index or a different 
 aneurysm. One large study found that the risk of 
 bleeding is 22 times higher than expected in an age‐ and 
 sex‐matched population over the 10 years after first 
 hemorrhage, with smoking, age, and the presence of 
multiple aneurysms at the time of initial SAH being 
identified as risk factors [22].

Dissecting aneurysms
When dissection along the wall of an artery progresses to 
the point of disrupting the internal elastic membrane 
and muscularis, aneurysmal swelling of the vessel may 
occur. The true frequency of dissecting aneurysms is 
unknown as many do not come to attention and, unlike 
saccular aneurysms, these vascular lesions may heal and 
resume normal radiographic appearance. A very high 
proportion of dissecting aneurysms reported in the lit
erature are described in conjunction with SAH, although 
due to discovery bias, the true risk of hemorrhage is 
unknown [23]. There is evidence to indicate that repeti
tive intramural hemorrhages from inadequately healed 
dissections may eventually progress to chronic fusiform 
aneurysm formation [24].

Fusiform aneurysms
Fusiform aneurysms are malformations characterized by 
irregular, circumferential dilation of an artery. These 
ectatic, tortuous vessels (also known as dolichoectasia) 
are most often observed in the vertebrobasilar system. 
These nonsaccular aneurysms account for about 3–13% 
of intracranial aneurysms. Although SAH can occur, 
many remain asymptomatic or present with symptoms 
caused by ischemia or from compression of local 
structures [24–26].

Blister aneurysms
Although most focal aneurysms are saccular aneurysms 
arising at vessel bifurcations, a small number of  intracranial 

Saccular aneurysms near the circle of Willis are the most 
common cause of primary subarachnoid hemorrhage. 
About half of all patients with intracranial aneurysm 
have more than one aneurysm. Most intracranial 
 aneurysms never rupture.
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aneurysms occur at nonbranching sites of the terminal 
internal carotid artery, or less commonly, the basilar and 
other intracranial arteries. These focal lesions demonstrate 
an unusual morphology of thin, fragile walls with poorly 
defined necks, and are referred to as blood blister‐like 
aneurysms, or simply blister aneurysms [27]. These unu
sual entities account for between 0.5% and 6.6% of all 
intracranial aneurysms [28–30]. Blister aneurysms are 
assumed to develop secondary to small, focal dissections.

Infectious arteriopathies
Infection is a rare but serious cause of cerebral artery 
injury. Although ischemic stroke from embolic occlusion 
or inflammation‐mediated luminal stenosis is a more 
common manifestation, rupture of weakened blood ves
sel walls is a well‐described phenomenon, especially in 
infectious endocarditis. In the context of either systemic 
bacteremia or endocarditis lesions causing release of 
septic emboli, bacteria‐laden material travels through 
the bloodstream to distal sites within the cerebral 
 circulation. Pathologic studies of bacterial mycotic aneu
rysms report visualization of embolic fragments in the 
peripheral portions of diseased artery walls. It is pre
sumed that  septic material enters the vasa vasorum of 
these  distal vessels and then degrades the vessel wall due 
to  inflammation and microabscess formation [31].

In contrast to bacterial mycotic aneurysms, fungal 
 vasculitis occurs by direct luminal or adventitial surface 
invasion, usually sparing the vasa vasorum [32]. Injury 
to the artery walls can be irregular, and focal saccular pro
trusions may not be seen, although vessel wall  rupture 
leading to SAH occurs. Similarly, viral vasculopathies 
caused by pathogens such as varicella zoster cause  irregular 
but widespread blood vessel injury. The  predominant risk 
in severe cases is ischemic stroke, although SAH can occur. 
Angiographic studies reveal a mixture of  large and 
small  arteries affected with  segmental  constrictions and 
 poststenotic dilatation [33].

9.2.2 Arteriovenous malformations and fistulas

Abnormal connections between arteries and veins lack
ing a normal capillary bed can occur in two patterns: 
arteriovenous malformations existing in the brain paren
chyma, and dural arterial venous fistulas, in which the 
abnormal arterial–venous connectivity involves dural 
veins or venous sinuses.

Arteriovenous malformations
A recent, large population‐screening study reported an 
annual arteriovenous malformation detection rate of 
1.34 cases per 100 000 person‐years, with 0.51/100 000 
presenting with hemorrhage. The estimated prevalence 
of hemorrhage among detected cases was 0.68 per 
100 000 [34]. Depending on the location of the malfor
mation, hemorrhages can present in the parenchyma, 
subarachnoid space, or both. Aside from hemorrhages, 
other presenting symptoms may include seizure, head
ache, or focal neurologic deficits. Many arteriovenous 
malformations are noted to have associated aneurysms, 
which may become a source of hemorrhage as points of 
particular blood vessel wall weakness [35]. Most cases of 
arteriovenous malformation are presumed to be congen
ital with no predisposing family history, although an 
association with Wyburn–Mason and Osler–Weber–
Rendu disease has been reported [36].

Dural arteriovenous fistulas
Dural arteriovenous fistulas occur throughout the brain 
and spinal cord surface, and consist of multiple connec
tions between branches of dural arteries and veins or 
venous sinuses. Although many arteriovenous malforma
tions in brain parenchyma are thought to be congenital, 
venous sinus thrombosis is believed to predispose to 
dural fistulas [37]. It is believed that leptomeningeal and 
cortical venous reflux elevates the risk of hemorrhage, 
and this is observed in approximately half of all lesions 
that are discovered. Of those in the higher risk group, the 
annual hemorrhage risk is approximately 8.1% [37].

9.2.3 Subarachnoid extension of spontaneous 
and tumor‐associated intraparenchymal hemorrhages

The meninges serve to compartmentalize SAH within the 
subarachnoid space and intracerebral hemorrhages within 
the brain parenchyma, although large or superficial 
hemorrhages may breach the meningeal membranes. 
Approximately 40% of patients with primary intracerebral 
hemorrhage are found to have extension of bleeding into 
the subarachnoid space, more frequently in patients with 
lobar hemorrhages and with larger hematoma  volumes. 
Development of secondary SAH independently contributes 
to worse functional outcomes in such cases [15]. Similarly, 
rare instances of SAH in the context of pituitary apoplexy 
have been reported [38]. Symptoms can range from sud
den death (very rare), nonlocalizing symptoms such as 
 headache, nausea, vomiting, and signs related to anatomic 

Depending on the location of the arteriovenous malforma-
tions, hemorrhages can occur in the brain parenchyma, 
subarachnoid space, or both.

In contrast to typical saccular aneurysm near the circle of 
Willis, infectious (mycotic) aneurysms typically arise in 
the distal vasculature and cause superficial cortical 
hemorrhages.
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location, and compression on nearby structures, such as 
decreased visual acuity, bitemporal hemianopsia, ocular 
palsies, and endocrine abnormalities [38, 39]. Subclinical 
pituitary hemorrhage probably occurs nearly twice as 
 frequently as clinically apparent pituitary apoplexy [40].

Vascular integrity is poor in rapidly growing tumors, 
frequently resulting in hemorrhage. Certain cancer types 
show a predilection to metastasize to the brain surface, 
where tumor‐associated hemorrhage can cause suba
rachnoid bleeding. There are numerous reports of meta
static melanoma causing SAH, but most commonly as 
xanthochromic cerebrospinal fluid or small collections of 
localized blood, rather than thick, diffuse SAH. Similar 
patterns of low‐ volume subarachnoid bleeding have 
been reported with many other tumor types, most  notably 
lung cancer, glioblastoma multiforme, lower grade 
 gliomas, medulloblastoma, subependymoma, choroid 
plexus papilloma, acoustic neuroma, and sarcoma [41–
43]. Finally, similar to the pathophysiology of mycotic 
aneurysms, metastasis of cardiac myxoma to the intrac
ranial vasculature with secondary aneurysmal vessel wall 
injury and SAH has been reported [44].

9.2.4 Trauma

SAH occurs in approximately 40% of patients with moderate 
to severe traumatic head injuries. Autopsy studies indicate 
that the source of bleeding in most cases is injured cortical 
arteries or diffusion of blood from superficial brain contu
sions [45]. The presence of traumatic subarachnoid blood is 
strongly linked with poor outcomes, potentially mediated by 
the disproportionately high rate of subdural hemorrhage 
and parenchymal brain damage seen in association with 
subarachnoid blood in those cases [46]. The extent of trau
matic SAH also identifies patients most at risk for worsening 
of traumatic brain contusions [47]. Arteriography studies in 
patients with moderate to severe head injuries have shown 
that 19% demonstrate some degree of arterial narrowing, 
although clinically symptomatic vasospasm is less common 
than with aneurysmal SAH [48].

9.2.5 Reversible cerebral vasoconstriction 
syndrome

Reversible cerebral vasoconstriction syndrome is an 
uncommon acute vasculopathy of unclear etiology. 
Predominantly affecting middle‐aged women, the onset 

of this syndrome is heralded by thunderclap headache in 
85% of cases, raising immediate suspicion for  aneurysmal 
SAH. Angiographic imaging reveals segmental  cerebral 
artery vasoconstriction. A large case series of 139 patients 
with reversible cerebral vasoconstriction syndrome 
reported that imaging of the brain parenchyma is initially 
normal in about half of patients, although 81% ultimately 
develop brain lesions including infarcts, lobar hemor
rhages, and brain edema. Convexity SAH occurs in 34% 
of these cases, although no underlying vascular malfor
mation source is identifiable. There is thought to be an 
association with prior migraine and vasoconstrictive 
drug exposure. No clearly beneficial targeted therapy has 
been identified, and evidence suggests that corticoster
oid therapy may be associated with worse outcomes [49, 
50]. SAH due to reversible cerebral vasoconstriction syn
drome is more common in patients who are younger, 
have a higher number of affected arteries, bilateral arte
rial narrowing, lower Fisher and Hunt–Hess grade, and 
female sex [51].

9.2.6 Posterior reversible encephalopathy 
syndrome

Posterior reversible encephalopathy syndrome describes 
a group of pathologic processes that manifest in 
response to relative cerebrovascular hypertension 
leading to increased capillary filtration pressure, 
and  endothelial dysfunction causing failure of the 
blood–brain barrier. A common element in the disease 
process is the failure of brain vascular autoregulation 
to maintain arteriolar perfusion pressures within a 
 physiologically normal range, either due to impaired 
arteriolar autoregulation reflexes or overwhelming 
systemic hypertension. Several individually recog
nized  disorders fall within this umbrella descriptor, 
including malignant hypertension, hypertensive enceph
alopathy, preeclampsia–eclampsia, and autonomic 
dysreflexia.

The primary abnormality seen on neuroimaging is 
extensive, relatively symmetric areas of vasogenic edema, 
with patchy enhancement identifying the areas with the 
most extensive blood–brain barrier compromise. Patchy 
areas of sulcal SAH are seen in approximately 15% of 
cases [52]. This condition can be distinguished from 
other causes of SAH by the relatively small volumes of 
cortical subarachnoid blood, the spatial proximity of 
subarachnoid blood to areas of extensive vasogenic brain 
edema, lack of malformations or other abnormalities 
on  angiographic imaging, and identification of a pre
cipitating process such as pregnancy, severe systemic 
hypertension, or recent exposure to immunomodulating 
or chemotherapeutic drugs which are known to induce 
endothelial dysfunction.

Subarachnoid hemorrhage as a secondary phenomenon 
in spontaneous intracerebral hemorrhage is more com-
mon than primary subarachnoid hemorrhage, but etiol-
ogy and management are defined by the underlying 
parenchymal brain hemorrhage.
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9.2.7 Bleeding from cervical spinal canal sources

The subarachnoid space is contiguous between the 
 cranium and spinal canal. Rarely, vascular lesions in the 
spinal subarachnoid space can rupture and cause SAH, 
with extension of blood into the inferior brain cisterns. 
SAH has been described due to spinal arteriovenous 
malformations, dural arteriovenous fistulas, and spinal 
artery fusiform aneurysms. One recent review of the 
 literature identified 36 cases in patients ranging in age 
from 4 to 72 years old. The majority of lesions were at the 
craniocervical junction or within the cervical spinal 
canal. The severity of spinal SAHs is lower than what is 
seen in intracranial hemorrhages, with 72% of patients 
having no disabling deficits at discharge or follow‐up 
[53, 54]. It is not possible to accurately estimate the rela
tive incidence of these lesions, other than to note that 
even large cohorts of patients with SAH contain only one 
or two such cases.

9.2.8 Idiopathic subarachnoid hemorrhages

In the preceding portion of this section, we have reviewed 
an extensive array of common and rare disorders known 
to result in subarachnoid bleeding. Excluding cases 
due to other obvious primary processes, such as sponta
neous intracerebral hemorrhage or cerebral metastases, 
approximately 85% of patients presenting with intracra
nial SAH are found to have a saccular aneurysm as the 
culprit, and <5% are related to other discussed  conditions 
such as transmural dissections, arteriovenous malforma
tions, fistulas, mycotic aneurysms, etc. Approximately 
10% of cases, then, have no identifiable underlying dis
ease process or culprit lesion. The vast majority of these 
cases, often called angiogram‐negative primary SAHs, 
have characteristics which allow them to be identified as 
perimesencephalic SAH [55].

Perimesencephalic and other angiogram‐negative 
primary subarachnoid hemorrhages
Perimesencephalic SAH describes a radiographic  pattern 
of bleeding seen in approximately 10–15% of primary 
SAHs. The center of the bleeding is anterior to the brain
stem, commonly with extension to the ambient cisterns 
and basal sylvian fissures but rarely higher, and without 
intraventricular hemorrhage [56]. Secondary vasospasm 

and delayed ischemia is less common, as is the presence 
of acute hydrocephalus and there is less need for ven
tricular shunting. The overwhelming majority of these 
patients follow a benign clinical course and have good 
outcomes [57].

Not all patients with SAH with an imaging evaluation 
negative for vascular or parenchymal brain lesions pre
sent with a perimesencephalic pattern or follow a benign 
course. One study of 113 such patients, for example, 
found that 32% of angiogram‐negative primary SAHs 
presented with patterns of subarachnoid blood deposi
tion indistinguishable from those typically seen in proven 
aneurysmal bleeds, and followed a course similar to 
aneurysm rupture with higher rates of rebleeding, death, 
and poor functional outcomes [13].

Superficial siderosis
Superficial siderosis is a neuroimaging or autopsy finding 
attributed to chronic deposition of blood products in the 
subarachnoid space, presumably from low‐volume SAH 
from small vessel sources. In clinically evident intracere
bral hemorrhage, subarachnoid extension is overwhelm
ingly a phenomenon of lobar hemorrhages, suggesting a 
possible link to cerebral amyloid angiopathy [15]. Another 
recent study has confirmed a strong association between 
chronic lobar intracerebral hemorrhage, cerebral amyloid 
angiopathy, and cortical superficial siderosis [58]. In most 
instances, superficial siderosis is an incidental finding 
that is strongly associated with cerebral amyloid angiopa
thy. In some instances, superficial siderosis is diagnosed 
during the workup for “amyloid spells,” which are 
 transient focal neurologic episodes (e.g. paresthesias, 
numbness, weakness) that occur in some patients with 
cerebral  amyloid angiopathy [59]. It is believed that 
superficial siderosis itself does not cause symptoms, but 
is a biomarker for intermittent, low‐volume, mostly 
asymptomatic subarachnoid bleeding. An example of 
superficial siderosis is shown in Figure 9.1.

9.2.9 Effects of anticoagulants and other drugs

Factors known to increase the overall risk of bleeding, 
especially in the brain, have an effect on patients with 
SAH as would be expected. Anticoagulation is impli
cated in increasing the risk for spontaneous nonaneurys
mal SAH [60]. Sympathomimetic stimulants such as 
cocaine can induce the rupture of intracranial vascular 

No cerebrovascular malformations are found in 15% of 
primary subarachnoid hemorrhages. Perimesencephalic 
hemorrhage with low‐volume hemorrhages around the 
brainstem follow a relatively benign course.

Reversible cerebral vasoconstriction syndrome and poste-
rior reversible encephalopathy syndrome are uncommon 
conditions where small‐volume cortical subarachnoid 
hemorrhage is one of many associated abnormalities. The 
pattern of symptoms and blood deposition is distinct from 
that of aneurysmal and idiopathic hemorrhages.
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malformation by causing dramatic blood pressure surges 
[61]. Cocaine use, for instance, is associated with rupture 
of smaller aneurysms and rupture at a younger age, and 
is associated with worse outcomes [62].

9.3  Neuroimaging patterns and findings

The initial neuroimaging study of choice for most neuro
imaging emergencies evaluated in the community   setting 
remains the noncontrast head computed tomography 
(CT) due to widespread availability at all hours, simplic
ity, and speed of acquisition. Severe subarachnoid bleed
ing is immediately obvious. Blood is denser than brain 
tissue. Using a typical viewing window for brain image 
review, subarachnoid blood will take the appearance of a 
lucent (bright) material coating the brain surface. In con
trast to epidural and subdural hematomas, which appear 
as convex or concave collections with a smooth border 
running above the surface of the brain, subarachnoid 
blood follows the contours of the brain surface into the 
sulci, through the larger fissures that separate lobes of 
the cerebrum, and into several pockets of cerebrospinal 
fluid called cisterns, which are formed by gaps between 

the cerebrum, the brainstem, the cerebellum, the 
 tentorium, and the dural surface. Important fissures and 
cisterns where subarachnoid blood often collects are 
identified in Figure 9.2.

When an aneurysm or other vascular malformation is 
the source of bleeding, which is the case in the vast 
majority of primary SAHs, the location of the vascular 
lesion can often be inferred by observing the distribu
tion of blood along the brain surface. For example, 
Figure  9.3 shows images from a 47‐year‐old woman 
with acute SAHs. Angiographic imaging identified two 
saccular aneurysms, one at the bifurcation of the right 

(a) (b)

Figure 9.1 Superficial siderosis of the nervous system. Two transverse slices (a) and (b) from a T2‐weighted MRI of the brain in a 50‐year‐
old man who presented with bilateral sensorineural hearing loss. The accumulation of ferric ions causes signal loss (black), due to a 
paramagnetic effect, over the entire pial surface (arrows), and in the acoustic nerves (arrowheads). Source: Padberg M, Hoogenraad TU. 
Cerebral siderosis: deafness by a spinal tumour. J Neurol 2000;247:473. Reproduced with permission of Springer.

In contrast to epidural and subdural hematomas, which 
appear as convex or concave collections with a smooth 
border running above the surface of the brain, subarach-
noid blood follows the contours of the brain surface into 
the sulci, through the larger fissures that separate lobes 
of the cerebrum, and into several pockets of cerebrospi-
nal fluid called cisterns, which are formed by gaps 
between the cerebrum, the brainstem, the cerebellum, 
the tentorium, and the dural surface.
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middle cerebral artery, and a larger aneurysm at the 
bifurcation of the left middle cerebral artery. The non
contrast head CT shows a thick layer of blood deposited 
in the basal cisterns and the right sylvian fissure, with 
less blood in the interhemispheric fissure and little if 
any blood on the surface of the left side of the cerebrum. 
Based on this pattern and the angiography, we can 
deduce that the right middle cerebral artery aneurysm 
is the lesion that has ruptured. This diagnostic approach 
becomes important as we remember that many patients 
are found to have more than one intracranial aneurysm 
when initially evaluated for SAH [18]. Correctly identi
fying which aneurysm is the culprit for the bleeding and 
obliterating it promptly is essential for preventing early 
rebleeding.

Figure  9.4 shows an MR angiogram with sites 
 commonly affected by saccular aneurysm labeled. The 
prevalence of intracranial saccular aneurysm by location 
is detailed in Table 9.1 using data drawn from a recent 
large meta‐analysis and the International Study of 
Unruptured Intracranial Aneurysms [18, 20].

In addition to blood in the superficial subarachnoid 
space, a substantial number of patients presenting 
with  SAH have concurrent intraventricular hemor
rhage and intraparenchymal hemorrhage. As an exam
ple, Figure  9.5 shows a characteristic imaging from a 
ruptured anterior  communicating artery aneurysm. 
An intraparenchymal hemorrhage occurred adjacent 
to the aneurysm in the medial right frontal lobe adja
cent to the anterior  interhemispheric fissure. Aside 
from helping identify the location of a culprit lesion, 
the pattern, thickness, and  distribution of subarach
noid blood also correlates with symptom severity 
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Figure 9.2 CT brain scan showing the 
basal cisterns.

In addition to blood in the superficial subarachnoid 
space, a substantial number of patients presenting with 
subarachnoid hemorrhage have concurrent intraven-
tricular hemorrhage and intraparenchymal hemor-
rhage. The location of thickest subarachnoid blood 
and intraparenchymal blood correspond with the site 
of vessel rupture.
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(a) (b)

(c) (d)

Figure 9.3 A 47‐year‐old woman with a subarachnoid hemorrhage and two aneurysms. The pattern of hemorrhage points to the one 
that had ruptured. (a) CT scan showing diffuse hemorrhage in the basal cisterns. (b) CT scan showing more blood in the right than in 
the left sylvian fissure. (c) Catheter angiogram showing an aneurysm on the proximal part of the right middle cerebral artery (circled), 
it was this one which had ruptured. (d) Catheter angiogram showing a larger aneurysm on the proximal part of the left middle cerebral 
artery (circled).
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and the risk for early complications, especially cerebral 
vasospasm. Various grading schemes have been devel
oped to describe the radiographic extent of intracra
nial blood seen on initial imaging, incorporating 
features such as external subarachnoid clot thickness, 
intraventricular hemorrhage, and intracerebral clots. 
The  most widely reported of is the Fisher Scale [10]. 
Independently, grading scales  limited to neuroimaging 
variables have some utility at predicting vasospasm, in 

that thicker subarachoid blood in the basal cisterns is 
associated with worse vasospasm, but are more useful 
when incorporated into other severity scales that take 
additional clinical features into account. As described 
in Section  2.8.1, a subset of patients with primary 
SAH  with no lesions found on neuroimaging show a 
characteristic perimesencephalic distribution of hem
orrhage. Figure 9.6 is a head CT image from a patient 
with perimesencephalic SAH.

pericallosal artery

middle cerebral
artery

anterior
communicating
artery
branches of
carotid artery

top of basilar
artery

branches of
vertebral artery

Figure 9.4 MR angiogram of the circle of Willis, showing the sites 
were aneurysms are usually found.

Table 9.1 Prevalence by site of intracranial saccular aneurysms 
reported in two large cohorts [18, 20].

Vlak et al. [20] ISUIA [18]

Anterior cerebral artery and 
branches

18% 12%

Middle cerebral artery 35% 29%
Internal carotid artery 42% 47%

Cavernous carotid 8%
Posterior communicating 
artery alone

10% 9%

Other internal carotid 30%
Vertebrobasilar arteries 5% 12%

Basilar tip 7%
Other vertebrobasilar 5%

ISUIA, International Study of Unruptured Intracranial Aneurysms.

(a) (b) (c)

Figure 9.5 CT brain scans after rupture of an aneurysm of the anterior communicating artery; the hemorrhage extends into the brain 
parenchyma and the ventricular system. (a) CT slice through the base of the brain shows a hematoma in the right gyrus rectus (black 
arrowheads), intraventricular blood in the temporal horn of the lateral ventricle (white arrowhead), and a large clot in the distended fourth 
ventricle (arrow). (b) A higher slice showing extension of the hematoma into the frontal lobe (black arrowhead), blood in the temporal 
horn of the lateral ventricle (white arrowhead), and the third ventricle (arrow). (c) CT angiogram shows the aneurysm (arrow) adjacent to 
the hematoma (arrowheads).
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Use of magnetic resonance imaging (MRI) is becoming 
more widespread, and given that some patients with SAH 
present with mild, nonspecific symptoms, an MRI scan 
may be the first neuroimaging acquired. There is less 
experience using MRI compared to CT for  diagnosis of 
SAH, although several small studies report that proton 
density‐weighted images, fluid‐attenuation inversion‐
recovery images, and gradient echo T2* sequences are 
highly sensitive for detection of acute subarachnoid 
blood [63–65]. Patients with uncharacteristic patterns of 
subarachnoid bleeding, such as bleeding along the cere
bral convexity rather than in a major fissure or cistern, 
should undergo MRI with contrast to evaluate for nona
neurysmal processes associated with SAHs, such as 
hemorrhagic cortical metastases or posterior reversible 
encephalopathy syndrome.

9.4  Personal and genetic influences  
on subarachnoid hemorrhage

Over the years, a number of risk factors have been iden
tified that predispose to SAH. Recent research indicates 
that even well‐described risks, such as alcohol consump
tion, do not have a uniform impact on all areas of the 
cerebral vasculature and may predispose more to lesions 
in particular locations [66]. Here we review the elements 
of family history, genetic background, and personal 
 medical history that may be relevant when evaluating for 
the cause of SAH. Heritable and nongenetic risk factors 
associated with intracranial aneurysms and SAH are 
summarized in Table 9.2.

Table 9.2 Risk factors for intracranial aneurysm and subarachnoid 
hemorrhage.

Inherited risk factors
 ● Autosomal dominant polycystic kidney disease
 ● Type IV Ehlers–Danlos syndrome
 ● Pseudoxanthoma elasticum
 ● Hereditary hemorrhagic telangiectasia
 ● Neurofibromatosis type 1
 ● α1‐Antitrypsin deficiency
 ● Coarctation of the aorta
 ● Fibromuscular dysplasia
 ● Pheochromocytoma
 ● Klinefelter’s syndrome
 ● Tuberous sclerosis
 ● Noonan syndrome
 ● α‐Glucosidase deficiency

Other risk factors
 ● Age >50
 ● Female sex
 ● Smoking history
 ● Cocaine abuse
 ● Amphetamine abuse
 ● Infection of vessel wall
 ● Head trauma
 ● Brain tumor
 ● Hypertension
 ● Heavy alcohol consumption
 ● Oral contraceptives
 ● Hypercholesterolemia

Source: Adapted from [67, 68].

(a) (b)

Figure 9.6 (a) Typical example on CT scan 
of a perimesencephalic hemorrhage with 
blood adjacent to the brainstem in the 
suprasellar cistern (arrow). (b) Another 
example of a perimesencephalic 
hemorrhage on CT scan with blood in 
front of the pons (arrowhead) and in the 
left ambient cistern (arrow).
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9.4.1 Family history and genetic factors

The incidence of primary SAH is overwhelmingly driven 
by intracranial aneurysms, so a history of factors associ
ated with aneurysm formation are important to con
sider. A  large meta‐analysis of 68 studies evaluating 
94 912 patients from 21 countries identified autosomal 
dominant polycystic kidney disease (prevalence risk 
[PR] 6.9) and a positive family history of intracranial 
aneurysm or SAH (PR 3.4) as the most prominent risk 
factors for identification of an unruptured intracranial 
 aneurysm [20]. Although the prevalence of unruptured 
aneurysms appears to be uniform across ethnicities that 
have been systematically studied and reported, patients 
of Japanese and Finnish  ethnicity are at higher risk 
of aneurysm rupture over time for reasons that are not 
well understood [21]. Although  autosomal dominant 
 polycystic kidney disease and a family history of SAH 
attribute higher risk for SAH than other factors, they 
affect only a small  proportion of the general population. 
The population‐attributable risk due to  positive family 
 history for SAH is 11%, and for autosomal dominant 
polycystic kidney disease it is 0.3% [69].

Subjects with known intracranial aneurysms or 
SAH in two or more first‐degree relatives are known as 
 familial cases, in contrast to sporadic cases. First‐
degree relatives of patients with sporadic SAH have a 
4% prevalence of intracranial aneurysm, with the risk 
being highest among siblings [70]. The risk is higher in 
familial syndromes. A study of 91 families with two or 
more affected  members found an incidental intracra
nial aneurysm prevalence of 8.7% among first‐degree 
relatives in families without polycystic kidney disease, 
and 9.1% among first‐degree relatives in families 
with  polycystic kidney disease [71]. A number of 
genetic conditions less common than  polycystic kid
ney  disease have been associated with intracranial 
aneurysms and SAH, including type IV Ehlers–Danlos 
syndrome, pseudoxanthoma elasticum, hereditary 
hemorrhagic telangiectasia, neurofibromatosis type I, 
and α1‐ antitrypsin deficiency [67].

The cause of many familial intracranial aneurysm 
syndromes is not known, although several genetic loci 
have been identified by genome‐wide linkage studies in 
families and sibling pairs with intracranial aneurysm 
and are undergoing further study [72]. Genetic analysis 
of families with multiple affected members have found 
patterns consistent with autosomal recessive inherit
ance in 57% of cases, autosomal dominant inheritance 
in 36%, and autosomal dominanct inheritance with 
incomplete penetrance in 6% [73]. Patients with  familial 
SAH are more likely to have large (>10 mm) aneurysms 
and multiple aneurysm compared to patients with 
 sporadic SAH [74].

9.4.2 Medical history

Compared to genetic factors, personal medical history 
accounts for a substantially greater portion of SAH 
risk. Compared to the low impact of family history 
and  polycystic kidney disease on the overall incidence 
of SAH, the population‐attributable risk is 11% 
for   moderate  alcohol consumption, 21% for higher 
alcohol consumption, 17% for hypertension, and 20% 
for smoking [69].

Aside from the above conditions, cocaine and ampheta
mine abuse, oral contraceptive use, and very high plasma 
cholesterol levels are also associated with aneurysms and 
SAH [67].

9.4.3 Acute presenting history

As noted earlier, approximately 85% of primary SAHs 
are  aneurysmal. Most present with severe symptoms, 
prompting immediate neuroimaging that leads to a 
 definitive  diagnosis, diminishing the clinical relevance of 
the acute presenting history. However, incorrect diagno
sis at the time of presentation is still problematic. In this 
section, we will consider a few acute historical elements 
worth recognizing.

Pre‐rupture symptoms of intracranial aneurysm
Recognition of cerebral aneurysm before they rupture 
would be ideal. Unfortunately, many of the acute symp
toms that have been attributed to unruptured aneurysms 
are nonspecific. The most classic focal deficit related 
to cerebral aneurysm is an oculomotor nerve palsy due to 
compression of the oculomotor nerve by an aneurysm as it 
passes adjacent to the ipsilateral posterior communicating 
artery. Although this is a striking finding in some patients 
that heralds an expanding and potentially unstable aneu
rysm sac, it occurs in less than <2% of all cases. Other com
mon acute symptoms include severe headache, transient 
ischemia, and seizures, yet in the general population all of 
these symptoms are overwhelmingly due to conditions 
other than unruptured intracranial aneurysm [75]. For 
example, thunderclap headache is the ubiquitous and most 
characteristic symptom for patients presenting with acute 
SAH, and is often the only symptom. However, one large 
study of patients presenting for evaluation of sudden 
severe headache found that only 25% were due to SAH. Of 

A few genetic syndrome are associated with markedly 
increased risk for subarachnoid hemorrhage, but these 
are rare conditions. The greatest population‐attributable 
risks are from smoking, hypertension, and heavy alcohol 
consumption.
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the patients for whom headache was the only symptom, 
only 12% were due to SAH [76]. No  clinical symptom can 
reliably distinguish between benign  thunderclap headache 
and those due to SAH. Headache is common in nonaneu
rysmal causes of SAH, especially reversible cerebral vaso
constriction syndrome, and may be useful in differentiating 
between various causes of convexity SAH [77]. Concurrent 
vomiting, recent physical exertion, seizure, and loss of 
consciousness are  statistically more common in patients 
with  subarachnoid bleeding, but of little practical value in 
distinguishing it from benign presentations [78]. Seizures 
are reported to occur in about 6% of patients in con
junction with the onset of bleeding [79].

Sentinel hemorrhage
Small‐volume bleeding from an aneurysm with an  unstable 
dome, called a sentinel hemorrhage or premonitory warn
ing leak, is often reported before more severe SAHs occur. 
Studies estimate that about half of patients admitted to 
hospitals with aneurysmal SAH experienced warning 
symptoms in the form of minor bleeding episodes 
days  to  months before the classic “worst headache 
of life”  thunderclap headache occurs [80]. The most com
mon symptom of a sentinel hemorrhage is headache, 
 accompanied by additional symptoms in two‐thirds of 
patients including nausea, vomiting, and neck pain and 
stiffness (meningismus) of unusual severity, and focal tran
sient visual, sensory, and motor symptoms. These symp
toms have often been misinterpreted as migraines, tension 
headaches, viral illness, sinusitis, temporal arteritis, or 
neck sprain [81]. Even for patients in whom SAH has been 
definitively diagnosed and a culprit aneurysm found, estab
lishing the time of first rupture (which may have preceded 
a catastrophic re‐rupture by several days in some patients) 
is of value for subsequent neurologic monitoring, given 
that important complications such as cerebral vasospasm 
typically set in several days after  initial hemorrhage onset.

9.5  Examination features  in patients 
with subarachnoid hemorrhage

In conjunction with clinical history and neuroimaging, 
physical examination findings may facilitate the correct 
diagnosis of SAH in ambiguous cases, provide early 
 indicators of the etiology of the bleeding, characterize 
severity and prognosis, identify patients at risk for 
 hospital complications, and reveal associated neurogenic 

injuries such as takotsubo cardiomyopathy and neuro
genic pulmonary edema.

Two‐thirds of patients with SAH present with depressed 
level of consciousness, and of those half are comatose [82]. 
Diminished level of arousal typically indicates either ele
vated intracranial pressures, hydrocephalus related to 
obstructive intraventricular blood, or both. Meningismus 
(neck stiffness) is common, although often delayed by 
3–12 hours from hemorrhage onset [83]. The dura pro
jects along the surface of the optic nerve to the globe, 
allowing for transmission of intracranial pressure to the 
retinal surface. Fundoscopy reveals intraocular hemor
rhages in one in seven patients with aneurysmal SAH [84]. 
Elevated intracranial pressure causes congestion of the 
central retinal vein, leading to linear streaks of blood or 
flame‐shaped hemorrhage in the preretinal (subhyaloid) 
layer near the optic disc. Patients with stupor or coma are 
more likely to manifest intraocular hemorrhages due to the 
association with  elevated intracranial pressures. Large 
hemorrhages that extend to the vitreous body are known 
as Terson syndrome.

Focal neurologic abnormalities principally relate to 
two causes: intraparenchymal hemorrhages leading to 
corresponding focal neurological deficits or cranial neu
ropathies due to compression. An oculomotor nerve 
palsy is classically described as an indicator of an ipsilat
eral posterior communicating artery aneurysm due to 
aneurysm sac compression of the nerve, whereas bilat
eral abducens nerve palsies can be seen due to global 
intracranial pressure elevations without a focal lesion 
along the nerve course. Cranial neuropathies are more 
common with fusiform aneurysm in the basilar artery, or 
dolichoectasia, where multiple cranial nerve palsies can 
be observed due to a single, large malformation.

Many types of abrupt brain injuries can trigger associ
ated neurogenic injuries, presumably due to massive 
α‐adrenergic overload driven by descending sympathetic 
pathways. Stunned myocardium often takes on a charac
teristic apical ballooning called takotsubo cardiomyopa
thy, with subendocardial ischemia driving a release of 
cardiac isoenzymes. Ventricular ejection fraction may be 
severely reduced, resulting in classic manifestations of 
heart failure and cardiogenic shock. Clinically apparent 
acute cardiomyopathy occurs in 20–30% of patients with 

Abrupt, severe headache is the most common symptom 
of subarachnoid hemorrhage, although most such head-
aches in the general population are due to other causes.

Diminished level of arousal, seen in two‐thirds of patients 
with primary subarachnoid hemorrhage, is the most 
common exam finding. Other classic physical findings 
such as retinal hemorrhages and oculomotor nerve 
 palsies are present only in a minority of cases. Other 
focal  abnormalities can be seen in conjunction with 
associated intraparenchymal hemorrhage.
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SAH, although a much greater proportion develop acute 
electrocardiographic anomalies [85]. Similarly, a catecho
lamine surge following the initial hemorrhage can lead to 
neurogenic pulmonary edema. The propensity for devel
oping this complication is proportional to disease severity 
measures, such as the Hunt and Hess Scale. Often lung 
fluid begins to accumulate almost immediately, although 
onset of symptoms may be delayed for 12–24 hours in a 
subset of patients for no apparent reason [86]. Physical 
exam findings and chest radiography are essentially 
 indistinguishable from cardiogenic pulmonary edema, 
although denervation studies and animal models 
have  confirmed that neurogenic pulmonary edema is a 
distinct entity and not a secondary manifestation of acute 
 neurogenic cardiomyopathy.

9.6  Investigative course

The information already presented in this chapter on 
the different disease entities that can lead to SAH, neu
roimaging characteristics, clinical history, and exam 
findings now provide the context for describing a typi
cal approach to patient evaluation. As with all acute 
medical conditions, an evaluation starts by taking the 
patient’s history and performing a physical examina
tion. The history should focus on features such as a 
gradual versus abrupt onset, and symptoms related to 
meningeal irritation including headache, nausea, vom
iting, and meningismus. In addition, historical features 
(e.g. several days of fever and diaphoresis preceding 
the acute symptoms) may indicate the possibility of a 
bleeding cause other than a typical saccular aneurysm. 
Past medical history and medication use history should 
be reviewed, and screening for the presence of stimu
lant drug metabolites in the urine can identify contrib
utory risks. Several laboratory studies, in particular, 
should be pursued. Cardiac isoenzymes are used to 
screen for acute heart injury, and any coagulopathy 
identified may need to be reversed with transfusion of 
clotting factors [87].

A noncontrast head CT is the standard first neuro
imaging study for neurologic emergencies, and will 
identify the vast majority of cases of SAH [88]. Although 
 noncontrast head CT is highly sensitive in select 
 circumstances, maximizing diagnostic sensitivity is 
imperative. In cases  where neuroimaging is nondiag
nostic, consensus  guidelines recommend proceeding to 
diagnostic lumbar puncture [89]. Erythrocyte counts in 
cerebrospinal fluid may be unreliable at distinguishing 
between a traumatic puncture and SAH, and looking 
for  a decrease in erythrocyte counts in sequentially 
 collected tubes is similarly unreliable, so equivocal 

 samples should be evaluated for xanthrochromia using 
spectrophotometry [83]. Identification of SAH should 
prompt immediate cerebral arteriography. Digital sub
traction angiography (i.e. modern catheter angiogra
phy) is the gold standard for diagnosis and evaluation of 
cerebrovascular malformations, and may be the only 
modality able to identify small or inconspicuous lesions 
such as blood blister‐like aneurysms. For the sake of 
rapid evaluation and intervention planning, noninva
sive angiography is often useful. Given that most pri
mary SAHs are caused by typical saccular aneurysms, 
many culprit lesions can be well visualized with CT or 
MR angiography. For example, one study that used CT 
angiography to rapidly triage patients for treatment 
decision‐making found CT angiography to be 94% sen
sitive and 100% specific for identifying the cause of 
SAH as confirmed by subsequent digital subtraction 
angiography and surgical visualization [90]. CT angiog
raphy has the advantage of being more readily available 
in most hospitals, and more rapid to acquire, whereas 
MR angiography requires no iodinated contrast, an 
important consideration for these patients who may be 
at elevated risk of contrast‐associated nephropathy 
if subsequent catheter angiography is to be performed. 
A prospective blinded comparison of CT angiography 
and MR angiography in a large cohort of patients, using 
intra‐arterial digital subtraction angiography as the ref
erence standard, found that both modalities had limited 
sensitivity for detecting small aneurysms compared to 
digital subtraction angiography, with CT angiography 
being slightly superior to MR angiography [91].

For patients in whom no lesion is identified by angiog
raphy, or who demonstrate atypical patterns of subarach
noid blood deposition, MRI is useful in assessing for 
alternative etiologies. Further, when no intracranial 
pathology can be identified other than subarachnoid 
blood, MRI of the spine may be performed to look for 
vascular lesions in the spinal canal. Noninvasive or cath
eter angiography is often repeated after approximately 
one week if the initial diagnostic workup is unrevealing 
for any source [92]. In patients without an obvious alter
native etiology for SAH, such as hemorrhagic metastases 
or active endocarditis, and a negative initial catheter 

Digital subtraction (catheter) angiography is the most 
important test to evaluate the cause of primary suba-
rachnoid hemorrhage, given that most are caused by 
 ruptured aneurysms. Noninvasive vascular imaging (e.g. 
CT  angiography) can rapidly identify hemorrhage etiol-
ogy in the vast majority of cases and may be helpful in 
rapid planning for surgical or endovascular obliteration.
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angiogram, the diagnostic yield of additional neuroimag
ing, including cranial and spinal MRI and repeat catheter 
angiography, is low. Modern studies of such patients have 
found that the most likely test to reveal a diagnosis is a 

repeat catheter angiogram, and that the yield of fur
ther testing is much higher in patients with non‐ 
perimesencephalic patterns of hemorrhage compared 
to those with typical perimesencephalic patterns [93, 94].
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This chapter introduces the general principles of managing 
patients with stroke. Because treatment is aimed at 
improving the patient’s outcome, the chapter includes a 
section on the early prognosis of stroke and the factors 
that may help predict the progress of individual patients 
over the first years. It also introduces a model for treating 
patients that avoids the pitfalls of the traditional approach 
where treatment is considered in silos of acute care, 
rehabilitation, and continuing care.

10.1  Aims of treatment

The aims of treatment can generally be summarized as 
being to optimize the patient’s chance of surviving and to 
minimize the impact of the current stroke, and any further 
vascular events, on the patient and on carers. In some cases 
however, striving for survival may be inappropriate and 
palliative care may be preferred by the patient or the family 
members. In minimizing the impact of the stroke, one has 
to think not just about the short‐term effects of the stroke 
in causing the patient’s neurological impairments, but 
also about longer term effects on the patient’s function 
(i.e. disability) and role in society (i.e. handicap). Therefore, 
it is useful to consider the consequences of a stroke in 
terms of the original World Health Organization (WHO) 
International Classification of Impairments, Disabilities 

and Handicaps (ICIDH) [1]. A revision of this original 
 classification (the WHO International Classification 
of  Functioning, Disabilities and Health) changed the 
terms  used (http://www.who.int/classifications/icf/en/; 
Table 10.1) to place greater emphasis on the positive (i.e. 
“activity” in place of “disability”; “participation” in place 
of  “handicap”) and to highlight important “contextual” 
factors – such as personal experiences, and the physical 
and social environment – that influence the impact of dis-
ease, at each level, on the individual. However, in the 
context of describing the impact of an acute brain injury 
we find the original version easier to relate to our patients’ 
condition and to the outcome measures most commonly 
use in stroke trials, such as the modified Rankin Scale [2, 3] 
and the Barthel Index [4]. We will therefore refer to the 
original version in the following sections.

Although not included in the WHO classifications, 
quality of life is obviously an important aspect of a 
patient’s outcome. However, there is no generally accepted 
definition of quality of life, and it is therefore not sur-
prising that it is difficult to measure.
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Figure 10.1 The complex process called “rehabilitation.”

The most obvious effects of a stroke are physical, but 
in many situations these may not be as important as the 
cognitive, psychological, social, and even financial con-
sequences. Thus, treatment that aims to minimize the 
impact of a stroke on patients and their carers must be 
directed at all of these various problems.

10.1.1 Aspects of treatment

Each patient has a unique blend of pathologies, impair-
ments, disabilities, and handicaps. Therefore it follows 
that treatment must be preceded by a comprehensive 
assessment and then tailored to that individual patient. 
Conventionally, the discussion of the treatment of stroke 
is split into sections on: general treatment in the acute 
phase; acute medical and surgical treatments; secondary 
prevention; rehabilitation; and continuing care. This 
structure may provide a focus for the organization of 
components of care but does not reflect the need for an 
integrated approach to the management of the patient, 
even though remnants of this structure remain in this 
book. For example, patients may develop acute problems 
(e.g. pneumonia, pulmonary embolism, or urinary tract 
infection) or recurrent vascular events at any stage in 
their illness, quite often during the “rehabilitation” phase 
[5–8]. Conversely, certain aspects of rehabilitation, such 
as teamwork and early mobilization, are just as impor-
tant on the day of stroke onset as they are later on. Finally, 
even within each phase the delivery of care is a continu-
ous process and not the result of a once‐only decision. 
For example, in a patient presenting within hours of 
symptom onset with a large hemispheric infarct caused 
by a proximal occlusion of the middle cerebral artery, 
treatment will first be focused on recanalization of the 
artery with a combination of intravenous thrombolysis 

and intra‐arterial treatment (IAT), close observation to 
determine if and when hemicraniectomy may be of ben-
efit, and early rehabilitation and the prevention of com-
plications on a stroke unit.

The term “rehabilitation” means different things to 
 different people. Unfortunately, to many physicians who 
are responsible for the care of stroke patients, the term is 
synonymous with physical therapy (e.g. physiotherapy, 
occupational therapy, and speech and language therapy). 
Having referred the patient to one or more therapists, a 
physician then mistakenly believes that “rehabilitation” 
has been organized. This is far too simplistic (Figure 10.1). 
Although there is no universally accepted definition 
of rehabilitation, most people would view it as a “goal‐
orientated” process intended to minimize the functional 
consequences of the stroke and the impact of the stroke 
on the lives of the patient and any carers, and to maxi-
mize patient and carer autonomy. If we include in our 
definition all those components of care that have these 
aims, it is apparent that rehabilitation must embrace 

Table 10.1 Levels within the World Health Organization (WHO) International Classification of Impairments, Disabilities and Handicaps 
(with some new terms introduced in the WHO International Classification of Functioning, Disabilities and Health).

Pathology The underlying pathological substrate of the stroke, e.g. ischemic stroke due to embolic occlusion of a middle cerebral 
artery from thrombus in the left atrium, resulting from atrial fibrillation due to ischemic heart disease. Specific 
medical, interventional, and surgical treatments (e.g. thrombolysis with alteplase, mechanical thrombectomy) are 
directed at this level of the disease process (Chapters 6–9)

Impairment Any loss or abnormality of specific psychological, physiological, or anatomical structure or function caused by the 
stroke (e.g. muscle weakness or spasticity, loss of sensation, aphasia). Physical therapies, such as physiotherapy, are 
directed at this level (Section 11.21)

Disability 
(activity)

Any restriction or lack (resulting from an impairment) of ability to perform an activity in the manner or within the 
range considered normal for a human being (e.g. inability to walk, wash, feed, etc.) due to the stroke. Physical 
therapies are also used to try to reduce the disability related to impairments

Handicap 
(participation)

The disadvantage for a given individual, resulting from an impairment or disability, that limits or prevents the 
fulfillment of a role (depending on age, sex, social and cultural factors) for that individual (e.g. inability to continue 
the same job). Although more difficult to define and measure than the other levels of disease, handicap is probably 
the level that best reflects the patient’s and carers’ perspective. Many aspects of treatment including those mentioned 
above will ultimately impact on handicap, but occupational therapy and social work are those most obviously aimed 
at influencing this level
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most aspects of care, ranging from the acute medical 
treatment through to making alterations to the patient’s 
home prior to hospital discharge and providing support 
later on. Achieving the best possible outcome for the 
patient requires a broad approach rather than one that 
just focuses on the primary lesion, or just on the result-
ing impairments.

When the problem is thought of in this way, it becomes 
artificial – and perhaps even harmful – to separate stroke 
management into acute care, secondary prevention, reha-
bilitation, and continuing care. All aspects are going on 
simultaneously. To compound the problem, these sepa-
rate components of care may even be provided by differ-
ent staff in different institutions, which may lead to a 
breakdown in communication and lack of continuity of 
care. Often, in this modular system of care, one encoun-
ters a patient who is “waiting for rehabilitation,” that is, 
the patient is in the department that normally deals with 
acute stroke patients but there is no immediate place in 
the rehabilitation facility and so the patient is not pro-
gressing as quickly as might otherwise be the case. 
Conversely, one comes across patients in a “rehabilitation 
setting” who have developed acute medical problems 
(e.g. epilepsy or chest pain) and who are denied quick 
access to the necessary facilities or expertise to ensure 
optimum management of the problems.

10.1.2 An integrated, problem‐orientated 
and goal‐orientated approach

The patient’s general management – as distinct from the 
specific treatment of the stroke pathology (see Chapters 
13–15) – is primarily aimed at anticipating and prevent-
ing potential problems from developing and addressing 
existing or emergent problems. Management can be 
thought of in terms of many interwoven cycles or loops 
(Figure 10.2). The assessment of a problem, or potential 
problem, includes not only detecting and perhaps 
 measuring it, but also considering its likely cause and 

prognosis. This assessment may often have to include the 
patient’s or carers’ expectations or wishes (Section 10.3.4). 
Furthermore, assessment is not just a “once only” activity, 
but one that should be repeated throughout the illness so 
that management is tailored to the patient’s needs as they 
change and evolve.

For some problems, this cycle can be completed in a few 
minutes (e.g. an obstructed airway is a short‐loop problem), 
whereas for others, the cycle might take weeks to complete 
(e.g. depression is a long‐loop problem). Quite often a prob-
lem such as dysphagia will demand both an immediate 
intervention (e.g. stopping oral intake and giving fluids and 
perhaps nutrition by an alternative route) and longer term 
interventions, such as providing retraining to compensate 
for swallowing impairment (Sections 11.17 and 11.19). 
Thus, in practice stroke management involves many such 
cycles layered on top of each other and cycling at different 
rates, with each having some influence on the others. This 
model of management applies equally well to acute general 
care, rehabilitation, and continuing care.

10.1.3 A guide to the following sections 
on management

We have tried to reflect our integrated approach in the 
structure of the following discussion on management, 
which is divided into several sections:

 ● What is this patient’s prognosis? Section  10.2 deals 
with the prognosis of stroke over the first years, with 
respect to survival and function in groups of patients, 
and in individual patients.

 ● Delivering an integrated management plan: 
Section  10.3 deals with general assessment of the 
patient, the role of the stroke team and its members, 
and problem‐orientated and goal‐orientated care.

Rehabilitation is not synonymous with physical therapies 
such as physiotherapy or occupational therapy – it is a far 
more complex process including assessment, goal set-
ting, physical therapies, reassessment and teamwork, all 
in partnership with the patient.

We should abandon the arbitrary division of treatment 
into acute and rehabilitation phases and adopt an inte-
grated, problem‐ and goal‐orientated approach.

Assessment
Swallowing

Risk of
aspiration

Short-loop

Long-loop

Unable to
swallow safely

Intervention
Restrict oral intake

Give intravenous �uids

Identify problem

Intervention
Teach compensatory

techniques

Figure 10.2 “Short‐loop” and “long‐loop” problems.
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 ● Treatment restrictions in patients with a poor progno-
sis: In Section  10.4, we discuss some of the ethical 
dilemmas that arise in treating stroke patients.

 ● What are this patient’s problems? A problem‐orientated 
approach to the general management of stroke: 
Chapter 11 deals with the problems that may occur after 
stroke, their assessment, and interventions that may 
help to prevent or solve these problems.

 ● Specific medical and surgical treatments in the acute 
phase: Chapters 13–15 deal with the pathophysiology 
of acute stroke and the drug, interventional, and surgi-
cal treatments that aim to reduce the severity of brain 
injury.

 ● Preventing recurrent stroke and other serious vascular 
events: Chapter 16 deals with specific interventions to 
prevent intracranial hemorrhage while Chapter  17 
completes the description of the prognosis of stroke by 
focusing on the early and later risks of further stroke 
and other serious vascular events, before moving on to 
describe various strategies to reduce these risks. 
Chapter 18 deals with the role of rehabilitation in 
stroke recovery.

 ● Organizing stroke services: Finally, Chapter 19 focuses 
on the organizational issues that are important when 
trying to deliver all these various aspects of treatment 
to large numbers of stroke patients as efficiently and 
equitably as possible.

10.2  What is this patient’s 
prognosis?

10.2.1 Introduction

It is useful to assess the likely outcome in an individual 
patient, because this will allow:

 ● better informed discussions with the patient and/or 
their carers;

 ● more appropriate short‐term and long‐term goal set-
ting (Section 10.3.3);

 ● weighing of the potential risks and benefits of treat-
ment options (e.g. one might reserve a particularly 
hazardous but nevertheless effective treatment for 
patients in whom the prognosis is particularly poor);

 ● planning of treatment and early decision making about 
eventual discharge and long‐term placement, to opti-
mize the efficiency of the service;

 ● rationing decisions where resources are limited. Thus, if 
a particular patient is very unlikely to make a good recov-
ery, one could divert resources from that patient to 
another with a better prognosis who may gain more 
from the interventions available. It is also wasteful to use 
resources on patients who will make a good recovery 
without any intervention at all.

Before considering how to predict an individual’s prog-
nosis, we shall describe the prognosis of the “average” 
patient (i.e. the outcome of a more or less “general” cohort 
of stroke patients). Here, the prognosis with respect to 
survival and overall functional outcome is described, 
since this is relevant to all aspects of treatment. The prog-
nosis for particular individual impairments, disabilities, 
and handicaps is dealt with in the appropriate sections of 
Chapter 11, while that relating to the risk of late death, 
recurrent stroke and other  vascular events is dealt with in 
Chapter 17. The prognosis of subarachnoid hemorrhage 
is described in detail in Chapter 15.

10.2.2 Collecting reliable information 
about prognosis

If information about the prognosis of stroke is to be 
 useful, it must have been collected using sound methods 
that minimize bias and maximize precision, accuracy, 
and generalizability. Some items critical to prognostic 
studies in stroke are listed in Table 10.2.

Prognosis or natural history?
It is important to distinguish between these two terms. 
Natural history refers to the untreated course of an illness 
from its onset, whereas prognosis refers to the probability 
of a particular outcome occurring either in an individual 
or a group of patients over a defined period of time after 
the disease is first identified. The prognosis is (hopefully) 
influenced by treatments given. Usually the prognosis 
with treatment is better than the natural history, but this 
may not always be the case. This section describes the 
prognosis of stroke. No data on the natural history 
(strictly defined) are available, because in most parts of 
the world, patients with stroke are usually given some 
treatment, and in those places where minimal or no treat-
ment is given, no studies of natural history have been 
reported. Even admission to a hospital, even without any 
medical or physical therapy, is an intervention and could 
be regarded as “treatment” that may influence outcome.

Sources of prognostic data
There are no generally applicable data on prognosis after 
stroke because outcomes differ between countries and 
regions [14], and because prognosis depends on the type 
and severity of stroke, the age at which stroke occurs, 
and differences in management of stroke. In this chapter, 
we have mainly used data from studies performed in 
western populations. Other methodologically sound 
studies come to broadly similar conclusions, although to 
compare them directly is difficult because of their differ-
ent methods, their varying styles of reporting, and 
because much of the variation in prognosis can be 
accounted for by differences in case mix and by the play 
of chance as a result of relatively small sample sizes. 
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Table 10.2 Methodological features that are important in assessing studies of prognosis or prognostic factors after stroke.

What was the source of the data?
The preferred design of a prognostic study is a prospective longitudinal cohort study. Retrospective studies have the disadvantage that 
specific predictors or outcomes may have been assessed less well or not at all. Data from randomized trials may also be used for 
prognostic studies if any intervention effect is accounted for and if the recruited patients are typical of the stroke population
What was the study setting and where, when, and how were the patients selected?
When applying data from a study of prognosis, it is important to consider whether the patients studied were similar to one’s own 
patients. Results from studies performed in specific settings may not generalize to other settings because of differences in age, stroke 
severity, or cause of stroke. The generalizability of prognostic models based on data from randomized trials may be limited because of 
trial‐specific inclusion and exclusion criteria. With the development of new and better treatment strategies, the generalizability and 
accuracy of most prognostic studies will diminish over time
Was consent bias avoided?
If inclusion in a cohort required the patient to give explicit consent then those from whom consent could not be obtained will be 
excluded. This group will include those who refused consent, those who were unable to give consent and those in whom there were 
inadequate research resources to request consent. Patients from whom consent could not be obtained may differ systematically from 
those included and thus their exclusion may introduce bias in the assessment of prognosis [11]
What were the predictors assessed, and how and when were they measured?
Predictors should have been measured at the point in time after stroke at which you intend to estimate the prognosis of your patients
Was complete follow‐up achieved?
Were all patients who were entered into the study accounted for, and was their clinical status known at the final follow‐up? Patients 
who are lost to follow‐up may be systematically different from those who are not. For example, patients with a good recovery may be 
more mobile or at work and therefore more difficult to follow up, while patients may not be followed up because they have died. 
Therefore, the effect of incomplete follow‐up on prognosis is difficult to predict
Were objective outcome criteria developed and used, and were the criteria reproducible and accurate?
To make sense of prognostic data, it is important to know what the authors meant by terms such as “recurrent stroke” or 
“independent,” so that one can apply the data to one’s own patients. It is also important that the criteria were applied consistently
What is the clinical usefulness of the outcome measured?
In most prognostic studies in patients with acute stroke, the predicted measure is either death or poor functional outcome, or both 
combined in one endpoint. Where death is clearly a valid outcome measure, there is limited consensus about what constitutes a “poor 
functional outcome” [12]. When this is defined as “dependency” or a score on the modified Rankin Scale greater than 2 or 3, this 
clearly includes outcomes that may be considered by some to allow a fair or good quality of life
What is the accuracy of the prognostic factor or model?
To be of use in clinical practice, a prognostic factor or model should have strong discriminative power. Especially when decisions 
concerning the continuation of treatment are made, the false‐positive rate of a predicted poor outcome should preferably be 0, with a 
narrow 95% confidence interval [12]
Was outcome assessment blind?
In prognostic studies, the outcome is preferably assessed blinded to information about the predictors. If the observer has a 
preconceived view that a particular baseline factor is likely to be related to a particular outcome, knowledge of the presence or absence 
of that factor at the time of follow‐up may bias that observer. Obviously, this risk is clearly smaller for objective outcomes such as 
death than for less objective outcomes such as functional outcome or even recurrent stroke, where considerable interobserver 
variation cannot be excluded [10]
Was adjustment for extraneous prognostic factors carried out?
Where authors relate certain baseline factors to the likelihood of specific outcomes, it is important that they should allow for other 
baseline factors. The most common example of this is age, which partly explains the observed relationships between other factors (e.g. 
atrial fibrillation and early death). Before applying predictive equations to one’s own patients, it is important to know that the equation 
has been validated in an independent test cohort other than the one from which it was developed
Have the results of the study been validated in a different population?
Because of factors including limited sample size, multiple testing, and publication bias, the predictive performance of a new prognostic 
model is often too optimistic [13]. Validation in independent data sets is therefore essential before the model can be used in clinical 
practice

Source: Based on [9, 10].
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Most studies have included predominantly white patients 
managed in quite well‐organized healthcare systems – so 
one must be careful in extrapolating the results to other 
ethnic groups being cared for in different environments. 
Note also that prognostic studies, by their nature, meas-
ure historical outcomes. If (as we hope) there is a secular 
improvement in stroke diagnosis, treatment, and man-
agement then we would expect current prognosis to be 
better that that observed in the past.

10.2.3 Prognosis for death

Reported risks of dying within the first month after a 
first‐ever‐in‐a‐lifetime stroke range from 10% in Dijon, 
France to about 40% in India (Figure  10.3) [14]. Even 
within Europe, the risk of death in the first 30 days after 
stroke varied between 6% and 33% [15]. In the popula-
tion‐based OXVASC study, the risk of death at one 
month was 14% [16]. The risk of dying in the years after 
a stroke remains higher than for stroke‐free individuals 
(Figures 10.4 and 10.5) [17, 18]. In general, patients with 
hemorrhagic stroke, either intracerebral or subarach-
noid, have a much higher risk of dying in the first month 
than those with ischemic stroke (13–23% for ischemic 
stroke [19], compared with about 40% for each of intrac-
erebral [20] and subarachnoid hemorrhage [21]). 
Patients with major ischemic strokes (i.e. total anterior 

circulation infarction) also have a very high early risk of 
death [22].

Causes of death
Knowing the causes of these early deaths is important if 
they are to be prevented. In the first few days after stroke, 
most patients who die generally do so as a result of the 
direct effects of brain damage [6, 8]. In brainstem strokes, 

50
45
40
35
30
25

C
as

e 
fa

ta
lit

y 
(%

)

20
10
10
5
0

Fr
an

ce
 (D

ijo
n)

, 2
00

0–
20

04

Fr
an

ce
 (D

ijo
n)

, 1
99

5–
19

99

Po
rt

ug
al

 (P
or

to
, r

ur
al

), 
19

99
–2

00
0

U
ni

te
d 

Ki
ng

do
m

 (S
co

tt
ish

 B
or

de
rs

), 
19

98
–2

00
0

Fr
an

ce
 (D

ijo
n)

, 1
99

0–
19

94

Po
rt

ug
al

 (P
or

to
, u

rb
an

), 
19

99
–2

00
0

Li
by

a 
(B

en
gh

az
i),

 1
98

3–
19

84

Fr
en

ch
 W

es
t I

nd
ie

s (
M

ar
tin

iq
ue

), 
20

12

Fr
an

ce
 (D

ijo
n)

, 1
98

9

A
us

tr
al

ia
 (A

de
la

id
e)

, 2
00

9–
20

10

Br
az

il 
(M

at
ao

), 
20

03
–2

00
4

lta
ly

 (V
al

le
 d

'A
os

ta
), 

20
04

–2
00

5

Sw
ed

en
 (O

re
br

o)
, 1

99
9–

20
00

Fr
en

ch
 W

es
t I

nd
ie

s (
M

ar
tin

iq
ue

), 
19

99

G
er

m
an

y 
(E

rt
an

ge
n)

, 1
99

6

Ita
ly

 (U
m

br
ia

), 
19

86
–1

98
9

Ita
ly

 (U
di

ne
), 

20
07

–2
00

9

Ire
la

nd
 (N

or
th

 D
ub

lin
), 

20
05

–2
00

6

Ru
ss

ia
 (N

ov
os

ib
irs

k)
, 1

99
2

A
us

tr
al

ia
 (M

el
bo

ur
ne

), 
19

97
–1

99
9

Ch
ile

 (l
qu

iq
ue

), 
20

00
–2

00
2

Cr
oa

tia
 (V

ar
az

di
n 

Co
un

ty
), 

20
07

–2
00

9

Ita
ly

 (V
ib

o 
Va

le
nt

ia
), 

19
96

A
us

tr
al

ia
 (P

er
th

), 
19

89
–1

99
0

N
ew

 Z
ea

la
nd

 (A
uc

kl
an

d)
, 1

99
1

Ita
ly

 (A
eo

lia
n 

Isl
an

ds
), 

19
99

–2
00

2

In
di

a 
(T

riv
an

dr
um

, u
rb

an
), 

20
05

In
di

a 
(L

'A
qu

ila
), 

19
94

–1
99

8

Be
la

ru
s (

G
ro

dn
o)

, 2
00

1–
20

03

G
re

ec
e 

(A
rc

ad
ia

),1
99

3–
19

95

Ba
rb

ad
os

, 2
00

1–
20

02

Ita
ly

 (V
al

le
 d

'A
os

ta
), 

19
89

N
ew

 Z
ea

la
nd

 (A
uc

kl
an

d)
, 1

98
1

Ru
ss

ia
 (N

ov
os

ib
irs

k)
, 1

99
0

Ita
ly

 (B
el

lu
no

), 
19

92
–1

99
3

U
ni

te
d 

Ki
ng

do
m

 (E
as

t L
an

ca
sh

ire
), 

19
94

–1
99

5

G
eo

rg
ia

 (T
bi

lis
i),

 2
00

0–
20

03

In
di

a 
(T

riv
an

dr
um

, r
ur

al
), 

20
05

In
di

a 
(K

ol
ka

ta
), 

20
03

–2
01

0

28 Days
30 Days

Figure 10.3 Overall 28‐day and 30‐day case fatality rates reported in different countries. Source: Thrift et al. 2017 [14]. Reproduced with 
permission of SAGE.
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the respiratory center may be affected by the stroke itself, 
whereas in supratentorial ischemic or hemorrhagic 
stroke, dysfunction of the brainstem results from dis-
placement and herniation of supratentorial brain tissue 
which is edematous or hemorrhagic or both. Deaths 
occurring within 1–2 hours of onset are very unusual in 
ischemic stroke, because it takes time for cerebral edema 
to develop. Almost all such very early deaths after stroke 
result from intracranial hemorrhage of some sort, prob-
ably due to high intracranial pressure leading to insuffi-
cient cerebral perfusion pressure or to tissue shifts and 
brainstem damage [6, 8, 23]. The very few sudden deaths 
in patients with ischemic stroke are probably due to 
coexisting cardiac pathology, or perhaps very rarely to 
cardiac complications of the stroke (Section 11.2.3) [5, 8].

Having survived the first few days, patients may then 
develop various potentially fatal complications of immo-
bility, the most common being pneumonia (Section 11.12) 
and pulmonary embolism (Section  11.13) [5, 8]. In 
 addition, pressure ulcers (Section  11.16), dehydration 
(Section  11.18.1) with renal failure, and urinary tract 
infection (Section 11.12) may cause death in the absence 
of basic care. Because some strokes occur in the context 
of other serious conditions, such as myocardial infarction 
(Section  6.5), cardiac failure (Section  6.5), and cancer 
(Section 7.4.9), some early deaths can, at least in part, be 
attributed to these underlying problems. Also, because 
the risk of stroke recurrence is highest early after the first 
stroke – about 20% in the first year (Section 17.2) – some 
patients will die from the direct or indirect effects of a 

recurrent stroke [6, 8, 23]. This is most likely in patients 
with aneurysmal subarachnoid hemorrhage (Section 15.3.1), 
in whom the recurrence or rebleed rate is about 40% 
(without intervention), accounting for the majority of 
deaths in the first 30 days [24].

10.2.4 Prognosis for dependency 
in everyday activities

Stroke often leaves surviving patients with neurological 
impairments that prevent them from performing every-
day activities and therefore rendering them dependent 
on others. Figure 10.6 shows the proportions of survivors 
who are institutionalized at various times after a first‐
ever‐in‐a‐lifetime stroke. Because of the accumulation of 
impairment it is likely that a greater proportion of 
patients will become dependent after recurrent strokes. 
Details of the prognosis with respect to particular 
impairments, disabilities, and handicaps will be dis-
cussed in the specific sections dealing with their treat-
ment (see Chapters 13–15), but it is relevant here to 
discuss the general pattern of recovery after stroke.

10.2.5 Patterns of recovery

Patients who survive an acute stroke almost always 
improve to some extent. Improvement is reflected not 
just in a reduction in the neurological impairments but 
also in any resulting disability and handicap. The overall 
“pattern of recovery” reflects several processes superim-
posed upon each other [25]. In the first few days after a 
stroke, ischemic neurons that did not die during or as a 
consequence of the primary event (i.e those in the 
ischemic penumbra), will start to function because of 
resolution of cerebral edema, improved blood supply, 
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and reversal of metabolic impairments. (Section 13.1.3). 
Resolution of diaschisis is another proposed explanation 
for early recovery, although this mechanism has not been 
well established. In animal models, axonal sprouting 
after stroke establishes new connections that may con-
tribute to recovery. Multipotent neural stem cells and 
transit‐amplifying cells proliferate and migrate to the 
injured area, where they can differentiate into mature 
neurons connecting with other neurons. However, it is 
unclear whether these processes also play a major role 
after stroke in humans [26]. Neuroplasticity – the pro-
cess by which other intact areas of the brain can take 
over some of the functions of those that have been irre-
versibly damaged – might also explain some of the later 
improvement. These processes are often referred to as 
“spontaneous neurological recovery” [27]. However, 
much of the later recovery with respect to disability and 
handicap is probably due to adaptive changes (i.e. 
patients learn techniques to compensate for their 
remaining impairments, and their environment is altered 
to maximize their autonomy). Although it is difficult to 
predict an individual patient’s functional outcome, the 
following general points can be made to patients and 
their relatives:

 ● the rate of recovery is usually fastest in the first few 
weeks after the initial stroke;

 ● functional improvement may continue, albeit at a 
slower rate, for many months and in some patients for 
many years;

 ● in general, the prospects for ongoing functional 
improvement seem better in younger patients;

 ● the speed and completeness of recovery varies from 
patient to patient and is relatively unpredictable, at 
least in the first few days and weeks after stroke onset.

These generalizations are supported by data from 
studies in which stroke patients’ functional abilities have 
been repeatedly tested over a period of time [27, 28]. 
Figure 10.7 shows grouped and individual patient data 
during recovery measured with the Barthel Index. The 
chart shows grouped data that support the idea that the 
“pattern of recovery” follows an exponential trajectory 
approaching an asymptote of the final recovery. The 
individual patients within the cohort frequently have 
different patterns of recovery. Also, the apparent plateau 
in recovery after a few months may simply reflect the 
fact that the tools used to measure the function are often 

“ordinal” rather than “interval” scales, and also that 
there is a marked “ceiling effect” (i.e. the measure is not 
sensitive to improvements at the upper end of the range 
of performance) [29]. Therefore, the apparent differ-
ences in the patterns and duration of recovery for differ-
ent impairments and disabilities may to some extent 
reflect the characteristics of the tools used to measure 
them. For example, it is often said that language func-
tion continues to improve for a very long time after a 
stroke, whereas recovery in arm function does not. This 
different perception may simply be due to patients being 
acutely aware of even small differences in fluency, 
whereas they may only report an improvement in arm 
function if they can perform a new function with their 
hand. More research into the patterns of recovery after 
stroke that takes these points into account would be 
helpful.

It is unclear whether patterns of recovery differ among 
different pathological types of stroke (ischemic stroke 
vs. intracerebral hemorrhage) [30–32] or subtypes of 
ischemic stroke (lacunar vs. cortical). Clinical experience 
suggests that recovery patterns do vary. Although indi-
vidual patients may continue to improve for some years, 
the mean or median measure of function in a cohort of 
stroke patients peaks at about six months and then 
begins to slowly decline [28]. Any decline is presumably 
the result of a combination of subsequent aging, recur-
rent strokes, progression of comorbidity, and perhaps 
withdrawal of physical therapy, other services, and 
supports (Section 11.6).
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Figure 10.7 Patterns of recovery after stroke. The graph (open 
circles) shows the changes in the individual Functional 
Independence Measures (FIM) measured weekly in a group of 
patients with a partial anterior circulation stroke. A closed circle 
indicates the death of a patient. The solid lines represent the 
median FIM with interquartile ranges. Although the grouped data 
suggest an almost exponential recovery, this pattern was rarely 
observed in individual patients. Source: Langhorne et al. Chief 
Scientists Office report. K/RED/4/C284. Reproduced with 
permission.

The pattern of recovery varies among patients and in 
individuals, and rarely follows that implied by grouped 
data. Only repeated assessments in individual patients 
can indicate their own pattern of recovery.
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10.2.6 Is this the prognosis of your patients?

The prognostic data presented in this chapter come 
mainly from rather small cohort studies in western pop-
ulations. The prognosis of patients in one’s own clinical 
practice may be different for the following reasons:

 ● Different population characteristics: The stroke popu-
lation is different from that in the studies mentioned; 
patients may be younger or older, of different racial or 
ethnic background, have more or less severe strokes, 
more or less comorbidity, or a different pattern of 
stroke pathology. For example, a greater proportion of 
strokes are attributed to hemorrhage in Asia than in 
Europe [33] (Section 14.1), and thus one might expect 
a higher early case fatality.

 ● Referral bias: In any hospital, the prognosis of 
patients will be affected by referral bias (see Table 10.2). 
In general, stroke patients admitted to hospital can be 
expected to have a worse prognosis (i.e. a higher case 
fatality and worse functional outcome) because a greater 
proportion of milder cases are looked after at home. 
However, this is not always predictable, since in some 
places younger patients, who have on average a better 
prognosis, may be admitted to hospital more often than 
older patients. Furthermore, some patients with very 
severe strokes that are likely to lead to death within a 
few hours, or who are already living in a nursing home, 
may not be admitted at all and therefore be underrepre-
sented in a hospitalized cohort. Differences in outcome 
between hospitals are more likely to reflect the differ-
ences in the proportions of patients with severe stroke 
than any differences in treatment given (Section 19.12.7).

 ● Selection bias: Hospital admission rates vary consider-
ably from place to place, from country to country, and 
from time to time. Admission rates reported in studies 
have to be interpreted in the knowledge that defini-
tions of hospital admission vary (e.g. Did the patient 
actually spend a night in a hospital bed? And how were 
patients who had their stroke while in hospital, or who 
were admitted late after the stroke, handled in the 
analysis?). The type of hospital (e.g. district general, 
university or tertiary referral hospital) and the special-
ties represented in it (e.g. neurosurgery, neurology, 
general medicine, care of the elderly, etc.) will have a 
major influence on case mix (Section 19.12.7), so that 
clinicians working in different departments and insti-
tutions will form, from their own experience, widely 
differing views of the prognosis of stroke patients [34].

 ● Impact of time from onset: If patients are seen very 
early after stroke onset (e.g. because the hospital is in a 
city, has an accident and emergency unit, or provides a 
thrombolysis or intervention service), they are likely to 
have a worse prognosis than patients who are seen 
later, because they must survive long enough to be 
admitted (see Table 10.2).

 ● Follow‐up method: Unless patients are followed up 
using similar definitions of outcome and for the same 
time period as those in the published studies, their 
prognosis will be different (see Table 10.2). Also, the 
reasons why patients are lost to follow‐up may be 
related to their outcome. For example, if dead patients 
are lost to follow‐up, this biases the prognostic data in 
a favorable direction, and if patients who have made a 
good recovery (and are mobile) are lost because they 
move away, this biases the prognostic data in the oppo-
site direction (see Table 10.2). Furthermore, if not all 
patients are followed up, the reported prognosis is 
likely to be overly influenced by the outcome of the last 
few patients who are remembered most vividly (i.e. 
recall bias), or perhaps by the patients who had par-
ticularly good or particularly bad outcomes.

 ● Random errors and small samples: If the estimate of 
the outcome is based on the follow‐up of too few 
patients, it may differ from that in published studies 
simply by chance alone.

 ● Differences in management: Patients may be managed 
more or less effectively than those in published stud-
ies, and thus the outcomes may be better or worse. 
However, the likely impact of differences in treatment 
between centers is likely to be swamped by other fac-
tors that have a much greater influence on outcome 
(e.g. case mix, Section 19.12.7).

10.2.7 Predicting outcome in individual 
patients

Unfortunately, it is difficult to predict an individual 
patient’s outcome accurately enough for it to be of much 
value in clinical practice. It is also difficult to decide on 
the acceptable accuracy of any predictive tool, because 
this depends on the consequences, or cost, of getting it 
wrong. Taking an extreme example: If the clinician was 
sure that a patient with an apparently severe stroke who 
was being supported on a ventilator was not going to 
have an acceptable long‐term quality of life, then they 

The shape of so‐called recovery curves may reflect the 
properties of the instrument used to measure function 
as much as the patient’s rate of improvement.

The differences in outcome between your service and 
those of your colleagues in other hospitals are more 
likely to reflect differences in the patients you treat than 
any differences in the quality of care you provide.
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might withdraw ventilatory support, particularly if the 
patient had an appropriate advanced directive. However, 
in this situation the clinician would have to be very con-
fident of their prediction [12].

A large number of factors are associated with better 
than average or worse than average outcomes, includ-
ing: clinical features shortly after stroke onset; the 
results of investigations; and the patient’s progress over 
the initial poststroke period. Many are interrelated (e.g. 
severity of the deficit and lesion size on brain CT or 
MRI) so multiple regression statistical techniques are 
needed to identify the factors that independently pre-
dict outcome. Unfortunately, methodological problems 
have so far limited the usefulness of these studies [12, 
35–37] (Table 10.3). Therefore, it is useful to have a list 
of criteria against which the quality of a study reporting 
the development of a predictive model can be judged 
to help decide whether it would be “safe” to use in 
one’s  own practice (see Table  10.2). The Transparent 
Reporting of a multivariable prediction model for 
Individual Prognosis Or Diagnosis (TRIPOD) recom-
mendations [9, 10] are not only essential for the report-
ing of studies developing, validating, or updating a 
prediction model, but also helpful in the interpretation 
of reports on such studies.

Predicting early death
Clinical features such as decreased conscious level, 
conjugate gaze palsy, severe bilateral weakness, abnor-
mal breathing patterns, or combinations of these indi-
cate severe brainstem dysfunction, due to direct damage 
or raised intracranial pressure, and are highly predic-
tive of early death. These clinical features in combina-
tion with radiological features such as massive 
intracerebral hemorrhage with mass effect can help 
guide management decisions [12, 38]. However, many 
patients who die do not have these features, and occa-
sionally patients with more than one of these features 
make an unexpectedly good recovery. Sometimes 
patients with single predictive factors of a poor out-
come (e.g. advanced age) will be seen, but in isolation 
these factors can be associated with a good recovery; it 
is the combination of prognostic factors that is the 
more powerful predictor.

Predicting longer term outcomes
It is even more difficult to predict longer term outcomes. 
Many of the factors that predict a high early risk of death 
also predict a high risk of long‐term dependency if the 
patient survives. In general, the patient’s age, prestroke 
health status and indicators of stroke severity (e.g. con-
scious level, motor impairment, disability, cognitive 
function) predict the likelihood of survival free of 
dependency. In predicting longer term outcome, there is 
also the problem that further events – which may be 
related to the initial stroke (e.g. recurrent strokes and 
myocardial infarction) or may not (e.g. development of 
unrelated illness) – can occur and have a major and often 
quite unpredictable effect on outcome. It is even more 
difficult to estimate an individual’s risk of further vascu-
lar events (Section 17.2.1).

Methods of prediction
A variety of different approaches have been taken in pre-
dicting outcome after stroke.

The single‐factor approach
The simplest method is to identify a single factor, the 
presence or absence of which early after the stroke indi-
cates the likelihood that the patient will have a good or 
bad outcome. The most widely used examples are age, 
severity of the neurological deficit, reduced level of con-
sciousness, or lesion size, which have each been related 
to poor survival and functional outcome [12, 38]. 
Measures of cognitive function at initial assessment 
(Section 12.1) have also been related to poor functional 
outcomes [39]. Although such models are simple to use, 
and can guide clinical management, the user must be 
aware of their inaccuracy. They have a more obvious use 

Table 10.3 Methodological problems in studies of prediction 
of outcome after stroke.

 ● Failure to describe adequately the group of patients in whom 
the work was done

 ● Use of unrepresentative cohorts of patients (e.g. highly 
selected patients in rehabilitation settings)

 ● Many studies are retrospective, which limits the range and 
perhaps the reliability of the baseline and outcome data

 ● Failure to adequately define the baseline variables collected
 ● Variation in the timing after stroke of the baseline patient 

assessments
 ● Failure to measure outcome at a relevant and uniform point 

after the stroke (i.e. six months post stroke rather than at 
hospital discharge)

 ● Failure to use reliable and valid measures of outcome
 ● Inadequate sample size
 ● Failure to use appropriate statistical techniques to adjust for 

the interactions between baseline variables
 ● Failure to test the accuracy of any predictive model in an 

independent data set

At present, it is impossible to predict an individual’s out-
come early after stroke onset with enough accuracy for it 
to be of much value in clinical practice.
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in stratifying patients who are being randomized in clini-
cal trials.

The extent of brain damage
In general, the greater the volume of brain damaged the 
worse the clinical outcome, except for critically sited 
strokes, particularly in the brainstem, where even quite 
small lesions can be fatal. Many of the clinical indicators 
of poor prognosis relate quite closely to the size of the 
brain lesion. For example, the Oxfordshire Community 
Stroke Project classification (Section 4.3.7) reflects the 
extent of brain damage, and so the prognosis of the dif-
ferent groups varies. For intracerebral hemorrhage, the 
size of the lesion on CT is an important independent 
predictor of outcome [35, 37]. For ischemic stroke, 
imaging generally adds little to the accuracy of clinical 
predictors [36]. This is not surprising, because the 
extent of the infarct on brain imaging can often be pre-
dicted from the clinical findings. Moreover, a substantial 
proportion of patients have a normal or near normal CT 
scan early after even a major ischemic stroke, which 
weakens the early predictive utility of CT imaging 
(Section 5.4.2).

Multifactor models
These are most often based on regression analyses and 
have been developed by several groups to predict both 
survival and functional outcome [35–37, 40, 41]. 
Although these are generally more accurate than mod-
els based on a single variable, these are usually not suf-
ficiently accurate to guide clinical decision making at 
the level of the individual patient, and many are lim-
ited by intrinsic methodological shortcomings and by 
an absence of external validation [12]. If such models 
are to be used in routine clinical practice, they need to 
be further refined, and then tested in large independ-

ent cohorts of patients. Nonetheless, such models 
have been used to stratify groups of patients by pre-
dicted prognosis in large randomized trials [42]. 
Indeed, large randomized trials provide an excellent 
opportunity to test such predictive models prospec-
tively [43, 44].

Stroke scales
These provide scores which, depending on the presence, 
absence, or severity of various neurological impairments, 
are frequently used to describe the severity of stroke in 
the acute phase and have also been used to predict out-
come. However, because strokes scales such as the 
National Institutes of Health Stroke Scale (NIHSS) 
reflect stroke severity but not other predictive factors, 
such as age or prestroke function, the addition of these 
latter factors is likely to add to the scale’s predictive accu-
racy for death or dependency [44, 45].

Predictions based on measures of function early after a stroke
Scales such as the Barthel Index have been used to 
 predict eventual functional outcome and may be 
 particularly useful for those working in rehabilitation 
facilities [45, 46].

Rate of change
Some repeated measure of the patient’s condition during 
the early clinical course can be used to predict the likely 
longer term outcome [47, 48]. This might be likened to 
the growth curves used by pediatricians. Predictions 
for  individuals would then depend on the pattern of 
recovery observed in large cohorts of patients.

Informal judgment
The most common method of prediction is the informal 
judgments we make about patients during our daily 
work. The accuracy seems to be similar to those of math-
ematical models, at least in predicting a simple dichoto-
mous outcome (dependent or independent), but this is 
bound to depend on the experience of the clinician [49]. 
In patients with acute stroke admitted in tertiary care 
centers, early prediction of a poor functional outcome or 
death by the treating physician was correct in about 90% 
of the cases [50, 51]. However, the ability to predict 
future quality of life was substantially less good [51]. In 
addition, a consequence of the increasing trend that cli-
nicians specialize in certain phases of disease manage-
ment (e.g. emergency care) is that few see the longer 
term outcomes of the patients they treat. This is likely to 
limit their ability to predict functional outcome and 
quality of life correctly.

Higher age, a severe neurological deficit, a reduced level 
of consciousness, and a large lesion size in the first few 
days after stroke are each associated, in general, with a 
poor outcome. Unfortunately, this association is not reli-
able enough to be anything other than a very rough 
guide to prognosis in managing individual patients.

In general, the larger the stroke lesion, the worse the 
likely outcome, except for small, critically sited lesions, 
which may be associated with a poor outcome.
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In practice, the predictive systems developed so far are 
not sufficiently accurate to influence important clinical 
decisions in individuals. However, they may be useful as 
tools to:

 ● guide less experienced clinicians in what to say to 
patients and carers;

 ● choose who to randomize in trials of acute treatment;
 ● help decide which patient is likely to require an 

extended period of rehabilitation;
 ● assess the quality of care. For example by adjusting 

outcome data from different groups of patients for dif-
ferences in case mix at baseline, the quality of care 
given by different hospitals or units can begin to be 
compared (Section 19.12.7).

In the future, we hope the fairly crude predictive mod-
els currently available will be replaced by more precise, 
more robust, and better validated models. These might 
be used to predict not only survival and basic functional 
outcome, but also the rate of recovery of individual 
impairments, disabilities, and handicaps, which is so 
important in planning treatment. Several approaches 
might be combined to predict a patient’s outcome, so 
that mathematical modeling is relied upon in the early 
stages, but as more data become available from contin-
ued observation of the patient, a patient’s specific “recov-

ery curve” might be plotted [47]. Several predictive 
systems are available as an online tool, for example the 
iScore for ischemic stroke (http://www.sorcan.ca/
iscore/) and the ICH score for intracerebral hemorrhage 
(https://www.mdcalc.com/intracerebral‐hemorrhage‐
ich‐score) (Figure 10.8).

10.3  Delivering an integrated 
management plan

10.3.1 Introduction

The term “stroke” embraces a very wide spectrum of 
clinical presentations ranging from neurological defi-
cits lasting just one day to those leading rapidly to 
death or causing lifelong disability. These deficits are 
layered on a complex mix of preexisting disease, per-
sonality, and social and environmental factors. We 
have already seen the range of possible pathological 
types (see Chapter  3) and causes (see Chapters 6–9), 
but each patient requires a management plan tailored 
to his or her own individual needs. For a patient whose 
symptoms resolve completely within a few days, the 
emphasis should be on diagnosis and secondary pre-
vention. In a patient with a major disabling stroke, the 
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emphasis must be on treatment of the acute phase, 
prevention of complications and rehabilitation, 
although of course secondary prevention is still rele-
vant. As ever, the essential first step in formulating a 
management plan is a full and detailed assessment. 
However, this will in practice often proceed in stages 
so that one might perform a very early rapid, less 
detailed assessment to guide hyperacute treatment and 
follow this up with more detailed, time‐consuming 
assessments later.

10.3.2 Assessment

The assessment should aim to answer the following 
questions:

 ● Is it a vascular event (transient ischemic attack or 
stroke)? (see Chapter 3)

 ● Where is the lesion? (see Chapters 3 and 4)
 ● What sort of stroke lesion is it (ischemic or hemor-

rhagic)? (see Chapter 5, Sections 5A.2 and 5A.3)
 ● What is the likely cause? (see Chapters 6–9)
 ● Is acute medical, neurointerventional, or surgical 

treatment indicated? (see Chapter 13)
 ● What is this patient’s prognosis? (Sections 10.2 and 

17.2)
 ● What are this patient’s particular problems? (see 

Chapter 11)
 ● What outcomes would be valued most by this patient? 

(Section 10.4).

The answers to these questions will determine the man-
agement of the patient and which therapeutic interven-
tions are appropriate. The first five questions have been 
discussed in previous sections, and before proceeding to 
discuss the assessment of specific problems to complete 
the diagnostic formulation (see Chapter 11), some gen-
eral principles and the organization of assessment must 
be considered.

In practice, the patient’s first assessment is often car-
ried out by either a general (family) practitioner in the 
patient’s home, by a paramedic in the ambulance, or a 
triage nurse or a trainee hospital doctor in the emer-
gency department. None may have had much training 
or experience in the assessment of patients with stroke. 
Simple assessment tools, such as the Face‐Arm‐Speech 
Test (FAST) [52, 53], modified Los Angeles Prehospital 
Stroke Screen (LAPSS) [54], or ABCD2 [55, 56], may 
enable nonexperts to appropriately triage patients to 
the correct service in the appropriate time scale to 
allow effective treatment to be given. For example, the 
FAST test has been used to increase the proportion of 

patients treated with thrombolysis, and it has been sug-
gested that the ABCD2 score could be used to triage 
transient ischemic attack patients to ensure that those 
at highest risk of early stroke get earliest access to sec-
ondary prevention. Alternatively, assessments by a 
nonspecialist are increasingly being augmented with 
input from a remote specialist via telemedicine links 
(Section 19.5.6). Unfortunately, there are no prehospi-
tal assessments that can reliably distinguish patients 
who have an occlusion of a proximal intracranial artery 
(and therefore may be candidates for IAT) from those 
who do not [57].

Although a physician is often the first person to assess 
the patient, it is important to emphasize that assessment 
should often involve other members of the multidiscipli-
nary team (Section 10.3.5). It is often very valuable, even 
on the day of the stroke, to involve the nurse, the physi-
otherapist, and a speech and language therapist. Advice 
on the patient’s risk of pressure sores, issues relating to 
lifting, handling and positioning, and the patient’s ability 
to swallow safely are all relevant to their care from the 
moment of stroke onset onwards. The components of 
the initial assessment and their use are summarized in 
Table 10.4. It is important to emphasize again that assess-
ment may well be staged; it is not a “once only” process, 
but should continue throughout the course of the 
patient’s recovery from stroke.

Health professionals involved in the initial assess-
ment of stroke patients learn that, although the patient 
may be a useful source of information, other people 
often provide additional information that is essential to 
planning treatment. This is particularly important 
when the patient, for a variety of reasons, cannot com-
municate. It is usually valuable to spend a little time 
interviewing the family, neighbors, family doctor, 
ambulance technicians, or nursing staff, using a tele-
phone if necessary.

Assessment is not a “once only” process, but should con-
tinue throughout the course of the patient’s recovery 
from stroke.

To complete an assessment it is usually valuable to talk to 
family, neighbors, or family doctor; essential information 
can often be collected by a telephone call to the appro-
priate person.
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Social environment
The patient’s social environment is a very important fac-
tor in determining the overall effect that a stroke will 
have on an individual and on his or her family. Accurate 
knowledge of social networks is therefore critical when 
setting longer term goals for rehabilitation and in plan-
ning discharge from hospital. It also allows a picture to 
be built up of the patient as a person rather than as “just 
another stroke.” It is often easy to overlook the real per-
son behind the facial weakness, severe aphasia, hemiple-
gia, and incontinence. Finding out about the patient’s 
prestroke life might encourage members of the team 
who are caring for the patient to treat him or her with 
more understanding and sympathy. It is also this back-
ground information that makes it possible to judge the 
likely effect that the individual’s disabilities will have on 
their role in society (i.e. the likely handicap). This is 
important because one of the major aims of rehabilita-
tion is to minimize handicap. For example, it may be 
more appropriate to put greater energy and resources 
into occupational therapy for a craftsman than for a 
schoolteacher, who might require relatively more speech 
therapy. The patient should, if possible, have a major role 
in deciding such priorities.

Although a lot of this background information can be 
collected over a longer period while the patient is recov-
ering, it can be useful early on and may be more easily 
collected at the initial assessment. So often, the family – 
who may be the only source of this sort of information – 
disappear within a few hours of the admission and may 
then be difficult to contact to be asked the relevant 

questions. It is therefore vital to seize the opportunity 
when a patient is first admitted, or at least during the 
next day or two, to obtain as much information from the 
family and friends as possible. Clearly, this may not be 
regarded as a medical priority, but professionals other 
than doctors, in particular the nursing staff, are often 
well placed to collect it. Often this is not done very well. 
A complete picture of the patient’s prestroke life will be 
useful when deciding how aggressively to manage a 
patient. Because this background information is so 
important, but may not be available at the initial assess-
ment, it is useful to have some method of identifying 
which items of data are missing so they can be sought 
later on. The clerking or admission form, or a patient 
record that is shared by the different professions 
involved (the so‐called “combined” or “single‐patient” 
record) has the potential to fulfill this role if properly 
used. Many stroke units have introduced “integrated 
care pathways,” which usually include an admission 
form, multidisciplinary records, and guidance on how to 
manage common problems (Section 19.14).

By the end of the initial assessment, which may be 
punctuated by giving a hyperacute treatment such as 
intravenous thrombolysis or mechanical thrombec-
tomy, enough information should have been collected 
to produce a diagnostic formulation, including cer-
tainty of stroke diagnosis, site and size of the brain 
lesion, and the likely causes. This leads on to choices 
about the amount of further investigation required (e.g. 

It is so often difficult to see the real person behind the 
facial weakness, severe aphasia, hemiplegia, and 
incontinence.

It is just as important to know the home and social cir-
cumstances of a stroke patient for early decision making 
(such as the desirability of emergency operation) as for 
later rehabilitation and discharge from hospital.

Table 10.4 Information that should be collected during the initial assessment of a stroke patient, and the potential value.

Type of information Diagnosis Cause Prognosis Hyperacute treatment Problems Secondary prevention

Demographics + + + + +
History of onset + + + +
Risk factors + + + + +
Coexisting disease + + + + + +
Medication + + + +
Social details + + + +
Prestroke function + + +
General examination + + + + + +
Neurological examination + + + +
Investigations + + + + + +
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echocardiography or not?), and enables the physician to 
talk to the patient and/or the family about the likely 
diagnosis, prognosis, and management. At this stage, it 
is valuable to consider, and even list, the particular 
problems the patient has, to ensure they have all been 
identified and addressed. It may also be useful to use a 
checklist of the most common ones that occur at this 
early stage (Table 10.5).

10.3.3 Identifying problems 
and setting goals

The patient’s assessment, both initially and subsequently, 
should identify any major problems, and it is these that 
determine the patient’s management. In this chapter, we 
will not focus on treatment directed at the cause of 
stroke, such as intravenous thrombolysis or mechanical 
thrombectomy for ischemic stroke, or coiling or clipping 
of an aneurysm that has caused a subarachnoid hemor-
rhage. These are discussed in other chapters. Problems 
can occur at every level of the patient’s illness (i.e. pathol-
ogy, impairment, disability, and handicap) (Section 10.1). 
For example, a problem at the pathology level might be 
“diagnostic uncertainty” or “raised erythrocyte sedimen-
tation rate,” which should lead to further investigation if 
appropriate; whereas a problem at the level of handicap 
might be that the patient provides the only income for a 
large family, who now have no money to feed themselves. 
Having identified a problem, one can then formulate to 
solve or at least alleviate that problem. Thus, a problem 

list can be turned into an action plan for the individual 
patient. Some problems can be dealt with very simply 
(e.g. antibiotics for a urinary tract infection). These are 
the “short‐loop problems” (Section 10.1.2). The goal here 
is simply to remove the problem. Other problems such 
as immobility – which are more complex, respond more 
slowly to therapy, and may require several different 
types of intervention – are the “long‐loop problems” 
(Section 10.1.2); here it is useful to set a long‐term goal of 
removing or alleviating the problem, but it is also helpful 
to set intermediate goals that allow one to judge whether 
progress is being made toward the long‐term goal.

Why a goal‐orientated approach has several 
advantages
Setting goals allows forward planning and provides a 
useful focus for multidisciplinary team meetings 
(Section  10.3.7). Intermediate goals allow members of 
the team to coordinate their work, assuming that goals 
are achieved on time, and so improve efficiency. For 
example, if a patient is to dress the lower half of their 
body, they must be able to stand. If the physiotherapist 
can estimate when the patient will be able to stand inde-
pendently, the occupational therapist can plan when to 
start working on dressing the lower half. Setting longer 
term goals can, for example, allow advanced planning of 
a predischarge home visit and final discharge to the com-
munity, which can reduce the patient’s length of stay in 
hospital by the number of days or weeks needed to plan 
a home visit or to make any necessary adaptations to the 
patient’s home before discharge (e.g. stair rails). Because 
prognosis and patient preferences may change over time, 
setting longer term goals is often an ongoing process.

If realistic goals are set, they can then be used to help 
motivate patients, especially if they have been involved 
in choosing or setting the goal. Recovery from a stroke 
may be very slow, so slow that the patient and even the 
therapists are unable to discern any progress being made 
toward the long‐term goal (e.g. to achieve independent 
mobility). If one sets and achieves intermediate goals 
(e.g. sitting balance), progress is more easily perceived 
and morale maintained. The management of patients 
with stroke in hospital is often allowed to drift without 
direction or leadership. The clinician who is responsible 
for the patient waves to them on a weekly ward round, in 
the belief that the therapists are actively rehabilitating 
the patient. If the head of the multidisciplinary team 
maintains discipline, and encourages the setting of both 
intermediate and long‐term goals, drift can be avoided. 
This discipline benefits the patients, the team members, 
and the service as a whole. The greater efficiency reduces 
length of stay in hospital and allows a greater proportion 
of stroke patients to be treated in the stroke unit without 
the need for extra staff or beds.

Table 10.5 Important things to think about during the first days 
after the initial treatment of a patient with severe stroke.

 ● Maintenance of a clear airway
 ● Treatment of coexisting or underlying disease
 ● Need to review the patient’s usual medication(s)
 ● Investigation and avoidance of fever
 ● Adequacy of oxygenation
 ● Swallowing ability
 ● Hydration
 ● Nutritional status
 ● Exclusion of urinary retention
 ● Management of urinary incontinence
 ● Exclusion of fractures if the patient may have fallen
 ● Prevention of:

Deep venous thrombosis
Pressure ulcers
Aspiration
Trauma
Fecal impaction

 ● Protection of a flaccid shoulder
 ● Obtaining information from and giving information to the 

patient and family
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Describing goals
Where the goal is simply the removal of a problem, such as 
a urinary tract infection, it is fairly easy to describe it and 
then measure progress (e.g. relief of symptoms and sterile 
urine on a repeat culture). Similarly, long‐term goals are 
often easy to describe, but should take into account the 
patient’s need for accommodation, physical and emotional 
support, how they might fill their time, and what role they 
play in society. Judgments about whether these long‐term 
goals have been achieved are relatively straightforward. 
For example, if the goal is to get a patient home to live with 
their family, or to return to work, one does not need any 
complex measures of outcome. In some areas, it is even 
fairly easy to set intermediate goals which the patient or 
carer can understand, in terms of the level of function and 
the date by which it should be achieved.

If goals are to be reproducible, and therefore useful, a 
standard method for assessing attainment or not needs 
to be established and used. It is more complex to set 
goals for problems such as language or activities of daily 
living (ADL) than for mobility. For example, a goal for 
independent dressing a patient’s top half would need to 
take account of important factors including the clothes 
worn, fasteners involved, and the amount of prompting 
allowed (Section 11.32.5). One could use a score on any 
one of the huge number of measures of language func-
tion or ADL as intermediate goals, but these scores are 
not easily understood by patients and carers, or even by 
the professionals using them. For example, it is unlikely 
to mean much to a patient, or even the team members, to 
aim for a Barthel Index score of 12 (out of a maximum of 
20) within the next two weeks. Despite these difficulties, 
the team should attempt to identify problems, specify 
intermediate and long‐term goals, and introduce some 
meaningful measures to determine whether progress is 
being made toward achieving each of them.

10.3.4 Goal setting: a diagnostic tool

Goals may also be useful in identifying new or previously 
unrecognized problems. If a patient is not achieving the 
goals that have been set, it may be due to a number of 
reasons, which can be divided into team factors, patient 
factors, and carer factors.

Team factors
If the goals are too ambitious because of inaccurate diag-
nosis, inadequate assessment, or uncertainty about the 

prognosis, then patients may fail to achieve them and 
this will have a detrimental effect on the patient’s and the 
team’s morale. If goals are too easy, then progress may 
be  slower than is, in fact, possible. Also, goal setting 
must  be realistic if one is to use it to coordinate care 
(Section 10.3.3). To set realistic goals in such a way that 
they are more often achieved than not requires an under-
standing of the prognosis and of the likely effectiveness 
of potential interventions. We have already seen that 
accurate predictions of progress and outcome are diffi-
cult in individual patients (Section 10.2.7), but informal 
judgments made by the team may be more accurate, 
because they are based on past experience and observa-
tion of the patient’s progress over a period of time. 
Another reason why a patient may not be achieving a 
goal might be lack of appropriate treatment. Thus, pro-
gress may be hampered by too little therapy, or by the 
wrong sort of therapy. However, since there is currently 
so little information about the optimum amount or the 
relative effectiveness of most interventions, it is difficult 
to sort this out. Team members will much more often 
have to modify their therapy based on their own experi-
ence rather than on evidence from properly conducted 
randomized controlled trials.

Patient and carer factors
New, unrecognized medical or psychological problems 
(e.g. infection, recurrent stroke, or depression) may not 
present overtly – especially in their early stages – but may 
develop in a less specific way, causing a patient’s progress 
to slow, stop, or even reverse. One can draw a parallel 
with the concept of “failure to thrive” in pediatric prac-
tice (Figure 10.9). If a patient is failing to achieve his or 
her goals (or milestones), then one needs to identify the 
likely reason or reasons (see Tables 11.5 and 11.7).

Sometimes the patient or carer may have different 
goals from those of the team looking after the patient. 
This is “goal mismatch.” For example, a patient who does 
not want to live alone but would prefer to live with his or 
her daughter may not achieve the level of independence 
expected. Therefore, when setting goals one should ide-
ally agree them with the patient and carers – although 
they may be reticent about discussing such matters 
openly. This will also help ensure that the goals are really 
relevant to them. Many stroke patients are retired, so lei-
sure activities may be particularly important to their 
quality of life (Section 11.33.3). The patient may be less 
interested in a goal aiming at achieving self‐care in dress-
ing than in being able to read or to do the gardening. In 
hospital practice, where ADL abilities often determine 

In all stroke patients, intermediate and long‐term goals 
should be described so that progress toward them can 
be measured. Moreover, everyone will feel a sense of 
achievement when the goals are met.

Goals should be meaningful and challenging, but 
achievable.
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the length of stay, too much emphasis can be placed on 
ADL‐related goals because of pressures on the team to 
make beds available for new patients and to minimize 
costs by discharging the patient as early as possible. 
There are, however, important practical difficulties in 
involving patients in goal setting, including their cogni-
tive, communication and visuospatial problems and the 
clinician’s lack of experience or time [58, 59].

10.3.5 The stroke team

Although a physician usually has overall responsibility 
for the management of the patient, other members of the 
multidisciplinary team play an essential role. Stroke unit 
care reduces the case fatality, physical dependency, and 
need for institutionalization compared with care on a 
general medical ward (Section  19.6). The main differ-
ence between the two models of care is that stroke unit 
care is coordinated with a multidisciplinary team. 
Because stroke patients have such a broad range of prob-
lems, their care demands input from several professions. 
For coordination of the professionals’ input, it is impor-
tant that at least some of them should work as a core 
team, with regular meetings to discuss patients’ progress 
and problems (Table  10.6). Other professionals 
(Table 10.7) who may not be regular members of the core 
team should be available for consultation about individ-
ual patients. Although well established in rehabilitation 
settings, the team has an important role in all phases of 

treatment, even on the day of the stroke. Of course, the 
type and intensity of input from different members of the 
team will vary at different stages of the patient’s illness.

Obviously, any stroke center and stroke team should 
be able to provide initial emergency care, including 
administration of intravenous alteplase and immediate 
noninvasive intracranial vascular imaging in patients 
potentially eligible for IAT; and have processes in place 
to transport patients to tertiary stroke centers for addi-
tional neurointerventional or neurosurgical treatment. 
These tertiary stroke centers should have rapid access to 
cerebral angiography and qualified neurointervention-
alists and neurosurgeons to provide rapid access to 
interventions such as thrombectomy or decompressive 
hemicraniectomy where these are indicated [60]. 

By working closely together and sharing information 
and skills, some blurring of the boundaries between the 
roles of the professions becomes possible, and this can 
provide greater flexibility and efficiency. For example, if 
the nursing staff are trained by the speech and language 
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Figure 10.9 “Failure to thrive” after a stroke. Deviation from the 
expected recovery pattern might be due to any number of factors, 
including recurrent stroke, infections, depression, etc.

Goal setting may sometimes involve just an individual 
professional, but ideally it should involve the rest of the 
team, the patient, and sometimes the patient’s family.

Table 10.6 The core stroke team.

 ● Physician
 ● Nurse
 ● Physiotherapist
 ● Occupational therapist
 ● Speech and language therapist
 ● Social worker

Table 10.7 Other professionals who may be helpful 
in the management of particular stroke patients.

Others who may 
be consulted Example of problem

Clinical psychologist Cognitive disorder
Psychiatrist Severe depression
Neurosurgeon Obstructive hydrocephalus
Vascular surgeon Carotid artery stenosis
Neurointerventionalist Proximal intracranial artery 

occlusion
Radiologist Unusual findings on imaging
Immunologist Suspicion of vasculitis
Orthopedic surgeon Fractured neck of femur
Optometrist Refractive problems
Ophthalmologist Persistent diplopia
Orthotist Shortened leg, foot drop
Dietitian Weight loss
Pharmacist Formulations for dysphagia
Dentist Ill‐fitting dentures
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therapist to screen for dysphagia, this will provide every 
patient with early screening (even at weekends), enabling 
the speech and language therapist to focus on patients 
with definite swallowing or communication problems 
(Sections 11.17 and 11.30).

Figures 10.10 and 10.11 illustrate two models of how 
members of the stroke team can provide input to patients 
and their carers. In the first, each professional predomi-
nantly works directly with the patient and/or carer, while 
in the second each professional has less direct patient 
contact, but influences the care given by a primary nurse. 
The two models represent the extremes, and it is likely 
that in the real world care is provided in an intermediate 
way. Although the model represented in Figure  10.11 
realistically means that patients must be treated in a 
stroke unit, it has other important advantages. Stroke 
patients, even on a stroke unit, are directly involved in 
therapeutic activity with therapists for only a small pro-
portion of their time [63]. Training the nurses to practice 
with the patients the activities initiated by the therapists 
should encourage consistency and increase the total 

amount of therapy received by patients. After all, the 
nurses are caring for patients on a ward throughout the 
24‐hour period. If, for example, the physiotherapists are 
teaching a patient how to transfer from bed to wheel-
chair, it is important that the patient should continue to 
do this in the same way between physiotherapy sessions. 
Otherwise, many of the skills the patient acquires during 
physiotherapy sessions may not be used during activities 
on the ward or, more importantly, at home. The same 
principles apply to input from other therapists. Whether 
therapy delivered by a nonspecialist is as effective as 
therapy delivered by a highly trained specialist needs to 
be evaluated in randomized trials. One of the important 
functions of the team meeting is to harmonize the 
activity of the therapists and the nurses who provide 
much of the daily input to the patients. This may be at 
least one of the reasons why stroke units seem to achieve 
better outcomes (Section 19.6).

10.3.6 The roles of the team members

This section outlines the main functions of the core 
members of the team. In practice, and certainly where a 
team is functioning well, there will be some blurring 
of the roles of the team members with each performing 
the less specialized functions of the others. The roles 
described and the professional labels used reflect those 
in our own clinical practice but they inevitably vary in 
different healthcare settings.

Physician
Few doctors really understand the important role that 
they can play in the care of stroke patients beyond mak-
ing the initial diagnosis, searching for a treatable cause, 
giving acute medical therapies, and initiating secondary 
preventive measures. The physician needs to be much 
more involved in the activities of the team for several 
reasons:

 ● Team leader: Rightly or wrongly, political power in 
health services usually lies principally with doctors, 
and therefore if stroke patients are to have access to 
adequate facilities, the doctor must be involved.

 ● Source of knowledge: The physician should be knowl-
edgeable about the disease processes – both stroke and 
nonstroke – that underlie the patient’s functional prob-
lems, and should thus understand the prognosis and 
likely effect of interventions. This is essential for pre-
dicting outcome and setting appropriate goals.

 ● Medical care underpinning rehabilitation: Stroke 
patients commonly have coexisting and complicating 
medical problems (e.g. diabetes, heart failure, deep 
venous thrombosis), which need to be identified and 
treated [5, 7].

Physiotherapist

Speech therapist

Physician Social worker

Occupational
therapist

Nurse

Patient and
carer

Figure 10.10 The traditional model of care or rehabilitation, in 
which each member of the multidisciplinary team interacts 
independently with the patient and/or carer.

Physiotherapist

Patient and
carer

Speech therapist

Physician Social worker

Occupational
therapist

Nurse

Figure 10.11 The model of care or rehabilitation that can be 
adopted on a geographically defined stroke unit, in which each 
member of the multidisciplinary team influences the nursing 
input to the patients and carers, as well as having direct 
interaction with them.
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 ● Ability to chair meetings effectively: The physician will 
often have the broadest knowledge about stroke and 
is  therefore in a good – although not necessarily 
unique – position to coordinate the team and to chair 
team meetings. This role is important, because team 
meetings can become very time‐consuming and 
may  lose direction without a strong chairperson 
(Section  10.3.7). Overly long meetings are boring, 
demoralizing, and inefficient.

 ● Legal responsibility: The legal responsibility for the 
patient is the doctor’s, and therefore the doctor must 
be involved at all stages of the patient’s care.

Nursing staff
The nursing staff probably have the broadest role in the 
management of patients with stroke, which includes at 
least four major components:

 ● A daily assessment of the patient’s problems, both 
existing and new, and of their abilities and disabilities. 
Regular assessment of the Barthel Index may help to 
focus attention on important functional issues. Based 
on these assessments, a care plan can be made that 
aims to meet the individual’s needs.

 ● Provision of all the basic needs of dependent patients 
after a stroke (e.g. feeding, washing, dressing, toileting, 
turning, and transferring).

 ● Provision of skilled nursing to prevent the develop-
ment of complications such as pressure ulcers 
(Section  11.16), painful shoulders (Section  11.24), 
other injuries (Section 11.26) and aspiration pneumo-
nia (Sections 11.12 and 11.17). This involves correctly 
positioning and handling the immobile patient 
(Section 11.11). If one adopts a model of teamworking 
approximating to that shown in Figure 10.11, then the 
nurse’s role will include many of the functions of other 
members of the team.

 ● Supporting the patient and family. With increasing 
emphasis by managers and politicians on improving 
easily measured clinical outcomes such as case fatality 
and disability, other aspects of caring for and about 
patients are easily forgotten. But these are very impor-
tant to patients and close family members – informing, 
reassuring, encouraging, advising, supporting, and 
sympathizing. The nurses usually have greatest con-
tact with the patients and family and therefore have an 
important role in this area.

In some healthcare systems trained nurses are not 
readily available, and much of the patient’s day‐to‐day 
needs are met by relatives. In many countries specific 
training for stroke unit nurses is not yet available. To 
fully realize the potential of stroke unit nurses requires 
considerable investment in specialist education and 
training.

Physiotherapist
The physiotherapist has several important roles in caring 
for stroke patients, depending on their individual needs 
and the stage of the illness. Soon after a severe stroke, the 
physiotherapist may be involved in several functions:

 ● Advising nurses and other carers on the best way to 
position patients to prevent unhelpful changes in mus-
cle tone that may lead ultimately to contractures and 
further limitation of function (Section 11.20).

 ● Teaching the nurses and informal carers the best way 
to handle the patient to avoid pain or injury to the 
patient or carer. This will often involve teaching proper 
methods of transferring, lifting, standing and walking 
the patient.

 ● Providing therapy to relieve the symptoms associated 
with painful shoulders or swollen limbs (Sections 
11.24 and 11.25).

 ● Providing therapy to improve the patient’s mobility 
and arm function (Section 11.21).

 ● Advising on walking aids and splints (Section 11.32.1) 
that may sometimes improve a patient’s function.

Occupational therapist
Occupational therapists fulfill several roles in the man-
agement of stroke patients. These are usually fairly lim-
ited in the very early period after a severe stroke, but 
become more important as the patient recovers and as 
self‐care becomes more relevant. These roles include the 
following five components:

 ● An early assessment of patients to find out how each 
impairment is likely to restrict their function. This 
requires an assessment of what the patients were able 
to do before the stroke, what they can do now and 
what their home circumstances are (e.g. ease of access 
to the front door, bedroom, toilet, or bathroom) or the 
circumstances into which they will be discharged (e.g. 
a relative’s home or nursing home).

 ● An assessment of the patient’s visuospatial functioning 
(Section 11.28).

 ● Training the patient and the carer to carry out every-
day activities, despite the patient’s impairments, is a 
crucial role (Section 11.32). This involves finding the 
best way of achieving a particular activity for that indi-
vidual patient. Most input is spent on the ADL (see 
Table  11.45), although in specialized units or those 
dealing with younger patients, therapy aimed at return 
to an occupation (Section  11.33.2) or leisure activity 
(Section 11.33.3) may be available.

 ● Provision of aids and adaptations to allow patients to 
function better. This often includes wheelchair provi-
sion, feeding and kitchen aids, and bathroom aids, 
among many others (Section 11.32).
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 ● Assessment of a patient’s ability to function in their 
own home, such as a home visit. This is often done 
before discharge with patients who have been admit-
ted to hospital, and is an important element of dis-
charge planning. It is important to identify problems 
that are specific to the patient’s own home environ-
ment and which may have to be solved by further 
training or by provision of aids or adaptations.

Speech and language therapist
Speech and language therapists have several roles in the 
care of stroke patients. They include the following:

 ● Assessment of swallowing safety both initially and as 
the patients improve, so that their diet and fluid intake 
matches their swallowing abilities (Section 11.17).

 ● Teaching the patient, nurses, or family members who 
are involved with feeding techniques that help over-
come a swallowing impairment and avoid aspiration.

 ● Teaching the patients exercises that may increase the 
rate of recovery of swallowing problems (Section 11.17).

 ● Diagnosis and assessment of the patient’s communica-
tion problems (Section 11.30).

 ● Informing both formal and informal carers of the 
nature of the patient’s communication problems. 
Patients, their families and even the professionals 
caring for the patient often have great difficulty in 
understanding what is wrong with a dysphasic patient. 
Because problems with communication so often lead 
to emotional distress, most speech and language 
therapists also take on a counseling role.

 ● Teaching patients, carers, and even volunteers strate-
gies to allow the patients to communicate effectively 
using language (spoken or written), gesture, or com-
munication aids where appropriate.

 ● Providing therapy that may enhance the recovery of 
communication difficulties (Section 11.30).

Social worker
The role of the social worker is bound to vary in different 
societies, but may include:

 ● Providing patients and their families with practical 
advice and help at all stages of the illness. For example, 
arranging subsidized transport for the family to visit 
the hospital, or extra home care for a dependent rela-
tive if the stroke patient was the main carer before 
admission. Social workers often help with any financial 
problems that have arisen because the main breadwin-
ner has had a stroke (e.g. by applying for allowances or 
grants).

 ● Being involved in helping to plan the patient’s dis-
charge from hospital, or change of accommodation. 
Social workers often spend a lot of time identifying the 
wishes and needs of the patient and family and then, 

with the rest of the team, trying to meet them. Where 
patients are unable to make decisions for themselves 
and have no close family, the social worker may need 
to act as the patient’s advocate and make arrangements 
for financial affairs to be taken care of, perhaps even 
arranging any change of accommodation (e.g. transfer 
to a nursing home).

 ● Following up patients and families after discharge 
from hospital, to identify any changing needs for sup-
port and to make adjustments to any care package.

 ● Providing counseling that may be helpful in allowing 
patients and families to come to terms with the change 
in circumstances brought about by the stroke. Some 
social workers organize groups of patients, carers, or 
both to help solve problems.

One function that should be shared by all members of 
the team is that of monitoring the patient’s condition. 
Nurses and therapists, in particular, spend a lot of their 
time handling patients and observing the patient’s per-
formance, so they are often in an ideal position to notice 
the relatively minor changes that may be an early sign 
of  a complication, which might benefit from early 
treatment.

Are the interventions of the team members 
effective?
Although organized stroke care improves outcomes, 
some question the effectiveness of physiotherapy, occu-
pational therapy, speech and language therapy, and social 
work. They point to the relative lack of research evidence 
to support the effectiveness of these professionals (but 
interestingly, without questioning their own effective-
ness), or they emphasize particular studies that appear to 
demonstrate the ineffectiveness of other professions. 
Unfortunately, these “negative” studies have often asked 
the wrong questions, measured the wrong outcomes, 
been too small, and have not evaluated the intervention 
in the context of a well‐organized stroke team. This has 
possibly resulted in “false‐negative” studies, resulting in 
rejection of the contribution of valuable team members. 
But, of course, failure to demonstrate a definite effect 
cannot be taken as proof of a lack of effect [61]. There 
may be uncertainty about the effectiveness, optimum 
“dose” and duration of some of the specific therapeutic 
maneuvers that therapists use (in common with many 
medical practices) but, as we have shown, this type of 
input forms only a small part of their contribution to the 
care of stroke patients. In fact, there are an increasing 

All members of the team should be alert to changes in 
the patient’s condition that may indicate the develop-
ment of a complication.
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number of well‐conducted randomized trials that have 
established that interventions by therapists do improve 
patient outcome, as discussed in Chapter 11.

10.3.7 Multidisciplinary team meetings

The team must meet regularly if it is to work effectively. 
All the stroke units included in one systematic review of 
the randomized controlled trials held at least weekly 
meetings of the multidisciplinary team, separate from 
conventional ward rounds [62]. These meetings have 
several important functions:

 ● The entire team can be informed about new patients 
and their problems.

 ● Existing patients can have their progress reviewed, and 
if individual team members have noted a change in 
their condition or a new problem, this can be commu-
nicated to the other members.

 ● After reviewing each patient’s progress and any devel-
oping problems, realistic goals can be set jointly, and 
an appropriate course of action to meet those goals 
can be agreed (Section 10.3.3).

 ● Verbal reports of individual therapists’ assessments, 
and in particular the results of predischarge home vis-
its, can be discussed and detailed plans for discharge 
can be made.

 ● Meetings have an educational role for the team mem-
bers, students, and visitors.

So that important details are not overlooked, it may be 
useful to agree a formal structure to the discussions which 
can be reinforced by using a standard form on which team 
discussions are recorded. The structure we have adopted is 
discussed here. This is not rigidly adhered to, but provides 
a framework for discussions about individual patients.

Structure of team discussion
The medical details of any new patients are presented by 
the physician, including a brief account of the patient’s 
symptoms and any relevant past history, including risk 
factors and the presumed cause of the stroke. The 
patient’s social background is also presented briefly by 
the physician, but other members of the team are often 
able to contribute extra details. The patient’s neurologi-
cal impairments are discussed, and the therapists have 
often identified some that may not have been obvious to 
the physician. By the time of the meeting, the nursing 
staff can report on the functional consequences of these 
impairments (i.e. disability), and using the information 
about prestroke activities, some estimate of the stroke’s 
likely effect on the patient’s life after the stroke can be 
made (i.e. predicted handicap).

At each subsequent meeting, the patient is introduced 
briefly with a résumé of the date of stroke, clinical type, 

and presumed cause. The problems are then summa-
rized, as well as goals and actions that were agreed at the 
last meeting. Each member of the team is then invited to 
update the rest of the team on the patient’s progress, 
what problems and goals have been solved or achieved, 
what new goals they plan to set, and how they plan to 
achieve them. This can be done in a sequence that 
reflects the way we think about patients (i.e. pathology, 
impairment, disability, and handicap). The physician 
starts by updating the team on any changes in the 
patient’s medical condition or the results of any impor-
tant investigations that may be relevant to other team 
members. The nurses then give an overall report on the 
patient’s progress, including current performance on 
the Barthel Index. This usefully highlights many of the 
patient’s functional problems, as well as giving an objec-
tive indication of progress. The therapists follow: first 
the physiotherapist, then the speech therapist, and lastly 
the occupational therapist. The first two tend to focus 
more on impairments and the patient’s basic functions 
such as mobility, swallowing, and communication, 
whereas the occupational therapist usually focuses on 
the broader range of disabilities and how these are likely 
to affect the patient’s everyday life. Lastly, the social 
worker reports on any problems which close contact 
with the family may have revealed and progress regard-
ing discharge planning. This sequence also has the 
advantage that the occupational therapist and social 
worker can make use of the information from the others 
in formulating their own goals and actions.

The discussion is then opened up, and longer term 
goals such as timing of home visits, discharges, and case 
(family) conferences are set, and it should be decided 
who will do what by the next meeting including who will 
communicate with the patient and family to ensure that 
they are involved with the goal‐setting process and that 
their views are being taken into account.

Multidisciplinary teams may lack effectiveness if each 
member is not given an equal chance to contribute. 
Inevitably, teams will include some more assertive indi-
viduals and other less outgoing members, the former 
tending to dominate discussions. It is important that the 
team leader – often the physician – ensures that individ-
ual members do not monopolize the discussions to the 
extent that others are not heard. The proposed frame-
work lessens the likelihood of this arising, although of 
course not every member will necessarily have some-
thing useful to contribute in every case.

It is important that the person chairing the team meet-
ings ensures that no individual member, including the 
chairperson, monopolizes the discussion to the extent 
that others are not heard.
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Involving patients and carers in team meetings
Neither the patient nor the family participate directly in 
team meetings, although their input is obviously crucial 
in setting goals and planning discharge from hospital. 
Their views on certain issues should be sought in advance 
of the meeting, and the nature and conclusions of the 
discussion at the meeting should be communicated back 
to the patient and/or family by the most appropriate 
team member, most often the nurse. Separate team 
meetings (case conferences or family meetings) to which 
the patient, family and any other people who are 
involved – such as the district (community) nurse and 
home care organizer – are invited are useful in planning 
hospital discharge in complex cases and in resolving dif-
ferences of opinion between the team members and the 
patient or family. The timing of these meetings is tailored 
to the individual patient.

10.4  Treatment restrictions

When patients are judged unlikely to achieve a reasona-
ble quality of life if they were to survive, many clinicians 
decide not to strive to ensure survival. Instead, poten-
tially life‐sustaining treatment, including artificial hydra-
tion and nutrition, may be withdrawn or withheld. 
However, this is an extremely difficult decision since, as 
we have already discussed, there are considerable diffi-
culties in predicting outcome reliably at an early stage 
(Section  10.2.7). In addition, the value that the patient 
would place on survival in a given state may be difficult 
to judge. Patients who have had a major stroke are often 
not in a position to make decisions about their treatment 
because they are unable to understand or communicate 
due to a depressed conscious level, language, or visuos-
patial problems.

10.4.1 Role of representatives and living wills

In patients without capacity to communicate their treat-
ment preferences, the family or other representatives 
should be included in the decision‐making process. The 
family can often provide information allowing judg-
ments to be made about what the patient’s likely wishes 
are. However, some relatives may have their own inter-
ests and not just those of the patient to consider. 
Relationships may have been dysfunctional before the 
stroke, relatives may gain financially from the patient’s 
death, and death removes the obligation to care for a 
severely disabled person. In addition, studies of hypo-
thetical scenarios describing a broad range of severe dis-
eases have found that surrogates incorrectly predict 
patients’ end‐of‐life treatment preferences in one‐third 
of the cases [63]. With these limitations in mind, the 

“prediction” of incapacitated patients’ treatment prefer-
ences by their relatives should probably not be the main 
reason to withhold or withdraw potentially life‐sustain-
ing treatments.

Patients may have written down what they would like 
to happen in the event of a life‐threatening illness. 
Unfortunately, the value these so‐called “living wills” is 
often limited because they often represent the patient’s 
wishes in specific situations (e.g. dementia or coma), and 
extrapolation of these wishes to a different situation (e.g. 
aphasia and hemiplegia after a stroke) might not be 
appropriate. It is also not at all clear whether patients’ 
judgments made while in good health about the value 
they might place on their life if they were in a dependent 
state remain true when they have become disabled. 
Although increasing disability is often associated with a 
reduction in quality of life [64, 65], there are many exam-
ples of patients reporting a fair to good quality of life 
despite serious disability [12, 66]. One explanation for 
this observation is that patients confronted with severe 
disability as a consequence of stroke may change their 
internal standards, values, and the conceptualization of 
quality of life, a process that has been termed “response 
shift” [67].

Perhaps the most common dilemma is whether or not 
to give fluids or nutritional support to a patient with an 
“apparently severe stroke” who is unable to swallow. 
Early nutritional support is likely to improve the propor-
tion of patients surviving although not perhaps the func-
tional status of survivors. [42]. Few would argue against 
giving parenteral fluids to a conscious patient to prevent 
dehydration, thirst, and discomfort. However, if the 
patient is unconscious and thus probably unaware of any 
discomfort, then there is more uncertainty about what to 
do for the best. Also, if the patient develops an infection 
very soon after the onset of the stroke, apart from the 
difficulties mentioned above in assessing the severity of 
stroke, the question arises as to how aggressively one 
should treat the patient. Are intravenous antibiotics, 
physiotherapy, or even artificial ventilation and inotropic 
support appropriate in this situation?

There are some facts worth considering in making 
these difficult decisions. Most patients who are uncon-
scious soon after a stroke die in the first few days from 
the direct neurological effects of the stroke on brainstem 
function, and not from dehydration or infection 

Patients may have a fair to good long‐term quality of life 
despite severe disability. However, in the first days after 
stroke it is unclear how to identify patients who will 
adapt well to their new situation and regain a good qual-
ity of life, and those who will not.
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(Section 10.2.3). Therefore, by simply giving fluids, it is 
unlikely that the lives of many patients will be greatly 
prolonged, but this may give more time to make an accu-
rate assessment of prognosis. If one elects to give a 
patient fluids, antibiotics, or even nutritional support via 
a feeding tube, this clearly does not have to be continued 
on a long‐term basis. However, in some countries there 
are laws that prevent clinicians from withdrawing treat-
ment of this kind, and many clinicians feel less comfort-
able about stopping a treatment that they have started 
than not starting it in the first place. Apart from worry-
ing about medicolegal issues, one has to consider the 
reaction of the family. However, if the physician has 
spent enough time informing the family of the patient’s 
state and likely prognosis, and has involved them in the 
decisions, then withdrawal of fluids, feeding, or antibiot-
ics is seldom a major problem.

Effective communication is a core competency in any 
discussion with any patient, but this is even more critical 
when a patient or family members are informed about a 
poor prognosis, and when treatment restrictions are 
discussed. Practical strategies for the care provider that 
may be of help in these discussions are summarized 
in  the American Heart Association/American Stroke 
Association guidelines [68].

10.4.2 Managing uncertainty

As explained earlier, even the best estimates of prognosis 
will carry a large margin of uncertainty in most cases. 
This does not mean that discussions about prognosis 
with the patient’s representatives should be avoided. In an 
American study, most surrogates of critically ill and inca-
pacitated patients wanted physicians to disclose prognos-
tic estimates even if they could not be sure these were 
correct, and most accepted this uncertainty [12, 69].

One approach to manage uncertainty is the use of a 
time‐limited trial in which physicians and the patient or 
family agree to use certain medical therapies over a 
defined period of time, during which it is assessed 
whether the patient reaches a prespecified outcome [70]. 
These treatments will be continued if the patient reaches 
this outcome, and withdrawn if it is not reached. A disad-
vantage of this approach is that patients may be denied 
the chance to die in an early phase, but instead survive in 
a condition they always considered unacceptable [12].

Importantly, the placement of treatment restrictions in 
the first few days after stroke has been independently 
associated with an increased risk of early death in several 
observational studies [12]. In one American study, avoid-
ance of do‐not‐resuscitate orders in the first five days after 
intracerebral hemorrhage resulted in a 30% absolute 
reduction in the risk of death at 30 days as compared with 
the risk of death predicted with the ICH score [71]. Despite 
the limitations inherent to these observational studies, it 
cannot be excluded that the placement of treatment 
restrictions by itself leads to less optimal care for the 
patients involved, and thereby to a greater risk of death or 
a poor functional outcome. It goes without saying that 
“treatment restrictions” should not be synonymous with 
“suboptimal care” and that the last should be avoided.

A statement from the American Heart Association/
American Stroke Association provides useful tools for 
addressing the needs of patients with severe stroke and a 
poor prognosis, and those of their families [38].
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11.1  Introduction

The patient’s general management, as distinct from the 
specific treatment of their stroke (see Chapters 13–15), 
is primarily aimed at identifying and solving existing 
problems, as well as anticipating and preventing poten-
tial problems, at different stages of their illness. This 
chapter will cover the common problems that occur in 
patients who have had a stroke. Each section is loosely 
structured as follows:

 ● General description of the problem, including a defini-
tion, its frequency, causes and clinical significance, 
and prognosis.

 ● Assessment, including methods of detection, simple 
clinical assessments and measures that may be appro-
priate for goal setting, audit, or research.

 ● Prevention and treatment, including interventions that 
may reduce the risk of a problem developing or hasten 
recovery.

Poststroke problems have seldom been systematically 
identified in community‐based incidence studies 
(Section 17.11.1) so their frequency in unselected popula-
tions is often unknown. Moreover, compared with other 
aspects of treatment there are few large randomized con-
trolled trials (RCTs) or systematic reviews addressing 
these problems. This is partly because there are major 
methodological difficulties in performing RCTs and sys-
tematic reviews to evaluate nonpharmacological inter-
ventions (Table  11.1). However, the evidence base is 
improving. Cochrane reviews provide unbiased systemic 
reviews of many interventional trials after stroke. Where 
there is no high‐quality evidence, the content of this 
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chapter reflects our own clinical experience. Many of the 
topics are not specific to stroke medicine but might be 
found in any textbook of internal medicine or surgery. 
Therefore, we have not attempted to provide comprehen-
sive reviews, but instead have concentrated on aspects of 
assessment and management particularly relevant to 
stroke patients.

11.2  Airway, breathing, 
and circulation

Inadequate airway, breathing, or circulation are life‐
threatening. Urgent resuscitative measures must be 
taken. Even if not an immediate threat to survival, deliv-
ery of oxygen and glucose to the brain should be opti-
mized to minimize brain damage and so achieve the best 
possible outcome for the patient (Section 12.1).

11.2.1 Obstructed airway

Patients with a decreased level of consciousness, 
impaired bulbar function, or who have aspirated may 
have an obstructed or partially obstructed airway. 
Central cyanosis, noisy airflow with grunting, snoring, 
or gurgling, an irregular breathing pattern and indrawing 
of the suprasternal area and intercostal muscles may 
indicate an obstruction. Transient obstruction is com-
mon in the acute phase of stroke during sleep 
(Section 11.2.2) and it is, therefore, important that apneic 
spells due to an obstructed airway are not mistakenly 
attributed to periodic respiration and so ignored (e.g. 
Cheyne–Stokes; Section 11.2.2).

If an obstructed airway is suspected, the oropharynx 
should be cleared of any foreign matter with a sweep of a 
gloved finger, the patient’s jaw pulled forward, and the 
neck extended to stop the tongue falling back to obstruct 
the airway (Figure  11.1). Positioning the patient in the 
coma (i.e. recovery) position may be enough to keep the 
airway clear, although in some situations an oropharyn-
geal or nasopharyngeal airway, or even endotracheal 
intubation, may be required (Figure 11.2).

11.2.2 Inadequate breathing

Strokes may weaken the intercostal muscles and the dia-
phragm, leading to reduced ventilation, poor cough and 
an increased risk of pneumonia [3]. Furthermore, the 
brain lesion itself may directly, or more often indirectly, 
impair the function of the respiratory centre in the 
medulla which results in various disordered patterns of 
breathing (Figure  11.3) while the patient is awake, but 
more commonly during sleep [4].

Hypoxia
Hypoxic episodes (defined as saturations of >90% for 
>10% of monitoring period) have been described in 
about one‐fifth of stroke patients within the first few 
hours of admission [5]. They occur more commonly dur-
ing transfers between hospital departments and are 
associated with greater stroke severity and preexisting 
cardiorespiratory disease. In patients with cardiorespira-
tory disease, hypoxia may be more marked in the supine 
position and reduced by sitting [6]. Hypoxia is associated 
with poorer survival but it is unclear whether this is an 
effect of hypoxia exacerbating the brain damage, or sim-
ply reflects coexisting severe cardiorespiratory disease 
occurring in severe strokes [5].

Abnormal patterns of breathing
The abnormal patterns of breathing associated with 
stroke include obstructive and central sleep apnea, 
 periodic respiration (Cheyne–Stokes), hyperventilation 

Table 11.1 Problems in performing randomized controlled trials 
and systematic reviews of physiotherapy interventions.

 ● Lack of theoretical model or rationale founded on basic 
science for many interventions

 ● Ethical problems of performing randomized controlled trials 
due to therapists’ certainty about the effectiveness of their 
own therapy in individual patients

 ● Difficulty in getting patients and therapists, to accept the 
possibility of “no treatment”

 ● Strong patient preferences based on their belief in the 
benefits and acceptability of therapy

 ● Difficulty in blinding patients to treatment allocation
 ● Difficulty in designing convincing placebo treatments, or 

establishing appropriate “controls”
 ● Difficulties in defining a therapy (in terms of type, dose, 

frequency, timing and duration) which has to be tailored to 
the individual patient; this leads to difficulties in applying 
the results in practice

 ● Failure to identify key components or interactions between 
components of an intervention

 ● Moderate treatment effects mean that large numbers of 
patients have to be randomized

 ● The need to randomize large numbers of patients may 
necessitate multicenter trials but these raise difficulties in 
standardizing and monitoring treatment

 ● Therapy is very labor‐intensive and therefore expensive, so 
that bodies which fund research may not be willing to fund 
the therapy

 ● Difficulties agreeing suitable measures of outcome that are 
sensitive to both what therapists expect to influence, and 
what is relevant to the patient and family

 ● In unblinded trials, patient loyalty to a therapist may bias 
their responses to subjective outcome scales

 ● Various different outcome measures, which hinders 
systematic review of trials

 ● Problems due to complex interactions with other therapies 
given simultaneously
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(“forced respiration”), irregular (ataxic) breathing, 
apneustic (held in expiration) breathing, and, ultimately, 
complete apnea [7].

Sleep apnea is the most common abnormality and has 
been identified in up to two‐thirds of hospital‐admitted 
patients, depending on the definitions and detection 
methods used. It is usually “obstructive” although may 
occasionally be “central.” Obstructive sleep apnea has 
been associated with greater age, obesity, large neck cir-
cumference, and in some studies greater stroke severity 
[4]. It is associated with poorer survival and functional 
outcome but it is unclear whether this is due to incom-
plete adjustment for stroke severity, the associated 

hypoxia, or fluctuations in blood pressure and cerebral 
perfusion [8, 9].

Periodic respiration (Cheyne–Stokes), where there are 
regular alternating phases of hyperventilation and 
hypoventilation, occurs in about a quarter of patients 
although it is seldom recognized by healthcare staff [10]. 
Other neurological functions (e.g. wakefulness) often 
vary in phase with breathing. The mechanisms of peri-
odic respiration are still debated but it probably reflects a 
change in the sensitivity of the brainstem respiratory 
center to the arterial pressure of carbon dioxide and/or 
slowed central circulation, with a resultant delay in the 
feedback loop controlling respiration [11, 12]. Changes 

(b)(a)

Figure 11.1 It is essential to maintain a patent 
airway in a patient with a decreased level of 
consciousness. (a) In comatose patients with 
their head in a resting or flexed position the 
tongue falls backwards to obstruct the 
hypopharnyx (arrow) and the epiglottis 
obstructs the larynx. (b) Tilting the head back by 
lifting the chin stretches the anterior neck 
structures, which opens the airway.

(a) (b)

Figure 11.2 Airways. (a) Oropharyngeal (Guedel) airway. To check that the airway is the correct size for the patient hold the airway across 
the cheek from corner of mouth to tip of ear lobe (the angle of the jaw bone may also be used). If this matches then the airway is the 
correct size. If too long or too short select another size. Incorrect sizing can result in the airway being blocked rather than kept open. 
Inserted upside down, they are moved along the roof of the mouth and rotated into position sitting behind the tongue and lifting it 
forward slightly. (b) Nasopharyngeal airway. To measure an appropriately sized nasopharyngeal airway, it is traditionally taught that the 
correct size is related to the patient’s little finger or nostril. However these measures may not relate to the internal anatomy of their nose 
so it may more appropriate to size the airway by the patient’s sex and height [1, 2].
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in oxygenation, pH, and cerebral blood flow occur in 
periodic respiration but their importance is unclear. 
Periodic respiration is associated with greater stroke 
severity and poorer outcomes, although it may be pre-
sent in patients who are alert and who subsequently 
make a reasonable recovery [10].

Coexisting cardiopulmonary disease (e.g. chronic 
obstructive pulmonary disease, pneumonia) is probably 
a more frequent cause of inadequate ventilation than 
abnormal breathing patterns due to the stroke itself. Its 
detection depends on a thorough initial assessment 
including an adequate history, physical examination and 
some simple investigations (e.g. chest X‐ray and electro-
cardiogram) (Section 10.3.2).

Assessment
The adequacy of ventilation should be assessed clinically 
by checking for central cyanosis and examining the 
chest. Pulse oximetry can be used to monitor oxygen 
saturation level and to detect hypoxemia. Finger probes 
are more accurate than those on the ear, and can be 
placed on either the paretic or nonparetic hand [13, 14]. 
Arterial blood gas analysis is useful in monitoring ther-
apy in patients with type II respiratory failure, those 
requiring artificial ventilation and those with severe 
metabolic disturbances such as acidosis.

Treatment
There are no data to support the routine administration 
of supplemental oxygen to patients who are not hypoxic. 
Currently, supplemental oxygen is recommended for 
hypoxemic patients to maintain SaO2 > 94% [15]. When 
indicated, supplemental oxygen can be provided through 
the least invasive method to achieve normoxia [16]. 
Available methods include nasal cannula, venturi mask, 
nonrebreather mask, noninvasive positive pressure ven-
tilation, and endotracheal intubation with mechanical 
ventilation. In patients with chronic lung disease and a 
tendency to hypercapnea, 24% oxygen should be used 
initially with careful monitoring of the patient’s respira-
tion, neurological function (Section  11.5), and arterial 
blood gases.

Although continuous positive airways pressure (CPAP) 
has been shown to reduce symptoms of obstructive sleep 
apnea in general, in patients with recent stroke compli-
ance with treatment tends to be very poor and there is no 
reliable evidence of benefit [17–19]. Treatment of any 
coexisting lung or cardiac disease should of course be 
given. Limited data suggested that sitting the patient up 
may help to improve oxygenation in patients with signifi-
cant pulmonary comorbidities [6]. If patients are sat out 
of bed, it is important that they are well supported in an 
upright position and not slumped in the chair, which 

Periodic respiration (Cheyne–Stokes) does not necessar-
ily imply a poor prognosis.

≥10s

≥10s

Thorax

Abdomen

Nasal
ow

Figure 11.3 Diagram showing Cheyne–
Stokes breathing. Upper two traces show 
muscle activity, lower trace shows air flow. 
Source: Courtesy of A. Rowat.

It is easy to miss abnormalities in breathing pattern. 
Encourage all members of the team to observe the 
breathing pattern when assessing the patient.
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worsens ventilation. Sitting may also reduce the intracra-
nial pressure but may cause other problems 
(Section 11.11). Sedative drugs given to promote sleep, 
to facilitate imaging, or to control seizures may precipi-
tate periodic respiration or respiratory failure and should 
generally be avoided if possible.

Tracheal intubation and mechanical ventilation may 
be used to maintain ventilation, or to reduce intracranial 
pressure (Section 12.7.4). Indications vary between cent-
ers but generally include: deteriorating conscious level, 
severe hypoxia or hypercapnea, and inability to maintain 
an airway. Depending on the indications and case mix, 
the reported frequency of in‐hospital case fatality among 
patients undergoing mechanical ventilation varies 
between 50 and 90%. Older age, evidence of brainstem 
dysfunction, and comorbidities are predictably associ-
ated with worse outcomes; however, a small proportion 
of survivors make a reasonable recovery [20–22]. Often, 
such aggressive management is considered inappropri-
ate because of the patient’s low probability of regaining a 
good quality of life (Section 10.4).

11.2.3 Poor circulation

Both severe brainstem dysfunction and massive suba-
rachnoid hemorrhage can cause major circulatory prob-
lems such as neurogenic pulmonary edema, cardiac 
dysrhythmias, and erratic blood pressure with severe 
hypertension or hypotension (Section 14.10). More fre-
quently, circulatory failure, with or without hypotension 
or hypoxia related to pulmonary edema, is due to coexist-
ent heart disease (e.g. congestive cardiac failure, myocar-
dial infarction, atrial fibrillation), hypovolemia (e.g. 
dehydration, bleeding), or severe infection.

Cardiac dysrhythmias
Atrial fibrillation is the most common cardiac arrhythmia 
worldwide, with a fivefold increase in risk of ischemic 
stroke and transient ischemic attack (Section 6.5.1) [23]. 
Atrial fibrillation is observed in up to one‐third of patients 
with ischemic stroke as well as intracerebral hemorrhage 
[22, 24]. Although most cardioembolic strokes are related 
to atrial fibrillation, around 5% occur in the context of a 
recent myocardial infarction [25].

Atrial fibrillation often precedes development of 
stroke. However, as atrial fibrillation can be paroxysmal 
and asymptomatic, it may escape detection with a 

standard 12‐lead electrocardiogram. Hence routine 
 cardiac monitoring for at least 24 hours, either at the 
bedside or preferably with ambulatory devices, is recom-
mended to screen for atrial fibrillation or atrial flutter in 
patients admitted with ischemic stroke where baseline 
electrocardiogram showed normal sinus rhythm [15]. 
For patients with cryptogenic stroke where the cause of 
cerebral ischemia is obscure, extended cardiac event 
monitoring may be considered to help identify occult 
atrial fibrillation. Compared with the standard 24‐hour 
holter, which detects paroxysmal atrial fibrillation in 
2.5–5% ischemic stroke patients, extended cardiac event 
monitoring (e.g. event loop recorders, mobile cardiac 
outpatient telemetry, continuous ECG monitoring via 
pacemakers or debrillators) may have a higher detection 
rate, ranging from 5 to 25%, depending on the device 
used and duration monitored [26]. The detection of 
atrial fibrillation will influence decisions about antico-
agulation for secondary prevention (Section 16.6). The 
feasibility and cost of routinely monitoring cardiac 
rhythm inevitably varies between centers and it is unclear 
what the yield is in terms of altering management, per-
haps by starting anticoagulation and preventing recur-
rent stroke. Certainly, as a minimum we would advise 
monitoring those with palpitations, unexplained wedge‐
shaped infarct, or recent myocardial infarction.

Myocardial injury
It is important to identify the presence and likely cause of 
any circulatory failure by clinical assessment of the cardio-
vascular system, backed up with relevant investigations 
(e.g. cardiac enzymes, ECG, and echocardiography). 
Repolarization abnormalities and ischemic‐like changes 
on the ECG occur in about three‐quarters of patients with 
subarachnoid hemorrhage but are far less common with 
other types of stroke. In subarachnoid hemorrhage the 
changes are most often secondary to the cerebral insult, 
whereas in other stroke types they usually reflect associ-
ated cardiac disease [28]. The specificity of ECG changes 
for acute myocardial infarction in the context of an acute 
stroke is low [29]. Levels of plasma creatine kinase (CK) 
and of its more cardiac‐specific isoenzyme CK muscle–
brain (CK‐MB) are quite often raised but the interpreta-
tion may be difficult where the patient has fallen, been 
injured, lain on a hard floor, or had a generalized seizure 
which may all increase the CK level. Indeed, even when 
CK‐MB is raised, troponins, which are more specific 

If patients are nursed in a sitting position, it is best if they 
are well supported and upright in a chair rather than 
slumped in bed or a chair, which makes breathing more 
difficult.

Cardiac dysrhythmias other than atrial fibrillation are 
quite common after an acute stroke, but seldom seem to 
be a problem unless they are due not to the stroke itself 
but to a recent myocardial infarction.
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markers of myocardial injury, are often normal, indicating 
that even CK‐MB may not be of cardiac origin [30]. Raised 
troponins have been reported in up to a third of patients 
with stroke and may be markers of a concurrent myocar-
dial infarction or small areas of myocardial necrosis, 
which have been identified at autopsy [31]. Raised tro-
ponins are associated with poorer survival even having 
adjusted for age and stroke severity [28, 32, 33]. Patients 
with circulatory failure, atrial fibrillation, and recent myo-
cardial infarction have a poor prognosis for survival and 
functional recovery after stroke [24, 34]. Active treatment 
of these problems is likely to improve the outcome but a 
detailed account is beyond the scope of this book.

Gastrointestinal hemorrhage
About 1.24% of stroke patients have an upper gastroin-
testinal bleed in the first few weeks after stroke [35]. 
Bleeding most commonly occurs from peptic ulcera-
tion (28%), malignancies (12%), and other or unidenti-
fied causes (60%) [36]. Bleeds are more common in the 
elderly, in more severe strokes, and in those with intrac-
erebral hemorrhage; not surprisingly, therefore, gastro-
intestinal hemorrhage has been associated with high 
case fatality. Bleeding appears to be more common in 
patients fed via an enteral tube and may be more 
 common with nasogastric, rather than percutaneous 
endoscopic, gastrostomy [37]. Clearly, the resulting 
hypotension and anemia might both exacerbate cere-
bral ischemia and worsen the neurological outcome.

One should obviously be aware of this bleeding poten-
tial when prescribing antithrombotic and anti‐inflamma-
tory medication [38]. We try to avoid using nonsteroidal 
anti‐inflammatory drugs (NSAIDs) unless there is a 
strong indication. Proton pump inhibitors (PPI), double 
dose H2 receptor antagonists, and misoprostol have all 
been shown to reduce gastric and duodenal ulcers in 
patients (not stroke) taking NSAIDs chronically [39]. A 
meta‐analysis of 20 trials with a total of 2624 mainly 
Chinese patients suggested an 80% odds reduction in 
stress‐related gastrointestinal hemorrhage among stroke 
patients and even a reduction in mortality associated 
with PPI and H2 receptor antagonists [40]. However, the 
rate of bleeding in the control groups of these trials was 
far higher than that reported in observational studies in 
white populations. Management of active gastrointestinal 
hemorrhage is the same as in other situations.

11.3  Reduced level 
of consciousness

About 15% of stroke patients have a reduced level of con-
sciousness during the first few days after the stroke 
(Table 11.2). The causes are not entirely clear (Table 11.3). 

Table 11.3 Remediable causes of a reduced level 
of consciousness after stroke.

General
Hypoxia (Section 11.2.2)
Hypotension (Section 11.2.3)
Severe infection (Section 11.12)
Electrolyte imbalance (Sections 11.18.1 and 11.18.2)
Hypoglycemia (Section 11.18.4)
Drugs (e.g. benzodiazepines, opiates, analgesics)
Neurological
Epileptic seizures (Section 11.8)
Raised intracranial pressure (Section 13.3.2)
Obstructive hydrocephalus (e.g. due to cerebellar hematoma) 
(Section 14.8)
Cerebral ischemia after subarachnoid hemorrhage (Sections 
14.5 and 14.7)

Table 11.2 The frequency of various clinical features among 
675 patients with a first‐ever‐in‐a‐lifetime stroke at their initial 
assessment by a study neurologist.

Clinical feature
Number 
(%)

Not assessable 
(%)

Glasgow Coma Scale (motor <6) 86 (13) 15 (2)
Glasgow Coma Scale (eyes <4) 98 (15) 16 (2)
Glasgow Coma Scale 
(eyes + motor <10)

111 (16) 16 (2)

High blood pressure (systolic 
>160 mmHg)

311 (46) 19 (3)

Very high blood pressure 
(systolic >200 mmHg)

90 (13) 19 (3)

High blood pressure (diastolic 
>100 mmHg)

131 (19) 22 (3)

Very high blood pressure 
(diastolic >120 mmHg)

23 (3) 22 (3)

Epileptic seizures within 24 h 14 (2) 0 (0)
Facial weakness 256 (38) 40 (6)
Arm or hand weakness 344 (51) 32 (5)
Leg weakness 307 (45) 34 (5)
Unilateral weakness of at least 
two of face, arm, and leg

331 (49) 0 (0)

Sensory loss (proprioception) 101 (15) 168 (25)
Sensory loss (spinothalamic) 196 (29) 140 (21)
Homonymous visual field defect 113 (18) 134 (20)
Gaze palsy 50 (7) 36 (5)
Mental test score <8/10 [45] 85 (13) 135 (20)
Visuospatial dysfunction 81 (12) 179 (27)
Dysphasia 122 (19) 111 (16)
Dysarthria 135 (20) 127 (19)

Source: From the Oxfordshire Community Stroke Project, 
unpublished data.
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It may arise from direct damage (hemorrhage or infarc-
tion) to the brainstem or more commonly indirect dam-
age from supratentorial lesions associated with brain 
swelling and midline shift [41, 42]. However, we not 
infrequently see patients with large ischemic, apparently 
unilateral, hemispheric strokes who become drowsy 
within hours of onset, before one would expect enough 
edema to have developed to raise intracranial pressure 
markedly, and with little or no apparent mass effect on 
brain imaging [43]. Indeed, in one study, only a minority 
of patients whose conscious level deteriorated after a 
large hemispheric ischemic stroke had globally raised 
intracranial pressure on invasive monitoring [44]. It has 
been argued that differences in pressure between brain 
compartments may be more important than the overall 
pressure. However, treatable complications of the stroke 
may also depress conscious level (see Table 11.3).

Level of consciousness is an important indicator of the 
severity of the stroke and a valuable prognostic variable 
[46] (Section 10.2.7).

Assessment
The most commonly used measure of level of conscious-
ness is the Glasgow Coma Scale (GCS) (see Table 3.12), 
which reliably documents the patient’s spontaneous 
actions as well as those in response to verbal and painful 
stimuli [47]. Although useful, the GCS, which was origi-
nally designed for patients with head injury, has a num-
ber of problems when applied to stroke. The most 
important is that many patients with stroke are aphasic 
and therefore have a reduced score on the verbal 
response scale. Thus, a patient may have a reduced total 
score on the GCS but a normal level of consciousness. 
Another problem is that inexperienced users may apply 
the motor scale to the affected arm in a patient with a 
hemiparesis and obtain a reduced motor response rather 
than the “best” response. The GCS communicates most 
information if the component scores are recorded sepa-
rately. Alternative measures include the reaction level 
scale and components of so‐called “stroke scales” 
(Section 10.2.7) [48].

Patients with a reduced level of consciousness are 
at  greater risk of developing various complications 
(Table 11.4) so expert nursing care is needed to minimize 
these risks. Also, a falling level of consciousness may alert 
one to an important and potentially reversible condition 
(see Table 11.3). Therefore, patients with severe strokes, 
in whom active treatment would be considered, should be 
monitored with the GCS for the first few days, especially 
where staff change frequently, to avoid delays in initiating 
investigation and treatment of any worsening in their 
condition. We usually reduce the frequency of monitor-
ing (e.g. hourly, 2‐, 3‐, or 6‐hourly) over the first few days 
after the stroke. The speed at which we do this will depend 

on the team’s judgment about the likelihood of deterio-
ration and the appropriateness and urgency of any 
intervention aimed at reversing the deterioration. The 
availability of nursing staff to perform the measurements 
and the patient’s need for unbroken sleep also have to be 
taken into account. Therefore, one might monitor a 
patient’s GCS hourly during the first two days after a cer-
ebellar hematoma (because decompressive surgery would 
be considered) but only 6‐hourly in a patient who is stable 
twodays after a mild ischemic stroke.

The investigation and treatment of patients with a fall-
ing level of consciousness are similar to those with other 
indicators of worsening and are discussed in Section 11.5. 
The specific treatment of patients with raised intracra-
nial pressure is discussed in Section 13.8.

11.4  Severe stroke versus apparently 
severe stroke

It is important to be aware that severe concurrent ill-
ness, or stroke complications, may make a stroke appear 
much worse than it really is (Table  11.5). The clinical 
features that might indicate a severe stroke (e.g. reduced 
level of consciousness) and so a poor prognosis may, in 
fact, be due to the concurrent illness rather than the 
stroke itself. For example, a patient with a pure motor 
stroke (lacunar syndrome) (Section 4.3.2) and a severe 
chest infection may be drowsy or confused. It is then 
difficult to distinguish this clinical picture from that due 
to a major middle cerebral artery territory infarction 
(Section  4.3.4). Of course, an infection is more easily 
treated than a large volume of necrotic brain, so with 

Table 11.4 Common complications in patients with a depressed 
level of consciousness after stroke.

 ● Airway obstruction (Section 11.2.1)
 ● Aspiration (Section 11.17)
 ● Fever and infection (Section 11.12)
 ● Dehydration (Section 11.18.1)
 ● Malnutrition (Section 11.19)
 ● Urinary incontinence (Section 11.14)
 ● Fecal incontinence or constipation (Section 11.15)
 ● Pressure ulcers (Section 11.16)

The Glasgow Coma Scale is a useful tool for monitoring 
patients only if it is applied properly. Staff need to be 
trained in its proper use, taking into account the neuro-
logical deficit associated with stroke.
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appropriate therapy the prognosis of the two types of 
patient will be quite different.

A thorough general examination will identify signs such 
as fever, confusion, increased respiratory rate, and reduced 
oxygen saturation, and usually reveals any  relevant coex-
isting disorder. Simple investigations such as a white blood 
cell count, C‐reactive protein, urea and electrolytes, urine 
microscopy and culture, chest X‐ray, ECG, and blood cul-
tures are useful, not only to identify the cause of the stroke 
(Sections 6.8.1 and 6.8.2), but also to alert one to serious 
coexisting nonstroke disease. Seizures that have occurred 
since stroke onset make the assessment of stroke severity 
particularly difficult (Section 11.8). It is also important not 
to overlook the possibility that any decreased conscious 
level is due to sedative drugs.

The treatment of apparently severe strokes will depend 
on the specific problem identified or suspected.

A 70‐year‐old man was found unconscious at home and 
admitted to hospital. In the receiving unit he had a partial 
seizure affecting his right side with secondary generalization. 
Subsequent neurological examination revealed a reduced 
conscious level, deviated gaze, and a flaccid paralysis of 

the right side. Brain CT scan on the day of admission was 
normal. A diagnosis of a severe ischemic stroke was made 
and the decision not to resuscitate was recorded in the notes. 
He was given intravenous fluids but no antiepileptic drugs. 
He was later reviewed by the stroke physician who, having 
found occasional twitching movements of the right hand, 
reversed the decision not to resuscitate and arranged an 
EEG which showed status epilepticus. Following intravenous 
phenytoin the patient improved and four days later was dis-
charged from hospital without residual neurological deficits. 
Therefore, do not “write off” people with apparently severe 
strokes and recent seizures.

11.5  Worsening after a stroke

Although stroke onset is usually abrupt, the patient’s 
neurological condition may worsen hours, days, or, 
rarely, weeks after the initial assessment (as well as 
improve). Patients may have a reducing level of con-
sciousness, worsening of existing neurological deficits, 
or new deficits indicating dysfunction in another part of 
the brain. A large number of terms including “stroke‐in‐
evolution,” “stroke‐in‐progression,” “early neurological 
deterioration”, and “progressing stroke” have in the past 
been applied to this situation, which probably reflects 
the considerable level of interest in the problem and 
uncertainty as to its causes [49]. After all, here is a situa-
tion where one might be able to intervene to prevent a 
major stroke. One well‐validated definition of “progress-
ing stroke” is based on a deterioration in the Scandinavian 
Stroke Scale [50] (Table 11.6) of at least 2 points on the 
conscious level, arm, leg, or eye movement subscales 
and/or at least 3 points on the speech subscale between 
baseline and day 3 [51, 52]. The same change between 
consecutive measurements within the first three days 
was referred to as an “early deterioration episode.”

Clearly, if we accept that the neurological deficit com-
monly increases over minutes or hours, then the earlier 
in the course of the stroke we first see the patient, the 
more likely we are to observe subsequent worsening. 
Indeed, it is likely that, as we attempt to introduce acute 
treatments for stroke, we will become much more aware 
of the “normal” worsening over the first few hours after 
stroke onset. We will probably see patients earlier in the 
development of their stroke and monitor them more 
closely because they will be in clinical trials, or given a 
specific treatment for acute stroke. Not surprisingly, 
therefore, estimates of the frequency of worsening in the 
first day or two have varied considerably but have been 
reported in up to 40% of hospital‐admitted patients [53].

Early worsening is more likely to be due to a neurologi-
cal mechanism than a systemic complication of the 
stroke  [54]. The factors underlying the progression of 

Table 11.5 Causes of apparently severe strokes.

Non‐neurological
Infection

Respiratory (Section 11.12.1)
Urinary (Section 11.12.2)
Septicemia

Metabolic
Dehydration (Section 11.18.1)
Electrolyte disturbance (Sections 11.18.2 and 11.18.3)
Hypoglycemia (Section 11.18.4

Drugs
Major and minor tranquilizers (Section 11.29)
Baclofen (Section 11.20)
Lithium toxicity
Antiepileptic drug toxicity (Section 11.8)
Antiemetics (Section 11.9)

Hypoxia
Pneumonia/chest infection (Section 11.12.1)
Pulmonary embolism (Section 11.13)
Chronic pulmonary disease (Section 11.6)
Pulmonary edema (Section 11.2.3)

Hypercapnea
Chronic pulmonary disease (Section 11.2.2)

Limb or bowel ischemia in patients with a cardiac or aortic 
arch source of embolism
Neurological
Obstructive hydrocephalus in patients with stroke in the 
posterior fossa, or subarachnoid hemorrhage
Epileptic seizures, including complex partial seizures 
(Section 11.8)
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neurological deficits in the first day or two after stroke 
onset are unclear [55]. For example, what causes the pro-
gression of deficits in some patients with lacunar infarc-
tion? [56]. Early worsening is likely to reflect complex 
interactions between biochemical and hemodynamic fac-
tors that are known to be important in the development 
of ischemic stroke. A history of diabetes or coronary 
heart disease, low and high arterial blood pressure, early 
computed tomography (CT) signs of infarction, evidence 
of siphon or middle cerebral artery occlusion, various 
biochemical (e.g. glucose and glutamate) and hematologi-
cal (e.g. D‐dimers) parameters have all been associated 
with a greater risk of early worsening [49, 57–59]. Greater 
age, initial stroke severity, and the presence of cerebral 
edema on scanning have been associated with late dete-
rioration [49].

Worsening has a number of potential causes, some 
reversible, so it is important to detect and treat them 
early. The literature has tended to emphasize the neuro-
logical causes (Table 11.7) but it is important not to miss 
the non‐neurological ones which tend to occur after the 
first couple of days and which are more treatable. There 
is, not surprisingly, considerable overlap with the causes 
of “apparently severe stroke” (see Table 11.5). The out-
come of patients whose neurological condition worsens 
after initial presentation is predictably worse than that of 
patients who remain stable or improve rapidly.

Assessment
To ensure that clinical worsening is identified as early as 
possible (i.e. when the potential for therapeutic reversal 
is usually greatest), it is important to monitor the 

Table 11.6 Scandinavian Stroke Scale [50].

Consciousness:
fully conscious 6
somnolent, can be awaked to full consciousness 4
reacts to verbal command, but is not fully conscious 2
no reaction to verbal command 0

Eye movement:
no gaze palsy 4
gaze palsy present 2
conjugate eye deviation 0

Arm, motor power:a

raises arm with normal strength 6
raises arm with reduced strength 5
raises arm with flexion in elbow 4
can move, but not against gravity 2
paralysis 0

Hand, motor power:a

normal strength 6
reduced strength in full range 4
some movement, fingertips do not reach palm 2
paralysis 0

Leg, motor power:a

normal strength 6
raises straight leg with reduced strength 5
raises leg with flexion of knee 4
can move, but not against gravity 2
paralysis 0

Orientation:
correct for time, place and person 6
two of these 4
one of these 2
completely disorientated 0

Speech:
no aphasia 10
limited vocabulary or incoherent speech 6
more than yes/no, but not longer sentences 3
only yes/no or less 0

Facial palsy:
none/dubious 2
present 0

Gait:
walks 5 m without aids 12
walks with aids 9
walks with help of another person 6
sits without support 3
bedridden/wheelchair 0

TOTAL
a Motor power is assessed only on the affected side.

Table 11.7 Causes of worsening after stroke.

Neurological
Progression/completion of the stroke
Extension/early recurrence
Hemorrhagic transformation of an infarct
Development of edema around the infarct or hemorrhagea

Obstructive hydrocephalus in patients with stroke in the 
posterior fossa, or after subarachnoid hemorrhagea

Epileptic seizuresa (Section 11.8)
Delayed ischemiaa (in subarachnoid hemorrhage)
Incorrect diagnosis (Section 3.4)

Intracranial tumora

Cerebral abscessa

Encephalitis
Chronic subdural hematomaa

Subdural empyemaa

Non‐neurologicala

See Table 11.5.
a Remediable causes of worsening.
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patient’s condition. Regular measurements such as those 
in Table 11.8 will usually alert the physician to any prob-
lem. However, experienced nursing staff who have regu-
lar close contact with the patient may detect a problem at 
an early stage before it becomes obvious to other mem-
bers of the team. Family members, who often spend long 
periods with ill patients, may also detect subtle but 
important changes in the patient’s condition and they 
should be listened to. It is important that the physician 
caring for the patient encourages free communication so 
this sort of information is made known to those directing 
the patient’s care.

Although there is a long list of potential causes of 
worsening, it is important to consider first those that are 
most readily reversible (see Table  11.8). Most can be 
diagnosed by a clinical assessment supplemented by sim-
ple laboratory investigations. An urgent repeat CT brain 
scan is advisable in some situations, for example deterio-
ration in conscious level in a patient with a cerebellar 
stroke or subarachnoid hemorrhage who may be devel-
oping obstructive hydrocephalus amenable to neurosur-
gical intervention. In a patient treated with thrombolytic 
drugs, an abrupt change in blood pressure, new onset of 
headache and/or vomiting, or neurological deterioration 
should prompt an urgent CT scan to detect intracranial 
bleeding due to the treatment. The detection of hemor-
rhagic transformation of infarction in a patient receiving 
antithrombotic drugs may influence the decision to con-
tinue the medication or not, although there is no reliable 
evidence for the best policy in this situation. A CT or 
MRI brain scan that shows that the deterioration was 
due to an early recurrent ischemic stroke, especially one 
in a different arterial territory to the initial stroke, may 
encourage further investigation for a proximal arterial or 
cardiac source of embolism.

Treatment
Clearly, any treatment will depend on the reason for 
the worsening but it should be emphasized that at pre-
sent there is little evidence from RCTs to support the 
use of treatments such as anticoagulants, thromboly-
sis, neuroprotection, hemodilution, and manipulation 
of blood pressure for the treatment of worsening 
(see  Chapter  12). A small trial which randomized 98 
patients to either routine care or intensive physiologi-
cal monitoring showed that the more intensively moni-
tored patients received more intensive treatment (e.g. 
supplementary oxygen) and deteriorated less fre-
quently [60]. This preliminary finding, which needs to 
be confirmed in larger studies, could have important 
implications for the management of patients with acute 
stroke.

A 65‐year‐old woman had an acute ischemic stroke 
affecting her cerebellum and brainstem. This occurred on 
a background of a previous occipital ischemic stroke, 
impaired renal function and hypertension. After a stormy 
early course requiring drainage of obstructive hydroceph-
alus and ventilation on the intensive care unit, she made 
good progress. She could sit independently, help with 
washing herself and dressing, and could take a soft diet 
and fluids safely. She had diplopia, poor balance, and 
complained of vertigo and vomiting which was exacer-
bated by movement. She was started on regular oral 
metoclopramide with some relief of these symptoms. She 
was transferred to a separate rehabilitation ward on a 
Friday afternoon. Over the weekend she deteriorated. Her 
speech became very unclear, her swallowing unsafe and 
she was unable to sit. Infection, metabolic abnormalities, 
and recurrent hydrocephalus were excluded and a repeat 
MR scan showed no new stroke lesion although this 
seemed the most likely explanation for her deterioration. 
The family were advised that the prognosis was poor. The 
speech therapist assessing the patient prior to insertion of 
a percutaneous endoscopic gastrostomy remarked that 
the patient’s tongue movements were like those of a patient 
with Parkinson’s disease – the penny dropped! The drug 
chart was reviewed, the metoclopramide was withdrawn 
and the patient returned to her previous functional state 
over the next week. She was eventually discharged home, 
able to walk and requiring minimal help with everyday 
activities.

11.6  Coexisting medical problems

Coexisting medical problems are common in stroke 
patients because they are usually elderly and have associ-
ated vascular disease (Table  11.9). Although we have 
already mentioned the importance of cardiorespiratory 

Table 11.8 Parameters to monitor and which can detect 
worsening.

 ● Conscious level (i.e. Glasgow Coma Scale) (Sections 3.3.2 
and 11.3)

 ● Pupillary responses (Section 3.3.6)
 ● Eye movements (Section 3.3.6)
 ● Limb movements (Section 3.3.4)
 ● Stroke scale (e.g. Scandinavian Stroke Scale) (Table 11.6)
 ● Temperature (Section 11.12)
 ● Pulse rate (Section 11.2.3)
 ● Blood pressure (Section 11.7)
 ● Respiratory rate (Sections 11.2.2 and 11.12)
 ● Pulse oximetry (Section 11.2.2)
 ● Fluid balance (Section 11.18.1)
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diseases in the immediate management of the patient 
(Section 11.2), these and other conditions can be impor-
tant for many other reasons, not least that they may 
require treatment in their own right. Severe nonstroke ill-
ness can make a mild stroke appear severe and thus lead 
to an inaccurate prognosis and possibly inappropriate 
treatment (Section  11.4). Coexistent cardiorespiratory 
(e.g. angina, cardiac failure, chronic obstructive pulmo-
nary disease), musculoskeletal (e.g. arthritis, back pain, 
amputation) and psychiatric conditions (e.g. depression, 
anxiety) often compound stroke‐related disability. So, for 
example, after several months of rehabilitation, one might 
have taught a patient with a severe hemiparesis to walk 
again, but if the patient also has chronic obstructive pul-
monary disease the added effort of walking with a hemi-
plegic gait may mean that he or she cannot walk any 
useful distance. It is important to be aware of the limita-
tions on rehabilitation imposed by any preexisting dis-
ease before spending months trying to make a patient 
walk. It may be more realistic to teach the patient to be 
independent in a wheelchair. Even if one cannot estimate 
the impact of nonstroke disease on recovery, knowledge 
of its existence may explain why a patient is not achieving 
his or her rehabilitation goals (Section 10.3.4).

Although most patients who survive a stroke improve 
from the initial stroke‐related injury over weeks or 
months, many of the coexisting problems that contrib-
ute to disability progress. Thus, a patient may reach 
their optimal functional recovery some months after a 
stroke and then deteriorate due to progression of a 
comorbid condition. If this kind of deterioration can be 
anticipated, it may allow for a more flexible package of 
care to cope with such fluctuations. There can be few 
things more dispiriting than to strive to discharge a 
patient into a form of accommodation and then hear 

that within a few months their condition has deterio-
rated to such an extent that the accommodation is no 
longer suitable. This can shatter the morale of the 
patient and their carer.

Assessment
A thorough history and examination at the time of 
admission, with reassessment when the patient is more 
active, should identify the main coexisting medical 
problems – the patient’s medication will often provide 
a  clue. An assessment of the patient’s prestroke func-
tional status (i.e. what could they do and not do?) 
is  invaluable, not only in predicting outcome 
(Section 10.2.7) but also for identifying comorbidities. 
Unfortunately, this is often not recorded in the medical 
records unless specifically prompted [61, 62]. One 
approach might be to estimate routinely a prestroke 
Barthel Index since this covers most of the important 
activities of daily living (ADL). This sort of ADL check-
list is also useful in making a prognosis and in setting 
rehabilitation goals since, depending on the cause and 
duration, the prestroke functional impairment will 
determine the best achievable poststroke functional 
status. If a patient has been immobile as a result of 
arthritis for 10 years before the stroke, it is futile to try 
to get the patient to walk after the stroke. Unfortunately, 
this is often attempted simply because nobody has 
obtained an accurate picture of the patient’s prestroke 
function. This is more likely to happen where the 
patient has difficulties with communication and no 
carer is available.

An assessment of the patient’s prestroke function 
may also be very important in making decisions even 
within the first few hours after stroke. Although it may 
be impossible for anyone to judge a person’s quality of 
life other than that person themselves, one may deduce 
something from the patient’s function. This may be 
important where, for example, antibiotics are being 
considered for a severe infection, or neurosurgery for 
acute obstructive hydrocephalus in a patient with a cer-
ebellar stroke. It may be inappropriate to submit a pre-
viously very disabled patient or one with dementia in a 
nursing home, who will almost certainly have a poor 
long‐term outcome, to invasive or costly procedures 
(Section 10.4).

Table 11.9 Frequency of coexisting medical problems among 675 
patients with a first‐ever‐in‐a‐lifetime stroke.

n (%)

Previous angina 106 (16)
Previous myocardial infarction 112 (17)
Cardiac failure 52 (8)
Intermittent claudication 112 (17)
Diabetes mellitus 63 (9)
Previous epileptic seizures 19 (3)
Previous malignancy 74 (11)
Dependent before stroke (Rankin >2) 103 (15)

No data were available on respiratory or musculoskeletal problems.
Source: From the Oxfordshire Community Stroke Project, 
unpublished data.

Functional deterioration months after a stroke is unlikely 
to be due to the initial stroke and much more likely to be 
caused by a recurrent stroke or the progression of a 
comorbid condition such as angina, arthritis, or intermit-
tent claudication.
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Figure 11.4 Proportion of patients who died within 14 days (solid 
lines) or were dead or dependent at six months (dashed lines) by 
baseline systolic blood pressure. Squares and circles indicate the 
mean percentage of patients who had died within 14 days and 
patients who had died or were dependent at six months, 
respectively, within each blood pressure subgroup. Error bars 
represent 95% confidence intervals. Source: Leonardi‐Bee et al. 
2002 [69] with permission.

Treatment
Clearly, one should aim to minimize the effect of any 
comorbidity by giving as effective treatments as possi-
ble. Where it is not possible to influence the disease 
directly, it is still important to take account of comor-
bidity in the overall approach to the patient. Intermediate 
and long‐term goals also have to take this into account 
(Section 10.3.3).

11.7  High and low blood pressure 
after stroke

11.7.1 High blood pressure

High blood pressure is often noted on admission to hos-
pital after a stroke but it then usually falls spontaneously 
over the next few days. It is generally higher in patients 
with intracerebral hemorrhage than in those with 
ischemic stroke [63, 64]. Although the raised blood pres-
sure may, in part, reflect the physical and mental stress of 
hospital admission, or the “white coat effect,” some of the 
rise seems to be due to the acute stroke itself. Raised 
blood pressure detected during the initial assessment 
may also indicate chronic hypertension since about half 
of stroke patients are hypertensive before the onset. They 
will tend to have higher blood pressures than those with-
out previous hypertension and are more likely to have 
evidence of end‐organ damage (e.g. hypertensive retin-
opathy, impaired renal function, and left ventricular 
hypertrophy). High blood pressure in the acute phase of 
both hemorrhagic and ischemic strokes is associated with 
a poor outcome, an effect which appears to be independ-
ent of age and stroke severity (Figure 11.4) [63, 65–70].

Assessment
There is considerable variation in the methods used and 
the frequency of monitoring blood pressure after acute 
stroke. Traditionally, the blood pressure has been meas-
ured in the standard way with a sphygmomanometer and 
an appropriately sized cuff kept at the level of the patient’s 
heart. However, increasingly, semi‐automated noninva-
sive systems are used which allow more frequent moni-
toring (even when there are few nursing staff ) and thus 
earlier intervention. These systems must be calibrated to 
avoid misleading readings [71]. The presence of atrial 
fibrillation reduces the reproducibility of both manual 
and semi‐automated blood pressure recordings [72]. In 
the intensive care unit, intra‐arterial monitoring is fre-
quently used, although this can very occasionally cause 
peripheral ischemia. Perhaps not surprisingly, more 
intensive monitoring often leads to more manipulation 
of blood pressure, the value of which is currently unclear 
(see later).

There is no consistent difference between the blood 
pressure measured in the weak versus the unaffected 
arm, although there is often a difference between arms 
which is unrelated to the side of the stroke and probably 
reflects occlusive arterial disease affecting one arm 
[73]. Therefore, ideally the blood pressure should be 
checked in both arms on at least one occasion, and if 
the blood pressures are different, it should be moni-
tored consistently in the arm giving the highest reading 
to avoid a spurious label of labile hypertension. If the 
blood pressure is raised on admission it should be mon-
itored to establish whether or not it falls spontaneously 
and the patient examined to identify evidence of end‐
organ damage.

Treatment
There is considerable uncertainty about the risks and 
benefits of lowering the blood pressure in the acute 
phase of stroke. Treatment may theoretically reduce the 
likelihood of rebleeding in intracerebral and subarach-
noid hemorrhage, and of brain edema and hemorrhagic 
transformation in cerebral infarction. However, lower-

Semi‐automatic blood pressure monitors should be 
properly calibrated to avoid misleading results. In 
patients with very low or high blood pressure, where the 
reading is likely to lead to a significant change in man-
agement, we would normally check the reading with a 
traditional sphygmomanometer.
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ing the blood pressure may reduce cerebral perfusion 
where cerebral autoregulation is impaired and thus fur-
ther increase ischemic damage. Intravenous calcium 
channel blockers which, apart from their potential neu-
roprotective action, also lower arterial blood pressure, 
have been associated with worse outcomes [74]. On the 
other hand, transdermal glyceryl trinitrate was proven 
to be safe when given for patients with ischemic or 
hemorrhagic stroke within 48 hours of stroke onset 
[75]. In the setting of acute intracerebral hemorrhage, 
intensive lowering of systolic blood pressure to 
<140 mmHg was shown to be associated with better 
functional outcome at three months in the INTERACT 
2 trial [76], whereas in ischemic stroke, meta‐analysis 
involving 13 RCTs suggested that blood pressure lower-
ing in the early phase did not alter risk of dependency 
or death at three months [63].

Despite large clinical trials, there are still controver-
sies in management of hypertension during the early 
phase of stroke. The current guidelines suggest the 
 following blood pressure management strategies 
[15, 77, 78].

Acute setting
 ● For ischemic stroke patients eligible for reperfusion 

therapy in the hyperacute phase, urgent treatment 
with intravenous antihypertensives (e.g. labetalol or 
nicardipine) is recommended to control systolic blood 
pressure to ≤185 mmHg and diastolic blood pressure 
to ≤110 mmHg. After thrombolysis, frequent monitor-
ing for 24 hours is required to ensure that blood pres-
sure is maintained within this target range, which 
otherwise is associated with increased chance of hem-
orrhagic transformation.

 ● For ischemic stroke patients with systolic blood pres-
sure >220 mmHg or diastolic blood pressure 
>120 mmHg who do not receive reperfusion therapy, 
intravenous antihypertensive agents (e.g. labetalol, 
nicardipine or nitroprusside, etc.) should be used to 
lower the blood pressure by 15% during the first 
24 hours after stroke onset.

 ● For intracerebral hemorrhage patients with systolic 
blood pressure between 150 and 220 mmHg who have 
no contraindication to acute blood pressure treatment, 
acute lowering of systolic blood pressure with intrave-
nous antihypertensive agents to achieve systolic blood 
pressure <140 mmHg is safe and can be effective for 
improving functional outcome.

 ● Although fewer data are available for intracerebral 
hemorrhage patients with systolic blood pressure 
>220 mmHg, it may be reasonable to consider aggres-
sive blood pressure reduction with intravenous antihy-
pertensive agents with frequent blood pressure 
monitoring.

Subacute setting
 ● After the acute phase of ischemic stroke, if the blood 

pressure remains raised (i.e. >140/90 mmHg) for more 
than one week, or if there is evidence of end‐organ 
damage, we would give the patient general advice (i.e. 
salt restriction, weight loss, and moderation of alcohol 
intake) and start an antihypertensive drug, accepting 
that this timing is arbitrary. 

 ● If the blood pressure is very high (i.e. >220/120 mmHg), 
or if there is evidence of organ damage (e.g. pulmonary 
edema, aortic dissection, hypertensive encephalopa-
thy, etc.), earlier initiation of antihypertensive agents 
should be considered (Table 11.10).

 ● Regardless of when antihypertensive mediation is 
resumed, measures should be taken to ensure neu-
rologic stability prior to blood pressure control and 
minimize blood pressure variability, which is associ-
ated with poor outcomes at three months. The aim 
of therapy should be a moderate reduction in blood 
pressure over a day or so, not minutes. An angioten-
sin‐converting enzyme inhibitor (in the absence of 
contraindications) is a reasonable first choice. 
Thiazides probably have little effect in the acute 
phase although they remain a very reasonable choice 
later. Use of sublingual nifedipine is discouraged as 
it can result in rapid drop in blood pressure and 
hypotension.

11.7.2 Low blood pressure

It is difficult to define low blood pressure since, although 
one could set an arbitrary lower value for the systolic or 
mean blood pressure, clinically significant hypotension 
is that which leads to dysfunction of one or more organs. 
The level at which this occurs will depend on the patient’s 
age, their usual blood pressure, the state of their arterial 
tree and whether cerebral autoregulation is intact or 

Table 11.10 Circumstances in which we would consider lowering 
the blood pressure immediately after an acute stroke.

 ● Papilledema or retinal hemorrhages and exudates
 ● Marked renal failure with microscopic hematuria and 

proteinuria
 ● Left ventricular failure diagnosed on clinical features and 

supported by evidence from the chest X‐ray and/or 
echocardiogram

 ● Features of hypertensive encephalopathy, e.g. seizures, 
reduced conscious level

 ● Aortic dissection

Note: even these features may be misleading in acute stroke because 
left heart failure may frequently be due to coexistent ischemic heart 
disease, and seizures and drowsiness may be due to the stroke itself.
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impaired. There is good evidence that autoregulation in 
the brain is impaired after stroke so that even if a patient 
has the same blood pressure after stroke as before, cere-
bral perfusion might still be reduced. Unfortunately, 
judgments about the optimal level of blood pressure 
after acute stroke are very difficult in routine practice 
since we have no easy and reliable techniques for assess-
ing organ perfusion and, more importantly, function, 
other than the clinical state of the patient. Of course, 
when blood pressure is very low, patients may show signs 
of “shock” (e.g. cold extremities, low urine output, wors-
ening renal function, mental confusion, lactic acidosis) 
and actions to improve organ perfusion are required. In 
the International Stroke Trial, low blood pressure after 
acute stroke was associated with poor outcome, even 
after adjusting for stroke severity (see Figure 11.4) [68]. 
However, the low blood pressure might not be the 
cause of the poor outcome but rather the consequence 
of important comorbidity (e.g. heart failure, atrial fibril-
lation) or complications (e.g. dehydration, pulmonary 
embolism).

Assessment
The monitoring of blood pressure after stroke has been 
discussed in Section  11.7.1. The assessment of the 
 clinical importance of hypotension should comprise a 
clinical examination and some simple investigations 
(e.g. blood urea, arterial blood gases) to identify the 
 features of “shock” mentioned already. Having estab-
lished that the patient has low blood pressure which is 
associated with underperfusion of tissues, it is then 
important to establish the cause. Is the patient hypov-
olemic, due to dehydration (Section  11.18.1) or blood 
loss (Section 11.2.3)? Has the patient had a pulmonary 
embolus (Section  11.13), or are they in heart failure 
(Section 11.2.3) or septic (Section 11.12)? Is the patient 
on drugs which could lower blood pressure excessively? 
These questions can normally be answered following 
a  thorough clinical examination including assessment 
of the jugular venous pressure, review of the drug, and 
fluid balance charts, and some simple investigations 
including hemoglobin and hematocrit, neutrophil 
count, C‐reactive protein, urine and blood cultures, car-
diac enzymes, an ECG, and chest X‐ray. Occasionally, 
further investigation with, for example, a CT pulmonary 
angiogram, an echocardiogram or measurement of right 
atrial or pulmonary wedge pressures is required to sort 
out the cause.

Treatment
Treatment for hypotension depends on the underlying 
cause of the low blood pressure. In our experience, hypo-
volemia is the most frequent problem and patients 

 usually improve with intravenous fluids. Apart from the 
setting of a clinical trial, current guidelines do not rec-
ommend drug‐induced hypertension in most cases of 
ischemic stroke [15].

11.8  Epileptic seizures

11.8.1 Early seizures

About 5% of patients have an epileptic seizure within 
the first week or two of their stroke and many occur 
within 24 hours (they may be termed early seizures, 
acute symptomatic seizures, or onset seizures). 
Inevitably, estimates of the frequency of early seizures 
vary because of differences in case selection, diagnostic 
criteria, lack of witnesses, and methods of follow‐up. 
Most early seizures are partial (focal) although often 
with secondary generalization (see Table  11.2). Early 
seizures are more common in severe strokes, in hemor-
rhagic stroke and stroke involving the cerebral cortex, 
and in ischemic stroke with hemorrhagic transforma-
tion [79]. A recent study also suggested that, from a 
mechanical point of view, transient complete occlusion 
with recanalization may have a role to play, which may 
be equally important as cardioembolism, multiple terri-
tory infarcts, and hemorrhagic transformation. There is 
also an interesting mutual influence between seizure 
and stroke itself, with seizure occurring as often with a 
recurrent stroke as without one within 4.2 years of the 
incident stroke [80].

11.8.2 Late‐onset seizures

In population‐based cohorts, which are relatively unaf-
fected by hospital referral bias, the risk of having a first 
seizure, excluding early seizures, is between 3% and 5% 
in the first year after a stroke and about 1–2% per year 
thereafter (Figure 11.5). About 3% will have more than 
one seizure and could be regarded as having developed 
epilepsy following a stroke [79]. This represents a greatly 
increased relative risk of seizure (perhaps 20‐fold) com-
pared with stroke‐free individuals of similar age. Patients 
with hemorrhagic strokes and infarcts involving the cer-
ebral cortex have the highest overall risk of late‐onset 
seizures. Seizures may recur in about 50% of the patients, 
but are rarely troublesome if accurately diagnosed and 
appropriately treated. Patients who become functionally 
independent and who have not yet had a seizure are at 
very low risk of poststroke seizures. The theoretical 
future risk of seizures is not great enough to prevent the 
patient driving an ordinary car in the United Kingdom, 
where the acceptable risk of a seizure is <20% per annum.
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Assessment
The diagnosis of seizures should be based on a detailed 
description of the attack from the patient and, if possible, 
a witness, and may occasionally be confirmed by electro-
encephalography (EEG). Video‐EEG monitoring is use-
ful where patients are having frequent attacks of 
uncertain nature. If patients have seizures in the first few 
days after the stroke, and especially if they are partial 
(focal), they should be investigated. Nonstroke brain 
lesions complicated by postseizure impairments (e.g. 
Todd paresis) may mimic strokes (Section  3.4.2). Also, 
because the neurological deficits and conscious level 
may be temporarily much worse immediately after a sei-
zure, “early seizures” can make the assessment of stroke 
severity unreliable (Section  11.4). We have also seen 
occasional patients who have had nonconvulsive status 
epilepticus. This is a diagnosis that can only be con-
firmed by EEG. Patients may, for example, be severely 
aphasic, and some have improved dramatically with 
antiepileptic treatment. Furthermore, seizures should 
not automatically be attributed to the stroke since many 

other causes may be present coincidentally, or as a 
 consequence of the stroke (Table  11.11). Appropriate 
investigations should be performed to exclude these. 
Seizures may coexist with recurrent stroke if associated 
with worsening of the original focal deficit; this is par-
ticularly confusing if any seizures have been unwitnessed 
and the patient presents with worsening of their earlier 
stroke (Section 11.5). Finally, patients who present with 
early seizures as the initial symptoms of acute ischemic 
stroke are considered ineligible for tissue plasminogen 
activator by many thrombolysis protocols but evolving 
evidence may suggest that further triage with CT angi-
ography may nonetheless provide support for throm-
bolysis. In one of our previous studies, patients with 
seizure on presentation (who may be potentially eligible 
for thrombolysis) constituted 2.3% of ischemic strokes, 
and 16.4% of those with seizure on presentation subse-
quently developed hemorrhagic transformation (in the 
prethrombolysis era) [80]. Seizure on presentation is not 
necessarily a contraindication to thrombolysis  provided 
that stroke mimics can be triaged and appropriate vascular 
investigations performed in time (e.g. CT angiogram).

Table 11.11 Causes of epileptic seizures after “stroke.”

General
Alcohol withdrawal
Antiepileptic drug withdrawal
Hypoglycemia (Section 11.18.4)
Hyperglycemia, especially nonketotic hyperglycemia 
(Section 11.18.3)
Hyper/hyponatremia (Sections 11.18.1 and 11.18.2)
Hypocalcemia or hypomagnesemia
Drugs:

Baclofen given for spasticity (Section 11.20)
Antibiotics for infections (e.g. ciprofloxacin) (Section 11.12)
Antidepressants given for emotionalism or depression 
(Section 11.31)
Phenothiazines given for agitation or hiccups (Sections 11.10 
and 11.29.1)
Antiarrhythmics for associated atrial fibrillation 
(Section 11.2.3)

Neurological
Due to the primary stroke lesion
Hemorrhagic transformation of infarction
Underlying pathology:

Arteriovenous malformation
Intracranial venous thrombosis
Mitochondrial cytopathy
Hypertensive encephalopathy (Section 3.4.5)

Wrong diagnosis (Section 3.4)
Herpes simplex encephalitis
Cerebral abscess
Intracranial tumor
Subdural empyema
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Figure 11.5 A Kaplan–Meier plot showing the proportion of 
patients remaining seizure‐free at increasing intervals after a first‐
ever‐in‐a‐lifetime stroke in the Oxfordshire Community Stroke 
Project. Separate plots are shown for patients with ischemic stroke 
(n = 545), nontraumatic intracerebral hemorrhage (n = 66), and 
subarachnoid hemorrhage (n = 33). Source: Adapted from Burn 
et al. 1997 [81].

The risk of having an epileptic seizure after a first‐ever‐
in‐a‐lifetime stroke is, on average, about 5% in the first 
year and 1–2% per year thereafter. However, the risk is 
higher in patients with hemorrhagic stroke or with large 
ischemic strokes involving the cortex or those with hem-
orrhagic transformation, but lower in patients with lacu-
nar and posterior circulation strokes.
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Treatment
Any precipitating cause should be treated. Status epilep-
ticus, which may complicate ~20% of acute symptomatic 
seizures after ischemic stroke, should be managed with 
resuscitation, consideration for airway protection and 
intravenous benzodiazepine, followed by maintenance 
antiepileptic therapy [82]. In the prehospital situation, the 
Pre‐hospital Treatment of Status Epilepticus Study 
(PHTSE) study showed that intramuscular midazolam 
may be as efficacious as intravenous lorazepam [83]. 
There is no evidence to support the routine use of pro-
phylactic antiepileptic drugs in stroke patients (including 
those with subarachnoid hemorrhage) who have not yet 
had a seizure but who are thought to be at high risk. Acute 
symptomatic seizures or early seizures may be treated 
with medium‐term antiepileptic treatment (e.g. six 
months to 4 years), depending on whether the stroke 
itself is considered at risk of recurring [80]. However, late 
seizures may be considered for long‐term antiepileptic 
drugs due to their high risk of recurrence and the pre-
sumption that gliosis may induce an enduring predisposi-
tion to seizures. Until recently there has been little 
evidence to suggest that any one of the most commonly 
used first‐line drugs (i.e. phenytoin, sodium valproate, 
carbamazepine, and lamotrigine) is more effective than 
any other in preventing partial (focal) or generalized 
seizures in adults. However, a randomized study of 
late‐onset seizures treated with levetiracetam or carba-
mazepine showed a trend toward more efficacy with lev-
etiracetam without statistical significance, even though 
levetiracetam demonstrated significantly fewer cognitive 
side‐effects [84–87]. The choice of antiepileptic drug will 
undoubtedly depend on availability and cost, apart from 
efficacy and the risk of adverse effects. Evidence suggests 
that sodium valproate is the most effective agent in gen-
eralized seizures and lamotrigine in partial seizures [86, 
97]. Patients who have had a seizure should be advised 
not to drive (for a period which varies depending on 
national regulations, e.g. www.dvla.gov.uk/at_a_glance/
ch1_neurological.htm, https://www.epilepsy.com/living‐
epilepsy) and to inform the necessary authorities. 
However, many stroke patients who have seizures are too 
disabled to drive, necessitating criteria testing in the wake 
of rehabilitation (see Section 11.32.2).

The risk of seizures after acute stroke is considered 
highest among patients with intracerebral hemorrhage, 
subarachnoid hemorrhage, and ischemic infarcts with 
hemorrhagic transformation, although the routine use of 
prophylactic antiepileptic agents after acute stroke is as 
yet a controversial and debatable subject. In a study by 
our group, the prognosis of seizure after ischemic stroke 
may be categorized as acute clustering <7 days (22% on 
Kaplan–Meier statistics), seizure recurrence associated 
with worsening/recurrence of stroke beyond 7 days 

(13.5% at 2 years, 16.4% at 4 years, and 18% at 8 years), 
and unprovoked seizures (19% at 2 years, 25% at 4 years, 
28% at 8 years) [80].

11.9  Headache, nausea, 
and vomiting

Headache is quite a common symptom at the time of 
stroke and may provide clues to the pathological type 
(e.g. hemorrhagic) and cause (e.g. giant‐cell arteritis) 
(Section 6.7.6). It is often associated with nausea or vom-
iting, most commonly in hemorrhagic and cerebellar 
strokes and less often in lacunar infarcts [88–92]. It is 
more common in those with prior migraine. Headache 
that occurs after the onset of stroke may be caused by 
treatment, for example due to intracranial bleeding 
secondary to thrombolysis or more commonly dipyrida-
mole started for secondary prevention. Nausea or 
vomiting without headache is generally secondary to 
vertigo. These symptoms, which can be severe initially, 
usually improve within a few days. Having established 
that there is no important underlying cause (e.g. venous 
sinus thrombosis, giant‐cell arteritis, arterial dissection) 
most patients simply require reassurance that the symp-
toms will improve, adequate analgesia, and/or antiemet-
ics. However, these drugs may have adverse effects (see 
case history in Section  11.5). Persistent vertigo, which 
may be positional and associated with nausea or vomit-
ing, can be a particularly troublesome symptom, most 
commonly after vertebrobasilar strokes. It may not 
respond to antiemetics. Indeed, some believe that these 
may prevent tolerance developing. The place of so‐called 
vestibular rehabilitation in such cases is unclear.

11.10  Hiccups

Hiccups are due to involuntary diaphragmatic contrac-
tions against a closed glottis. The precise cause is unclear. 
Although uncommon after stroke they may be persistent 
and troublesome in patients with strokes affecting the 
medulla [93]. If they persist, other causes should be con-
sidered (e.g. uremia, diaphragmatic irritation). Numerous 
folk cures (e.g. sudden frights), acupuncture, and drugs 
(Table 11.12) have been suggested as possible treatments 
[94, 95]. It may be worth trying a short trial of each of the 
drugs in Table 11.12 when hiccups are persistent and dis-
tressing to the patient since any response is likely to be 
rapid and may not require ongoing drug treatment. 
Chlorpromazine, baclofen, and gabapentin are probably 
the most frequently used. The choice should take into 
account the likely adverse effects.
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11.11  Immobility and poor 
positioning

Immobility is a major consequence of impaired conscious 
level; severe motor deficits including weakness, ataxia, 
and apraxia; and, less commonly, sensory (i.e. proprio-
ceptive) and visuospatial deficits. Immobility makes the 
patient vulnerable to a number of complications such as 
infections (Section 11.12), deep venous thrombosis and 
pulmonary embolism (Section  11.13), pressure ulcers 
(Section  11.16), contractures (Section  11.20), and falls 
and resulting injuries (Section 11.26). Immobile patients 
are unable to position themselves to maintain comfort, to 
facilitate activities such as drinking and passing urine, 
and to relieve pressure over bony prominences. They are 
in the ignominious situation of always having to ask oth-
ers to position them.

There has been little formal research of positioning 
after stroke [96, 97]. For example, should the patient be 
nursed sitting or lying, and if lying, on which side? There 
is some evidence for the optimum positioning of 
mechanically ventilated patients: nursing semi‐recum-
bent is associated with a lower risk of pneumonia [98]. In 
the self‐ventilating stroke patient the optimal position(s) 
are unclear but decisions should take into account the 
following physiological factors (Table 11.13):

 ● Cerebral perfusion: Lying flat may increase cerebral 
perfusion [99, 100]. Also, patients who are hypovolemic 
may have reduced systemic blood pressure when sit-
ting, which may reduce cerebral perfusion and possibly 
increase cerebral ischemia [96, 101]. However, the 
HeadPoST study failed to show any advantage or harm 
of lying flat in patients with ischemic stroke [100].

 ● Cerebral edema: Intracranial pressure is highly 
dependent on posture, being higher in supine patients 
and lower when sitting [96, 101, 102]. The relation-
ships between oxygenation, cerebral perfusion, intrac-
ranial pressure, and cerebral blood flow are so complex 

that it is difficult to predict the optimum position for 
nursing an individual patient (Figure  11.6). Whether 
our own anecdotal observation that some patients 
with severe strokes are more alert when sitting up than 
when lying is explained by reduced intracranial pres-
sure, reduced cerebral edema, improved oxygenation, 
and/or increased sensory or social stimulation is not at 
all clear.

 ● Maintenance of a clear airway: In unconscious patients 
correct positioning is vital to maintain a clear airway 
and so reduce the risk of aspiration (Section 11.2.1).

 ● Oxygenation: Position may influence the patient’s abil-
ity to breathe, ventilate their lungs, and oxygenate 
their blood (Section  11.2.2). Oxygenation is usually 
optimal in the sitting position [96, 99, 102].

 ● Tone: The position of a patient influences the tone in 
their trunk and limbs [103]. Positioning of the patient is 
used by physiotherapists and nurses to promote higher 

Table 11.12 Some of the drugs used to treat hiccups (most have 
important adverse effects).

 ● Chlorpromazine
 ● Haloperidol
 ● Gabapentin
 ● Baclofen
 ● Metoclopramide
 ● Sodium valproate
 ● Phenytoin
 ● Carbamazepine
 ● Nifedipine
 ● Amitriptyline
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Figure 11.6 Graph showing the interrelationships between 
intracranial pressure (ICP), carotid blood pressure (CBP), cerebral 
perfusion pressure (CPP), and cerebral blood flow (CBF) with 
changes in posture in patients with head injury. Source: Data from 
Feldman et al. 1992 [101].
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or lower tone, whichever seems most appropriate for 
that particular patient [104]. Spasticity and the ten-
dency to develop contractures may be reduced by care-
ful positioning to reduce tone (Section  11.20), while 
patients who have low tone in their truncal muscles 
may benefit from positioning which promotes increased 
tone and leads to better truncal control. The position-
ing charts which are so often strategically placed by the 
patient’s bed to guide nursing care give the impression 
that we know what we are doing (see Figure  11.22). 
However, although there is some agreement about the 
optimum positioning of patients with hemiplegia (e.g. 
fingers extended, spine straight), there are many areas 
of uncertainty (e.g. optimum position of the head, feet, 
and unaffected limbs) [104]. There is clearly a need for 
further research into this area although this will be 
hampered by difficulties in prescribing specific posi-
tioning regimens, in ensuring compliance, and in relia-
bly assessing outcomes (Section 11.20).

 ● Swallowing: Swallowing is easier and safer if the patient 
is sitting up with their neck flexed (Section 11.17).

 ● Pressure area care: For immobile patients who cannot 
shift their own weight, their position must be changed 
frequently enough to avoid developing ischemia of the 
skin and subcutaneous tissues over bony prominences 
at weight‐bearing points (Section 11.16).

 ● Limb edema: The ankles and the paralyzed arm of 
immobile hemiparetic patients frequently become 
edematous and painful. This may increase muscle tone 
and further reduce function (Section 11.25).

 ● Stimulation: It is difficult for patients to see what is 
going on around them when lying flat. This lack of sen-
sory and social stimulation and contact with daily 
events will encourage too much sleep during the day 
and may lead to boredom, reduced morale, and some-
times confusion (Section 11.31.3).

The team should assess (and regularly reassess) each 
patient and decide which of these potential problems are 
most important. For example, is the patient hypoxic or 
dysphagic or at particular risk of pressure ulcers? 
Depending on this assessment, a positioning regimen 
which sets out what are thought to be the best positions, 
and the frequency of repositioning, should be prescribed 
and re‐evaluated. However, educational programs for 
nursing staff are probably only moderately effective in 
increasing the proportion of time that patients are posi-
tioned according to the prescribed regime [105]. 
Equipment such as electrically operated multisectional 
profiling beds (Figure 11.7) and specialist rehabilitation 
chairs (see Figure 11.23) are, in our experience, valuable 
tools in positioning immobile stroke patients and they 
potentially allow some patients to reposition themselves 
to maintain comfort.

11.12  Fever and infection

Fever is quite common after stroke although its fre-
quency obviously depends on the population of stroke 
patients studied, the definitions used, and the method, 
timing, and duration of monitoring. All published 
studies have been of hospital‐referred patients. Most 

Table 11.13 Physiological factors to take into account when 
deciding in which position a patient should be nursed.

 ● Maintenance of a clear airway (Section 11.2.1)
 ● Cerebral perfusion (Section 11.7.2)
 ● Cerebral edema (Section 11.3)
 ● Muscle tone (Section 11.20)
 ● Swallowing (Section 11.19)
 ● Limb edema (Section 11.25)
 ● Stimulation (Section 11.31.3)

Electrically operated multisectional profiling beds are 
helpful in positioning patients and may provide some 
immobile patients with the opportunity to reposition 
themselves. We also find them helpful for examining the 
jugular venous pressure and testing for postural hypo-
tension, both essential to assessing patient fluid status.

(a) (b) (c)

Figure 11.7 (a-c) A multisectional profiling bed – a useful tool for positioning stroke patients. It even helps assess patient hydration by 
facilitating examination of the jugular venous pressure and testing for postural hypotension.
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have defined fever as an axillary or rectal temperature 
of >37.5 °C and have monitored temperature for 2–7 
days. Patients with fever during the first few days after 
stroke have a worse outcome than those without [106, 
107]. It is unclear whether this adverse prognosis is 
simply because fever is a marker of a severe stroke (i.e. 
due to loss of central temperature control or resorp-
tion of subarachnoid blood), an indicator of an infec-
tive complication (e.g. pneumonia or urinary infection), 
or increases cerebral damage. The last is an attractive, 
although unproven concept, since it is consistent with 
research in animal models which has shown that 
hyperthermia increases and hypothermia decreases 
ischemic cerebral damage [108]. Table 11.14 lists some 
of the potential causes of fever after stroke, of which 
infection is probably the most common. Fever and 
infection may pre‐date the stroke onset, and occasion-
ally may actually cause or at least precipitate the stroke 
(Section 6.6.17).

Of course, immobile stroke patients are prone to 
infections, the most common sites being the chest and 
urinary tract [109]. There is some evidence that 
patients with stroke and other types of brain damage 
acquire an immune deficiency, mediated via the hypo-
thalamic pituitary axis, which may contribute to their 
risk of infection [110, 111]. However, the clinical rele-
vance of these findings has yet to be established. 
Infections are (in general) associated with worse out-
comes, even having adjusted for other important prog-
nostic factors as far as it is possible to do so, and they 
cause many deaths, interrupt rehabilitation, and slow 
recovery [112].

11.12.1 Chest infections

Chest infections are much more common in the acute 
stage than later, occurring in about 20% of patients 
within the first month or two. Chest infections may be 
due to aspiration, failure to clear secretions, the patient’s 
immobility, reduced chest wall or diaphragmatic move-
ment on the hemiparetic side, or comorbidities including 
chronic airway disease [113]. However, there is no clear 
relationship between the side of any hemiparesis and 
side of pneumonia. Alterations in the bacterial flora in 
the mouth which have been observed after stroke [114] 
and in tube‐fed individuals [115, 116] may be associated 
with an increased risk of chest infection. Chest infec-
tions may be minimized by efforts to improve oral 
hygiene or alter the mouth flora [117] but further rand-
omized trials are required to evaluate this approach. In 
the meantime careful positioning, physiotherapy, and 
suction to avoid the accumulation of secretions and care 
to avoid aspiration seem sensible measures to take 
(Section 11.17).

11.12.2 Urinary infections

About a quarter of hospitalized stroke patients develop a 
urinary infection within the first two months and this 
remains common over the subsequent months [109]. 
Urinary infections can be avoided by maintaining ade-
quate hydration and thus urine output, and by avoiding 
unnecessary bladder catheterization (Section  11.14). 
Given that incomplete bladder emptying is associated 
with an increased risk of infection it seems sensible to 
avoid constipation and drugs with anticholinergic effects 
if possible [118]. It is uncertain whether intermittent or 
continuous catheterization and/or prophylactic antibiot-
ics are of benefit for patients with a persisting increased 
postvoid residual volume [119–121].

Assessment
The patient’s temperature should be monitored at least 
6‐hourly during the first few days after the stroke and 
thereafter if there are any signs of infection or functional 
deterioration. However, fever may not accompany infec-
tion, especially in elderly and immunocompromised 
patients. Therefore, any functional deterioration or fail-
ure to attain a rehabilitation goal should prompt a search 
for occult infection, even if there is no fever. Obviously, 
the cause of fever should be identified using clinical 
assessment supplemented with appropriate investiga-
tions (e.g. blood neutrophil count, C‐reactive protein, 
cultures of urine and blood, chest X‐ray). Dipstick test-
ing of a midstream urine to detect leukocytes and nitrates 
is insufficiently accurate to be relied on to exclude or 
confirm a urinary infection (Section 11.14) [122].

Table 11.14 Causes of fever after stroke.

Infective/inflammatory complications of the stroke
 ● Urinary infection (Section 11.14)
 ● Pneumonia (Section 11.12.1)
 ● Deep venous thrombosis (Section 11.13)
 ● Pulmonary embolism (Section 11.13)
 ● Pressure ulcers (Section 11.16)
 ● Infected intravenous access site
 ● Vascular problems (e.g. infarction of myocardium, bowel, or 

limb)
Inflammatory causes of the stroke itself

 ● Infective endocarditis (Section 6.5.7)
 ● Arteritis (Section 7.4.1)

Coincidental conditions
 ● Upper respiratory tract infection
 ● Drug allergy
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Prevention and treatment
There is currently little evidence to support the use of 
prophylactic antipyretics to reduce fever after stroke 
(Section 11.19). In fact, the routine use of paracetamol to 
lower body temperature and attempts to induce more 
profound hypothermia after stroke are being evaluated in 
ongoing RCTs [123] (http://www.strokecenter.org/trials/
index.htm). A single‐center RCT of levofloxacin (a fluo-
roquinolone antibiotic) in acute stroke failed to demon-
strate a reduction in infections but further trials will 
be  required to establish whether alternative antibiotic 
regimes might be more effective [124, 125]. The treat-
ment of fever will depend on the cause (see Table 11.14). 
We quite often start a broad‐spectrum antibiotic, once 
specimens for microbiological testing have been taken, 
since delays in treating infections may impede patients’ 
progress. However, with an increasing incidence of 
Clostridium difficile toxin‐associated diarrhea in many 
hospitals, the risks of early use of broad‐spectrum antibi-
otics must be carefully weighed against the potential ben-
efits [126]. Appropriate antibiotics and supportive 
treatment (e.g. physiotherapy, oxygen) should be given in 
established infection. Also, it seems reasonable, whatever 
the cause of the fever, to use a fan and prescribe acetami-
nophen since fever may worsen outcome (see earlier). 
Even if such interventions appear to be without risk, one 

must remember that they take up a nurse’s time which 
might be spent to greater effect in some other activity.

11.13  Venous thromboembolism

Deep venous thrombosis (DVT) of the legs is common in 
patients with a recent stroke, particularly older patients 
with a severe hemiplegia who are immobile. Estimates of 
the frequency depend on the types of patients included, 
the use of preventive measures, and the timing and 
method of detection. The most sensitive techniques, such 
as MRI direct thrombus imaging, detect DVTs in about 
40% of hospitalized patients treated with aspirin and 
graduated compression stockings and about half of these 
are above‐knee [127] (Figure 11.8a). Less sensitive, but 
more widely available, tests such as compression Doppler 
ultrasound (Figure 11.8b) and plethysmography identify 
DVTs in about 20% of immobile hospitalized patients, 
above‐knee in about half of these. Although DVT is said 
to be less common among Chinese populations, a study 

Any functional deterioration or failure to attain a reha-
bilitation goal should prompt a search for occult 
infection.

(a) (b)

Figure 11.8 (a) An MRI scan of the legs using direct thrombus imaging to demonstrate extensive deep venous thrombosis (arrows). (b) A 
color flow Doppler image of the femoral vein demonstrating thrombus within the lumen (arrow). This is usually associated with an 
inability to compress the vein and, if the vein is occluded, a loss of augmentation of flow with respiration or squeezing the calf. 
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has shown a similar incidence to that seen  in white 
patients [128]. Clinically apparent DVT confirmed on 
investigation is less common, occurring in under 5%.

DVTs are most often asymptomatic, or unrecognized, 
but may still lead on to important complications [127]. 
Pulmonary embolism (PE) occurs in about 10% of hospi-
talized patients but like DVT is frequently not recog-
nized [127]. It is an important cause of preventable death 
after stroke and is a frequent finding at autopsy [129].

Assessment
DVT should be suspected if a patient’s leg becomes 
 swollen, hot, or painful or if the patient develops a fever. 
Unfortunately, the clinical diagnosis can be difficult 
because many paretic legs become swollen, mostly 
because of the effects of gravity and lack of movement. If a 
paretic leg swells while a patient is still being nursed in 
bed, DVT is a likely cause, but where a patient is sitting out 
or mobilizing the clinical diagnosis is much less certain. 
Stroke patients who have communication difficulties, sen-
sory loss, or neglect may well not complain of discomfort 
or swelling, so that clinical detection will depend on the 
vigilance of members of the multidisciplinary team.

Where the patient develops clinical evidence of a DVT 
or pulmonary embolism, confirmatory investigations 
must be carried out if treatment with anticoagulants is 
being considered. We would normally use compression 
Doppler ultrasound in the first instance to confirm the 
diagnosis since this is noninvasive, widely available, 
and reasonably sensitive (>90%) and specific (>90%) in 
detecting at least above‐knee DVT in symptomatic 
patients [130]. However, it is operator dependent and if 
there is doubt about the result, or if one wishes to exclude 
thrombosis in the calf veins, contrast X‐ray venography 
should be performed.

The value of screening asymptomatic stroke patients 
for DVT has not been established. In considering such a 
policy one has to remember that the sensitivity and spec-
ificity of noninvasive tests, such as D‐dimers and com-
pression Doppler ultrasound, are lower in patients who 
do not have symptoms of DVT than in those with symp-
toms, and more “positives” will be “false‐positives” [131].

Given the high frequency of pulmonary embolism in 
hospitalized stroke patients, if a patient has clinical fea-
tures compatible with pulmonary embolism – breathless-
ness and/or tachypnea, with or without pleuritic chest 
pain and/or hemoptysis for which there is no other rea-
sonable clinical explanation – the probability of pulmo-
nary embolism is high. In such patients a CT pulmonary 
angiogram can be used to confirm or exclude a pulmonary 
embolism [132] because it is difficult to distinguish clini-
cally between breathlessness due to pulmonary embolism 
and other causes without further investigation.

Prevention
Maneuvers that may reduce the risk of DVT and pulmo-
nary embolism include the following measures.

 ● Early mobilization of the patient and avoidance of pro-
longed bed rest. Currently, most guidelines recom-
mended early mobilization within 24 hours of stroke 
onset [133]. However, the recent AVERT trial has 
shown that patients who received very early mobiliza-
tion (with median time to mobilization of 18.5 hours) 
were less likely to have favorable functional outcome at 
three months (46% vs. 50%, P = 0.004) [134]. Subgroup 
analysis further suggested that patients with intracer-
ebral hemorrhage might be more susceptible to harm. 
Hence, optimal timing of mobilization should be indi-
vidualized according to the type of stroke, patient’s 
medical condition, and physical tolerability.

 ● Hydration/fluids may influence the risk of venous 
thromboembolism. A raised urea, probably indicating 
dehydration, is associated with a higher risk of DVT 
[135]. Also a systematic review of RCTs testing 
hemodilution in stroke indicated that this probably 
reduces the risk of DVT and pulmonary embolism 
(odds ratio 0.54, 95% confidence interval 0.30–0.99) 
[136]. It is unclear whether this is a specific effect of 
hemodilution or a nonspecific effect of improved 
hydration. We give intravenous saline to most of our 
patients with acute stroke and immobility, in part 
because they are often unable to take adequate fluids 
orally (Sections 11.17 and 11.18.1).

 ● Intermittent pneumatic compression is performed with 
inflatable sleeves wrapped around the legs which are 
secured by Velcro. They are inflated one side at a time 
to compress the legs at intervals, first distally then 
proximally, to increase venous flow. The CLOTS 3 trial 

Stroke patients who have communication difficulties, 
sensory loss, or neglect may well not complain of dis-
comfort or swelling associated with deep venous throm-
bosis, so that clinical detection will depend on the 
vigilance of members of the multidisciplinary team. If a 
patient develops a swollen leg on a stroke unit, deep 
venous thrombosis has to be actively excluded.

The clinical diagnosis of deep venous thrombosis in 
stroke patients is particularly difficult because, on the 
one hand, a swollen leg may be due to paralysis and 
dependency while, on the other hand, a patient may not 
complain about pain and swelling because of language 
and perceptual problems.
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has shown that this reduces DVT significantly if 
started during the first three days of admission (8.5% 
in treatment group vs. 12.7% in control group) with a 
trend of lower mortality [137]. Although mechanical 
thromboprophylaxis is in general less effective than 
anticoagulant, it can be used in patients with high 
bleeding risk (e.g. patients with large cerebral infarct 
with risk of hemorrhagic transformation) where anti-
coagulation may be contraindicated.

Full‐length graduated compression stockings are not 
currently recommended for DVT prevention in stroke 
patients. Systematic reviews of RCTs in patients under-
going surgery have shown about a 60% reduction in the 
odds of developing DVT [137, 138]. However, in stroke, 
graduated compression stockings did not reduce risk of 
DVT. Although easily available, compression stockings 
are not without potential hazards. They can occasionally 
cause pressure ulcers (Figure  11.9a) or acute limb 
ischemia, particularly in those with diabetes, peripheral 
neuropathy, or peripheral vascular disease (Figure 11.9b). 
Hence, use of graduated compression stockings for DVT 
prevention in stroke patients is currently not recom-
mended [139].

Direct oral anticoagulants
 ● Aspirin, started within 48 hours of a presumed 

ischemic stroke, reduces the relative risk of pulmonary 
embolism by about 30% and improves the patients’ 
overall long‐term outcome [140] (Section  13.3). We 
start aspirin routinely (first dose 300 mg and 75 mg per 
day thereafter) as soon as we have excluded intracra-
nial hemorrhage or other contraindications.

 ● Heparin has been shown to reduce the risk of DVT in 
patients with ischemic stroke, but this benefit is offset 
by the risk of hemorrhagic complications so that rou-
tine use of heparin does not improve overall outcome 
(Section 13.4). We reserve low‐molecular‐weight hep-
arin for patients we judge to be at particularly high risk 
of DVT and pulmonary embolism and low risk of 
hemorrhagic complications, accepting that these judg-
ments are based on inadequate evidence [139]. Such 
patients might include those with an ischemic stroke 
with severe leg weakness and immobility, and cancer, 
thrombophilia or previous venous thromboembolism 
(Section 13.4.3).

 ● Other methods of prophylaxis (e.g. functional electrical 
stimulation) have been suggested but not evaluated 
adequately in stroke [139, 140a].

Treatment
In stroke patients with confirmed above‐knee DVT or 
pulmonary embolism, the mainstay of therapy is antico-
agulation with the goal to prevent complications associ-
ated with further clot propagation. Currently, the US 

(a)

(b)

Figure 11.9 (a) A pressure ulcer behind the knee due to 
graduated compression stockings and inadequate monitoring by 
nursing staff. (b) A patient with peripheral vascular disease and 
diabetes mellitus who was fitted with graduated compression 
stockings. Note the necrotic skin over the anterior border of the 
tibia (white arrow) and where the stockings were creased at the 
ankle (black arrow). There were also necrotic areas over both heels 
which failed to heal and led to a right above‐knee amputation 
following an unsuccessful revascularization procedure.
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Food and Drug Administration (FDA) has approved four 
direct‐acting oral anticoagulants for the treatment of 
DVT and pulmonary embolism (i.e. dabigatran, rivaroxa-
ban, apixaban, and edoxaban) [141–143]. Alternatively, 
oral anticoagulation with vitamin K antagonist (i.e. war-
farin) can also be considered. However, due to its slower 
onset of action and delay in depletion of vitamin K‐
dependent coagulation factors, concurrent parenteral 
anticoagulation with low molecular weight heparin 
should be given during the initial phase of treatment until 
international normalized ratio reaches the therapeutic 
range (i.e. 2.0–3.0). Parental anticoagulation can also be 
offered by unfractionated heparin. Due to the frequent 
requirement for activated partial thromboplastin time 
monitoring and need of close dosage titration, low molec-
ular weight heparin, which has more predicable pharma-
cokinetics and pharmacodynamic properties, is preferred. 
In DVT or PE provoked by stroke, the duration of treat-
ment is at least three months. Extended treatment should 
be considered in selected patients who are at high risk of 
recurrence without anticoagulation (e.g. active malig-
nancy, underlying hematological diseases, etc.).

If patients are symptomatic we also usually treat DVT 
restricted to the calf veins, although this depends on the 
presence of any relative contraindications to treatment 
[144]. In patients with DVT restricted to calf veins who 
have no symptoms we would also anticoagulate if a repeat 
Doppler ultrasound showed propagation of the thrombus 
in the popliteal or femoral veins. Duration of anticoagula-
tion should be for about six months, depending on our 
judgment of the patient’s risk of recurrence, taking into 
account their immobility and risk of bleeding [145]. In 
patients with proven below‐knee DVT, intracranial hem-
orrhage may not be an absolute contraindication to anti-
coagulation since, if a patient has had a life‐threatening 
pulmonary embolus, the risk of anticoagulation may be 
worth taking. Alternatively, one might consider insertion 
of a caval filter but there are no reliable studies which help 
us decide between these two treatments [146]. In a small 
number of patients, thrombolysis may need to be consid-
ered for massive pulmonary embolism or DVT but this 
has not been evaluated in stroke patients and would inev-
itably be associated with a risk of intracranial bleeding.

11.14  Urinary incontinence 
and retention

Between one‐ and two‐thirds of acute stroke patients 
admitted to hospital are incontinent of urine in the first 
few days [147, 148]. Urinary incontinence is more com-
mon in older patients, those with severe strokes, other 
disabling conditions, and diabetes [147, 149]. Urinary 
incontinence may be caused by the stroke itself, but per-
haps one‐fifth of patients have been incontinent before 

the stroke. Although detrusor instability is the most 
common single cause of urinary incontinence after the 
first four weeks, many other factors may contribute in 
the acute stage (Table 11.15). Urinary incontinence is an 
important cause of distress to patients and carers, 
increases the risk of pressure ulcers (Section  11.16), 
often interferes with rehabilitation (e.g. by interrupt-
ing  physiotherapy sessions or increasing spasticity; 
Section 11.20) and influences the patient’s requirements 
for ongoing nursing care [149, 150]. Urinary inconti-
nence may also cause patients to become dehydrated 
because patients tend to restrict their own fluid intake 
to limit urinary incontinence without telling the nurses 
or doctors.

Assessment
To identify patients with urinary incontinence one sim-
ply has to ask the carer or nursing staff. These are the 
people most aware of urinary problems since they have 
to deal with the consequences. It is important to ask, 
since many people consider incontinence an inevitable 
consequence of stroke and thus not worthy of mention. 
Routine use of a measure such as the Barthel Index to 
monitor patient progress on the stroke unit should iden-
tify all patients with urinary incontinence. It is often use-
ful, but frequently overlooked, to ask the patients 
themselves what they think is causing their incontinence. 

Table 11.15 Factors that may contribute to urinary incontinence.

 ● Reduced conscious level (Section 11.3)
 ● Immobility (cannot get to the toilet in time) (Section 11.11)
 ● Communication problems (cannot ask to go to the toilet) 

(Section 11.30)
 ● Impaired upper limb function (cannot manipulate clothes or 

the urinal) (Section 11.21)
 ● Dyspraxia (Section 11.28)
 ● Loss of inhibition of bladder contraction (detrusor instability 

so cannot wait to go)
 ● Urinary infection (often without any other symptoms) 

(Section 11.12.2)
 ● Urinary overflow due to outflow obstruction (e.g. 

prostatism)
 ● Fecal impaction (Section 11.15)
 ● Excess urinary flow due to high fluid intake, diuretics and 

poorly controlled diabetes (Section 11.18.3)
 ● Too few carers/nurses (cannot attend to patients in time)
 ● Importance of maintaining continence underestimated by 

carers/nurses

Urinary incontinence may cause patients to become 
dehydrated. This is because many patients restrict their 
own fluid intake to limit urinary incontinence – without 
telling the nurses or doctors.
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This may, for instance, help distinguish true incontinence 
from accidental spillage of urine from a urinal because of 
the patient’s poor manual dexterity (Figure 11.10). Many 
of our patients with severe stroke, often with some cog-
nitive dysfunction, seem unaware of either voiding or 
being wet. They usually deny incontinence when asked. 
More detailed information, including urinary volumes, 
frequency, and times of voiding, which can be collated 
with a micturition chart, may be useful in identifying the 
causes of incontinence (e.g. diuretics, communication 
difficulties) and in formulating a management plan.

Where the cause of urinary incontinence is unclear, 
and if it persists for more than a few days, the cause 
should be investigated. Urine dipstick testing for leuko-
cytes and nitrates may help to exclude an infection but, 

given the high frequency of urinary infection in stroke 
patients (Section 11.12.2), it is insufficiently accurate to 
be used as a single test; microscopy and culture should 
also be performed to exclude or confirm the diagnosis 
[122]. Measurement of postmicturition bladder volumes 
(by bladder ultrasound or catheterization) may be useful 
in assessing bladder sensation, contractility, and outflow. 
We reserve formal urodynamic studies, which can better 
identify detrusor hyper‐ and hyporeflexia and bladder 
outflow problems, for the few patients with unexplained, 
troublesome incontinence which persists for weeks after 
the stroke and where the incontinence is out of propor-
tion to the stroke severity.

Prognosis
Urinary incontinence is an important predictor of poor 
survival and functional outcome after acute stroke 
(Section  10.2.7): between 30% and 60% of incontinent 
patients die within the next few months [147, 151]. 

(a) (b)

Figure 11.10 Some patients have difficulty manipulating a urinal which leads to spills and, effectively, incontinence. (a) This urinal can be 
inverted without leaking. (b) A simple one‐way valve inserted in the neck of the urinal prevents the contents spilling.

Many of our patients with severe stroke, often with some 
cognitive dysfunction, seem unaware of either voiding 
or being wet. They usually deny incontinence when 
asked. Although we exclude specific causes and try 
both behavioral and pharmacological interventions, we 
 usually resort to incontinence pads or an indwelling 
catheter.

A negative urine dipstick test for leukocytes and nitrates 
does not reliably exclude a urinary infection; a midstream 
urine collection should be obtained if possible and sent 
for microscopy and culture.
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However, among survivors, incontinence resolves in the 
majority, unless it pre‐dated the stroke. Younger age, less 
severe stroke and lacunar stroke have all been associated 
with better rates of resolution [149, 151]. Persisting uri-
nary incontinence is associated with worse functional 
outcome and higher rates of institutionalization [149, 
151, 152].

Treatment
There is very little reliable evidence about the treatment 
of poststroke incontinence [153]. If a patient is inconti-
nent, but able to understand, then a careful explanation 
of the cause and likely prognosis should be given. Carers 
often benefit from such information too. Because 
urgency of micturition is such a common cause of incon-
tinence in stroke patients, simple steps such as regular 
toileting, offering aphasic patients some means to alert 
the nurses to their needs, improving their mobility, or 
providing a commode by the bed, can all be effective. 
Provision of suitable clothing, such as trousers with a 
flap fastened with Velcro, may allow patients to use a 
 urinal or commode independently and thus promote 
continence. Obviously, one should strive to treat the 
underlying cause (e.g. infection, outflow obstruction) 
and where possible remove exacerbating factors (e.g. 
excessive fluids, uncontrolled hyperglycemia, or diuret-
ics). Having excluded easily treatable causes, we first 
employ “bladder retraining” where patients are prompted 
to void regularly. If this does not achieve continence, we 
use a bedside ultrasound machine to exclude a postmic-
turition residual of 100 mL or more and then introduce 
an anticholinergic drug (e.g. oxybutinin or tolteridine), 
assuming there are no contraindications (e.g. closed 
angle glaucoma) [154]. One must obviously be alert to 
the possible adverse effects of these drugs (Table 11.16). 
This approach achieves reasonable results with relatively 
few patients requiring formal urodynamic studies [155].

An indwelling catheter should be avoided if at all pos-
sible because it makes resolution of urinary inconti-
nence impossible to detect, and may lead to a number of 
complications (Figure 11.11, Table 11.17). Intermittent 
catheterization facilitates detection of the resolution of 
incontinence and probably reduces the rate of bacturia 
but it is certainly more labor intensive and therefore 
may not be practical [118]. Other aids and appliances 
may be useful (Table  11.18) in avoiding unnecessary 
catheterization. However, when patients are at high risk 
of pressure ulcers (Section 11.16), and other means have 
failed to keep them dry, or if accurate monitoring of 
fluid balance is required for some reason, an indwelling 
catheter is the best option. Catheterization may also 
be  required to relieve urinary retention (see later) 
until any cause or precipitating factor can be removed 
(e.g. enlarged prostate, urinary infection, severe 

Table 11.16 Drugs used to inhibit bladder contractility, and their 
adverse effects.

Anticholinergic drugs
 ● Flavoxate hydrochloride
 ● Oxybutynin hydrochloride
 ● Tolterodine tartrate
 ● Propiverine hydrochloride
 ● Propantheline bromide
 ● Tricyclic antidepressants
 ● Imipramine
 ● Amitriptyline
 ● Nortriptyline

Common adverse effects
 ● Dry mouth
 ● Blurred vision
 ● Nausea/vomiting
 ● Constipation/diarrhea
 ● Confusion in the elderly
 ● Retention where there is bladder neck obstruction
 ● Precipitation of acute glaucoma

Figure 11.11 Traumatic hypospadias caused by an indwelling 
catheter. This is most likely to occur in a man with cognitive or 
communication problems who may not indicate he is 
uncomfortable, and who is being looked after by inadequately 
trained nursing staff.
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 constipation, anticholinergic drugs). There is limited 
evidence that prophylactic antibiotics reduce the rate of 
bacturia in patients with indwelling catheters and this 
policy may increase bacterial resistance and rates of 
Clostridium difficile‐associated diarrhea [116, 118].

Occasionally, if urinary incontinence is a bar to dis-
charge into the community, long‐term catheterization 
with a silastic catheter may be the preferred option. This 
issue should be discussed with the patient and, where 
appropriate, their carer. Continence advisers, nurses 
with specialist training in the management of inconti-
nence and access to information, aids, and appliances, 
can often help other professionals, patients, and their 
carers [153]. The choice of continence aids and catheters 
is huge but there are few rigorous studies to establish 
which are the most cost‐effective, and most acceptable to 
patients and carers [158, 159].

Urinary retention
Urinary retention, which may be acute or chronic, is 
common in stroke patients, more so in men. The main 
cause is preexisting bladder outflow obstruction which 
may be exacerbated by constipation, immobility, and 
drugs such as tricyclic antidepressants which have 
 antimuscarinic effects [160]. Urinary retention may pre-
sent with dribbling incontinence, agitation, or confusion 
and  is easily missed in patients with a reduced con-
scious level, communication difficulties or other cogni-
tive problems. It is important to palpate the patient’s 

Table 11.17 Problems (and solutions) of indwelling urinary 
catheters [156].

Problem Solution

Pain on insertion Explain to the patient what is going 
to happen

Use plenty of 
anaesthetic gel and 
allow time for it to work
Paraphimosis Ensure foreskin is not left retracted 

after insertion
Traumatic hypospadius 
(Figure 11.11)

Avoid traction and monitor 
carefully; if it occurs replace with 
suprapubic catheter

Poor self‐esteem Explain why catheter is needed, how 
it works and how long it will be in 
place
Provide a discreet drainage bag

Immobility because of 
drainage bag

Use well‐supported leg bag for 
mobile patients

Leakage Use appropriate size of catheter
Inhibit any involuntary bladder 
contraction which causes bypassing 
with an anticholinergic drug 
(Table 11.16)
Change catheter if blocked

Blockage Ensure adequate urine flow
Remove encrusted catheter

Infection Avoid unnecessary catheterization 
since no proven method of 
preventing infection

Catheter falls out due 
to urethral dilatation 
or pelvic floor laxity

Ensure balloon inflated to correct 
volume or use larger volume balloon

Catheter rejection due 
to bladder contraction

Avoid large volume balloon

Inhibit with anticholinergic drug 
(Table 11.16)

Catheter pulled out by 
patient

Manage without a catheter to avoid 
further trauma

Pain on catheter 
removal

Avoid routine changes

Explain procedure to patient
Allow adequate time for balloon 
deflation

Failure of balloon 
deflation

Introduce ureteric catheter 
stylet along inflation channel

Table 11.18 Aids and appliances which may be useful in patients 
with urinary incontinence [157].

Absorbent 
pads and 
pants

These vary in the volume of urine they can 
absorb, their shape, and the method of holding 
them in position

Urinals Useful for men who are immobile or have urgency 
which gives them insufficient time to reach the 
toilet. They can be fitted with a nonspill valve for 
patients who have poor manual dexterity 
(Figure 11.10), or fluid‐absorbing granules, to 
reduce spillage

Bedside 
commode

Useful where urgency is associated with poor 
mobility so the patient has insufficient time to get 
to the toilet (Figure 11.33b)

Penile 
sheath

Often viewed as an alternative to an indwelling 
catheter in men without bladder outflow 
obstruction, but they easily fall off and are 
therefore unsuitable for agitated or confused 
patients. Other problems include skin erosions 
due to urinary stasis or the adhesive strip, and 
twisting of the sheath and penile retraction during 
voiding which causes leakage.

An indwelling catheter should be avoided if possible 
because this makes resolution of urinary incontinence 
impossible to detect and may lead to a number of 
complications.
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abdomen or if in doubt perform a bladder ultrasound, on 
admission and later, if urinary problems or agitation 
develop, to exclude a distended bladder. Chronic reten-
tion with a postmicturition bladder volume of greater 
than 150 mL increases the risk of infection. A urethral 
catheter provides prompt relief. Removal of any exacer-
bating factors may avoid the need for a catheter or at 
least allow it to be removed quickly. In men with benign 
prostatic hypertrophy, alpha‐blocking drugs (e.g. prazo-
sin) or finasteride (which inhibits the metabolism of 
 testosterone to dihydrotestosterone in the prostate) 
may allow removal of the catheter without recurrence of 
retention.

11.15  Fecal incontinence 
and constipation

Constipation is very common after stroke and may lead 
to  abdominal discomfort, anxiety, and fecal smearing 
or  incontinence. Immobility, poor fluid and food intake, 
 constipating analgesics, and anticholinergic drugs are 
common causes. Fecal incontinence affects about one‐
third of patients after stroke and has been associated with 
increasing age, diabetes, other disabling conditions, stroke 
severity, immobility, and size of brain lesion [147, 161].

Assessment
The frequency of bowel movements should be moni-
tored. Simple monitoring will detect constipation and 
diarrhea and may help establish the pattern of any fecal 
incontinence. Review of the drug chart will often identify 
possible causes. Abdominal and rectal examination will 
usually identify fecal impaction and indicate whether the 
constipated stool is hard or soft. Occasionally, if the 
patient has fecal incontinence associated with diarrhea, 
it may be useful to culture the stool, and test for 
Clostridium difficile toxin to exclude infection or to 
X‐ray the abdomen to exclude high fecal impaction. 
More detailed investigation is not required unless there 
are persistent unexplained problems.

Prognosis
Fecal incontinence early after stroke onset often resolves 
in survivors but may develop among those who were 
 initially continent [147, 161]. Later development of 
fecal  incontinence is usually due to preventable causes 
such as drugs and inadequate staffing levels. Achieving 

continence can be a crucial step in discharging a patient 
home since fecal incontinence is so practically and 
socially difficult to cope with, and is invariably a consid-
erable strain for the carer.

Treatment
There is little reliable research to guide treatment [162]. 
Avoidance of constipation by ensuring an adequate intake 
of fluid and fiber is the best approach, but laxatives, sup-
positories, and, occasionally, enemas are sometimes 
required. We find that stimulating laxatives (e.g. senna) 
are generally more effective than osmotic ones (e.g. lactu-
lose) in elderly patients although the choice will be influ-
enced by whether the stool is hard or soft. It is important 
to remember that laxatives may cause incontinence in 
immobile patients. Where patients are unable to toilet 
themselves, and a carer is not constantly available, it may 
be necessary to induce constipation, with, for example, 
codeine phosphate, and then relieve this with regular 
enemas to coincide with visits from a carer. Simple inter-
ventions including advice on diet, fluids, and use of laxa-
tives are helpful in reducing problems in the longer term.

11.16  Pressure ulcers

Pressure ulcers occur when local pressure on skin and 
subcutaneous tissues exceeds the capillary opening pres-
sure for long enough to cause ischemia. In addition, fric-
tion may cause blistering and tears in the skin. Pressure 
ulcers usually occur over weight‐bearing bony promi-
nences (Figure  11.12). Ulcers occur in patients who are 
immobile and unable to redistribute their own weight 
when lying or sitting. The frequency of pressure ulcers in 
hospitalized stroke patients is bound to vary depending on 
the population studied, the prophylactic methods used, 
and the diagnostic criteria. Pressure ulcers are more com-
mon in patients who are malnourished, infected, inconti-
nent, or have serious underlying disease [163]. They cause 
pain, increase spasticity, slow the recovery process, and 
may be fatal if complicated by severe sepsis. They prolong 
length of stay in hospital, often require intensive treat-
ment and can therefore be extremely expensive to health 
services [164]. They can and should be prevented, although 
they may develop in the interval between the onset of the 
stroke and admission to hospital.

It is important to palpate the patient’s abdomen on 
admission and, later, if urinary problems or agitation 
develop, to exclude a distended bladder.

Fecal incontinence which is not associated with severe 
cognitive problems is almost always remediable by 
 dealing with constipation or diarrhea. The rectum is 
often full of soft feces which the patient cannot evacuate 
effectively.
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Assessment
Immobile patients should be examined regularly (some-
times several times in a day) to identify early signs of 
pressure damage (i.e. skin redness). It is important that 
patients who are at particular risk of developing pressure 
ulcers are identified as early as possible so that pre-
ventive measures can be taken. The Waterlow Scale 

(Table  11.19) is one of many clinical scoring systems 
developed to indicate an individual patient’s risk. Most 
scales include some measure of mobility, continence, 
cognitive function, and nutritional status, and none, 
based on less than ideal evaluations, is clearly superior to 
the others [165].

The clinician should be alert to behavior in patients 
with communication and cognitive problems that may 
indicate a painful pressure area. Patients may repeatedly 
move themselves out of a desired position. For example, 
patients with a painful sacrum, colloquially known as 
“thrusters,” may force themselves out of a chair by 
extending their bodies at the waist. This may become a 
major problem for nursing staff. If patients develop pres-
sure ulcers it is useful to have some objective measure of 
their severity so that healing or lack of healing can be 
monitored. Photographs incorporating a centimeter 
scale are a convenient and reliable method to demon-
strate change, but where this facility is not available, trac-
ing the limits of the ulcer or simply measuring it in 
several planes is useful [166]. Patients who are at risk, or 
who have established pressure ulcers, should be investi-
gated to exclude malnutrition, hypoalbuminemia, ane-
mia, and infection (in the pressure ulcer or elsewhere), 
all of which can slow healing [166].

Prevention
The most important way to prevent ulcers is to relieve 
the pressure on the tissues for long enough, and at fre-
quent enough intervals, to allow the tissues to receive 
an adequate blood supply. This can usually be achieved 
by regular turning of patients (2‐ to 4‐hourly depending 
on the assessment of risk) but this takes up a lot of 
skilled nursing resources. Although the introduction 
of a variety of special mattresses and cushions 
(Table 11.20) may reduce the need for regular turning, 
most patients do still need to be turned. Some beds are 
designed to turn the patient automatically (e.g. the net 
suspension bed).

Pressure‐relieving mattresses and cushions 
(Figure 11.13a) are divided into “passive” and “active” sys-
tems (see Table  11.20). The “passive” systems distribute 
the patient’s weight through a larger area and make it eas-
ier for them to reposition themselves. High‐specification 
foam mattresses are more effective than standard foam 
mattresses [164]. “Active” systems (Figure 11.13b) usually 

Shoulders (3%)

Sacrum (36%)

Trochanter (3%)

Buttocks (21%)

Malleoli (2%)

Other (4%)

Spine (2%)

Natal cleft (3%)

Heels (25%)

Skin
Subcutaneous tissue

Bony prominence

(b)

(a)

Figure 11.12 (a) The distortions of tissues over a bony 
prominence due to compression or shear which may lead to 
pressure sores. (b) The anatomical distribution of established 
pressure sores based on data from a cross‐sectional UK survey of 
pressure sores in patients being nursed on the Pegasus Airwave 
System. Although patients with cerebrovascular disease were the 
largest group in this sample, they made up only 14% of the whole 
group. Source: St Clair 1992 [164a]. © 1992 Elsevier.

Each patient’s risk of pressure ulcers should be assessed 
and documented; actions appropriate to the level of risk 
should be taken to prevent pressure ulcers developing. 
Pressure ulcers can be prevented by good nursing.
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work by inflating and deflating air cells to relieve pressure 
on each point at regular intervals, and are more effective 
than the passive systems in intensive care patients [164]. 
However, they are expensive and can make certain nursing 
tasks more difficult (e.g. positioning a patient to reduce 

the risk of contractures, to help breathing, and to facilitate 
swallowing) because they offer a less firm base.

Other interventions such as staff education, nutri-
tional support, and local treatments (e.g. creams, lotions) 
applied to unbroken areas of skin may have a role in pre-
vention but their effectiveness has not yet been demon-
strated [167, 168].

The ultimate choice of preventive method will depend 
on an assessment of the individual patient’s risk of pres-
sure ulcer, the availability of nurses, the patient’s other 
needs (e.g. positioning), and available resources. Further 
research is required to identify the most cost‐effective 
strategy for preventing pressure ulcers [164]. Studies will 
have to take into account patients’ absolute risk of devel-
oping ulcers, the reduction in risk with each interven-
tion, and the cost of the intervention, as well as the cost 
of treating any pressure ulcers that develop. However, we 
believe that, whatever technology is employed, adequate 
numbers of skilled nursing staff will still be essential if 
pressure ulcers are to be prevented.

Finally, it is important to recognize that certain man-
agement strategies (e.g. positioning in a chair, use of 
graduated compression stockings) may actually cause 
pressure ulcers unless they are properly applied and 
monitored (see Figure 11.9).

Treatment
For patients with established pressure ulcers, the relief of 
pressure probably remains the most important factor in 
promoting healing. “Active” pressure‐relieving systems 
are more effective than “passive” ones [169]. In addition, it 
is important to optimize the patient’s general condition by 
providing a good diet with adequate protein intake and by 
treating concurrent illness aggressively (e.g. infections, 
cardiac failure). This may need intensive nursing input in 
frail, elderly, anorexic patients who are drowsy or have 
swallowing problems. The pain associated with pressure 

Table 11.19 The Waterlow Scale.

Build/weight Visual skin Continence Mobility Sex/age Appetite

Average 0 Healthy 0 Complete 0 Fully mobile 0 Male 1 Average 0
Above average 2 Tissue paper 1 Occasionally incontinent 1 Restricted/difficult 1 Female 2 Poor 1
Below average 3 Dry 1 Catheter/incontinent of feces 2 Restless/fidgety 2 14–49 1 Anorexic 2

Edematous 1 Doubly incontinent 3 Apathetic 3 50–64 2
Clammy 1 Inert/in traction 4 65–74 3
Discolored 2 75–80 4
Broken 3 81+ 5

A total score of 10 indicates a patient is at risk of pressure ulcers, a score of 15 indicates a high risk, and a score of 20 a very high risk.
In addition to the basic scale in which the scores for each of the six domains (i.e. weight, skin, continence, mobility, age/sex, and appetite) are 
summed, additional points are added for special risk factors: poor nutrition (8 points); sensory deprivation including stroke (5 points); high‐dose 
anti‐inflammatory drugs, steroids (3 points); smoking >10/day (1 point); orthopedic surgery, or fracture below waist (3 points).

Table 11.20 Specialized mattresses, cushions and beds.

Passive systems

 ● Sheepskin fleeces and bootees which reduce skin shear and 
moisture; natural fleeces are better than man‐made ones but 
they are rendered ineffective by poor cleaning and being 
covered by sheets

 ● Padded mattresses containing polyester fibers (e.g. Spenco)
 ● Polystyrene bead system.
 ● Foam mattresses (e.g. Vaperm) vary in their pressure‐

relieving properties.
 ● Gel pads can be used under heels and sacrum.
 ● Roho cushions are effective but very expensive 

(Figure 11.13a).
Active systems

 ● Ripple mattresses and airwave systems provide alternating 
pressure; the larger the cells the better but they tend to break 
down and leak

 ● Low air loss systems (e.g. Mediscus) providing constant low 
pressure; although effective, tend to be noisy, expensive and 
complex, needing regular maintenance and training 
(Figure 11.13b)

 ● Flotation beds and deep water beds are difficult to nurse 
patients on, are very heavy and some patients get motion 
sickness

 ● Dry flotation providing constant low pressure produced by 
glass microspheres blown by air. Air can be turned off when 
the patient needs to be repositioned. Effective but bulky and 
expensive

 ● Mechanical beds turn the patient (e.g. net suspension bed). 
Effectiveness uncertain, patients may not like being 
suspended (in full view of people around them). Useful for 
turning patients who are in pain
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ulcers may increase tone and lead to contractures 
(Section  11.20), which may well hinder rehabilitation, 
while the discomfort may also affect the patient’s morale 
and even further worsen their outcome. Adequate analge-
sia, with opiates if necessary, should be given to patients, 
especially before renewal of dressings. Antibiotics may be 
required if there is local or systemic infection (spreading 
cellulitis, osteomyelitis). Debridement to remove necrotic 
tissue, and skin grafting to achieve skin coverage may 
sometimes be necessary.

A bewildering variety of local dressings and treatments 
(e.g. vitamin C, zinc, ultrasound, electrical stimulation, 
ultraviolet light) that aim to promote healing and reduce 
infection are available. Some small RCTs evaluating 
these interventions have been reported but need to be 
systematically reviewed [170, 171].

11.17  Swallowing problems

Up to one‐half of conscious patients admitted to hospital 
with an acute stroke cannot swallow safely on bedside 
testing [172]. However, estimates of the frequency of 
swallowing difficulties vary because of differences in def-
initions, in timing and methods of detecting dysphagia, 
and in selecting patients for study. Swallowing difficul-
ties have been associated with a high case fatality and 
poor functional outcome and certainly put patients at 
risk of aspiration, pneumonia, dehydration, and malnu-
trition [172]. However, much of the excess mortality and 
morbidity is probably due to the severity of the stroke 
itself rather than to swallowing difficulties.

11.17.1 Mechanisms of dysphagia

The following patterns of dysphagia after stroke have 
been identified with videofluoroscopy [173, 174]:

 ● Poor oral control (oral preparatory phase) and delayed 
triggering of the swallow leads to aspiration before the 
swallow (i.e. liquid trickles over the back of the tongue 
before the swallow starts). In addition, patients with 
weakness or incoordination of the face or tongue often 
have difficulty keeping fluids in their mouth, and in 
chewing and manipulation of food to produce a well‐
formed food bolus.

 ● Failure of laryngeal adduction leads to aspiration dur-
ing the swallow itself.

 ● Reduced pharyngeal “peristalsis” or cricopharyngeal 
dysfunction may allow food to collect in the pharynx 
and spill over, past the vocal cords and into the tra-
chea. Thus, aspiration occurs after the swallow.

Poor oral control and delayed triggering of the swallow 
are the most common mechanisms causing dysphagia 
after stroke but more than one abnormality can usually 
be identified in any individual patient.

11.17.2 Detection of dysphagia

Despite their frequency, and the serious consequences 
of failing to detect them, swallowing problems are 
often not sought systematically in patients admitted to 
hospital with an acute stroke [62]. The current recom-
mended approach is for a suitably trained nurse or 
other healthcare worker to perform a simple bedside 
swallow screen (Figure  11.14) to distinguish patients 
able to take oral food and fluids safely from those 
who require a more detailed assessment [175]. In non-
randomized studies a structured approach to swallow 
screening and appropriate feeding has been associ-
ated  with fewer episodes of pneumonia [176, 177]. 
Clinicians sometimes use the gag reflex to indicate 
swallowing safety but this is both inaccurate and unre-
liable [178].

(a) (b)

Figure 11.13 Pressure‐relieving (a) Roho® cushion and (b) low air‐loss bed.
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The more detailed assessment of those patients who 
“fail” their swallow screen usually comprises a detailed 
bedside assessment by a speech and language therapist, 
supplemented if necessary by an instrumental test such 

as videofluoroscopy (Figure  11.15) or fiberoptic endo-
scopic evaluation of swallowing (FEES) (Figure  11.16). 
Videofluoroscopy provides detailed information about 
the mechanism of dysphagia and can identify silent aspi-
ration, which may be important since silent aspirators 
may be at greatest risk of complications [179]. It is 
regarded as the “gold standard” method for assessing the 
swallow after stroke. The advantages and disadvantages 

The gag reflex is not a useful indicator of a stroke patient’s 
swallowing ability.

Pre-assessment criteria:
If the patient is drowsy and unable to sit upright, than it is NOT SAFE
to complete this assessment. They should remain Nil By Mouth (NBM).
Monitor conscious level: attempt to screen daily until completed.

Addressograph, or
Name

DoB

Unit number

SWALLOWING SCREENING TEST – an interdisciplinary tool

Site:

Record of screening reviews Screened? Reason if ‘No’ and actions required

Date

Risk factors checklist:
Unable to cough
Wet/hoarse voice
Excessive/copious oral secretions

Prepare patient:
 Sit patient upright at 90°   [  ]

Give 1 teaspoon of water
 No attempt to swallow [  ]
 Some attempt to swallow   [  ]

 Consider direct
 referral to SLT.
 Continue with
 oral hygiene.

[  ]
[  ]
[  ]

If any noted

Initials/signature/ward Y.N

Y.N

Y.N

Y.N

Y.N

NB: Nutritional screening required <48h for ALL patients

Give 2nd teaspoon of water
 Problems [  ]
 No problems [  ]

Problems:
[  ] Absent swallow
[  ] Coughing
[  ] Choking
[  ] Breathlessness
[  ] Wet/Gurgly voice
[  ] Delayed swallowing
[  ] Any other problems:

• Patient NBM

• Refer to SLT

• Hydration – start
  immediately

• Medication – staff to
  confirm route with
  pharmacist

• Nutrition – complete
  nutrition tool and
  discuss with team

• Continue rigorous oral
  hygiene

Give 3rd teaspoon of water
 Problems [  ]
 No problems [  ]

Sips of water
 Problems [  ]
 No problems [  ]

Give 1/2 glass of water
 Problems [  ]
 No problems [  ]

• Commence diet/fluids
• Supervise first mealtime and note any problems
• Refer to SLT if any concerns
• Repeat screening test if any deterioration in condition
• Record nutritional management changes on appropriate form

Ensure head not extended   [  ] Check oral hygiene   [  ]

SUMMARY
For re-screen tomorrow [  ]

Safe for oral intake [  ]
Referral to SLT [  ]

Referral to Dietician [  ]

Figure 11.14 Flow diagram for swallow screen and assessment from Screening for Dysphagia – an interactive training package developed 
by staff of NHS Lothian. SLT, speech and language therapist.
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of the main methods of assessment are summarized in 
Table 11.21. A clinical assessment might identify 40–90% 
of those with aspiration on videofluoroscopy [180].

It is unclear whether dysphagia identified on a bedside 
swallowing assessment or videofluoroscopy is the better 
predictor of those who will develop complications such 
as pneumonia. Some have emphasized that the integrity 
of patients’ laryngeal cough reflex may be a more impor-
tant determinant of the risk of pneumonia than their 
ability to swallow [181, 182]. The place of other tech-
niques such as cervical auscultation and pulse oximetry 
to detect oxygen desaturation during swallowing is still 
unclear [172]. We suggest the following approach to 
screening for dysphagia:

 ● First, identify those patients who are likely to have prob-
lems swallowing (e.g. those with severe hemispheric, 

brainstem or bilateral strokes, or impaired conscious-
ness). Table 11.22 lists those features which individually, 
or more particularly in combination, should alert one to 
a high risk of swallowing difficulty.

 ● Second, for patients without these features, or where 
access to a speech and language therapist with an 
interest in swallowing difficulties is limited, a doctor 
or nurse can usefully assess swallowing. Ask the patient 
to swallow a total of perhaps 50 mL of water, initially in 
5 mL aliquots, while sitting supported in the upright 
position with neck flexed (which keeps the airway 
closed) and the head tilted to the unaffected side 
(which avoids the water slipping down the neglected 
side of the oropharynx). Suction equipment should be 
available. The volume and speed of delivery of the 
water can be controlled with a teaspoon, or using a 
drinking straw as a pipette (Figure  11.17). Patients 

(d) (e) (f)

(a) (b) (c)

Figure 11.15 A series of six frames taken from a videofluoroscopy examination in a stroke patient with swallowing difficulties. We have 
shown only the lateral views. (a) The food bolus containing radiodense material has been propelled into the pharynx by the tongue and 
has filled the vallecular space (large black arrow). Food is spilling over from the vallecular space, past the epiglottis (long white arrow) and 
is heading for the vocal cords (small black arrow). Note the nasogastric tube (short white arrow). The pharyngeal swallow has not yet been 
triggered. (b) The pharyngeal swallow has triggered (at last) with elevation and inversion of the epiglottis (arrow). (c) The epiglottis is fully 
inverted (long arrow). No further laryngeal penetration has occurred, indicating effective (but rather belated) laryngeal closure. However, 
some of the food bolus has passed the vocal cords (short arrow). (d) The food bolus is passing through the cricopharyngeal sphincter 
(arrow). (e) The swallow is complete but part of the food bolus remains below the vocal cords (arrow). The patient has not coughed, 
indicating that sensation is impaired (i.e. this patient has silent aspiration). (f ) The patient has been asked to cough and this voluntary 
cough is effective in clearing the aspirated food back into the pharynx (arrow). Source: Videofluoroscopy provided by Diane Fraser.
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may, if simply handed a cup to drink from, attempt to 
drink it all and aspirate large volumes. After each swal-
low, wait for an involuntary cough and ask the patient 
to speak. A cough or a change in the patient’s voice (i.e. 
wet voice) suggests aspiration. One should be particu-
larly careful in assessing patients with existing respira-
tory disease who may be compromised by even minor 
degrees of aspiration.

 ● Finally, if swallowing difficulties are likely, or are dem-
onstrated on simple bedside testing, put the patient on 
“nil by mouth” and hydrate them via an alternative 
route until a more detailed assessment can be made 
(Section 11.18.1). While the patient is “nil by mouth” 
their mouth should be kept moist and clean with regu-
lar mouth care.

11.17.3 Prognosis and management

Prognosis
Most patients with swallowing difficulties immediately 
after their stroke either die or improve, so dysphagia that 
persists in patients who survive for more than a week or 

two is relatively uncommon. Interestingly, many patients 
eating a normal diet have persisting abnormalities, 
including aspiration on videofluoroscopy, for several 
months after their stroke but the significance is unclear 
[173]; this raises questions about the validity of 
videofluoroscopy.

Treatment
An ongoing assessment of patients’ swallowing abilities 
by a speech and language therapist is valuable in guiding 
their fluid and feeding regimen, so that patients are not 
unnecessarily deprived of nutrition or put at risk of aspi-
ration (Section  11.19). Speech and language therapists 
may not be any more accurate in detecting a swallowing 
problem than nurses or doctors, but they do provide a 
more detailed assessment and potential solutions. Their 
assessment includes feeding the patient: in various posi-
tions (e.g. leaning to one side or the other); with different 
food textures (e.g. liquid, thickened fluids, purée, or sol-
ids); with increasing bolus size; with different methods of 
delivery; and with different verbal cues or instructions 
[183]. Videofluoroscopy and/or fiberoptic endoscopic 
evaluation of swallowing (FEES) can be useful in patients 
with persisting swallowing difficulties; if the cause of the 
dysphagia is uncertain; where percutaneous endoscopic 
gastrostomy (PEG) is being considered (Section 11.19); 
or where silent aspiration is suspected in patients with 
repeated chest infections.

Based on their swallowing assessment, including vide-
ofluoroscopy and/or FEES or not, speech and language 
therapists can teach the patient and carer methods of 
compensating for their problems until recovery occurs 
[175]. Simple interventions such as the following can be 
used to help a patient to swallow safely.

 ● Ensure the patient is appropriately positioned and sit-
ting upright during the assessment.

 ● Teach the patient maneuvers such as the “chin tuck” or 
“head turn” which make aspiration less likely.

 ● Tailor the consistency of fluids and food to the patient’s 
swallowing abilities. Thickened fluids, for example, are 
usually more easily swallowed than water because they 
move more slowly through the oropharynx and so give 
more time for the initiation of the swallow. Ideally a 
range of diets of specified consistency should be availa-
ble. It is important that those responsible for distributing 
meals and refreshments, including well‐meaning rela-
tives, are aware of patients’ individual requirements.

 ● Choose an appropriate type of drinking vessel. If the 
patient does not have severe facial weakness and can 
suck, a drinking straw is often helpful. Beakers with 
spouts tend to encourage the patient to drink with an 
extended neck which opens the airway and encourages 
aspiration (Figure 11.18).

Residue of
yogurt in
the pyriform
sinus

Residue of
yogurt in
the valleculae

Yogurt spilling over the
aryepiglottic fold into the

laryngeal vestibule

Vocal cords

Pharyngeal residue after the swallow with
risk of aspiration

Front

Epiglottis

Pyriform sinuses

Airway
entrance

Base of
tongue

(a)

(b)

Valleculae

Front

Back

Esophagus

Figure 11.16 Photographs taken during a fiberoptic endoscopic 
evaluation of swallowing showing the main anatomic structures. 
(Also reproduced in color in the plate section.)
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These interventions, which involve swallowing food or 
fluids, are often termed compensatory or “direct” strate-
gies, whereas exercises that do not actually involve swal-
lowing anything and which aim to improve motor control 
are referred to as “indirect” strategies. One randomized 
single‐center trial has shown that a structured program of 
assessment by a speech therapist, supplemented with vide-
ofluoroscopy when necessary, and both direct and indirect 
treatment strategies, achieved better recovery of swallow-
ing than a less structured approach [185, 186]. Specific 
interventions such as oral stimulation have not yet been 
shown to improve swallowing performance [187].

Table 11.22 Features that indicate a likelihood of swallowing 
problems, derived from several studies [175, 175, 183, 184].

 ● Decreased level of consciousness (including confusion)
 ● Poor sitting balance
 ● Bilateral strokes
 ● Older age
 ● Abnormal tongue or palatal movement
 ● Weak or absent voluntary cough
 ● Moist or bubbling voice
 ● Evidence of chest infection
 ● Reduced pharyngeal sensation

Table 11.21 Advantages and disadvantages of the available assessments of swallowing: bedside clinical, videofluoroscopy, and fiberoptic 
endoscopic evaluation of swallowing.

Advantages Disadvantages

Bedside clinical Performed at the bedside on the ward Does not detect asymptomatic or silent aspiration
Widely available, rapid, and safe Limited predictive validity (i.e. test result does not predict 

pneumonia or other patient outcomes)
No specialist equipment needed Little information about anatomy or actual mechanism of 

dysphagia
Training in technique is readily available May not be available at weekends unless speech and language 

therapists offer this service
Available in acute episode and easily 
repeated even on a daily basis
Wide range of foods, fluids, and textures 
can be tried
Assesses effectiveness of therapeutic 
techniques

Videofluoroscopy Available in most hospitals, rapid and safe Radiation exposure and possibility of aspiration of barium
Assessment of all anatomical stages of 
swallowing

Rarely available in acute phase – usually needs to be 
prebooked

Variety of foods can be tested Findings may not reflect ward behavior
Allows the assessment of therapeutic 
maneuvers

Density of barium means aspiration may not reflect risk with 
other foods

Considered the “gold standard” method Training required for interpretation
Imperfect “gold standard” – good “face validity” but limited 
“predictive validity” (i.e. result does not predict pneumonia 
etc. better than alternatives)

Fiberoptic endoscopic 
evaluation of 
swallowing

Performed at the bedside with normal 
meals and variation in types, textures, etc.

Not widely available

Gives good anatomical data of the 
pharynx/larynx

Requires skilled operators

Can be repeated regularly “White‐out” often obscures the period of aspiration
Sensory testing can be undertaken No information is gathered on oral control

Limited data on validity so far
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11.18  Metabolic disturbances

Metabolic disturbances, which may themselves occa-
sionally mimic stroke (Section 3.4.5), are  common in 
patients with severe strokes [188]. They are  important 
because they may cause “worsening” (Section 11.5), but 
are often easily reversed.

11.18.1 Dehydration

Patients with stroke are vulnerable to dehydration 
because:

 ● swallowing difficulties are common after acute stroke 
(Section 11.17);

 ● immobility means patients depend on others to pro-
vide them with drinks (Section 11.11); they may even 
have been lying on the floor for several hours before 
being found;

 ● they may have communication problems (Section 11.30) 
so cannot ask for drinks;

 ● they may have hemianopia or visual neglect 
(Section 11.28) so may not see the jug of water beside 
them;

Figure 11.17 The volume of liquid a patient receives during a 
swallowing assessment can be controlled with a drinking straw 
used as a pipette.

(a) (b)

Figure 11.18 Although a beaker with a spout may prevent spills, beakers have associations with childhood which can make them 
unpopular with some patients. They also encourage the patient to extend their neck when drinking, which may lead to aspiration. This is 
the way not to do it: (a) bring the spout to the lips, (b) throw back the head, open the airway, and inhale!

All those involved in giving a patient food or fluids, 
including their relatives, must be made aware of the 
patient’s swallowing difficulties and what the patient 
can, and cannot, swallow safely. Staff training and effec-
tive communication are essential.
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 ● they are often elderly and therefore may have reduced 
sensitivity to thirst [189];

 ● they may have a fever, chest infection (Section 11.12.1), 
hyperglycemia (Section 11.18.3), or be taking diuret-
ics, all of which increase their fluid losses [190];

 ● they may restrict their fluid intake to avoid embarrass-
ing episodes of urinary incontinence (Section 11.14).

Patients with dysphagia who require thickened fluids 
and those on diuretics are particularly vulnerable to 
dehydration [190, 191]. Raised osmolality has been asso-
ciated with worse survival at three months [192] and 
increased plasma urea with a greater frequency of venous 
thromboembolism [135] (Section 11.13).

Assessment
Clinical signs (Table  11.23) are potentially helpful in 
identifying dehydration, but are difficult to assess relia-
bly, especially in older patients [193]. Tachycardia, poor 
peripheral perfusion, and low jugular venous pressure 
may be useful in severe cases. Modern electric profiling 
beds allow one to “tilt” the patient to look for orthostatic 
hypotension even where standing would be impossible 
(see Figure 11.7). Investigations including the measure-
ment of urinary specific gravity or osmolality and plasma 
sodium, urea (and creatinine to allow the urea/creatinine 
ratio to be determined), and osmolality are probably 
more reliable than the bedside assessment [194]. Where 
a patient is very unwell with hypotension or renal failure, 
cannulation of a central vein to measure the right atrial 
pressure directly and to monitor fluid replacement may 
occasionally be valuable. In hospital, charting patients’ 
fluid intake and output is also helpful but fluid charts are 

so often inaccurate, not least because it is difficult, 
although not impossible, if continence pads are weighed, 
to monitor output when patients are incontinent 
(Section  11.14). Hypernatremia is usually due to water 
depletion without concomitant sodium depletion and 
often occurs if patients do not drink adequate amounts. 
It can only be diagnosed by measuring the serum sodium 
since it is difficult to detect clinically. Very occasionally, 
hypernatremia indicates a diabetic hyperosmolar state 
(Section 11.18.3).

Prevention and treatment
Patients who are unable or unwilling to take adequate oral 
fluids to prevent or reverse dehydration should be given 
fluid replacement by another route (i.e. intravenously, 
subcutaneously, or by nasogastric tube). Intravenous flu-
ids are generally required where the patient is dehydrated 
while subcutaneous fluids are often sufficient to maintain 
hydration [195] (Table 11.24). There is a consensus that 
dextrose infusions should be  avoided in the first day or 
two after acute stroke (Section 11.18.3). Parenteral fluid 
replacement should be guided by regular monitoring of 
urea and electrolytes since patients’ requirements for flu-
ids are unpredictable (depending on urinary and insensi-
ble losses) and overhydration can occur [196].

If patients are willing and able to take fluids orally they 
should be given adequate access to fluids (i.e. the cup and 
jug should be placed within their reach and not on the 
side of any neglect or hemianopia) and, importantly, reg-
ular encouragement to drink. Where the patient is 
hypernatremic, adequate isotonic fluid replacement will 
usually normalize the serum sodium.

11.18.2 Hyponatremia

Hyponatremia is uncommon after ischemic stroke and 
intracerebral hemorrhage, though it is more frequent 
after subarachnoid hemorrhage (Chapter 15). It may be 
due to excess salt loss due to, for example, diuretics, or it 
may be dilutional (reflecting inappropriate secretion of 
antidiuretic hormone) in response to the brain injury, 
medication, or medical complications [196]. Dilution is 
the conventional explanation for hyponatremia after 
ischemic stroke or intracerebral hemorrhage, but after 
subarachnoid hemorrhage, hyponatremia has been 
attributed more often to excessive renal salt loss 
(Section  15.4.6). It is unclear how often this so‐called 
“cerebral salt wasting” occurs in other types of stroke. 
Higher levels of antidiuretic hormone have been 

Table 11.23 Clinical indicators of dehydration.

General signs
 ● Thirst
 ● Reduced skin turgor
 ● Dry mucous membranes
 ● Sunken eyes

Cardiovascular
 ● Cool peripheries
 ● Collapsed peripheral veins
 ● Postural hypotension
 ● Low jugular venous pulse or central venous pressure
 ● Low urine output

Investigations
 ● Rising urinary specific gravity
 ● Raised hemoglobin concentration
 ● Raised hematocrit
 ● Raised serum sodium (evidence of water depletion)
 ● Raised serum urea (out of proportion to the serum creatinine)

Always ensure that patients who can swallow safely have 
ready access to fluids.
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described in stroke patients than controls but in the 
absence of hyponatremia [197]. Hyponatremia may 
occasionally cause patients to deteriorate neurologically, 
so it is important to detect since it is usually reversible.

Assessment
We measure urea and electrolytes in all stroke patients as 
part of the baseline assessment, and we monitor them 
regularly where the baseline assessment indicates an 
abnormality, in patients with severe stroke, and those 
with swallowing problems. A low serum sodium should 
prompt a search for the cause including review of the 
medication (Table 11.25), a clinical assessment of hydra-
tion (see Table 11.23) and fluid balance, and, depending 
on the circumstances, some investigations, such as blood 
sugar, urea and creatinine, plasma and urine osmolality 
and urinary sodium concentration, plasma antidiuretic 
hormone level (where available), and perhaps a chest X‐
ray to identify an alternative cause of inappropriate 
secretion of antidiuretic hormone.

Treatment
The treatment of hyponatremia obviously depends on the 
cause (e.g. stopping diuretics, fluid restriction in dilutional 
hyponatremia, and cautious administration of intrave-
nous isotonic saline where salt wasting is  confirmed) 

(Section 15.4.6). It is usually recommended that hypona-
tremia is corrected slowly, over days rather than hours, 
to reduce the risk of central pontine  myelinolysis [198].

11.18.3 Hyperglycemia

Hyperglycemia (defined as a fasting glucose level of 
>6.7 mmol/L, or 120 mg/dL) occurs in about one‐third of 
nondiabetic acute stroke patients and two‐thirds of those 

Table 11.24 Advantages and disadvantages of different methods of hydrating patients who are unable to swallow.

Advantages Disadvantages

Intravenous Can give large volumes rapidly in hypovolemia Can overload patient if not properly supervised
Can give intravenous drugs or irritative solutions 
via cannula

Requires skilled person to insert cannula (so administration 
may be interrupted if cannula needs replacing)
Infection at cannula site can be serious
Cannulas should be replaced regularly but they are 
expensive

Subcutaneous Can be started by relatively unskilled staff (which 
may reduce interruptions)

May be associated with local edema, redness or even abscess

Needle can be placed where patient cannot reach it 
and so lessen likelihood of removal

Absorption can be unpredictable

Unlikely to administer large volumes rapidly and 
therefore fluid overload less likely

Unable to give large volumes rapidly to reverse hypovolemia 
and severe dehydration

Butterfly cannulas are relatively inexpensive Cannot use cannulas for drug administration or irritative 
solutions

Nasogastric More “physiological” and volume overload unlikely May increase risk of aspiration
Can feed the patient via tube as well as just 
hydrating them

Frequently pulled out by restless patients and thus fluid 
administration interrupted

Can give oral medications via tube Probably less acceptable to patients and relatives
Does not necessarily require expensive giving sets 
or sterile fluids

Radiation exposure if X‐rays used to check position

Table 11.25 Medications that have been associated 
with hyponatremia and which are frequently used in stroke 
patients.

Medication Likely indication Section

Diuretics High blood 
pressure/cardiac 
failure

11.7.1 and 
16.3

Carbamazepine, 
oxcarbazepine

Seizures 11.8

Selective serotonin 
reuptake inhibitors (SSRI)

Depression/
emotionalism

11.31.1 and 
11.31.2

Angiotensin converting 
enzyme inhibitors (ACEI)

High blood 
pressure/cardiac 
failure

11.2.3 and 
11.7.1
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with diabetes [199]. About one‐quarter of those with 
hyperglycemia are known to have diabetes mellitus 
already and another quarter have a raised HbA1C, which 
suggests that their blood glucose has been high for some 
time before the stroke, referred to as “latent diabetes” 
[200]. Whether the hyperglycemia in nondiabetic patients 
is due to release of catecholamines and corticosteroids as 
part of the stress response is controversial [201].

Hyperglycemia after a stroke, at least in nondiabetic 
patients, is associated with increased case fatality and 
poor functional outcome [199, 202]. This could be 
explained by more severe strokes producing a greater 
stress response and, thus, hyperglycemia so that hyper-
glycemia is simply a marker of severe stroke. However, 
some studies have demonstrated that hyperglycemia is 
associated with a poor outcome having adjusted for 
stroke severity and other baseline prognostic factors 
[199]. This finding, along with some (but not all) animal 
work showing that hyperglycemia can exacerbate 
ischemic neuronal damage, has led many to believe there 
is a causal relationship between hyperglycemia and poor 
outcome [202, 203].

Assessment
A random blood glucose should be measured in all patients 
with stroke. In those with hyperglycemia, a fasting blood 
glucose and an HbA1C will help distinguish latent diabetes 
from hyperglycemia due to the stroke itself. Blood sugar 
levels are likely to fall spontaneously in the first few days 
after stroke onset [204]. If necessary, a glucose tolerance 
test after the acute stage of the illness (i.e. when the patient 
is medically stable) may be helpful in sorting out which 
patients have diabetes or impaired glucose tolerance, and 
which simply have hyperglycemia related to the acute 
stroke. Patients with established diabetes and latent diabe-
tes should be assessed to exclude vascular (both micro and 
macro) and neurological complications.

Treatment
We currently aim to keep the blood sugar less than 
11 mmol/L (200 mg/dL) in the first few days after an acute 
stroke. This will keep the patient free from thirst and 
avoid excessive diuresis, which may cause dehydration 
(Section  11.18.1). Whether more aggressive control of 
blood sugar, which has at least theoretical benefits for the 
ischemic penumbra, is sensible will depend on any bene-
fits, and the risks of hypoglycemia, which will almost 
 certainly depend on the intensity of monitoring available 
[203]. One small and one moderate sized, but underpow-
ered RCT have shown that glucose–potassium–insulin 
(GKI) infusions can be used with reasonable safety to 
control hyperglycemia in acute stroke but have not 
 demonstrated any improvement in survival or functional 
outcomes [204, 205].

11.18.4 Hypoglycemia

Hypoglycemia may occasionally mimic stroke or transient 
ischemic attack (Section 3.4.5). Ideally, it should be 
excluded on first contact with medical services (e.g. para-
medics, primary care physician) by measuring the glucose 
on a capillary sample in all patients taking hypoglycemic 
medication [206]. Hypoglycemia also occurs after stroke 
because of efforts to normalize blood sugar in those with 
hyperglycemia (Section 11.18.3) and in diabetic patients 
receiving hypoglycemic medication but a reduced food 
intake because of dysphagia (Section 11.17) or other post-
stroke problems (Section  11.19.1). Since hypoglycemia 
may, if severe or undetected, cause worsening of the neu-
rological deficit, the blood sugar should be monitored 
particularly carefully in diabetic patients on hypoglycemic 
medication.

11.19  Nutritional problems

11.19.1 Malnutrition

Malnutrition is a common and often unrecognized 
problem in patients admitted to hospital, especially in 
elderly patients [207]. Inevitably, the reported fre-
quency of malnutrition after stroke has varied depend-
ing on patient selection, the definitions of malnutrition, 
and the method and timing of assessments. Estimates 
vary from 8 to 34% [208, 209]. It is not clear which fac-
tors are associated with malnutrition on admission, but 
the nonstroke literature suggests that malnutrition is 
more frequent in older patients, those living in institu-
tions and poor social circumstances, and those with 
prior cognitive impairment, physical disability, or gas-
trointestinal disease. In a proportion of stroke patients, 
nutritional status may worsen during hospital admis-
sion [210, 211].

Like any acute illness, stroke may cause a negative 
energy balance and greater nutritional demands but, at 
the same time, stroke patients may be less able to adapt 
to these [212, 213]. They often have swallowing difficul-
ties (Section 11.17) and even those who can swallow may 
have a poor appetite because of lack of taste associated 
with the stroke itself [214] or medication, intercurrent 
illness, depression, or apathy; and they may eat slowly 
because of facial weakness, lack of dentures, or poor arm 
function.

Poor nutrition has been associated with reduced 
muscle strength, reduced resistance to infection, and 
impaired wound healing (although not specifically in 
stroke patients). Among patients with stroke, muscle 
weakness, infections, and pressure ulcers are common 
and account for many deaths and much morbidity [109]. 
Malnutrition on admission is associated with increased 
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case fatality and poorer functional outcomes, even hav-
ing adjusted for other factors, but it is unclear to what 
extent this association is causal [215, 216].

11.19.2 Obesity

Obesity is common among hospitalized stroke patients 
[37, 217]. As well as being a risk factor for stroke 
(Section  6.6.10) and presumably recurrent stroke, obe-
sity can also be a problem during recovery from stroke. 
Where patients have restricted mobility, especially where 
they rely on others for help with transfers, obesity can be 
a crucial factor in how long they remain in hospital and 
how much support they require. It is also a problem in 
the long term in achieving adequate control of vascular 
risk factors such as hypertension and diabetes. Patients 
quite often gain weight after stroke, presumably because 
of decreased energy expenditure and excessive calorie 
intake.

11.19.3 Assessment

In routine clinical practice there are practical difficulties 
in assessing stroke patients’ nutritional status. A dietary 
and weight history may not be available because of 
patients’ communication problems and an alternative 
source of this information may not be available if, as is 
common, the patient lives alone. Simple assessments of 
weight and height to estimate the body mass index (BMI) 

pose problems in immobile stroke patients. Specialized 
equipment, of limited availability, such as weighing beds 
or hoists and scales which accommodate wheelchairs, 
may be required and height may have to be estimated 
from the patient’s demi‐span or heel–knee length 
(Figure  11.19). Laboratory parameters such as hemo-
globin, serum protein, albumin, and transferrin may not 
necessarily reflect nutritional status. More complex 
anthropometric measures, vitamin estimations, antigen 
skin testing, and bioelectric impedance are all used in 
research but are not widely available.

Awareness of the possibility of malnutrition is a key 
factor in identifying malnourished patients. It is proba-
bly worthwhile using a standardized screening tool for 
nutritional problems in the stroke unit which can high-
light those patients who would benefit from a dietitian’s 
input, but none have been adequately evaluated for 
stroke patients [218, 219]. A simple and informal end‐of‐
the‐bed assessment (i.e. Is the patient undernourished, 
normal, or overweight?) is better than no assessment at 
all since it reliably identifies most stroke patients with a 
low BMI and abnormal anthropometry, as well as pre-
dicting outcome [215, 220]. Estimation of the BMI, serial 
weights to identify weight loss, and monitoring of dietary 
intake should be used to screen patients on admission 
and monitor them while on the stroke unit. Simple labo-
ratory tests including a serum albumin may be worth 
monitoring where there is clinical evidence of poor or 
worsening nutrition.

Figure 11.19 A hoist can incorporate an 
electronic scale (inset) for weighing 
immobile stroke patients unable to stand 
or sit unaided.
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11.19.4 Prevention and treatment 
of malnutrition

General approach
It is useful to involve the speech and language therapist 
and dietitian in the assessment and care of patients 
who  have swallowing problems, or when nutritional 
intake may be inadequate for other reasons (e.g. confu-
sion). Patients often eat very slowly after stroke and need 
supervision to ensure safe swallowing. Simple measures 
such as providing appetizing food of an appropriate 
 consistency (Section 11.17), placing the patient’s meal in 
their intact visual field, and ensuring that the patient has 
well‐fitting dentures should not be overlooked. Labeling 
a patient’s dentures with their name while in hospital 
helps prevent losses and unfortunate mix‐ups. Staff 
shortages may mean that patients receive insufficient 
food, which will eventually cause malnutrition, or have 
food forced into them hurriedly, which is very demean-
ing and adversely affects morale. Where trained staff are 
unable to cope, the patient’s family or even volunteers 
can be easily trained to help with feeding.

Most people do not like to be fed; they prefer to feed 
themselves. Providing patients with suitable feeding 
utensils or foods which they can pick up may enable 
them to feed themselves (Section 11.32.6). If this is not 
possible, adequate staff – or family members who have 
been instructed in how to do it – need to be employed.

Oral nutritional supplements
Routine oral nutritional supplementation that provides 
both proteins and calories in hospitalized stroke patients 
is probably not worthwhile since it has not been shown 
to have a clinically useful impact on outcome. The FOOD 
trial randomly allocated 4023 patients with an acute 
stroke to routine oral nutritional supplements or not, for 
the duration of their hospital admission. There was no 
significant difference in survival or functional outcomes 
overall, but there were insufficient patients enrolled who 
were undernourished to determine if this subgroup 
might benefit [217]. Therefore, the results of the FOOD 

trial, taken along with a large number of much smaller 
single‐center RCTs of nutritional support in elderly 
patients, suggest that oral supplements are probably use-
ful, but only in those who are identified as malnourished 
or who have inadequate food intake [217].

Enteral tube feeding
Where swallowing is impaired, early introduction of 
nasogastric tube feeding probably reduces the risk of death 
although may be at the expense of keeping more patients 
with severe disability alive (Figure 11.20) [37]. This also 
facilitates administration of important medications. Early 
tube feeding does not appear to influence the risk of chest 
infections but does seem to increase the risk of gastrointes-
tinal hemorrhage (Section 11.2.3) although it is unclear why 
this occurs and whether any preventive treatment such 
as a proton pump inhibitor would be effective (Table 11.26).

Inserting nasogastric tubes is often difficult and ensur-
ing that they are in the stomach, rather than in the lungs, 
at the beginning of each feed is not straightforward [221]. 
Also, patients frequently find the nasogastric tube uncom-
fortable, and feeding is often interrupted by the patient 
repeatedly removing the tube. Restraining the patient 
(Figure 11.21a,b) can probably improve the continuity of 
nasogastric feeding, but such restraints are not always 
acceptable to patients, their families, and healthcare staff.

Although enteral feeding via a PEG is perceived as 
more comfortable and reliable in providing the prescribed 
feed, its routine early use is not associated with better 
survival or functional outcomes [37]. Indeed, the FOOD 
trial, which included 321 patients allocated to initial tube 
feeding via nasogastric or PEG, showed that patients allo-
cated to PEG feeding tended to have worse outcomes 
(7.8% increased risk of death or severe disability (95% 
confidence interval [CI] –0.08% to 15.5%). However, 
where a patient is likely to need prolonged tube feeding, 
or where nasogastric feeding is not practical, a PEG is 
usually the best option (see Table 11.26), although associ-
ated complications must be considered. About one‐fifth 
will develop aspiration pneumonia shortly after insertion, 
about 10% will develop a wound infection, and potentially 
life‐threatening complications such as peritonitis and 
major bleeding occur in about 1% [223–228]. Patients, or 
more frequently their relatives, need to be counseled 
about these risks and the real possibility that their frail 
relative may die in the days following the procedure.

All patients admitted to hospital with stroke should have 
an early assessment of their nutritional status. In the 
absence of a formal assessment tool the team’s judg-
ment of whether the patient is undernourished, normal, 
or overweight is better than nothing. At least it focuses 
the team on this important aspect of care.

Dentures are often lost during hospital admission. 
Labeling a patient’s dentures with their name helps pre-
vent losses and unfortunate mix‐ups.

The early introduction of percutaneous endoscopic gas-
trostomy tube feeding, rather than persisting with a 
nasogastric tube, in dysphagic patients is unlikely to be 
associated with better outcomes. However, if nasogastric 
tube feeding becomes impractical there may be no alter-
native to PEG insertion.
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11.19.5 Treatment of obesity

Patients who are obese, in particular if this causes prob-
lems with mobility or control of diabetes or blood pres-
sure, should be encouraged to lose weight and be offered 
dietary advice (Section 17.7).

11.19.6 Other considerations

It is important to remember that eating plays an impor-
tant role in our social lives and is a source of pleasure. 
Eating with other people during the recovery phase of 
stroke encourages communication and social interaction. 

There was a 5.8%
absolute
(95% CI–0.8–12.5)
reduction in the
proportion of patients
who had died at 6-
months follow-up in
the early enteral tube
feeding group
compared with the
avoid early feed group.
The reduction in death
or dependency was
only 1.2% (95% CI
-4.2–6.6).

Point estimate from FOOD trial
Feed 100 patients early

– prevent about six deaths

Lower 95%
confidence
interval: feed
100 patients
early and cause
about one
additional death

Upper 95%
confidence interval:
feed 100 patients
early and prevent
about 13 deaths

Figure 11.20 Results from the FOOD trial comparing outcomes (deaths by six months per 100 patients treated) following enteral tube 
feeding (mostly via nasogastric tube) started early after hospital admission versus avoiding enteral tube feeding for at least one week.
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Patients who are concerned by their appearance after a 
stroke (e.g. due to facial weakness) may gain confidence 
from this opportunity to socialize. On the other hand, 
dribbling or ending up with the food down their shirt, or 
on the table or floor, may distress patients and inhibit 

social interaction. Advice from the occupational thera-
pist regarding equipment to allow the patient to eat inde-
pendently should be sought to maximize the positive, 
and minimize the negative, aspects of eating in a com-
munal setting (Section 11.32.6).

11.20  Spasticity and contractures

Spasticity has been defined as a motor disorder charac-
terized by velocity‐dependent increase in muscle tone 
with exaggerated tendon reflexes. It develops in between 
one‐fifth and one‐third of hospital‐admitted stroke 
patients over the first year and is more common in those 
with hemiparesis and after severe strokes, and is more 
common in the arm than the leg [229, 230]. However, 
spasticity contributes to disability in only a minority of 
patients with hemiplegia [230, 231].

Spasticity is usually accompanied by muscle weakness 
and clumsiness and sometimes by flexor or extensor 
spasms. Immediately after a stroke the muscular tone in 
the limbs and trunk may be lower, the same as, or higher 
than normal. The reasons for this variation are unclear. 
Although tone may be lower than normal in the acute 
phase, in most patients who do not recover it tends to 
increase over the first few weeks. In patients with a hemi-
paresis, the tone in the arm is usually greater in the flexors 
than extensors, while in the leg it is greater in the extensors 
than the flexors. This explains the typical hemiplegic pos-
ture (i.e. elbow, wrist, and fingers flexed and arm adducted 
and internally rotated with the leg extended at the hip and 
knee and the foot plantarflexed and inverted). Tone in the 
truncal muscles may also be abnormally high or low.

Table 11.26 Advantages and disadvantages of nasogastric 
and percutaneous endoscopic gastrostomy feeding.

Advantages Disadvantages

Nasogastric 
tube

Widely available Easily inserted into lungs

Cheap Often pulled out
Unsightly
Uncomfortable
May lead to aspiration
Nasal irritation/ulcer
Gastric bleeding
Interference with 
swallow

Percutaneous 
endoscopic 
gastrostomy

Tube rarely 
displaced

Limited availability

Cosmetically 
acceptable

Expensive

Long‐term use 
practical

Aspiration when sedated 
for insertion
Wound infection
Bleeding
Peritonitis

(a) (b)

Figure 11.21 (a) A mitten used to prevent a patient from removing a nasogastric tube. (b) An American football helmet to prevent a 
patient from pulling out a nasogastric tube. Source: Levine and Morris 1995 [222]. © 1995 Elsevier.
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Tone may increase in any muscle group so much that it 
restricts the active movement that the residual muscle 
strength can produce. Imbalance in muscle tone can 
eventually result in shortening of muscles and perma-
nent deformity and so restrict the full range of move-
ment (i.e. contractures). Associated reactions are 
involuntary movements of the affected side (most typi-
cally flexion of the arm) elicited by a variety of stimuli 
including the use of unaffected limbs (e.g. self‐propelling 
a wheelchair, yawning, or coughing) and the upright pos-
ture [103, 232]. Associated reactions become more obvi-
ous with increases in tone. Associated reactions may be 
misinterpreted as voluntary movements by family and 
ill‐informed staff who should be educated about their 
significance to prevent them becoming unduly optimis-
tic about the patient’s motor recovery.

Spasticity and contractures may cause pain, deformity, 
disability, and, if severe, secondary complications such as 
pressure ulcers at points of contact between soft tissues 
(e.g. on the inner aspect of the knees in a patient with 
contractures of the thigh adductors).

Assessment
Tone and spasticity
Physicians are trained to assess the tone in a limb by ask-
ing the patient to relax (which is almost guaranteed to 
have the opposite effect) and then moving the limb 
through its range of movement at each joint at different 
speeds and noting any resistance to these movements. 
Unfortunately, many physicians do not appreciate how 
much tone is influenced by factors such as the patient’s 
position, anxiety, fatigue, pain, and medication. Tone may 
change from minute to minute. This makes it  difficult to 
assess objectively with good interobserver reliability. 
Physiotherapists, who spend far more time than physi-
cians handling patients, are more aware of changes in 
tone and try to take advantage of them in their therapy.

Formal measurement of tone can be attempted using 
clinical scales (e.g. the modified Ashworth Scale, 
Table 11.27) or techniques such as electrogoniometry or 
quantitative neurophysiology. Unfortunately, the last 
two are not widely available or practical in routine clini-
cal practice. The interobserver reliability of the modified 
Ashworth Scale is generally good for assessing tone in 
the arm and around the knee but poor for assessing tone 
around the ankle [233]. When assessing the effectiveness 

of treatment in an individual patient, or in a group of 
patients in RCTs, it may be better to measure function 
(e.g. walking speed or dressing), or the achievement of a 
specific goal (to allow the palm of the hand to be accessed 
to maintain hygiene) than relying on measurement of 
tone itself. Indeed, the management of abnormal tone, 
like all other aspects of rehabilitation, should be directed 
at achieving realistic, relevant, and measurable goals 
(Section 10.3.3).

Contractures
Contractures are easier to assess because, by definition, 
the deformity is fixed. Thus, one can objectively measure 
the range of movement around a joint and repeat the 
measure to determine whether or not an intervention 
has improved the range. However, occasionally an appar-
ent contracture responds to injection of botulinum toxin 
(see later), indicating that the shortening is due to mus-
cle contraction rather than permanent shortening of 
muscles or tendons.

Prevention and treatment
In rehabilitation our aim is to modulate changes in mus-
cle tone to the patient’s advantage. For instance, to 
increase tone in a flaccid leg and so provide the patient 
with a more secure base on which to walk, or reduce tone 
in the arm to facilitate more active movement. We use 
several complementary approaches to prevent the devel-
opment of unwanted patterns of tone and to alleviate 
existing problems due to spasticity and contractures. 
Some are applicable to any patient while others are only 
required to deal with exceptional problems.

 ● Avoidance of exacerbating factors: Pain (Section 11.23), 
urinary retention (Section 11.14), severe constipation 
(Section  11.15), skin irritation, pressure ulcers 

Associated reactions may be misinterpreted as voluntary 
movements by family and ill‐informed staff who should 
be educated about their significance to prevent them 
becoming unduly optimistic about the patient’s motor 
recovery.

Table 11.27 The modified Ashworth Scale for the clinical 
assessment of muscle tone [234].

0 No increase in muscle tone
1 Slight increase in muscle tone, manifested by a catch and 

release, or by a minimal resistance at the end of the range 
of motion when the affected part(s) is moved in flexion or 
extension

1+ Slight increase in muscle tone, manifested by a catch, 
followed by minimal resistance throughout the remainder 
(less than half ) of the range of movement

2 More marked increase in muscle tone through most of the 
range of movement but affected parts easily moved

3 Considerable increase in muscle tone, passive movement 
difficult

4 Affected parts rigid in flexion or extension
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(Section  11.16), anxiety (Section  11.31.1), and any 
other unpleasant stimulus may cause an unwanted 
increase in tone. These factors must be avoided or 
alleviated.

 ● Positioning and seating: Poor positioning, especially in 
immobile patients, can lead to detrimental changes in 
tone. For example, long periods spent lying supine will 
increase extensor spasms, presumably by facilitation 
of basic reflexes. Regular positioning, such as external 
rotation of the shoulder, appears to reduce unwanted 
tonal changes [235]. Unfortunately, there seems to be 
quite a lot of uncertainty about the optimum positions 
for patients with hemiplegia and there are also practi-
cal difficulties in keeping them in the required position 
(i.e. patients tend to move) [236]. The positioning 

charts which can be found on most stroke units 
(Figure  11.22) can only be used as a general guide. 
Finding the optimum position for a patient is often a 
matter of trial and error and relies on the experience of 
the therapists and nurses. Appropriate seating which 
can be tailored to the individual patient is essential 
(Figure 11.23). Ideally, patients should be seated in a 
balanced, symmetrical, and stable position which they 
find comfortable and which enables them to function 
(e.g. eat, drink, etc.).

 ● Passive movements and physiotherapy: It is important 
that muscles are not allowed to remain in a relaxed and 
shortened position for too long. For example, if the 
arm is left in a flexed posture at the elbow, or the foot 
plantarflexed in bed, this can lead to permanent 

Lying on affected side
No backrest. One or two pillows for head.
Affected shoulder pulled well forward.
Place good leg forward on a pillow.
Pillow placed behind back.

Lying on unaffected side
No backrest. One or two pillows for head.
Affected shoulder forward with arm 
 on pillow.
Place affected leg backward on a pillow.
Pillow placed behind back.

Sitting up
Sitting well back and in center of chair.
Affected arm placed well forward on
 table or pillow.
Feet �at on �oor.
Knees directly above the feet.

Sitting in bed
Sitting in bed is not desirable.
Affected arm placed on pillow.
Legs are straight.
Sitting upright and well supported.

Figure 11.22 The typical chart used to guide the positioning of stroke patients with hemiplegia (shown in black) while in bed.
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 shortening and contractures. Patients’ limbs should be 
moved passively to stretch the muscles and maintain 
the range of movement, even in the very acute stages. 
However, it is important that carers are taught to do 
this without damaging vulnerable structures such as 
the shoulder (Section 11.24). Handling methods, dur-
ing transfers for example, can also influence tone, at 
least in the short term [237]. Physiotherapists have an 
important role in teaching nurses and informal carers 
the correct positioning and handling techniques to 
minimize risk of injury (to patient and handler) and 
unwanted spasticity.

Patients with a hemiparesis often attempt to “overuse” 
their sound side to achieve mobility but, as a conse-
quence, the tone may increase in the affected side. Using 
the unaffected leg to self‐propel a wheelchair is said to 
lead to increased spasticity in the affected arm and leg 
[238]. The impact of any changes in tone associated with 
such activities on functional recovery has not been 
established [239].

The aim of many of the facilitation and inhibition tech-
niques used by therapists is to use basic reflexes and pos-
tural changes in tone to promote function. However, 
these techniques, although widely accepted and prac-
tised, have not been evaluated adequately in RCTs 
(Section  11.21). Various physical techniques, including 
the application of cold or heat, splinting and electrical 
stimulation can, at least for a short time, reduce spastic-
ity [237, 240, 241]. This may relieve discomfort, allow 
improved hygiene, and enable plaster casts or splints to 
be applied. Whether these physical techniques have 
direct longer term benefits is unclear [240].

 ● Splinting and casting: Occasionally these may be neces-
sary to prevent or treat contractures. Progressive splinting 
and application of casts can improve range of movement 
but the optimum duration and best methods are unclear. 
Also, badly fitted casts and splints can cause pain, pressure 
ulcers and tendon damage which may exacerbate rather 
than relieve spasticity and contractures.

 ● Oral antispastic drugs: Where spasticity is not ade-
quately controlled by physical techniques, or where the 
patient is suffering from painful muscle spasms, certain 
drugs have been advocated, such as baclofen, clonaze-
pam, dantrolene, and tizanidine, which all reduce tone 
by altering neurotransmitter function or ion flux in the 
spinal cord, or in muscles [242]. In our experience they 
rarely make much difference and they have a number of 
adverse effects (Table 11.28). Adverse effects are much 
more common in older patients but can be minimized 
by starting with low doses and increasing the dose 
slowly until the desired effect is achieved, or adverse 
effects necessitate withdrawal. We normally only use 
baclofen or tizanidine for a trial period in patients who 
our physiotherapists feel might benefit.

 ● Local and regional treatments: Injection of botulinum 
toxin directly into muscles can reduce troublesome 
spasticity. Small RCTs have confirmed that this does 
indeed reduce tone, which may reduce clawing of the 
fingers and allow better skin hygiene [243–245]. This 
treatment appears to be safe, at least in the short term, 
but because its effects wear off over several months, 
repeated injections may be required and treatment 
costs can be very high. Sometimes, a single injection can 
allow simpler measures to be introduced which avoids 
the need for further injections. Further large trials are in 
progress to establish whether function really is improved 
(http://www.strokecenter.org/trials/clinicalstudies/list).

Very occasionally, and usually where simple measures 
have been inadequate, spasticity can be so troublesome 
as to warrant more invasive procedures, such as:

 ● local nerve blocks with ethanol or phenol, which, 
although occasionally useful to solve specific 

Figure 11.23 A chair which can be tailored to the individual 
needs of the patient. This model can be raised, or lowered, the 
back rest and seat can be adjusted, arms can be altered and extra 
supports can be inserted.
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 problems, can lead to unwanted muscle weakness and 
painful dysesthesias [246];

 ● intrathecal infusion of baclofen using implantable 
pumps [247];

 ● surgical procedures such as anterior and posterior rhi-
zotomy and lesioning of the dorsal root entry zone (so‐
called drez‐otomy) [240]; and

 ● tendon lengthening and transfers which can, for exam-
ple, help to reduce equinovarus deformity [240].

Anecdotally, the prevalence of severe contractures 
appears to have declined dramatically over the last 30 
years, which is probably a result of improvements in the 
standards of general care. We now almost never have to 
resort to the more invasive procedures described here.

11.21  Limb weakness, poor truncal 
control, and unsteady gait

These three aspects of the patient’s condition are impossi-
ble to separate and will therefore be discussed together. 
Weakness of an arm, leg, or both, sometimes with unilateral 

facial weakness, is probably the most common and widely 
recognized impairment caused by stroke. However, there 
are often associated but less obvious problems with the 
axial muscles which impair truncal control and walking.

Facial weakness, which affects about 40% of patients 
(see Table  11.2), apart from its cosmetic effects, may 
contribute to dysarthria (Section  11.30.2) and cause 
problems with the oral preparatory phase of swallowing 
(Section  11.17). Weakness of the upper limb, which 
affects about 50% of patients (see Table 11.2), along with 
changes in tone, is associated with the development of a 
painful shoulder (Section 11.24) and swelling of the hand 
(Section 11.25). Poor hand and arm function is a major 
cause of dependency in activities of daily living. Weakness 
of the leg, which affects about 45% of patients (see 
Table  11.2), may be severe enough to immobilize the 
patient and thus predispose to the complications of 
immobility (Section 11.11). Leg weakness, making it dif-
ficult to stand, transfer, or walk independently, is one of 
the most important factors prolonging hospital stay in 
stroke patients. In patients with hemiparesis, which 
affects about 55% of patients, the arm is usually weaker 
than the leg (see Table 11.2).

Table 11.28 Adverse effects of antispasticity drugs.

Adverse effect Baclofen Diazepam Dantrolene Tizanidine

Sedation/central nervous system 
depression

++ +++ + +

Confusion + +
Hypotonia/weakness + + ++ +
Unsteadiness/ataxia + ++ + +
Exacerbation of epileptic seizures ++
Psychosis/hallucinations ++ +
Insomnia + +
Headache + +
Urinary retention + + +
Dry mouth ++
Hypotension + + +
Nausea/vomiting + + +
Diarrhea/constipation + + + +
Abnormal liver function + + +++ +
Hyperglycemia +
Visual disturbance + +
Skin rashes + + +
Pericarditis/pleural effusions +
Blood dyscrasia +
Withdrawal symptoms + ++
Drug interactions ++ + +

+, reported occasionally; ++, quite frequent; +++, potentially fatal.
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Assessment
In assessing function in a patient with stroke, unlike 
making the diagnosis, it is more useful to observe the 
range and control of voluntary movements of the limbs 
than assessing power in individual muscle groups. For 
instance, does the patient have only coarse control of 
movement around the hip or shoulder, or has he or she 
retained movement at the more distal joints? In stroke 
patients, distal movements are usually more severely 
impaired than proximal ones. The assessment of motor 
function and truncal control are described in Chapter 3 
(Section 3.3.4).

Recovery from a hemiplegic stroke has been likened to 
early infant development, in that the recovery of truncal 
control follows the same general pattern as that of a 
growing child. Head control returns first, followed by 
rolling over, sitting balance and then standing balance, 
and lastly the patient can walk with increasing steadiness 
and speed (see Figure 10.16). After a stroke it is useful to 
know where the patient is on this “developmental ladder” 
when assessing prognosis and setting goals for rehabili-
tation [248]. It is also important to assess truncal control 
and gait since truncal ataxia can occur without limb 
incoordination in patients with midline cerebellar 
lesions. Indeed, it is not unknown for patients to undergo 
full gastrointestinal and metabolic investigation to eluci-
date the cause of vomiting before their truncal ataxia is 
noted and a cerebellar stroke diagnosed. It also seems 
absurd that, although immobility is the main reason for a 
stroke patient needing to stay in hospital for rehabilita-
tion, mobility and balance are very often not assessed 
properly by doctors admitting stroke patients [61].

Having stressed the importance of testing truncal con-
trol and gait, it is important that in doing so neither the 
patient nor the doctor are put at risk of injury. Poor han-
dling and lifting technique may dislocate a patient’s flac-
cid shoulder (see Section 11.24), result in a fracture from 
a fall (see Section 11.26) and may even injure the doctor’s 
back. Physiotherapists should ideally provide appropri-
ate training to all staff and informal carers who are 
involved in handling patients.

The severity of weakness of individual muscle groups 
is often graded with the Medical Research Council 
(MRC) Scale [249] (Table  11.29). This was originally 
designed to assess motor weakness arising from injuries 
to single peripheral nerves, not stroke. Unfortunately, 
although the MRC Scale has good interobserver reliabil-
ity if applied rigorously [233], it is often misused and the 
optional expansion to include extra grades (4 plus and 
5 minus) makes it even less reliable in the routine record-
ing of motor weakness. The Motricity Index, a modifica-
tion of the MRC Scale (see Table  11.29), for use in 
patients with stroke, allows the observer to grade the 
severity of the hemiparesis rather than each separate 
muscle group [250]. This can be useful in charting 

patients’ progress for research purposes but is of limited 
value in routine clinical practice because it is difficult to 
remember the weights applied to individual movements 
and it requires a small block to assess grip strength. 
Several other tools are available for objectively measur-
ing and recording motor function (Table 11.30).

Treatment
The amount of spontaneous recovery of motor function 
is highly variable. The more severe the initial impair-
ment, the less likely is full recovery. One study suggested 
that motor and sensory function five days after stroke 
onset explained 74% of the variance in motor function at 
six months with the Fugl‐Meyer Scale [252]. The pattern 
of recovery of motor function parallels that of other 

Table 11.29 The MRC Scale of Weakness, and the Motricity Index 
which was developed from the MRC Scale for use in stroke 
patients [249, 250].

MRC Scale
0 No contraction
1 Flicker or trace of contraction
2 Active movement with gravity eliminated
3 Active movement against gravity
4 Active movement against resistance
5 Full strength
The Motricity Index
Arm Pinch grip —

Elbow flexion (from 90°) —
Shoulder abduction (from chest) —
Total arm score —

Leg  Ankle dorsiflexion (from plantarflnkle —
Knee extension (from 90°) —
Hip flexion —
Total leg score —

Scoring system for pinch grip
0 Pinch grip, no movement
11 Beginnings of prehension
19 Grips block (not against gravity)
22 Grips block against gravity
26 Against pull but weak
33 Normal
Scoring system for movements other than pinch grip
0 No movement
9 Palpable contraction only
14 Movement but not against gravity/limited range
19 Movement against gravity/full range
25 Weaker than other side
33 Normal
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stroke‐related deficits, with the most rapid recovery 
occurring in the first few weeks and then the pace 
of  improvement slows over subsequent months 
(Section 10.2.5). In patients with hemiparesis it is gener-
ally thought that motor function in the leg improves 
more than that in the arm, although this has been ques-
tioned [253]. Unless the patient has some return of grip 
within one month of the stroke, useful return of function 
is unlikely, although not impossible [254].

Physiotherapy is the main therapeutic option in hemi-
paresis, although techniques vary. The two broad 
approaches most commonly employed are the “facilita-
tion and inhibition” technique and the “functional” 
approach.

 ● The facilitation and inhibition technique is based on 
the premise that posture and sensory stimuli can mod-
ify basic reflex patterns which emerge after cerebral 
damage. Several workers have developed different 
treatments based on this concept, the best‐known 
being those of Bobath [255] and Brunnstrom [256]. 
Although these techniques differ, certain features are 
common to all [257] (Table 11.31): to achieve as nor-
mal a posture and pattern of movement on the affected 
side as possible.

 ● On the other hand, the functional approach simply 
aims, through training and strengthening of the unaf-
fected side, to compensate for the impairment to 
achieve maximum function. For example, patients may 
be encouraged to transfer and walk as soon as possible 
after the stroke. Supporters of the facilitation and 

 inhibition approach claim that, although the func-
tional approach might achieve earlier independence, it 
results in more abnormal patterns of tone and move-
ment which in the long term may lead to contractures 
and loss of function. Vigorous activity involving the 
unaffected side may increase the tone in the affected 
limbs during the activity. This does not seem to occur 
with all activities (e.g. pedaling) and any long‐term 
effects on tone are unclear [258].

We believe there is a place for both approaches in clini-
cal practice. Quite often, where a patient has not achieved 
useful independent mobility despite a prolonged period 
of physiotherapy (with the facilitation and inhibition 
approach), we switch to a functional approach to maxi-
mize the patient’s autonomy. For example, we will train 
patients to transfer independently and self‐propel a 
wheelchair even though this may be associated with, at 
least in the short term, unwanted changes in tone.

There has been very little formal evaluation of the 
physiotherapy techniques. Although several small RCTs 
have been reported, no definite conclusions about their 
relative merits can be drawn [259]. In any case, compari-
sons of different techniques may have limited relevance 
to current clinical practice as many therapists adopt an 
eclectic approach, using selected aspects of each tech-
nique where appropriate for individual patients. There 
are, therefore, some important questions about physio-
therapy after stroke which need to be answered in prop-
erly designed RCTs:

 ● When should physiotherapy start?
 ● How long should it continue?
 ● What is the optimum intensity of physiotherapy [260]?
 ● Which specific therapeutic interventions are the most 

effective?
 ● Is therapy provided by relatively unskilled therapists as 

effective as that provided by skilled therapists?
 ● Which patients gain most from physiotherapy and can 

we prospectively identify them?

Table 11.30 Measurements of motor function.

Impairments
MRC Scale (Table 11.29)
Motricity Index (Table 11.29)
Trunk Control Test
Motor Club Assessment
Rivermead Motor Assessment
Dynamometry
Disability
Arm

Nine‐hole peg test
Frenchay Arm Test/Battery
Action Research Arm Test

Truncal control/mobility
Standing balance
Functional Ambulation Category
Timed 10‐m walk
Truncal control
Rivermead Mobility Index
Subsection of Office of Population Censuses and Surveys 
(OPCS) scale [251]

Table 11.31 Common features of facilitation/inhibition‐based 
therapy [257].

 ● Recognition of the intimate relationship between sensation 
and movement

 ● Recognition of the importance of basic reflex activity
 ● Use of sensory input and different postures to facilitate or 

inhibit reflex activity and movement
 ● Motor relearning based on repetition of activity and 

frequency of stimulation
 ● Treatment of the body as an integrated unit rather than 

focusing on one part
 ● Close personal interaction between the therapist and patient
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The results of small RCTs support the hypothesis that 
physiotherapy, especially focused on achieving particu-
lar tasks, improves function even when started late after 
stroke [261]. The trials generally indicate that therapy 
has a greater impact on specific motor impairments than 
the resulting disability. This may be because the resulting 
disabilities are the consequence of sensory and cognitive 
as well as motor problems. The size of any treatment 
effect is probably influenced by the intensity of treat-
ment [260]. However, many older, sicker patients may 
not be able to tolerate intensive regimes, which empha-
sizes the need for research to identify the optimum phys-
iotherapy regime for particular subgroups of patients 
[262]. Given the methodological difficulties in systemati-
cally reviewing and performing RCTs of physiotherapy 
techniques (and those of other therapists), this is a 
daunting challenge (see Table 11.1).

Other interventions
A large number of physical techniques have been devel-
oped with the aim of improving motor function or gait. 
Some have been evaluated in small RCTs which have 
included highly selected patients and focused more on 
impairment than disability as outcome measures. None 
are supported by enough evidence to recommend their 
routine use [261]. These techniques include:

 ● electromyographic, visual, and auditory feedback 
[263–265];

 ● functional electrical stimulation, which is effective 
as an orthosis. When applied it can reduce foot drop 
to facilitate gait, and probably increases muscle 
strength, but it is unclear whether it improves func-
tional outcome and many patients find it uncomfort-
able [261, 266];

 ● acupuncture [267] and transcutaneous electrical nerve 
stimulation (TENS) [268];

 ● treadmill gait retraining with or without bodyweight 
support [269];

 ● “forced use” or “constraint‐induced therapy,” where 
the unaffected arm is immobilized for a major part of 
the day and during physiotherapy sessions [270];

 ● drugs to enhance motor recovery. In the FLAME study, 
administration of fluoxetine, a serotonin reuptake inhib-
itor, for three months starting 5–10 days after onset of 
ischemic stroke was shown to enhance motor recovery 
as measured by Fugl‐Meyer Motor Scale scores after 
three months [271]. Although fluoxetine is an antide-
pressant, the treatment benefit is not solely due to its 
effect on mood. Modulation of spontaneous brain 
plasticity by increasing activity over motor cortices and 
promotion of long‐term potentiation which optimize 
activity‐dependent learning are believed to be possible 
mechanisms that facilitate motor recovery [272].

Other approaches
In this section we have dealt with interventions that aim 
to decrease disability by improving impairments. The 
complementary strategy of providing appropriate mobil-
ity aids (e.g. walking sticks, splints, and wheelchairs) is 
covered in Section 11.32.1.

11.22  Sensory impairments

In about a fifth of patients with acute stroke it is impos-
sible to assess sensation adequately because of reduced 
conscious level, confusion, or communication prob-
lems, but about one‐third of the remainder have impair-
ment of at least one sensory modality (see Table 11.2). 
Sensory problems are more easily identified in patients 
with right rather than left hemisphere stroke, probably 
because they have fewer communication difficulties. 
Severe sensory loss may be as disabling as paralysis, 
especially when it affects proprioception. Furthermore, 
loss of pain and temperature sensation in a limb, or sen-
sory loss with neglect, may put a patient at risk of injury 
from hot water, etc. And disordered sensation with 
numbness or paresthesia, even without functional diffi-
culties may, if persistent, be as distressing to some 
patients as central poststroke pain (Section 11.23). We 
have discussed some of the difficulties in assessing sen-
sory function in Chapter 3 (Section 3.3.5).

Little is known specifically about the recovery of 
 sensation after stroke, although it probably follows 
a  similar pattern seen in most other impairments 
(Section  10.2.5). However, sensory symptoms may 
evolve and even become more distressing with time and 
they may worsen during intercurrent illness (e.g. infec-
tions), leading to concerns about recurrent stroke. 
Under these circumstances it is important to give 
appropriate explanation and reassurance to the patient 
and any carers.

Although patients may be given sensory stimulation as 
part of their therapy, the effect this or any other interven-
tion has on sensation is unknown [273]. Where patients 
have lost temperature or pain sensation in a limb, espe-
cially if there is associated neglect, it is important to 
counsel them about commonsense strategies to avoid 
injury to the limb.

Patients often complain bitterly about what appears to 
the doctor to be a minor change in sensation. Do not 
underestimate the effect which facial numbness or tin-
gling in a hand can have on the morale of a patient.
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11.23  Pain (excluding headache)

Pain is a common complaint among stroke patients. 
Perhaps one‐third require analgesia for pain (excluding 
shoulder pain) during hospital admission after an acute 
stroke and, although it becomes less of a problem with 
time, persisting severe pain may affect about one‐fifth of 
patients [109, 274]. There are many potential causes, 
some of which are coincidental and others which are in 
some way due to the stroke (Table  11.32). Usually, the 
cause becomes obvious when the patient is asked about 
the distribution, nature, and onset of the pain and the 
relevant area has been examined. However, some pains 
(e.g. due to spasticity, axial arthritis, and central post-
stroke pain) may be difficult for patients to describe and 
localize. Diagnosis and assessment of analgesic require-
ments are particularly difficult in patients with commu-
nication and cognitive problems.

The treatment of pain depends on the cause. Simple 
analgesics (e.g. acetaminophen [paracetamol]) along with 
some reassurance that the pain does not indicate any 
serious problem may be all that is needed. Other inter-
ventions such as local application of heat or cold, and 
TENS or acupuncture, may relieve symptoms with a low 
risk of adverse effects. Pain due to spasticity should ini-
tially be treated by alleviating exacerbating factors and 
by carefully positioning the patient (Section  11.20). 
Antispasticity drugs are occasionally required, but sel-
dom work and have significant adverse effects (see 
Table  11.28). Musculoskeletal pain can be treated with 
simple analgesics and, if these are ineffective and there 
are no contraindications, a NSAID. If a joint becomes 
acutely painful it may be necessary to rest it and investi-
gate to exclude more serious causes (e.g. septic arthritis, 
fracture, or gout exacerbated by diuretics or aspirin). We 
find it useful to discuss the patient’s pain at the multidis-
ciplinary team meeting, where the pattern, severity, and 

control of pain in different settings (e.g. on the ward, at 
night, during therapy sessions) can be established. This 
provides important clues to its cause and the best 
approach to treatment.

11.23.1 Central poststroke pain

This is variably described as a superficial burning, lacer-
ating, or pricking sensation, often exacerbated by factors 
including touch, movement, cold, and anxiety [275]. It 
usually affects one‐half of the body but may be more 
localized, affecting a quadrant, one limb or just the face. 
It affects up to 10% of hospitalized patients surviving at 
six months in total, and 5% severely [276], though this 
estimate is certainly higher than we would expect in our 
clinical practice. A far less common, but related, problem 
is poststroke pruritus [277].

Central poststroke pain is usually associated with 
some abnormality of pinprick or temperature sensation 
and may be accompanied by autonomic changes, for 
example sweating or cold [278]. It may start immedi-
ately after the stroke but more frequently after a delay of 
weeks or months [275]. Although the term “thalamic 
pain” is commonly used synonymously with central 
poststroke pain, this is misleading since the pain occurs 
in patients with stroke lesions affecting any part of the 
sensory pathways [279].

Central poststroke pain is often resistant to therapy. 
Avoidance of those factors which exacerbate the symp-
toms is an important first step. Tricyclic antidepressants 
(e.g. amitriptyline) may alleviate the symptoms and also 
lift any associated depression [280]. A small dose should 
be used initially, usually at bedtime, and increased 
slowly until adequate symptom control is achieved or 
adverse effects become troublesome. If tricyclic antide-
pressants are ineffective, addition of calcium channel 
modulators (e.g. gabapentin or pregabalin) are reasona-
ble second‐line treatments. A range of alternative drugs 
including other antiepileptics (e.g. carbamazepine, lam-
otrigine, phenytoin, valproate, clonazepam), selective 
serotonin reuptake inhibitors (e.g. fluvoxamine), antiar-
rhythmics (e.g. mexiletine), opiates, and intrathecal 
baclofen have all been advocated but none adequately 
evaluated in placebo‐controlled randomized trials 
[280–282]. Physical methods such as acupuncture and 
TENS are worth trying since they may occasionally 
 provide relief and are at least fairly safe without any last-
ing adverse effects. Psychological interventions may 
help but have not been formally evaluated. More inva-
sive and destructive techniques, such as stereotactic 
mesencephalic tractotomy, or deep‐brain stimulation, 
are occasionally used in severe cases which are resistant 
to other treatment modalities, but are not necessarily 
effective.

Table 11.32 Causes of pain after stroke.

 ● Headache due to vascular pathology (Sections 3.7.1 and 11.9)
 ● Painful shoulder (Section 11.24)
 ● Deep venous thrombosis and pulmonary embolism 

(Section 11.13)
 ● Pressure ulcers (Section 11.16)
 ● Limb spasticity (Section 11.20)
 ● Fractures (Section 11.26)
 ● Arterial occlusion with ischemia of limb, bowel or 

myocardium
 ● Coexisting arthritis exacerbated by immobility or therapy
 ● Instrumentation (e.g. catheter, intravenous cannulas, 

nasogastric tube)
 ● Central poststroke pain (thalamic pain/Dejerine–Roussy 

syndrome) (Section 11.23)
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11.24  Painful shoulder

Shoulder pain is reported by at least one‐fifth of patients 
in the first six months after stroke. Its frequency increases 
over the first few months. It is more common in those 
with severe sensorimotor deficits, and thus hospital‐
admitted patients, and usually affects the shoulder on 
the hemiparetic side [283–285]. Although many factors 
(Table 11.33) have been associated with painful shoulder, 
their role in its development is unclear [285]. A small 
proportion of patients who complain of a painful shoul-
der after a stroke have the other clinical features that 
comprise the syndrome of reflex sympathetic dystrophy 
or shoulder–hand syndrome (Table 11.34). It is unclear 
whether this represents a distinct entity or simply the 
severe end of a spectrum.

Our ignorance of the causes and prognosis of shoulder 
pain is in part due to major problems of definition and 
the lack of well‐validated and reliable assessment tools 
[288]. But, although our understanding of the epidemiol-
ogy and causes of painful shoulder is incomplete, no one 
involved in stroke rehabilitation can doubt its impor-
tance. It causes patients great discomfort, it may seri-
ously affect morale, and can inhibit recovery. In some 
patients it persists for months, even years.

Prevention and treatment
Treatment of an established painful shoulder is often 
ineffective so that any measures to prevent its develop-
ment are important. It is probably useful to introduce 
policies on the stroke unit that have been identified as 
being associated with a lower frequency of the problem 
in nonrandomized studies (Table 11.35). It may also be 
useful to identify individuals who are at particularly 
high risk, based on the factors in Table 11.33, and make 
all staff aware of the potential problem. More specific 
interventions including slings, cuffs, and taping to sup-
port the flaccid arm (Figure 11.24) and functional elec-
trical stimulation may reduce subluxation but their 
effect on the frequency of painful shoulder and arm 
function is unproven [289–291]. Many therapists worry 

Table 11.33 Factors associated with painful shoulder after stroke.

Associated features
Shoulder pain before the stroke
Low tone allowing glenohumeral subluxation/malalignment 
(Figure 11.25)
Spasticity (Section 11.20)
Severe weakness of the arm (Section 11.21)
Sensory loss (Section 11.22)
Neglect (Section 11.28)
Visual field deficits (Section 11.27.1)
Neurological mechanisms
Reflex sympathetic dystrophy (shoulder–hand syndrome) 
(Section 11.24)
Central poststroke pain (Section 11.23)
Brachial plexus injury
Orthopedic problems
Adhesive capsulitis (frozen shoulder)
Rotator cuff tears due to improper handling or positioning
Acromioclavicular arthritis
Glenohumeral arthritis
Subdeltoid tendinitis

Table 11.34 Features of reflex sympathetic dystrophy.

 ● Pain and tenderness on abduction, flexion and external 
rotation of the arm at the shoulder

 ● Pain and swelling over the carpal bones
 ● Swelling of metacarpophalangeal and proximal 

interphalangeal joints
 ● Changes in temperature, color, and dryness of the skin of the 

hand
 ● Loss of dorsal hand skin creases, and nail changes
 ● Osteoporosis

Note: there is probably considerable overlap between reflex 
sympathetic dystrophy and the cold arms described by Wanklyn 
[286, 287] (Section 11.25).

Table 11.35 General measures which may reduce the frequency 
of painful shoulder after stroke.

Instruct all staff 
and carers to:

Support the 
flaccid arm to 
reduce 
subluxation

Teach patients not to allow the affected arm 
to hang unsupported when sitting or 
standing. While sitting they might use one of 
several arm supports which attach to the 
chair or wheelchair. All are more effective 
than a pillow which spends most of the time 
on the floor. Shoulder/arm orthoses may, 
depending on their design, prevent 
subluxation but have not been shown to 
reduce the frequency of painful shoulder 
(Figure 11.24c)

Avoid pulling 
on the affected 
arm when 
handling the 
patient

Staff and carers should be trained in 
methods of handling and lifting patients to 
avoid traction injuries

Avoid any 
activity which 
causes shoulder 
discomfort

Therapy sessions sometimes do more harm 
than good

Maintain range 
of passive 
shoulder 
movements
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that the use of slings and cuffs will inhibit recovery of 
the arm because it is held in a position that promotes 
spasticity.

When a patient complains of shoulder pain it is 
important to exclude glenohumeral dislocation 
(Figure  11.25), fracture, or specific shoulder syn-
dromes. For example, painful arc (supraspinatus tend-
initis) may respond  better  to specific measures (e.g. 
local steroid injection), although even the evidence 
supporting treatments for these specific syndromes is 
poor [292, 293].

Many treatments have been suggested for established 
painful shoulder. Some have been evaluated in small 
RCTs, but further studies are needed to define the best 
treatments (Table 11.36). Some interventions are proba-
bly harmless (e.g. application of cold, heat, taping, TENS) 
and if they produce even short‐term relief are worth try-
ing. Others have potentially important adverse effects 
and costs (e.g. oral corticosteroids) and therefore need to 
be evaluated further before being adopted into routine 
clinical practice [285].

(a) (b) (c)

Figure 11.24 By supporting the weight of the arm, glenohumeral subluxation can be reduced. This may be achieved when the patient is 
sitting using an arm support (a) which attaches to the chair or wheelchair or, alternatively, a perspex tray (b) which, because it is 
transparent, allows the patient to check on the position of their feet. Both are better than pillows which invariably end up on the floor. 
Several designs of sling (c) are available to reduce subluxation when patients are upright.

Figure 11.25 X‐ray of shoulder showing glenohumeral 
subluxation, a common finding in stroke patients, but does it 
matter? Note the widened joint space (double‐headed arrow) and 
the increased distance between the lower border of the glenoid 
cavity (short arrow) and the lower border of the humeral head 
(long arrow). Source: Photograph provided by Dr. Allan 
Stephenson.

Shoulder pain after stroke is common, ill understood, 
and difficult to prevent. None of the suggested treat-
ments are supported by reliable evidence.
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11.25  Swollen and cold limbs

Swelling with pitting edema, and sometimes pain, quite 
often occurs in the paralyzed or neglected hand, arm, or 
leg, usually within the first few weeks [295, 296]. The 
swelling may limit the movement of the affected part 
and  the pain not only further restricts movement but 
also exacerbates spasticity and associated reactions 
(Section 11.20). Some patients complain of coldness of 
the limb, more often of the arm than the leg [297]. 
Swelling more often occurs in the legs of patients who sit 

for prolonged periods (Section 11.13). Gravity and lack 
of muscle contraction, which reduce venous and lym-
phatic return, presumably play a part but autonomic 
changes and control of regional blood flow may be rele-
vant [297]. An isolated painful, swollen hand may be a 
mild form of the shoulder–hand syndrome. There are a 
number of other causes which need to be considered 
(Table 11.37). People with fractures or acute ischemia of 
the limb usually complain of severe pain, but stroke 
patients with sensory loss, visuospatial dysfunction, or 
communication difficulties may not, which can lead to 
these diagnoses being overlooked.

Assessment
The other causes of a swollen limb should be excluded by 
clinical examination and appropriate investigation before 
attributing the swelling simply to immobility or depend-
ency. Investigation is not usually necessary but Doppler 
ultrasound or venography to exclude DVT of the leg 
(Section 11.13), a simple X‐ray of a swollen wrist or ankle 
to exclude a fracture, and a serum albumin may be useful. 
The effect of any intervention can be monitored by sim-
ply measuring the circumference of the limb, although 
plethysmography has been used in research studies [298].

Treatment
The treatment obviously depends on the cause. Where 
the swelling appears to be due to immobility we try the 
following:

 ● elevation of the affected limb when at rest;
 ● encourage active movement (this may be impossible 

with severe weakness but is important if neglect is the 
main cause);

 ● graduated compression stocking on the leg (full length 
or below‐knee depending on extent of swelling) or a 
bandage on the arm, although the latter may worsen 
swelling of the hand; and

 ● intermittent compression of the limb although this 
was shown to be ineffective in reducing arm swelling 
in a randomized trial [299].

Table 11.36 Treatments used for painful shoulders.

Physiotherapy
Positioning and mobilization
Exercises
Heat or cold
Support
Strapping
Shoulder/arm orthoses (Figure 11.24c)
Bobath sling
Rood shoulder support
Arm supports for bed or chairs
Lapboard (Figure 11.24b)
Forearm support
Wheelchair outrigger (Figure 11.24a)
Medication
Systemic

Analgesics
Nonsteroidal anti‐inflammatory drugs
Corticosteroids [294]
Antispastic drugs (Table 11.28)
Phenoxybenzamine
Antidepressants

Local
Corticosteroid injection of shoulder
Local anesthetic
Botulinum toxin to periarticular muscles
Stellate ganglion block

Other physical
Ultrasound
Acupuncture
Biofeedback
Transcutaneous electrical nerve stimulation (TENS)

Surgery

Sympathectomy
Humeral head suspension
Relief of contractures

Table 11.37 Causes of swollen limb after stroke.

 ● Gravity in a dependent limb
 ● Lack of muscle contraction
 ● Deep venous thrombosis (Section 11.13)
 ● Compression of veins or lymphatics by tumor etc.
 ● Cardiac failure
 ● Hypoalbuminemia (Section 11.19)
 ● Occult injury (Section 11.26)
 ● Acute ischemia
 ● Gout
 ● Reflex sympathetic dystrophy (Section 11.24 and Table 11.34)
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In addition, where the limb is painful, simple analgesia 
may ameliorate the secondary effects of pain on tone 
which leads to spasticity and contractures. Diuretics 
should be avoided unless there is evidence of heart fail-
ure, since immobile stroke patients have a tendency to 
become dehydrated (Section  11.18.1) and incontinent 
(Section 11.14).

11.26  Falls and fractures

Falls are common after stroke. About a third of patients 
are expected to fall during their in‐hospital care [109, 
300–302]. Falls are also frequent following discharge 
from hospital [303, 304]. Many factors contribute to 
this  tendency, and some are listed in Table  11.38. 
Combinations of such factors are associated with higher 
risks, though patients with severe poststroke impair-
ments are often at lower risk because they are unable to 
mobilize at all [304]. Several “falls risk scores” have been 
developed which incorporate these (and other) factors 
but none have yet been shown to be practical and suffi-
ciently accurate to gain widespread use [301, 305, 306].

A small proportion of falls occurring in hospital (<5%) 
or in the first few months at home (about 1%) result in 
serious injury, most often fracture of the hip, pelvis, or 
wrist, but other injuries (e.g. head and soft tissue), fear, 
and loss of confidence are very common consequences 
[300, 303, 307]. Falls are also associated with an increased 
risk of intracranial hemorrhage associated with antico-
agulation, so that patients in atrial fibrillation often 
receive less than optimal secondary prevention.

The estimates of risk of any fracture, or specifically hip 
fractures, have varied from 22 to 36/1000 patient‐years 
and 7 to 22/1000 patient‐years, respectively [308]. The 
risk of any fracture rises with age and is higher in women 
than men. The risk of fracture is highest in the first year 
after stroke (about 4%). It increases with age and is higher 
in women than in men [308–312].

Most hip fractures affect the hemiparetic side, proba-
bly because patients tend to fall to that side, but the oste-
oporosis that develops on the side of the weakness may 
be a contributory factor [313]. Low vitamin D levels are 
common in stroke patients though their relevance is 
unclear [314]:

Prevention and treatment
Falls, and thus fractures, could be avoided by keeping the 
patient in bed, but this is clearly not a solution during 
rehabilitation. The risk of falls and injuries is minimized 
by the physiotherapist, nursing staff, and carers all work-
ing closely together to ensure that patients are mobiliz-
ing with adequate supervision and support. It is also 
useful to identify patients who are at particular risk of 
falling (see earlier). Withdrawal of unnecessary diuretics 
and psychotropic drugs and avoidance of any relevant 
environmental causes should help reduce the risk of falls 
(see Table 11.38). There is evidence, although not spe-
cifically in stroke patients, that a multidisciplinary 
approach that takes account of individuals’ risk factors 
and environment and gives interventions tailored to that 
individual can reduce the risk of falls [315, 316].

There is currently insufficient evidence to recommend 
routine use of any interventions, including hip protec-
tors, hormones, bisphosphonates, vitamins, or oral 
 supplements aimed at reducing injuries secondary to 
falls [315, 317]. Large studies will be needed to demon-
strate the effectiveness of bone protection, or any other 

Stroke patients with communication problems, sensory 
loss, or neglect may not report injury or pain so it is 
important to look for signs of fracture (i.e. deformity, 
swelling, bruising) on admission and after any accident. 
A low threshold for X‐raying suspected fractures should 
be maintained.

Table 11.38 Factors likely to contribute to falls after stroke.

The patient
Muscle weakness (especially of quadriceps) (Section 11.21)
Sensory loss (especially visual impairments) (Sections 11.22 
and 11.27)
Impaired balance, righting reflexes and ataxia (Section 11.21)
Confusion (Section 11.29)
Visuospatial neglect (e.g. denial of hemiparesis) (Section 11.28)
Deformity (e.g. plantarflexion causing toe catching) 
(Section 11.20)
Epileptic seizures (Section 11.8)
Postural hypotension due to drugs or dehydration (Sections 
11.2.3 and 11.18.1)
The environment
Inappropriate footwear (e.g. slippers)
Slippery floors, deep pile carpets, and loose rugs
Excess furniture
Poorly positioned rails and inappropriate aids
Lack of supervision
Fire doors (these may close automatically and hit slow‐moving 
stroke patients)
Drugs:

Sedatives and hypnotics
Hypotensive drugs
Antispastic drugs (Table 11.28)
Antiepileptic drugs
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method, in preventing fractures in stroke patients 
because their frequency is so low [308, 318].

Given the evidence in nonstroke patients it seems rea-
sonable to recommend that stroke patients who have had 
an osteoporosis‐related fracture are given bisphospho-
nates and possibly calcium and vitamin D to reduce the 
risk of recurrent fractures. Hormone replacement ther-
apy should be avoided given the increased vascular 
events associated with its use [319] (Section 7.17.2).

11.27  Visual problems

Stroke patients often have preexisting visual problems due 
to refractive errors, cataracts, glaucoma, diabetic retinop-
athy, and senile macular degeneration [320]. Although it is 
beyond the scope of this book to deal with their specific 
management, it is important that the clinician is aware of 
them, and their causes, because they may well have an 
important influence on the patient’s function.

11.27.1 Visual field defects

About a fifth of stroke patients have a demonstrable field 
defect (see Table  11.2). However, in an additional 20% 
vision is not assessable because of reduced conscious 
level or communication difficulties. The frequency of 
visual field loss in hospital patients will obviously depend 
on patient selection and the methods used to detect 
defects. Apart from their value in localizing the stroke 
lesion (Section  3.3.6), visual field defects have some 
predictive value. For example, a homonymous visual 
field defect in association with motor and cognitive defi-
cits is usually due to a large stroke lesion and is associ-
ated with a relatively poor prognosis (Section 4.3.4).

Patients who are mobile and have field loss are at greater 
risk of falls and injury. Many patients with field defects 
find reading and watching television difficult, although 
some of their difficulty may be due to associated problems 
with cognition and concentration. Homonymous field 
defects (see Figure 3.23) have important implications for 
patients who wish to drive (and sometimes for unfortu-
nate pedestrians and cyclists) (Section 11.32.2). Some of 
the difficulties in detecting field defects in stroke patients 
are discussed in Section 3.3.6.

There have been very few studies of the recovery of 
visual field defects after stroke. One found that only 
about one‐fifth of patients with complete homonymous 
hemianopia had normal visual fields one month after 

their stroke [321]. Most of any recovery occurred within 
the first 10 days. About 70% of patients with only an 
incomplete hemianopia initially recovered over the 
same period. This study supports our clinical impression 
that visual field defects (especially hemianopia) still 
 present at 7–10 days usually persist, although there are 
exceptions.

No treatment is known to enhance the recovery of vis-
ual field defects. Therefore, interventions that aim to 
reduce the resulting disability and handicap are most 
important. It seems sensible to avoid putting patients 
with a homonymous field defect in a bed next to the wall 
so they cannot see anything going on around them. One 
can imagine that this “sensory deprivation” might be bad 
for morale. It may be possible to teach the patient to 
compensate for a field defect by strategies such as scan-
ning and head turning [322]. Hemianopia, even without 
associated neglect, makes reading difficult. Loss of the 
right visual field means that the patient has to track the 
words into a blind field, especially where they have no 
macular sparing. Loss of the left visual field makes it dif-
ficult to find the start of each line and patients lose their 
place easily. This can sometimes be helped by putting a 
ruler under each line and their hand or a bright colored 
object at the left‐hand margin, and to train them to look 
at this before starting a new line. Large print makes read-
ing easier. Some patients with a right homonymous 
hemianopia find they can read more easily upside down 
because they can scan from right to left. The effects of 
bed orientation, computer‐assisted training, and 
Fresnel’s lenses, which shift images in the hemianopic 
field into the intact one, have been evaluated in small 
randomized trials but these have not demonstrated sig-
nificant benefits [322–325].

Patients with field defects often spend a lot of money 
on new glasses within a few months of their stroke 
because they mistakenly believe that the problem is with 
their eyes. It is therefore important that the nature of the 
problem is explained to the patient and any carer and 
that new glasses are only prescribed where there is an 
uncorrected refractive error.

Simple measures such as ensuring that a patient’s glasses 
are clean, available, and on their nose are obvious but 
easily overlooked.

Visual field defects persist unless they resolve early, 
although there are exceptions.

Patients often attribute their poor vision after a stroke to 
inadequate glasses. Explain to patients the nature and 
cause of their visual problems so they do not waste their 
money on inappropriate new glasses.
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11.27.2 Disordered eye movements, 
diplopia, and oscillopsia

Strokes may lead to conjugate gaze palsies so the patient 
is unable to look in a particular direction(s), or has diplo-
pia due to dysconjugate eye movements (Section 3.3.6). 
Diplopia occurs in about 5% and conjugate gaze palsies 
in about 8% of stroke patients in community‐based stud-
ies [326] (see Table 11.2). The pattern of abnormal eye 
movements after stroke helps localize the stroke lesion 
and the presence of a conjugate gaze palsy in a supraten-
torial stroke is associated with a poor outcome.

Conjugate gaze palsies rarely cause disability or handi-
cap. Double vision, which may result from dysconjugate 
eye movements, and oscillopsia associated with nystag-
mus are much more troublesome, sometimes exacerbat-
ing gait problems and making reading, watching television, 
and driving difficult. The practical difficulties in assessing 
eye movements after stroke are discussed in Section 3.3.6.

The most effective way of relieving patients of double 
vision in the early stages is a patch over one eye. We rec-
ommend patching the eye with the poorer acuity or 
movement, although alternation is often recommended. 
Diplopia often resolves a few weeks after the stroke but if 
it remains a problem it may be helped by glasses fitted 
with prism lenses. Prisms are of no use, however, where 
diplopia is associated with a variable degree of diver-
gence. Patients should be warned not to spend a lot of 
money on new glasses until they have reached a stable 
state. Oscillopsia occasionally persists and causes dis-
tress and difficulties with reading. Symptomatic improve-
ment in individuals and small case series has been 
attributed to many drugs, including gabapentin, meman-
tine, clonazepam, and baclofen [327].

11.27.3 Visual hallucinations

Occasionally, patients report vivid visual hallucinations 
after a stroke (Section  3.3.6). However, more often 
they  occur as part of an acute confusional state 
(Section 11.29.1) associated with alcohol withdrawal or 
an adverse effect of medication and they resolve as the 
underlying cause is treated. If persistent it may be worth 
considering investigation to exclude epileptic seizures, 
particularly if the hallucinations are stereotyped and 
localized to a hemianopic field. Usually, patients simply 
require explanation and reassurance, although if halluci-
nations are associated with marked agitation sodium val-
proate or a major tranquilizer may be needed.

11.28  Visuospatial dysfunction

Visuospatial dysfunction includes visual and sensory 
neglect, visual and sensory inattention or extinction, 
constructional dyspraxia, and agnosia. Unfortunately, 

the nomenclature is complex and confused by the use of 
different terms for the same phenomena (see Table 3.16). 
The frequency of visuospatial dysfunction among stroke 
patients varies widely in the published literature because 
of patient selection, the timing of assessments, and the 
use of different definitions and assessments [328]. Visual 
neglect has been reported in 33–85% of patients with 
right hemisphere strokes and 0–47% of those with left 
hemisphere strokes [329]. The frequency of visuospatial 
dysfunction in dominant hemisphere stroke may be 
underestimated because of the practical difficulties in 
assessing patients with a paralyzed dominant hand or 
problems with language (Table 11.39) (Section 3.3.3).

Assessment
Test batteries that include assessments of a broad range 
of visuospatial problems (e.g. Behavioural Inattention 
Test [BIT]; Table  11.40) are inevitably more sensitive 
than simple screening tests used at the bedside (see 
Table 3.15). The BIT contains tests to assess both sen-
sory neglect (the patient’s perception of incoming stim-
uli) and motor neglect (the patient’s willingness to 
explore external space) but does not detect all neglect 
phenomena that may be noticed by the team [330] (see 
Table 11.39). A variety of screening tests have been pro-
posed, including the wheelchair collision test [331, 332].

Prognosis
Visuospatial problems are major causes of disability and 
handicap, impede functional recovery, and have been 
associated with a poor outcome [334, 335] (see 
Table 10.4). There have been few studies of the recovery 
of visuospatial function, but these suggest, as with most 
other stroke‐related impairments, that recovery is most 
rapid in the first week or two and then slows [336] 
(Section 10.2.5). If visual neglect is severe and associated 
with anosognosia it is less likely to resolve [337].

Treatment
Visuospatial dysfunction has a major impact on rehabili-
tation. For instance, it is difficult to persuade patients 
with anosognosia or denial to become involved in ther-
apy. There have been very few RCTs of interventions 
aimed at improving visuospatial function after stroke 
and they have all suffered from the difficulties outlined 
previously (see Table  11.1). Several small RCTs have 
shown an effect of specific interventions for neglect on 
performance on test batteries but less impact on the 
more relevant activities of daily living [338]. In other 
words, any benefit of therapy appears to benefit perfor-
mance on selected tasks but not usually on general visu-
ospatial abilities.

Currently, therefore, we have to adopt strategies that 
do not necessarily influence the severity of the underly-
ing impairment but may reduce the resulting disability 
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and handicap, and help carers to cope. Carers are often 
bemused, frustrated, or angered by the behavioral conse-
quences of visuospatial dysfunction and so it is very 
important to spend time explaining the unusual nature 
of the deficit. If this is not done, then carers may wrongly 
conclude that the patient is dementing, wilfully obstruc-
tive, or even deliberately ignoring them.

Patients with unilateral neglect are often positioned on 
the ward so they have their intact side facing a wall to 
encourage them to respond to stimuli on the affected 
side. However, since there is little evidence that this strat-
egy influences outcome, we generally aim to position the 

patient in the middle of the ward so that he or she receives 
stimulation from both sides on the basis that their morale 
might suffer if they are not stimulated [323].

In our experience, patients with unilateral neglect and 
hemiparesis can be taught to walk, but so often this is of 
limited functional use because they are so prone to falls. 
Unless supervised when walking, the patient’s attention 
may become drawn to the unaffected side, which appears 
to inhibit activity on the affected side and leads to the fall. 
It can be difficult to persuade a patient who is unaware of 
their hemiparesis that they should only try to walk when 
supervised and that unsupervised walking carries a risk of 
falls and fractures (Section  11.26). Patients with neglect 
are at risk in other situations, for example in the kitchen, 
because they are unaware of dangers to their affected side. 
Measures have to be taken to reduce this risk, for example 
using a microwave rather than a conventional cooker.

11.29  Cognitive dysfunction

Most patients with stroke are elderly and preexisting 
dementia is common. Its estimated frequency is around 
9%, depending on the stroke population studied, the 
 definitions, and methods of ascertainment used [339]. 
In clinical practice, as well as formal studies, it is important 

Table 11.40 Components of the Behavioural Inattention Test

Full version Modified version

Line crossing
Letter cancellation
Star cancellation (Figure 3.14)
Figure and shape drawing
Line bisection
Line cancellation
Representational drawing
Telephone dialling
Menu reading
Article reading
Telling and setting time
Coin sorting
Address and sentence copying
Map navigation
Card sorting

Pointing to objects in ward
Food on the plate
Reading a menu
Reading a newspaper article
Star cancellation (Figure 3.14)
Picture scanning
Coin selection
Figure copying

From Wilson et al. 1987 [333], with permission.

Table 11.39 Frequency of visuospatial problems among hospitalized patients within three days of a hemispheric first stroke [329].

Patients with right hemisphere stroke 
(n = 69)

Patients with left hemisphere stroke 
(n = 102)

No. of assessable 
patients

No. of patients with 
phenomena (%)

No. of assessable 
patients

No. of patients with 
phenomena (%)

Visual neglect 61 50 (82%) 74 48 (65%)
Hemi‐inattention 63 44 (70%) 87 43 (49%)
Tactile extinction 52 34 (65%) 43 15 (35%)
Allaesthesia 59 32 (57%) 46 5 (11%)
Visual extinction 60 14 (23%) 81 2 (2%)
Anosognosia 60 17 (28%) 56 3 (5%)
Anosodiaphoria 60 16 (27%) 53 1 (2%)
Nonbelonging 68 20 (36%) 48 14 (29%)
Gaze paresis 69 20 (29%) 99 25 (25%)
Visual field defect 61 22 (36%) 93 43 (46%)

Note: The differences in frequency between left and right were statistically significant for all but nonbelonging, gaze paresis, and visual field 
defects. The relatively high frequency of these phenomena in this series (cf. Table 11.2) probably reflects the severity of the strokes in this 
hospital‐referred series as well as the sensitivity of the test battery used.

Carers are often bemused, frustrated, and angered by 
the behavioral consequences of visuospatial dysfunction 
so it is very important to spend time explaining the unu-
sual nature of the deficit.
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to gather information from the family about the patient’s 
prestroke cognitive state, especially where patients have 
communication problems. The Informant Questionnaire 
on Cognitive Decline in the Elderly (IQCODE) is a 
well‐validated instrument that makes use of information 
from the patient and their family [340]. Without this 
information it is impossible to distinguish prestroke 
dementia from acute confusional states, and dementia 
secondary to the stroke itself. These possibilities will 
have different potentials for improvement.

11.29.1 Acute confusional states

In prospective hospital‐based studies, the frequency of 
acute delirium in acute stroke, defined according to the 
criteria of the Diagnostic and Statistical Manual of 
Mental Disorders (DSM), version IIIR or IV, varies 
between 10% and 48%. This is much higher than that in, 
for instance, those presenting with acute coronary syn-
dromes [341]. Many risk factors have been identified but 
the most consistent are increasing age, prestroke demen-
tia, and greater stroke severity. The frequency of acute 
confusional states among unselected stroke patients (i.e. 
including those not admitted to hospital) is likely to be 
lower than in the published hospital‐based series given 
the association with stroke severity.

Acute confusional states after stroke may be a direct 
consequence of the cerebral dysfunction or of noncere-
bral complications (Table 11.41). Confusion with disori-
entation, poor memory, and disruptive behavior are 
distressing to other patients and carers and severely 
hamper rehabilitation [342]. Patients with acute confu-
sional states are more likely to have longer hospital stays, 
are less likely to be discharged home, and have worse 
physical and cognitive outcomes [341].

Assessment
Cognitive impairments are often overlooked in elderly 
patients admitted to hospital [343]. Because nonstruc-
tured assessments have poor interobserver reliability 
(Section 3.6), it is important to include one of the large 
number of assessment tools available (e.g. the 10‐item 
Hodkinson Abbreviated Mental Test) (Table  11.42) or 
the  longer Mini Mental State Examination (MMSE) 
(Table  11.43) in the routine assessment of patients on 
admission to the stroke unit. However, both tend to be 
overly influenced by language difficulties (Section 11.30.1). 
The Addenbrooke’s Cognitive Assessment includes the 
MMSE but provides a more global assessment of cogni-
tion [344, 345]. Having such a measure at baseline allows 
subsequent changes to be identified and the causes sought. 
Where patients are unable to communicate, it is usually 
necessary to rely on the family and the team’s observation 
of the patient’s behavior and learning capacity.

Table 11.41 Causes of cognitive dysfunction after stroke.

Coincidental (preexisting)
Alzheimer’s disease and other dementing illnesses
Directly caused by stroke
Large hemisphere lesions
Strategically located lesions (e.g. thalamus) (Section 3.3.3)
Vascular dementia
Amyloid angiopathy (Section 8.2.2)
Giant‐cell arteritisa (Section 7.4.1)
Primary angiitis of the central nervous systema (Section 7.4.3)
Infective endocarditisa (Sections 6.5.7 and 8.2.12)
Complications of the stroke
Infectionsa (Section 11.12)
Hypoxia, hypotension, etc.a (Section 11.2)
Metabolic abnormalitiesa (Section 11.18)
Depressiona (Section 11.31)
Hydrocephalusa (Section 15.2.6)
Epileptic seizuresa (Section 11.8)
Urinary retentiona (Section 11.14)
Alcohol and drug withdrawala

Drugs (e.g. neuroleptics, anticholinergic, antispastic, sedatives, 
antidepressants, diuretics)a

Conditions mimicking stroke (Section 3.4)
Herpes encephalitis (Section 3.4.6)
Chronic subdural hematoma (Section 3.4.4)
Cerebral abscess or subdural empyema (Section 3.4.6)
Cerebral tumor (Section 3.4.4)
Creutzfeldt–Jakob disease (Section 3.4.6)

a Potentially reversible causes.

Table 11.42 Hodkinson Abbreviated Mental Test.

Patient’s age

Time (estimated to nearest hour)
Mr. John Brown, 42 West Street, Gateshead (should be 
repeated to ensure that the patient has heard it correctly and 
then recalled at end of test)
Name of hospital/place
Current year
Recognition of two people (e.g. doctor, nurse)
Patient’s date of birth
Dates of World War Ia

Present monarch or president
Count down from 20 to 1
Patient scores one point for each correct response.

a It may now be more appropriate to ask for dates of World War II.
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Treatment
Treatment should focus on any potentially reversible 
underlying cause such as infection, electrolyte imbal-
ance, or hypoxia (see Table  11.41). Confused patients 
require closer observation to reduce their risk of falling, 
and inappropriate removal of oxygen masks, intravenous 

cannulas, nasogastric tubes, and urinary catheters. The 
balance of risk and benefit must be carefully weighed in 
each patient before resorting to other measures, such as 
mattresses on the floor (which may reduce injury but 
increase disorientation and make nursing more hazard-
ous), physical restraints (which some regard as unethical 

Table 11.43 Mini Mental State Examination.

Max. points Patient score

1) Orientation

a) Can you tell me today’s (date)/(month)/(year)?
 Which (day of the week) is it today?
 Can you also tell me which (season) it is? 5

b) What city/town are we in?
 What is the (county)/(country)?
 What (building) are we in and on what (floor)? 5

2) Registration
I should like to test your memory
(name three common objects, e.g. “ball, car, man”)
Can you repeat the words I said? (score one point for each word) 3
(repeat up to six trials until all three are remembered)
(record number of trials needed here:)

3) Attention and calculation
a) From 100 keep subtracting 7 and give each answer:

stop after five answers (93_86_79_72_65_)
Alternatively 5

b) Spell the word ‘WORLD’ backwards (D_L_R_O_W)
4) Recall

What were the three words I asked you to say earlier?
(skip this test if all three objects were not remembered during 
registration test)

3

5) Language
Name these objects (show a watch) (show a pencil) 2
Repeat the following: “no ifs, ands, or buts” 1

6) Reading, writing
Show card or write “CLOSE YOUR EYES”:

Read this sentence and do what it says 1
Now can you write a short sentence for me? 1

7) Three‐stage command
Present paper:

Take this paper in your left (or right) hand, fold it in half, 3
and put it on the floor

8) Construction

Will you copy this drawing please? 1
Total score 30

Adapted from Folstein et al. 1975 [346]. Reproduced with permission of Elsevier.
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and may cause injury), and psychotropic drugs (which 
have many adverse effects including confusion, hypoten-
sion, dehydration, and involuntary movements) [347].

11.29.2 Poststroke dementia

After ischemic stroke, 10–20% of survivors develop new 
dementia, which sometimes are observed only several 
months after stroke [348–351]. Age, history of diabetes 
mellitus, severity of white matter changes, medial tem-
poral lobe atrophy, and underlying Alzheimer disease are 
risk factors associated with incident dementia after 
stroke and transient ischemic attack [349]. Poststroke 
dementia is associated with a worse long‐term survival 
and worse functional outcome [352].

Assessment
It is important to reassess patients’ cognitive function, 
even months or years after the stroke, especially where 
any deterioration in cognition or functional status has 
been noted by the patient or carer. Simple bedside assess-
ments such as the MMSE (see Table 11.43) and Montreal 
Cognitive Assessment (MoCA) [353] are usually ade-
quate for this purpose but it is important to be aware that 
these tend to emphasize language dysfunction and are 
less sensitive in identifying, for example, visuospatial 
problems (Section  11.28). More detailed neuropsycho-
logical assessments (e.g. Raven’s Progressive Matrices 
[354] and the Addenbrooke’s Cognitive Assessment), 
which depend less on intact language function, may give 
a better indication of the patient’s degree of cognitive 
deficit. For further discussion of the assessment of cogni-
tion in stroke patients, see Chapter 12.

Prevention and treatment
Unfortunately, poststroke dementia is rarely reversible 
but it may possibly be prevented and progression slowed 
by treating vascular risk factors and antithrombotic 
drugs. Many drugs are widely used in the treatment of 
vascular dementia (e.g. piracetam, oxpentifylline, naft-
idrofuryl oxalate, co‐dergocrine mesylate) though there 
is little, if any, evidence of their benefit. Donepezil 
appears to improve cognitive function in patients with 
mild and moderate vascular dementia but it is unclear 
whether this translates into any usefully improved func-
tion [355]. Of course, anything that may cause acute con-
fusion (Section 11.29.1) and reversible causes of dementia 
(e.g. severe depression, hypothyroidism) should be 
excluded if possible [356].

In recent years, there is growing evidence to support 
visuospatial rehabilitation after right hemispheric stroke, 
and intervention for aphasia and apraxia after left hemi-
spheric stroke to improve functional impairment 
related to cognitive deficit [357, 358]. In planning 

patients’ rehabilitation, placement, and longer term care, 
it is important to have serial cognitive assessments to 
evaluate their ability to participate in rehabilitation pro-
grams. If patients are disorientated or have severe mem-
ory deficit, the “carry over” between therapy sessions is 
often poor, leading to slow progress with rehabilitation. 
Our current practice, which aims to make best use of 
scarce resources, is to try to identify patients with irre-
versible severe cognitive dysfunction as early as possible 
and, taking account of this, get on with planning long‐
term placement and a suitable package of care. Ideally, 
where cognitive dysfunction limits the patient’s involve-
ment in rehabilitation, suitable supportive care should be 
arranged for a period, after which a further assessment 
of their ability to benefit from rehabilitation can be made. 
Unfortunately, the inflexibility of most stroke services 
currently makes this approach difficult.

11.30  Communication difficulties

The most common problems with communication after 
stroke are aphasia and dysarthria, which may occur sepa-
rately but frequently coexist. Aphasia is almost invariably 
associated with dysgraphia and sometimes dyslexia 
(Section  3.3.3). Patients occasionally talk very quietly 
after a stroke, which sometimes appears to be due to dif-
ficulties in coordinating speech and breathing. Other 
abnormalities include aprosody (loss of emotional con-
tent of speech) which occurs with nondominant hemi-
sphere lesions (Section 3.3.3).

11.30.1 Aphasia

Estimates of the frequency of aphasia have inevitably 
depended on the population and screening methods 
used. In community‐based studies about 20–30% [359] 
of assessable patients are aphasic at their first assessment 
(see Table 11.2), while in the hospital‐based Copenhagen 
Stroke Study about 40% of conscious patients were 
judged aphasic according to the Scandinavian Stroke 
Scale (see Table 11.6) [360, 361]. About half the affected 
patients have fluent aphasia and half are nonfluent in the 
acute stage [360].

Assessment
A thorough assessment of a patient’s communication 
abilities is not only important to localize and classify the 
stroke lesion (Section 3.3.3) but also to:

Look systematically for pre‐ and poststroke cognitive 
problems at an early stage in order to take account of 
them in the planning of rehabilitation, placement, and 
long‐term care.
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 ● find a way for a patient to express their feelings and 
make needs known to the carers, to avoid unnecessary 
distress caused by, for example, urinary incontinence 
(Section 11.14);

 ● find out how much the patient is capable of under-
standing so that information‐giving can be tailored to 
their level of understanding; therapists also need to 
find a way of asking the patient to follow quite complex 
instructions, and many therapists are masters of non-
verbal communication;

 ● assess the patient’s prognosis and set appropriate reha-
bilitation goals; and

 ● protect the patient from losing control of their affairs. 
We have seen lawyers, oblivious to patients’ severe 
aphasia and dyslexia, explaining complex  documents 
and asking for (and obtaining) patients’ signatures. 
The hazards of such apparent “comprehension and 
consent” are self‐evident but often not considered 
by  physicians. It is important that the family and 
 lawyer are made aware of a patient’s level of 
comprehension.

Although communication problems may be obvious, it 
is not always easy, as discussed in Chapter 3, to distin-
guish aphasia from dysarthria (Section 3.3.3). Table 3.16 
outlines a simple assessment of language function. It is 
important not to overlook preexisting impairments such 
as deafness, ill‐fitting dentures, and poor vision which 
can all adversely affect a patient’s ability to communicate. 
Before testing comprehension the patient must be wear-
ing their hearing aid, which should be turned on and 
functioning properly.

It is quite common for language function to vary 
with fatigue, anxiety, and intercurrent illness. If patient 
communication deteriorates under these circum-
stances it is important to explain that this is not due to 
a recurrent stroke. Different members of the rehabili-
tation team may judge the severity of an individual 
patient’s problems differently. In our experience, 
nurses often overestimate the patient’s ability to under-
stand language, in part because, in dealing with the 
patient, they use a lot of nonverbal cueing which is, of 
course, of immense value.

More formal testing of language function with one of 
the standardized instruments (e.g. Western Aphasia 
Battery, Aachen Aphasia Test, Porch Index of 
Communication Ability, Boston Diagnostic Aphasia 
Examination) is sometimes useful where there is doubt 
about the diagnosis, or in research projects, but these 
are usually administered by a speech and language 
therapist. The Frenchay Aphasia Screening Test 
(FAST) has been developed for routine clinical prac-
tice by nonexperts and has reasonable reliability and 
validity [362, 363].

Prognosis
Aphasia is a frequent cause of long‐term disability and 
handicap. In general the severity decreases over time and 
the proportion classified as fluent aphasia increases 
[360]. Those with mild aphasia and less severe stroke 
have a better outcome [361].

Treatment
There is considerable controversy about the effective-
ness of speech and language therapy in aphasia, mainly 
because of methodological weaknesses of trials to evalu-
ate interventions, as outlined in Table  11.1 [364]. One 
meta‐analysis, of both randomized and nonrandomized 
studies of the effectiveness of therapy on language, con-
cluded that therapy, especially if intensive and started 
early, enhanced spontaneous recovery [365]. However, 
another systematic review, which included only rand-
omized trials, concluded that there was insufficient evi-
dence of benefit [364]. Both reviewers agree, however, 
that more methodologically robust RCTs are required to 
identify specific reproducible interventions which 
increase the rate of recovery of aphasia and decrease the 
residual impairment, disability, and handicap [364].

There is some evidence that drugs might improve lan-
guage function or enhance the effects of language ther-
apy [366]. Unfortunately, none have been proven to have 
long‐term clinical benefit.

Recently, repetitive transcranial magnetic stimulation 
is being actively explored for aphasia rehabilitation. 
Repetitive transcranial magnetic stimulation is a nonin-
vasive brain stimulation method which uses magnetic 
fields to excite and depolarize neurons in the brain. By 
adjusting the frequency of stimulation, it transiently reg-
ulates the level of excitability of a targeted cortical area in 
the brain. Evidence from meta‐analysis from seven trials 
has shown that low‐frequency repetitive transcranial 
magnetic stimulation might improve language recovery 
in patients with poststroke aphasia [367]. However, due 
to the limited evidence available at this stage, further 
studies are needed to determine the long‐term impact of 
repetitive transcranial magnetic stimulation before it can 
be used clinically as a standard therapy.

Speech and language therapists play an important role 
in patients with aphasia. They help assess the patient’s 

Having established that the patient has a communica-
tion problem, one should ensure that all the simple 
measures to optimize their ability to communicate are 
taken, e.g. correct false teeth, hearing aid and spectacles 
are being used. These simple things are easily overlooked 
but can make a great difference to the patient. The bat-
teries of many hearing aids need replacing every week or 
two if used regularly.
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communication problems, make a precise diagnosis and 
explain this to other members of the team, and, most 
importantly, to the patient and carers. They also offer 
advice about the likely prognosis and provide training in 
alternative strategies for communication (e.g. by gesture 
or use of word and picture charts). They can also help 
monitor the patient’s progress during rehabilitation and 
refer them to patient support groups, which helps 
strengthen coping skills for both patients and carers 
through sharing of experience.

11.30.2 Dysarthria

Dysarthria affects about 20% of stroke patients, affecting 
communication and psychosocial functioning. The aim of 
treatment by speech and language therapists is to increase 
clarity of speech to cope with social interaction through 
education and interventions. In dysarthric patients with 
intact language and cognitive functions, communication 
aids such as pen and paper, letter and picture charts, and 
electronic communicators may be helpful.

Effectiveness of more advanced interventions (e.g. 
behavioral intervention, acupuncture, and transcranial 
magnetic stimulation) has been explored. Unfortunately, 
these studies are limited by small sample size and 
 inadequate power and their benefits and risks remain 
unclear [368].

11.31  Psychological problems

11.31.1 Low mood and anxiety

Patients who have had a stroke have more psychological 
symptoms than age‐ and sex‐matched controls [369, 
370]. Depressive symptoms, anxiety, and nonspecific 
psychological distress are particularly common.

Depression occurs in about one‐third of patients in the 
first year after stroke although estimates of frequency 
vary due to differences in the definitions of depression, 
methods of detection, interval between stroke onset 
and assessment, and selection of patients [371–373]. 
Generalized anxiety disorders also occur in about one‐
quarter of patients [374, 375]. Patients very often have 
symptoms of both anxiety and depression.

Previous depression, stroke severity, poor physical 
function, and low social activity are the risk factors 
most consistently associated with depression after stroke 
[375–377]. Although the literature has been dominated 
by many small studies relating lesion location with post-
stroke depression, systematic reviews have concluded 
that there is little or no evidence of such a relationship 
[378–381]. Of course, depression is a frequent consequence 

of other non‐neurological diseases and therefore depres-
sion after stroke may be a nonspecific reaction to illness 
rather than due to the brain lesion itself. The etiology of 
mood disorders after stroke is bound to be multifactorial 
and “poststroke depression” is probably not a discrete 
disease entity.

Symptoms of anxiety are more common in women but 
less obviously associated with stroke severity and poor 
outcome than depression [375, 382]. The high frequency 
of anxiety is not surprising since a stroke, even a minor 
one, is a considerable threat to most patients. In addi-
tion, symptoms of post‐traumatic stress syndrome can 
be observed in some stroke survivors [383]. Patients are 
likely to be frightened of dying, being left disabled, or 
having another stroke. Their role in the family and their 
livelihood may be threatened. Some of these threats are 
amplified by the patient’s and their family’s lack of knowl-
edge concerning stroke, which adds to their uncertainty.

Depression after stroke is associated with worse sur-
vival, both short and longer term, and worse functional 
outcome [384].

Assessment
Depressed mood, diminished interest or pleasure, fatigue 
or loss of energy, insomnia and psychomotor agitation/
retardation may all indicate the presence of depression 
[385]. However, after a stroke it may be particularly dif-
ficult to diagnose depression, especially if the patient 
cannot communicate. A sad expression due to facial 
weakness, crying due to emotionalism (Section 11.31.2) 
or frustration, apathy with right hemisphere lesions, 
and  the loss of the normal modulation in tone when 
speaking (aprosody) may all lead to a mistaken impres-
sion of depression. And insomnia may be due to a noisy 
ward and loss of appetite to dysphagia or unappetizing 
hospital food, not depression. On the other hand, lack of 
progress with rehabilitation may indicate the onset of a 
depressive illness.

Single questions (e.g. “Do you often feel sad or 
depressed?”) and questionnaires to detect depression 
and anxiety have been evaluated in stroke patients 
(Table 11.44) [386, 387]. The instruments are often quite 
sensitive, making them suitable for screening but their 
specificities are not high enough for them to be used as 
diagnostic tools. They are more useful in research, 
although a structured psychiatric interview, such as the 
Present State Examination (PSE), and Schedule for 
Affective Disorders and Schizophrenia (SADS), is recog-
nized as the “gold standard” for making an accurate 
psychiatric diagnosis. Unfortunately, response rates in 
patients with communication and other cognitive diffi-
culties are often low. Visual analog scales and observer 
rating scales, for example, the Stroke Aphasia Depression 
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Questionnaire (SADQ) and the Aphasia Depression 
Rating Scale (ADRS), have been developed to overcome 
this but inevitably validation has proved to be methodo-
logically challenging and none can yet be recommended 
for routine use [388, 389].

Prognosis
Although some patients recover spontaneously, up to 
one‐third of patients have depression that persists dur-
ing the first year or longer after the onset of stroke [372]. 
Patients with more severe symptoms at presentation 

Table 11.44 Self‐report questionnaires which have been used to identify psychological problems after stroke (where data are available 
we have included estimates of sensitivity and specificity for diagnosing psychiatric disorder defined by psychiatric interview “gold 
standard”).

Scale (and study) Typical features
Response % 
(method of delivery) Diagnosis Sensitivity (%) Specificity (%)

General Health Questionnaire Several versions 12–60 
item

[390]a 30 item, cut‐off 9/10 92% (interview) DSM IV 
depression

85 64

[391]a 28 item, cut‐off 5/6 — DSM III 
depression

78 81

Beck Depression Inventory 21 item
[392] Cut‐off 9/10 77–88% 

(self‐report)
DSM III 
depression

92 75

Hospital Anxiety and 
Depression Questionnaire

14 item

[391]a Cut‐off 5/6 — DSM III 
depression

61 50

[390]a Cut‐off 6/7 76% (self‐report) DSM IV 
depression

80 79

Centre for Epidemiologic 
Studies Depression Scale

20 item

[393] Cut‐off 15/16 — DSM III 
depression

73 100

[394] Cut‐off 20 — Informal clinical 56 91
Wakefield Depression 
Inventory

12 item — — —

Geriatric depression scale 30 item
[394] Cut‐off 10 Informal clinical 88 64
[391]a Cut‐off 10/11 — DSM III 

depression
84 66

Zung Depression Scale 20 item
[394] Cut‐off 45 — Informal clinical 76 96

Patient Health Questionnaire 
(PHQ)

9 item

[395] Cut off ≥10 DSM IV 
depression

78 96

2 item
Cut off ≥3 78 95

Visual analog mood scale
[392] 10‐cm horizontal line 49% — —

a Some authors have published sensitivities and specificities for several cut‐off points.
DSM, Diagnostic and Statistical Manual of Mental Disorders.
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appear less responsive to treatment and have a worse 
long‐term prognosis.

Prevention
It may be possible to reduce psychological morbidity, in 
particular anxiety, by spending more time with the 
patient and carer explaining the nature, prognosis, and 
consequences of stroke, although the effectiveness of 
such information‐giving on emotional outcome has not 
been established [396]. It is important that patients and 
carers are aware that although the symptoms of stroke 
come on quickly, improvement occurs over weeks or 
months; they should be neither surprised nor disap-
pointed that their recovery does not also occur “at a 
stroke” (Section  10.2.5). In our experience many 
patients also have an overly pessimistic view of the risk 
of dying or of having a recurrent stroke. Some realistic 
information about the risks may provide reassurance 
(Sections 10.2.3 and 17.2). Patients are likely to need 
more than one opportunity to talk so that all the staff 
caring for the patient and their family should be able to 
address the issues in a consistent manner. Cognitive 
behavioral therapy, which aims to teach patients and 
their carers how to identify and solve problems, may 
improve mood but this approach needs further rigor-
ous evaluation, particularly since the necessary 
resources are seldom available to deliver it [397]. No 
drug regime has been shown to prevent poststroke 
mood abnormalities [397].

Treatment
In patients with a depressive illness after stroke, anti-
depressants appear to improve mood [398] although it 
is unclear whether this translates into better physical 
and social outcomes. It is wise to start with a small 
dose initially and then gradually increase to minimize 
adverse effects, but it is important not to use subthera-
peutic doses in the mistaken belief that depression 
after a stroke is somehow more drug‐sensitive than 
“ordinary” depression. Improvements in mood attrib-
utable to antidepressants are usually delayed until at 
least two weeks after treatment is started. There is no 
clear evidence that any one drug is more effective than 
another in this setting, although the frequency and 
type of adverse effects associated with each group of 

antidepressants generally determines the choice [399, 
400]. In elderly patients with a past history of depres-
sion who have previously relapsed when treatment 
has stopped, one should probably continue treatment 
indefinitely to prevent a relapse which could have seri-
ous functional consequences. Even where there is some 
doubt about the diagnosis of depression after stroke, 
perhaps because of communication difficulties, a trial 
of antidepressants may be worthwhile. Some drugs 
which are started after a stroke (e.g. beta‐blockers to 
treat newly discovered hypertension) can themselves 
cause depression, so it is important to review the drug 
chart before starting antidepressants.

Psychotherapy has not been shown to help mood after 
stroke in small RCTs, and although electroconvulsive 
therapy may occasionally be required and has been used 
without complications after stroke, it has not been for-
mally evaluated [401–403].

11.31.2 Emotionalism

About one‐quarter of patients have difficulty controlling 
the expression of emotion in the year following a stroke 
[404]. This problem has been described by a variety of 
overlapping terms including emotionalism, pathological 
emotionalism, emotional lability, emotional inconti-
nence, pathological crying/laughing, and pseudobulbar 
affect. The patient abruptly starts to weep, or less com-
monly to laugh uncontrollably, sometimes with no obvi-
ous precipitant. More often, episodes are triggered by a 
kind word (e.g. How are you feeling?) or a thought with 
emotional overtones (e.g. thinking of grandchildren), but 
the emotional response is out of all proportion to the 
degree of “internal sadness” (or mirth). Usually, the epi-
sodes are short‐lived but may occur frequently enough to 
disrupt completely a conversation, therapy session, or 
social event. Such outbursts cause considerable distress 
to the patient and their carers and may be a major obsta-
cle to rehabilitation and social integration. Although clas-
sically described as a characteristic of pseudobulbar palsy 
(e.g. with bilateral strokes), emotionalism often occurs 
after a single, unilateral stroke. It is most common early 
on although it may not be noticed in the first few days 
because of everything else that is going on. Usually, epi-
sodes of emotionalism become less severe and less fre-
quent with time [404]. Patients with emotionalism have 
more severe strokes, more psychological symptoms, and 

Patients and carers should be informed that although 
the symptoms of stroke come on quickly, improvement 
occurs over weeks or months. They should be neither 
surprised nor disappointed that the recovery does not 
also occur “at a stroke.”

Start with a small dose of antidepressant and gradually 
increase it to minimize adverse effects. It is important not 
to use subtherapeutic doses in the mistaken belief that 
depression after a stroke is particularly drug‐sensitive.
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tend to have worse cognitive function than unaffected 
patients so it is important not to overlook these addi-
tional sources of distress [405].

Assessment
Emotionalism should be suspected if the patient is more 
tearful, or cries more easily, than before the stroke. Ask 
the patient, carer, or staff whether the crying is of sudden 
onset and whether the patient can control it. Patients may 
describe similar problems controlling laughter, but this is 
much less common. Having established that crying is a 
problem, one needs to assess whether this is solely due to 
emotionalism or whether it reflects frustration or depres-
sion. Crying which always occurs when the patient is try-
ing, with difficulty, to perform a task (e.g. an aphasic 
patient trying to speak) suggests that the emotional out-
burst is due to frustration, although this does not mean 
there are no other psychological problems as well. The 
physician needs to talk to the patient, the carers, and staff 
to assess whether or not the patient is depressed 
(Section 11.31.1). It can be useful to ask the patient to keep 
a diary to document the frequency and severity of emo-
tional outbursts, especially if planning to start treatment.

Treatment
Patients and carers are often confused and distressed by 
emotionalism. Therefore, it is important to explain that 
the problem is due to the stroke, that it is relatively com-
mon, that it does not represent the degree of distress it 
suggests, and that it usually becomes less severe with 
time. Do not walk away when the patient bursts into 
tears, but take the opportunity to explain the nature of 
the problem to them. If it is a persistent problem, and is 
either causing major distress to the patient and family 
or  disrupting therapy sessions, antidepressants can be 
prescribed. They appear to reduce the frequency of 
 emotional outbursts, rather paradoxically because the 
problem is primarily one of psychomotor response rather 
than mood [404]. Symptoms are usually improved within 
the first few days of starting treatment, unlike the symp-
toms of depression which rarely respond in less than two 
weeks. Small doses are often effective. If the symptoms 
are not better in a week, increase the dose slowly until 
the patient responds or begins to have dose‐related 
adverse effects. In patients with persisting problems and 
dose‐related adverse effects it may be useful to switch to 
an alternative class of antidepressant.

11.31.3 Boredom

Patients who remain in hospital for a long period of 
 rehabilitation often complain of boredom, not surpris-
ingly because much of their time is spent doing nothing 
[406, 407]. This is a particular problem during weekends 
and evenings when the patients are not receiving ther-
apy, or at least not receiving it from the therapists. It may 
also be a problem for patients after discharge home if 
they are housebound, socially isolated, and unable to 
resume their normal leisure or work activities. Boredom 
leads to reduced motivation, low morale, and can ulti-
mately affect recovery. The team should remain alert to 
the problem and ask patients about it. There are a num-
ber of ways to alleviate boredom in hospitalized patients:

 ● Be as flexible as possible about visiting hours to maxi-
mize social contact with family and friends.

 ● Provide patients with a variety of leisure activities on 
the unit; some units even employ leisure activity 
coordinators.

 ● Encourage families to take patients out of the hospital 
wherever this is practical (e.g. walks in the grounds, 
trips to the pub, a visit home for a meal).

 ● Introduce volunteers on the unit to work with patients 
and develop group activities at weekends.

 ● Encourage patients to keep their own timetable so they 
can plan their free time.

 ● Provide patients with access to internet with tablets or 
computers, computer games, televisions with remote 
controls and headphones, videos and DVDs, etc.

These interventions may be integrated with the reha-
bilitation program and incorporated in goal setting, and 
so benefit the patient in other ways. Unfortunately, even 
in specialized stroke units, patients spend far too much 
of their time staring into space [408, 409]. For patients at 
home there are often clubs, day centers, and voluntary 
organizations which can help to get them out of the 
house to meet other people and get involved in leisure 
activities.

11.31.4 Fatigue

Between one‐ and two‐thirds of patients with stroke 
complain of tiredness or fatigue – perhaps twice as many 
as those who are stroke‐free [409–411]. This is often 
severe enough to limit involvement in rehabilitation and 
delay return to normal everyday activities. Although 
fatigue may be a symptom of depression, it often occurs 
in patients without other mood symptoms. Younger 
patients and particularly those with no residual neuro-
logical impairments seem to find the fatigue most trou-
blesome, perhaps because their expectations of being 
able to function normally are greater. Fortunately, in 

Emotionalism after stroke can occur with single or multi-
ple lesions in more or less any part of the brain. It is usu-
ally triggered by some sort of emotion (such as seeing 
grandchildren), but the response is completely out of 
proportion to the stimulus.
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many patients fatigue spontaneously remits, but for 
 others it persists for years.

Fatigue has been measured in stroke patients using the 
Fatigue Impact Scale, a self‐report questionnaire [409]. 
We normally look for obvious causes, such as depression 
or medications (e.g. beta‐blockers), but in the majority 
we do not identify a cause. Nonetheless, simple acknowl-
edgment by the stroke team that fatigue is a recognized 
problem after stroke, and that it usually resolves, may be 
helpful to patients.

11.32  Dependency in activities 
of daily living

In previous sections we have discussed many of the 
impairments that result from stroke. In this section we 
will concentrate on the resulting disabilities, and the 
measures which can be taken to limit them. Their fre-
quency in stroke survivors is shown in Table  11.45. 
Interventions aimed at reducing physical, cognitive, and 
emotional impairments may all improve ADL function. 
However, there is increasing evidence from RCTs that 
occupational therapy, including training and practice, 
the introduction of aids and appliances, and alterations 
to the patient’s environment, can also reduce depend-
ency in ADL and handicap [412]. With a few exceptions, 
these trials have not reported the effects of therapy on 
individual items of ADL [413].

11.32.1 Mobility

Sections 11.11 and 11.21 described the immediate 
 problems of immobility and the interventions aimed at 
preventing complications and reducing the impairment. 
This section will deal with the disability and handicap 
as  a consequence of reduced mobility. Many patients 
have mobility problems 1 year after their stroke (see 
Table  11.45). Although the neurological consequences 
of the stroke account for most of these problems, other 
pathologies, in particular arthritis and hip fractures, add 
to the burden of walking disability [414].

Assessment
Simple history taking is surprisingly informative. Self‐
reported ability to turn over in bed, sit up, transfer (i.e. 
bed to chair, and sitting to standing), walk (and use walk-
ing aids, furniture) and climb stairs (up, down, or both, 
with or without rails) gives a fairly clear picture of the 
patient’s residual problems. It is useful to know whether 
the patient can (and does) walk outside, their range, and 
whether physical or verbal support from another person 
is needed. It is also important to establish the reason 
for  any problem (i.e. is it due to painful joints or feet, 
breathlessness, angina, intermittent claudication, loss of 
confidence, lack of motivation due to depression, embar-
rassment, environmental factors such as high steps, lack 
of hand rails, or even the neighbor’s aggressive dog?). It is 
useful to observe the patient and the carer carrying out 
the various maneuvers in their own home since environ-
mental factors so often determine the level of handicap 
associated with impaired mobility.

Several scales are available for measuring mobility (e.g. 
the Rivermead Mobility Index [415]) (Table 11.46). The 
timed 10‐m walk is particularly useful because it is sim-
ple, objective, requires no more equipment than a watch 
with a second hand, and age‐related normative data are 
available (i.e. <60 years 10 seconds; 60–69 years 12.5 sec-
onds; ≥70 years 16.6 seconds) [416].

Treatment
Where the patient has residual problems, a physiothera-
pist or occupational therapist can improve mobility 
[417]. Training aimed at improving cardiorespiratory 
function probably increases walking speed [418]. 
Patients’ mobility quite often deteriorates after a period 
of stability in the months or years after a stroke. This may 
be attributed to further strokes, progression of coexist-
ing pathology (e.g. arthritis), or attenuation of the bene-
fits of regular physiotherapy. It is important that whoever 
is responsible for monitoring the patient’s progress, most 
often the general (family) practitioner, is alert to this and 
refers the patient back to the physiotherapist. Although 
not backed up by RCTs, we have little doubt of the value 

Table 11.45 Frequency of dependency in activities of daily living 
(based on the Barthel Index) among 246 consecutive patients 
surviving 1 year after their first‐ever‐in‐a‐lifetime stroke 
in the Oxfordshire Community Stroke Project.

Function Dependent (%) Independent (%)

Bowel function 23 (9) 223 (91)
Grooming 26 (11) 220 (89)
Toileting 30 (12) 216 (88)
Transfers 33 (13) 213 (87)
Walking inside 36 (15) 210 (85)
Bladder function 41 (17) 205 (83)
Feeding 44 (18) 202 (82)
Dressing 53 (22) 193 (78)
Stairs 64 (26) 182 (74)
Walking outside 76 (31) 171 (69)
Bathing 80 (33) 166 (67)

It is notable that there is a hierachy, with stairs, walking outside, and 
bathing being the most difficult tasks, while continence of bowels, 
grooming, and toileting are attained by most patients.
Source: From the Oxfordshire Community Stroke Project, 
unpublished data.
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of so‐called “top‐up” physiotherapy in patients such as 
this, although its effectiveness will inevitably depend on 
the cause of any deterioration.

Therapy in the patient’s own home may be more help-
ful than in a hospital outpatient department since the 
therapist can then deal with the real, everyday problems 
that the patient is experiencing. For example, patients 
can be taught to climb their own stairs and to overcome 
the particular problems associated with the layout of 

their own home. Two RCTs that compared the effective-
ness of home versus hospital‐based physiotherapy 
showed that improvement in ADL function was slightly 
greater in those treated at home, but other outcomes 
were no different [419].

Although the therapist may be able to reduce the 
patient’s degree of impairment, even when intervention 
starts very late after a stroke, the therapist’s main tool at 
this point is the provision of mobility aids (Tables 11.47 
and 11.48). When an aid is prescribed, it is important to 
provide the patient and any carers with training in its 
use, and to ensure that it is maintained in good order 
(Figures 11.26–11.36). Many patients do not use the aids 
provided, which is both a waste of resources and an indi-
cation of the lack of value of that aid. It is important to 
follow up patients who have been given aids to ensure 
they fit the patient’s needs and are actually being used, 
and to retrieve any unused equipment.

Patients who are unable to walk outside, or who can 
walk only short distances, or who have difficulty using 
their own or public transport, may be helped by putting 
them in contact with any local transport schemes. For 
example, in the UK special financial allowances are avail-
able to help with the added cost of being immobile, spe-
cially adapted taxis can be provided, and some shopping 
centers provide electric wheelchairs. In the last few years 
there has been a major campaign to improve access to 
public places for patients with disabilities.

11.32.2 Driving

Many people who have had a stroke never return to driv-
ing [426, 427]. There are several reasons: severe residual 
motor, sensory, visual or cognitive impairments are the 
most common. In many countries the authorities place 
restrictions on driving after stroke, and particularly if the 
stroke is complicated by epileptic seizures (Section 11.8). 
The variation in regulations probably reflects the dearth 
of relevant research in this area. Special, usually more 
stringent regulations apply to those who drive commer-
cial vehicles, taxis, and heavy goods vehicles. The main 
issue for driving authorities is not so much risk of recur-
rence – well under the 20% per annum for normal drivers 
in the UK – but the physical disability and cognitive dif-
ficulties, which can be so difficult to judge.

Table 11.46 Rivermead Mobility Index [415].

1)  Turning over in 
bed

Do you turn over from your back to 
your side without help?

2) Lying from sitting From lying in bed, do you get up to sit 
on the edge of the bed on your own?

3) Sitting balance Do you sit on the edge of the bed 
without holding on for 10 s?

4)  Sitting to 
standing

Do you stand up (from any chair) in 
less than 15 s, and stand there for 15 s 
(using hands, and with an aid if 
necessary)?

5)  Standing 
unsupported

Observe standing for 10 s without any 
aid or support.

6) Transfer Do you manage to move, e.g. from bed 
to chair and back, without any help?

7)  Walking inside, 
with an aid if 
needed

Do you walk 10 m, with an aid or 
furniture if necessary, but with no 
stand‐by help?

8) Stairs Do you manage a flight of stairs 
without help?

9)  Walking outside 
(even ground)

Do you walk around outside, on 
pavements without help?

10)  Walking inside 
(with no aid)

Do you walk 10 m inside with no 
caliper, splint, aid, or use of furniture, 
and no stand‐by help?

11) Picking off floor If you drop something on the floor, do 
you manage to walk 5 m, pick it up, 
and then walk back?

12)  Walking outside 
(uneven ground)

Do you walk over uneven ground 
(grass, gravel, dirt, snow, ice, etc.) 
without help?

13) Bathing Do you get in and out of a bath or 
shower unsupervised and wash 
yourself?

14)  Up and down four 
steps

Do you manage to go up and down 
four steps with no rail and without 
help, but using an aid if necessary?

15) Running Do you run 10 m without limping in 
4 s (fast walk is acceptable)?

Note: Only question 5 depends on direct observation. The index 
forms a hierarchy so that one does not have to ask all the questions. 
However, the authors point out that by asking all the questions, and 
finding out why patients cannot manage certain actions, useful 
information to guide management is obtained.

If an aid is prescribed, one should teach the patient or 
carer how to use it, ensure that it solves the problem, 
check that it is maintained in good working order, and 
provide follow‐up to ensure its continued use or appro-
priate removal.
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Patients are often not asked by their doctors whether 
they drive, thus many continue to drive and put lives at 
risk in contravention of their local regulations [427–429]. 
It is the doctor’s responsibility to ask patients whether 
or not they drive so they can be given relevant informa-
tion. Failure to do so might have serious consequences, 
although it is unclear whether patients who have had a 
stroke and return to driving are at increased risk of road 
traffic accidents [430].

There appears to be little agreement about the optimal 
method of assessing a disabled patient’s fitness to drive. 

Informal judgments are often made by patients or their 
family doctors [427]. Bedside testing of neurological 
impairments including cognitive function, assessments in 
driving simulators, and road tests have all been advocated 
[430]. One might start with a bedside assessment to dem-
onstrate any physical, and probably more importantly 
visual, visuospatial, and cognitive impairments, which 
would make safe driving very unlikely [431, 432]. Patients 
who pass on the bedside testing could then be assessed on 
a driving simulator or an “off‐road” test which would 
identify those who are clearly unsafe to drive [433]. The 

Table 11.47 Walking aids [420].

Shoes Should be comfortable, supportive and have non‐slip soles
Occasionally, a smooth sole facilitates a smooth swing phase in patients with foot drop when walking on carpets

Walking sticks May improve standing stability and walking speed but must be tailored to the patient (i.e. length, handle shape, 
weight and appearance) [421, 422] but not evidence based [423]; a long stick can be used to encourage patients to 
put weight through their affected leg (Figure 11.26d)
Replace worn rubber ferrule (i.e. rubber bit on end of stick)
Should be held in the unaffected hand in patients with hemiparesis but this means the patient’s functioning hand is 
no longer available for other tasks
Other uses include extending the patient’s reach, and “self‐defence”

Tripods and 
quadrapods

Provide a broader base of support than a walking stick
Their weight may cause associated reactions and may worsen the quality of gait [421]
Not useful on uneven ground

Walking frames 
(Figure 11.26)

Available in many sizes and shapes with or without wheels
Useful where balance is poor, especially if the patient tends to lean backwards
Often give patients confidence
Needs good upper limb function and, of course, prevents patient from using hands or carrying things; many patients 
attach a basket or use a wheeled trolley to overcome this problem
Patients often try to pull up on their frame to rise from a chair, which can cause them to fall
Frames may trip up patients and be difficult to maneuver with lots of furniture and thick carpets
Cannot be used on stairs, therefore patients may require several frames, one on each level
Beware bent frames, protruding screws, loose hand‐grips and worn ferrules
Other uses, drying underclothes

Ankle–foot 
orthosis or brace 
(Figure 11.27)

Usually of thermoplastic construction and tailored to the individual
Occasionally useful in spastic foot drop to improve gait pattern [424], but does not improve spasticity [425] and may 
actually exacerbate the problem
Beware in patients with edema and tendency to leg ulcers

Knee brace Occasionally required to prevent hyperextension of the knee
Functional 
electrical 
stimulation
Hand rails

An experimental treatment which has been used to correct foot drop after stroke (Section 11.21)
Short grab‐rails can be useful to provide support, especially at thresholds and doorways
Full‐length rails on staircases are invaluable to those with poor balance, confidence or vision

Advice on positioning hand rails should be obtained from an occupational therapist; poorly placed hand rails can 
cause accidents or may not be used
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remainder could then be given an on‐road test in a dual‐
control car with an appropriately trained instructor [434, 
435], which can be performed with good interrater relia-
bility. This stepwise approach should minimize the risk of 
injury to the patient, instructor, and other road users.

Many countries provide specialist centers for the 
assessment of disabled drivers. These centers not only 
assess driving skills, but also provide advice on vehicle 
adaptations which allow patients with severe physical 
disability to drive. Training on a driving simulator has 
been evaluated in a small RCT. In this study, driving sim-
ulator therapy was shown to be better than cognitive 
rehabilitation. The simulator program speeded up the 
restoration of driving skills at six months post stroke, but 
the effect was not sustained after 5 years. Although sim-
ulator training cannot replace the need for on‐road 
training, it allows training of hazardous road situations 
without endangering others, which can help better pre-
pare the patients before on‐road training [436].

11.32.3 Toileting

The problems of urinary and fecal incontinence have 
been discussed in Sections 11.14 and 11.15, respectively. 
About 10% of surviving patients are still dependent in 
 toileting 1 year after their first stroke due to inability to 
transfer independently, walk, or dress and undress (see 
Table 11.45). For the cognitively intact patient, this is an 
embarrassing disability which severely damages their 
self‐esteem.

An assessment by an occupational therapist should 
define the severity and cause of the problem. The 
patient’s ability to toilet themselves is very dependent on 
the environment so that a home assessment may be par-
ticularly useful. Simple factors such as the width of the 
door to the toilet or bathroom, the position and height of 
the toilet, and the position of the toilet roll holder can 
make a crucial difference to whether or not the patient 
can use the toilet independently.

Table 11.48 Other aids to mobility.

Chairs 
(Figure 11.28)

Higher seats (but not so high as to cause the feet to dangle) without too much backward angle, and firm arm rests (of 
the correct height, shape and length) facilitate transfers
It is easier to stand from a chair if the patient can place his/her heels under it when preparing to stand
Chairs should be tailored to the individual’s requirements, but existing chairs may be raised or lowered
Chairs on castors can be dangerous

Ejector chairs 
(Figure 11.29)

The seat or chair may be sprung to provide an initial lift to allow the patient to rise
These must be tailored to the individual’s weight to avoid the patient being catapulted across the room
Electric chairs which slowly bring the patient to a semi‐erect position are occasionally useful but are expensive, bulky 
and require training to use properly

Beds A firm mattress at the correct height will facilitate transfers from a bed
Blocks or leg extensions can be used to modify an existing bed
A grab‐rail attached to the bed frame or floor can facilitate independent transfers (Figure 11.30a)
It may be impossible to attach aids to a divan‐style bed
Mechanical devices which help the patient to sit in bed can occasionally be helpful (Figure 11.30b)

Wheelchairs An invaluable means to improve mobility
Many hundreds of designs including self‐propelled, carer‐propelled and electric chairs
Need to be tailored to individual’s requirements
Must be kept in good working order (Figure 11.31)

Ramps Useful to those in wheelchairs and their carers
Many designs available for different situations

Lifts Many types, including:
Domestic stair‐lifts (Figure 11.32) for those who cannot manage stairs
Through‐the‐floor lifts for accessing upper floors in wheelchairs
Short‐rise lifts for accessing vehicles in wheelchairs or where there is insufficient space for a ramp
Lifts are expensive and may require structural alterations to accommodate them
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(a) (b)

(c) (d)

Figure 11.26 Walking aids. (a) A typical lightweight walking frame of adjustable height which may be useful if a patient has poor balance 
but reasonable arm and hand function. (b) A walking frame with wheels which may be better than (a) in patients who tend to fall 
backwards or who have Parkinson’s disease. (c) A tea trolley which will provide patients with support as well as allow them to take things 
from place to place. (d) A long walking stick held in the unaffected hand can be used to encourage the patient to put more of their weight 
through their affected leg.
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(a) (b)

Figure 11.27 Ankle supports. (a) A 
thermoplastic ankle–foot orthosis: the 
famous AFO splint. Although this is very 
useful in patients with foot drop secondary 
to lower motor neuron lesions, in stroke 
patients it can sometimes increase the 
tendency to plantarflexion by stimulating 
the sole of the foot. (b) A lateral ankle 
support may be useful in patients who have 
a tendency to invert their foot when 
walking.

(a) (b)

Figure 11.28 Choosing an appropriate chair for a stroke patient who has difficulties getting from sitting to standing. (a) A bad chair to 
ensure the user never escapes! The seat is too low and slopes backwards, the arms are soft and offer little resistance to allow the person to 
push up on them, the base is solid so the patient cannot tuck their feet under them, and this chair is on castors so that if the patient 
eventually manages to stand the chair slides away and causes them to fall backwards. Note the Velcro pads on the arms to allow a tray to 
be fixed across the user’s escape route. (b) A good chair to facilitate easy transfers. This chair is of reasonable height, is upright, has firm 
but padded arms and allows the user to tuck their feet underneath them which makes it easier to get their weight over their feet. This 
chair does not have wings, which may provide support for the user’s head when sleeping but can stop interaction with other people 
sitting to either side.
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Therapy aimed at improving performance in mobility, 
transfers, and dressing will all facilitate independence in 
toileting. Table 11.49 lists some common problems and 
simple solutions, and Figure  11.33 shows some simple 
toilet aids.

11.32.4 Washing and bathing

About 10% and 30% are dependent in washing and 
 bathing, respectively, 1 year after a first‐ever‐in‐a‐
lifetime stroke (see Table 11.45). Motor, sensory, visuos-
patial, and cognitive impairments all contribute to these 
disabilities. Although poor arm function makes washing 
and grooming more difficult, most patients can perform 
these tasks with their unaffected arm, but those with 
visuospatial and cognitive deficits, even when arm func-
tion seems quite good, may still be unable to wash and 
groom themselves independently. Independence in bath-
ing obviously requires some independence in mobility 
and transfers. Other disabling conditions in the elderly 
(e.g. painful arthritis) often contribute. A skilled assess-
ment by an occupational therapist, preferably in the 
patient’s own home, will delineate the problems. This 
assessment ensures there is adequate access to the bath-
room (e.g. for a wheelchair). The size and layout of the 
bathroom will determine which aids can be used.

Therapy aimed at improving those impairments, espe-
cially motor impairments, which are contributing to the 
disability in bathing and washing may be of some help 
but, again, at this stage the provision of the wide range of 

Figure 11.29 An ejector chair. The number of springs (arrow) can 
be altered depending on the weight of the user. Some patients 
find that this type of chair pushes them off balance.

(a) (b)

Figure 11.30 Aids to getting out of bed. Although many people can get out of a bed independently during a therapy session when they 
are “warmed up,” they may need aids to get out in the middle of the night or first thing in the morning. (a) A grab‐rail attached to the bed 
can facilitate transfers from lying to standing and may therefore prevent incontinence at night. The height of this model can be adjusted 
to suit the individual. (b) A pneumatic mattress elevator can be helpful in getting patients from lying to sitting.
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Figure 11.31 Things to look for when examining a wheelchair. 
This wheelchair has many hazardous and uncomfortable features. 
Note the white sticky tape covering the name of the hospital on 
the side of this wheelchair, which wished, very reasonably, to 
remain anonymous. 1: Check that the tyres are properly inflated 
(arrow). Flat tyres make the wheelchair hard work to propel and 
the brakes inoperative. 2: Check the brakes work (arrow). 3: Check 
that the sides and arms (arrow) are removable to facilitate 
transfers onto toilets, into cars, etc. 4: Check that the foot plates 
are not fixed (arrow) or flapping about. Either problem may cause 
injury. The foot plates should fold neatly and securely out of the 
way when not in use. 5: Check that the arms (arrow) are properly 
padded to avoid discomfort and compression neuropathy of the 
ulnar nerve. 6: Check that the back (arrow) and seat (arrow) are not 
sagging and that the appropriate cushion is being used to reduce 
the risk of pressure ulcers. 7: Check that the grips on the handles 
are in good order (arrow).

Figure 11.32 A typical stairlift for domestic use. The arm‐rests fold 
out of the way to facilitate transfers. The foot‐rest and seat fold up 
when not in use. The controls are on the arm‐rests.

(a) (b)

Figure 11.33 Simple toilet aids. (a) A raised toilet seat with a frame. (b) A commode; this one attaches securely to the bed (arrow) for use 
at night.
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available aids to allow the patient to compensate for their 
impairments is more effective (see Figure  11.34 and 
Table 11.50). Specific training in the use of bathing aids, 
both in hospital and in the patient’s home, does appear to 
increase use of the bath [437]. Of course, many patients 
prefer to take showers rather than baths, which generally 
reduces the difficulty. One general point is that a patient 
who has trouble bathing should ensure that somebody 
else is in the house and that the bathroom door is left 
unlocked, so that if they fall or are unable to get out of 
the bath somebody can easily reach them.

Some bathroom adaptations are expensive and cause 
considerable disruption to the patient’s home. It is 
important that a proper assessment is done to avoid 
unnecessary building work and to ensure that any modi-
fications really are likely to help the patient and/or carer. 
For some patients who live alone, or where aids and 
adaptations are not appropriate, it may be necessary to 
recommend either a simple strip wash or to introduce a 
nurse, care assistant, or family member to help with 
bathing and so allow the patient to remain in their own 
home.

11.32.5 Dressing

About 20% of surviving patients need help from another 
person to dress 1 year after their first‐ever‐in‐a‐lifetime 
stroke (see Table 11.45). Dependency in dressing is usu-
ally due to a combination of arm weakness or incoordi-
nation, inability to stand independently to pull up lower 
garments, and cognitive and visuospatial problems [438]. 
A painful shoulder makes dressing even more difficult 
(Section  11.24). A detailed assessment by an occupa-
tional therapist should elucidate the causes and define 
the degree of disability.

Occupational therapists spend a considerable propor-
tion of their time training patients to dress themselves. 

(a) (b)

Figure 11.35 Simple dressing aids. (a) A reaching aid. (b) Elastic laces (short black arrow), spiral laces which one simply pulls tight (long 
black arrow) and Velcro fasteners (white arrow) are invaluable dressing aids for those with only one functioning hand or poor manual 
dexterity.

Figure 11.34 A pneumatic bath aid to lower patients into and to 
lift them out of a bath. However, the humble bath rail (arrow) with 
some other simple aids is very commonly all that is needed to 
allow the person to use a bath independently.

Patients who have difficulties bathing independently 
should not be left in their house alone while bathing. 
Some form of alarm or even a cordless or cell phone will 
increase safety.
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If the disability is due simply to a motor deficit, then 
“dressing practice,” where the patient is taught to com-
pensate for their impairments, is often successful [438]. 
If the patient has cognitive or visuospatial problems or 
other nonstroke problems (e.g. arthritis), the benefit of 
this type of therapy is less obvious. There has been little 
 formal evaluation of dressing practice.

Advice on the best type of clothes can allow patients 
to become independent (i.e. avoidance of tight clothes 
with  small buttons or zips, and of shoes with laces). 
Oval buttons are easier to manipulate than round ones 
[439]. Velcro fastenings have revolutionized dressing 
for patients with only one functioning hand, being 
easier to use and preferred by patients over other 

(a) (b)

Figure 11.36 Simple feeding aids. (a) A combined fork and knife, and a plate with a high side or plate guard facilitates eating one‐handed. 
The nonslip tray helps by fixing the plate and also reduces the risk of spills. (b) This drinking straw has a one‐way valve so that when the 
user stops sucking the fluid does not fall back into the beaker (arrow). This may be useful in patients with facial weakness and poor lip 
closure but who have a normal swallow.

Table 11.49 Toileting problems and solutions.

Solutions

Cannot get to toilet because of 
mobility or access problems

Urinal (Figure 11.10)
Commode, many designs to 
suit individual needs 
(Figure 11.33)
Chemical toilet, useful 
where regular emptying of a 
commode is not possible

Cannot transfer on and off the 
toilet, or poor balance making 
manipulation of clothes 
difficult

Grab‐rails
Toilet frame (Figure 11.33)
Raised or adjustable toilet 
seat (Figure 11.33)

Cannot clean myself Toilet paper holder on the 
unaffected side which can be 
used with one hand
Large‐aperture toilet seat
Self‐cleaning toilet, like a 
bidet and toilet in one

Table 11.50 Problems with grooming or bathing/showering 
and solutions.

Solutions

Cannot brush dentures 
with one hand

Half fill sink with water, attach brush 
with a suction pad to the sink, and 
brush dentures with functioning hand

Cannot get into and, 
even more important, 
out of the bath

Grab‐rails appropriately mounted 
around bath
Nonslip bath mat
Bath stool
Bath board
Inflatable or hydraulic bath seats 
which can lower patients into or raise 
them out of the bath (Figure 11.34)
Hoists
Replace bath with shower
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 fasteners [439]. Some of the common problems and 
 possible solutions are shown in Table  11.51 and 
Figure 11.35. If patients still cannot dress themselves, 
then care assistants or a member of the family will be 
needed to help.

11.32.6 Feeding

One year after a first‐ever‐in‐a‐lifetime stroke, about 
20% of surviving patients need some help from another 
person to feed (see Table 11.45) [440]. Dependency in 
feeding is one of the most demeaning problems 
because of its associations with infancy. Impaired 
function of the arm and hand is the most common 
cause, although problems with sitting balance, facial 
weakness, and visuospatial and sensory function may 
all be important as well. A small number of patients 
may have residual problems swallowing (Section 11.17). 
Most problems can be identified simply by talking to 
the patient and/or carer, but  often it is useful for a 
trained observer, usually an occupational therapist, to 
assess the patient.

Intensive therapy may improve arm function 
(Section 11.21) but, late after stroke, the provision and 
training in the use of feeding aids is probably more effec-
tive. Sometimes very simple problems that require very 
simple solutions are overlooked. For instance, it is impor-
tant that any dentures are in good working order and in 
the mouth rather than in a glass of water on the bedside 
table. Also that the patient is sitting at a table on a chair 
of appropriate height and that the knife is sharp. 
Furthermore, the type of food may make the difference 

between patients being able to feed themselves or not. 
A  hemiplegic patient may be independent eating 
 sandwiches but dependent for eating a steak. Some of 
the  more common feeding problems and the aids that 
can help are shown in Table 11.52 and Figure 11.36.

11.32.7 Preparing food

Many patients are unable to prepare food for themselves 
or their family because of a wide variety of poststroke 
impairments. Cognitive and visuospatial problems may 
put patients and others living in the same building in 
danger from lacerations, burns, fires, gas poisoning, 
explosions, and flooding. Again, problems are easily 
identified by talking to or observing the patient in the 
kitchen. An occupational therapist may be able to teach 
patients alternative methods of performing certain tasks 
and for many with physical rather than cognitive prob-
lems there is a large variety of kitchen aids available to 
help with specific difficulties (Table 11.53). Patients with 
cognitive problems may be helped by things such as elec-
tric kettles which turn themselves off and gas detection 
systems which interrupt the supply automatically, but for 
those with severe cognitive problems it may be necessary 
to ban them from the kitchen or to remove cookers.

Where patients cannot prepare food for themselves, it 
is obviously important to ensure delivery of prepared 
meals to their homes, or to have a care assistant who can 
prepare meals. Often, relatives and social services pro-
vide these services.

Table 11.51 Problems with dressing and solutions (Figure 11.35).

Solutions

Cannot manage zips 
or buttons

Button hook or toggle button hook 
allows patient to fasten buttons with 
one hand
Replace round buttons with oval ones
Hook to pull up zip
Replace zips and buttons with Velcro

Cannot get shoes on 
or tie shoe laces

Long‐handled shoe horn
Replace shoe laces with elastic ones 
or Velcro straps
Shoe ties

Cannot reach or pull 
up clothes

Dressing hook or even a walking stick
Reaching aid

Table 11.52 Feeding problems and solutions (Figure 11.36).

Solutions

Cannot cut up 
food because of 
poor arm 
function

If moderate hand weakness, a large‐
handled sharp knife may be enough
Alternatively, a combined knife and spoon 
or fork may help, but warn the patient to 
be careful not to cut their mouth

Cannot hold bowl 
or plate still when 
cutting or 
spooning

A nonslip mat or tray, or containers with 
suction pads

Cannot push peas 
onto fork or 
spoon

Provide a dish with a raised side or rim

Dribbling due to 
facial weakness

A mug with a spout, or a straw may help. 
Straws are available with a nonreturn valve 
if the patient cannot suck using a 
conventional one because of facial 
weakness, but has an intact swallow
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11.33  Social difficulties

We have already discussed how stroke‐related impair-
ments result in disability or dependency in ADL. However, 
there is more to life than just ADL. Environmental factors 
become extremely important in determining the effect of 
the stroke on a person’s role in society and their handicap. 
This section will address some of the social factors that 
are often of greatest concern to patients and their carers.

11.33.1 Accommodation

About 50% of the patients who survive a stroke are 
dependent in ADL (see Table 11.45). Some patients with 
complex or worsening disability may not, if admitted to 
hospital, be able to return to their own home. A patient’s 
ability to return home depends on the answers to the fol-
lowing questions, among others:

 ● Is the disability likely to improve or worsen with time?
 ● Will aids and adaptations reduce dependency?
 ● What is the patient’s accommodation like?
 ● What level of informal support is available (e.g. 

family)?
 ● What level of community support is available (e.g. 

community nursing, in‐home help)?

Any assessment has to identify the needs of the patient 
to determine whether those needs can be practically pro-
vided in the patient’s current accommodation, or 
whether alternative or modified accommodation will be 
needed. This may involve one or more visits home with 
the patient and any carer to establish exactly what the 
practical problems are. If a short visit is not enough, then 
home visits (with the potential for “round the clock” 
supervision) for a few days and nights can be useful to 
predict how the patient and carer will cope in the longer 
term. The layout of the home is obviously important. Are 
there steps up to the front door which make access diffi-
cult? Are the toilet and bathroom upstairs? Is the house 
cluttered with furniture? Are the carpets deep pile which 

may cause difficulty for a patient with a foot drop? Some 
stroke units have predischarge apartments in the hospi-
tal which allow the team and the patient to assess under 
supervision how well the patient copes. This may not be 
the same as discharge into the community, however.

When to do an accommodation assessment is difficult 
to predict because it often takes a considerable time to 
find alternative accommodation, or to make major struc-
tural changes to the patient’s current home. Thus, if one 
is going to avoid unnecessary delays in hospital, one has 
to make a decision before the patient has achieved their 
optimal functional status. Considerable judgment is 
required to “best guess” the patient’s final functional 
level and to identify their accommodation needs well in 
advance of hospital discharge.

After a thorough assessment, the patient and their 
 family, with help from the team, need to decide where 
they wish to live, taking into account all the practical 
issues – including any financial constraints. After all, 
given unlimited funds, it is almost always possible to 
maintain even the most severely disabled patient at 
home. The final decision is often a result of negotiation 
between the patient, carer, and team members. For 
instance, patients with visuospatial or cognitive prob-
lems may not appreciate the likely problems which will 
face their carers after discharge. For these sorts of rea-
sons it is not always possible to fulfil the wishes of both 
patient and carer.

Options for alternative accommodation, and the 
 availability of support in the community, vary from place 
to place, country to country, and from time to time. In 
general, a range of accommodation is needed offering a 
variety of levels of support and supervision to meet the 
needs of individual patients.

11.33.2 Employment

About one‐third of patients who have a stroke are of 
employment age. Estmates of the proportion who return 
to work have varied widely due mainly to methodological 
factors [441]. Obviously, the nature of previous employ-
ment, residual impairments and disabilities, the patient’s 
own wishes, the attitudes and policies of employers, 
health and safety legislation, and insurance issues will 
determine whether return to employment is feasible 
[442]. It is also likely that the local arrangements for pay-
ing sickness benefit will influence whether patients 
return to work, and the timing of their return. Of course, 
many patients who are approaching retirement age may 
not want to return to work anyway.

Assessment of the patient’s ability to return to work is 
often left to the patient and family, but involvement of 
members of the team (i.e. occupational therapist, speech 

Table 11.53 Problems with food preparation and solutions.

Solutions

Cannot open cans with one 
functional hand

Wall‐mounted (electric) tin 
opener

Cannot open bottles with 
one functional hand

A bottle or jar stabilizer to fix the 
bottles to work surface

Cannot cut up or peel 
ingredients with one 
functional hand

A plate or board with spikes on 
which to impale the item to be cut
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and language therapist, physiotherapist, and social 
worker) can be very useful to help explore the possible 
work options. Some employers have occupational health 
departments which can provide further specialist advice 
on their own specific regulations covering return to 
work, and on any alterations to the working environment 
or the job itself which would facilitate this.

It is important that patients and their families are coun-
seled about the patient’s limitations. They are often under 
the misconception that patients should rest after a stroke 
and that physical activity will bring on another stroke 
[443]. This misconception may have made them rule out, 
inappropriately, the possibility of return to work.

Patients may require specific occupational therapy to 
improve the physical skills required for particular jobs, 
and/or retraining to change employment. Patients often 
complain of marked fatigue (Section  11.31.4) so that a 
return to part‐time work, at least initially, is often more 
successful than struggling to cope with full‐time work. 
And they may find that although they can perform the 
physical aspects of their work, their concentration may 
be impaired. In many countries, special schemes are 
available to provide employment for disabled people.

11.33.3 Leisure

Two‐thirds of stroke patients are retired from employ-
ment. For them, resumption of a leisure activity is more 
relevant than work. Restriction in leisure activities may 
be the result of physical or cognitive impairments but 
may also be caused by psychological factors and even 
fear that an activity may bring on a further stroke. Many 
disabled stroke patients are unable to continue with their 
normal leisure activities and do not take up new ones 
that are within their abilities [444]. Reduction in leisure 
activities will exacerbate social isolation, lower mood, 
and adversely affect relationships with carers. The level 
of social activities, including leisure, can be measured 
using the Frenchay Activities Index; however, the 
Nottingham Leisure Questionnaire has been developed 
specifically for this purpose [445, 446].

Counseling the patient and their carers about the value 
of maintaining leisure activities and social contacts is use-
ful, and can have dramatic consequences (Figure 11.37). 
Therapy directed specifically at improving participa-
tion in leisure activities, or using leisure goals to improve 
ADL function, was not effective in a large multicenter 
trial [447].

11.33.4 Air travel

We are frequently asked whether a patient can travel on 
a commercial flight after a stroke. We are not aware of 
any research into the safety, or otherwise, of doing so. 
Prolonged immobility on longhaul flights with the atten-
dant risk of venous thromboembolism, and the effect of 
altitude (most commercial airplanes are pressurized to a 
level equivalent to an altitude of about 7000 feet) on the 
brain, are two issues that need to be considered. In all 
patients, but especially those who have had an ischemic 
stroke associated with a patent foramen ovale, it may be 
wise to emphasize simple measures to reduce the risk of 
venous thromboembolism, such as adequate hydration 
and avoiding prolonged immobility [448].

In giving advice one also needs to take into account:

 ● the importance of the flight (e.g. is it to get home or 
simply part of a holiday?);

 ● the interval from the stroke which will in part deter-
mine the risk of recurrent stroke;

 ● the ability of the patient to manage everyday activities, 
such as toileting and feeding, on an aeroplane;

 ● the availability of an accompanying carer;
 ● the attitude of the airline and the patient’s travel 

insurer.

Many patients who have a stroke while on holiday are 
repatriated by air within a week or two without apparent 
ill‐effects.

11.33.5 Sex

Although many stroke patients are elderly, they were 
often sexually active before their stroke. But after stroke, 
libido, coital frequency, and satisfaction are reduced 
among both patients and their partners [449]. This 
reduction in activity is due to both physical and psycho-
social factors, the latter probably being of greater impor-
tance (Table  11.54). Reduced sexual activity may 
contribute to a worsening emotional relationship with 
their partner.

A patient and their partner may believe that reduced 
satisfaction with their sexual relationship is an inevitable 
consequence of stroke. Although we often feel embar-
rassed about talking to people about these aspects of 
their lives, it is important that sexual problems are dis-
cussed. Physical difficulties due to the patient’s impair-
ments can often be overcome with a little commonsense 
and a realization that intercourse, with vaginal penetra-
tion, is not an absolute requirement. The psychological 
problems contributing to sexual dysfunction are often 
the most difficult to sort out. Sometimes patients and 
their partners simply need to be reassured that sexual 
activity, like any other physical activity, will not precipitate 

Many patients and their carers are under the misconcep-
tion that exercise, hard work, or stress will bring on another 
stroke. They should be counseled to dispel these myths.
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another stroke. Verbal information may usefully be 
 supplemented by leaflets supplied by charities and 
patient organizations, which include advice for patients 
and carers.

We encourage patients to resume sexual activity as 
soon as they wish after a stroke. One exception might be 
a patient with a recent rupture of an aneurysm which has 
not for some reason been coiled or clipped. One might 
imagine that the increase in blood pressure associated 
with orgasm could cause a rebleed.

Unfortunately, a stroke can put tremendous strains on 
a relationship that are more difficult to manage. Where 
sexual dysfunction is due to medication (see Table 11.54), 
withdrawal and substitution with an alternative drug 
may be effective. In men with impotence, sildenafil 
(Viagra) may be useful, although experience of its use 
after stroke is limited and the manufacturers recom-
mend caution in this situation. Many patients with stroke 
will be taking nitrates for ischemic heart disease which 
precludes the concurrent use of sildenafil. Referral to a 

(a)

(b) (c)

Figure 11.37 Seisure activities for patients with mobility problems after stroke: (a) abseiling in a wheelchair; (b) preparing to go canoeing; 
(c) horse riding. Source: Photographs by Renzo Mazzolini for the Chest Heart and Stroke Association, Scotland.
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sexual dysfunction clinic or for relationship guidance 
may be useful if problems persist after attending to the 
simple and obvious.

11.33.6 Finance

Stroke may place a considerable financial burden on 
patients and their families. Employment, and therefore 
income, may be affected [450]. Disability, and the aids and 
adaptations needed to overcome it, may also be costly. 
Even when the patient is still in hospital, carers may have 
difficulty meeting the costs of transport to visit the patient 
and, if driving, parking when they get there. This is impor-
tant because the patient’s morale may suffer if regular visit-
ing is not possible and this may adversely affect outcome.

The professionals involved must be alert to any finan-
cial problems which affect patients and be ready to offer 
help as required. In countries where the level of govern-
ment support for home care depends on the patient’s 
personal finances, a financial assessment may be neces-
sary for planning care.

Depending on assessment of their needs, and some-
times a financial assessment, patients or carers may be 
eligible for financial benefits from government, charita-
ble, and other sources (e.g. superannuation schemes, 
insurance policies, etc.).

11.34  Carer problems

Looking after a patient with disability places considerable 
physical and emotional strains on the carer. Carers worry 
about the patient’s needs and their ability to fulfil them. 
Caring may well limit the carer’s employment and leisure 
activities and lead to social isolation and loneliness. 
Carers of disabled stroke patients are often anxious and 
depressed and have poor physical health [451]. The extent 
of these difficulties appears to be related to the patient’s 

level of dependency, mood, behavior, and cognitive func-
tion. However, the magnitude of the burden of caregiving, 
as perceived by the carer, may relate to their own physical 
and emotional state as much as that of the patient. The 
impact that a stroke has on the family changes over time. 
Periods that are likely to cause carers particular stress and 
when extra support may be needed are:

 ● immediately after the stroke when the carer has to come 
to terms with what is potentially a life‐threatening event 
and one which may have a major effect on the patient’s 
and potential carer’s future life together;

 ● during a prolonged period of inpatient care; visiting 
may be difficult because of traveling and also because 
the patient’s behavior may put emotional pressure on 
the carer;

 ● around the period of hospital discharge; suddenly the 
patient who has been looked after by a team of skilled 
professionals appears, at least to the carer, to be only 
the carer’s sole responsibility; and

 ● during the weeks and months following hospital 
 discharge when professional support dwindles (some-
times inappropriately and abruptly), friends stop call-
ing, and the carer becomes physically and emotionally 
exhausted.

Several stages of adjustment that families typically go 
through have been identified (Table 11.55). These do not 
apply to all carers, but it is useful to be aware of them in 
managing patients and their families.

Table 11.54 Causes of reduced sexual activity and satisfaction 
after stroke.

Psychosocial factors
Loss of interest
Fear of impotence
Fear of bringing on another stroke
Emotional changes may adversely affect the relationship
Inability to discuss problems
Physical factors
Physical disability may make sexual intercourse difficult or
impossible, e.g. indwelling catheter, contractures
Impotence and reduced libido due to:

Drugs (e.g. thiazide diuretics, beta‐blockers, tricyclic 
antidepressants)

Comorbidity (e.g. diabetes, peripheral vascular disease)

Table 11.55 Stages of adjustment among families of patients 
with stroke [450].

Stage 1: Crisis Shock
Confusion
High anxiety

Stage 2: Treatment stage High expectation of recovery
Denial that disability is permanent
Periods of grieving
Fears for the future

Job
Mobility
Lifestyle
About coping

Stage 3: Realization of 
disability

Anger
Feelings of rejection
Despair
Frustration
Depression

Stage 4: Adjustment
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Although the physical aspects of caring for a person 
with a disabling stroke are hard, it is often the patient’s 
psychological and resulting behavioral problems that 
cause most distress to carers. Carers may note a change 
in personality, the patient may become short‐tempered 
and irritable, depressed, or apathetic. Such changes may 
lead to a deterioration in their relationship which may be 
compounded by a cessation or disturbance of their sex-
ual relationship (Section 11.33.5).

Carers often have feelings of guilt which add to their 
distress. They worry that they contributed to the stroke, 
perhaps by giving the patient the wrong diet or because 
of some petty incident which the carer feels should have 
been avoided. They feel guilty about not visiting enough 
or for not having the patient home soon enough. After 
hospital discharge they feel guilty about wanting to carry 
on with their own lives. They often worry that the patient 
will fall, have another stroke, or even die unless they are 
in constant attendance. These fears, apart from adding to 
the distress of carers, may also cause the carers to become 
overprotective towards the patient, which may prejudice 
the patient’s outcome.

Assessment
It is important that all those involved in managing a 
stroke patient are aware of the burden that caring for a 
disabled patient places on the family and other carers. 
The carer should be invited to discuss their problems. 
This is usually best done when the patient is absent since 
carers often feel uncomfortable or guilty when talking 
about their own problems if the patient is present. Indeed, 
carers often need a lot of encouragement to discuss their 
problems at all. However, they should be encouraged to 
do so not only for their own sake, but also for the patient’s. 
If they are not coping this will adversely affect the patient.

It is important to assess the carer’s physical and mental 
ability to go on providing the necessary care. If the 
patient is in hospital, it is often useful to get the carer to 
help with the patient’s nursing care and attend their ther-
apy sessions. This gives the carer an indication of what 
caring may involve, it can help the carer and team mem-
bers identify and hopefully resolve problems before dis-
charge, and it provides a valuable opportunity to “train” 
the carer. Predischarge visits home for a day or weekend 
fulfil similar functions. Carers may need physical or sim-
ply psychological support. A wide range of assessment 
tools have been developed to measure the amount of car-
egiving provided and the subjective burden this places 
on the caregiver (e.g. Caregiver Strain Index) [452].

Prevention and treatment
Physical support is usually limited while the patient is 
in  hospital, although some carers may need help with 
finances (Section 11.33.6) and visiting. However,  physical 

support is likely to become more important after the 
patient is discharged home. Examples include:

 ● providing help with housework to give the carer more 
time for providing personal care;

 ● providing a care assistant or district nurse to help with 
the patient’s personal care;

 ● providing training in practical aspects of caring (e.g. 
transfers, dressing) [453];

 ● providing a laundry service if the patient has persisting 
urinary or fecal incontinence;

 ● arranging for the patient to attend a day hospital or day 
center, or arranging “patient sitting” services to allow 
the carer to go shopping, have their hair done, or 
attend some social function; and

 ● arranging regular respite admissions to a hospital or 
nursing home to allow the carer to go on holiday, or 
simply to have a well‐earned rest.

Such services may be expensive but they probably pre-
vent or delay the need for long‐term institutional care, 
which is even more expensive.

Psychological support
Carers often need help coming to terms with the changes 
in the person who has had a stroke. They have many 
questions and sources of concern (Table 11.56). Support 
is needed while the patient is in hospital and thereafter. It 
may take a variety of forms:

 ● an informal talk with the consultant, nurse, therapist, 
or social worker; these are valuable opportunities for 
carers to ask questions;

 ● a carers’ group where they can ask team members 
questions, share experiences and provide mutual 
support;

Table 11.56 Common questions asked by carers.

Acutely
What is a stroke?
Will they die?
Will they be disabled?
Why did this happen?
Was it my fault?
Will it happen again?
After hospital discharge
How long will they keep improving for?
Will their speech get better?
Why are they not the person I knew before?
Can I leave them alone to go out?
Can they exercise, will it bring on another stroke?
Will I always feel so tired?
Where can I get help with money?
Where can I get help with bathing?
Can I have a rest or holiday (i.e. respite)?
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 ● formal sessions with a counselor which may help them 
come to terms with their problems [454].

The setting in which support is given needs to be tai-
lored to the individual since, for example, not everybody 
wants to attend a group. The need for these sorts of ser-
vices may not be apparent while patients are in hospital, 
or when they attend an outpatient department. Also, for 
patients who are not admitted after their stroke, or who 
remain in hospital for just a few days, the opportunities 
for the patient and their carer to ask questions and obtain 
advice are often limited. One approach is to provide a 
dedicated stroke family support worker who can iden-
tify the physical and emotional needs of patients and 
their  families and try to meet them using all available 
resources. In many places this role is already, at least par-
tially, carried out by social workers and other members 
of the team, but there are often difficulties in bridging 
the gap between hospital and community care. Although 

such support is valued by its recipients, its impact on 
patient and carer outcomes is unclear (Section 19.8.2).

Giving information (Section 19.10.1)
Carers may know little about stroke, its causes and con-
sequences and have often received misleading informa-
tion from families and friends [443]. Carers, like patients, 
vary in the amount, type, and format of information they 
want about stroke. Information‐giving therefore needs 
to be tailored to the individual. Leaflets, audio, or videos 
may usefully reinforce verbal transfer of information but 
more formal evaluation of their relative effectiveness is 
required. Education programs appear to increase carers’ 
knowledge and satisfaction with information received 
but not necessarily their emotional outcome [454]. It is 
important that patients and carers are given consistent 
information and advice to avoid confusion. Good com-
munication between potential providers of information 
is therefore vital.
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12.1  Poststroke cognitive impairment: 
relevance of the problem

Neuropsychiatric deficits and cognitive impairment are 
among the most common and severe consequences of 
stroke. In a survey performed among stroke survivors, 
caregivers, and health professionals and aimed at 
 gathering treatment uncertainties related to life after 
stroke, exploring unanswered questions about the effects 
of a treatment/intervention, and identifying the highest 
 priority questions, cognition and related disturbances 
were found to be among the top 10 priorities related to life 
after stroke [1]. In epidemiological terms, a review of 
studies published between 1998 and 2006 pointed out a 
prevalence of poststroke dementia 3–24 months after the 
acute event, ranging from 9.2 to 31.8%, with most studies 
reporting prevalence rates higher than 20% [2]. A meta‐
analysis of 30 studies published on the topic showed that 
10% of patients developed new dementia soon after first 
stroke, and more than a third had  dementia after recur-
rent stroke [3]. There are a number of factors associated 
with poststroke dementia, and these are classically divided 
into demographic factors (e.g. age, education), vascular 
risk factors (diabetes, atrial fibrillation, hypertension, 
etc.), stroke‐related factors (dysphasia, left hemisphere 
location, previous and multiple strokes), early stroke 
complications (such as hypoxic or ischemic episodes, 
acute confusional state, early  seizures, etc.), and brain 
imaging factors (such as white matter lesions, silent 

infarcts, cortical or medial temporal lobe atrophy). In 
addition to these variables, genetic factors, such as ApoE 
genotype, are likely to exert an effect [4].

The vast majority of poststroke cognitive impairment 
studies have been performed in samples of patients with 
ischemic stroke or in mixed series of ischemic and hem-
orrhagic strokes. The issue of posthemorrhagic stroke 
dementia thus remains rather unexplored. Available data 
coming from mixed ischemic–hemorrhagic stroke series 
do not point to a different incidence of poststroke 
dementia linked to hemorrhagic strokes [5], but specific 
comparative data are lacking. One recent study per-
formed in a pure cohort of patients with intracranial 
hemorrhage found that, of 218 patients (median age 67.5 
years) without preexisting dementia and alive at six 
months follow‐up, 63 developed new‐onset dementia 
leading to an incidence rate of about 14% at 1 year after 
intracerebral hemorrhage [6]. The incidence rose to 
28.3% at 4 years. Patients with lobar hemorrhage had 
more than two times higher incidence of new‐onset 
dementia in comparison with patients with nonlobar 
intracerebral hemorrhage [6].

It should be noted that not all patients with poststroke 
dementia are diagnosed with vascular dementia by com-
monly used criteria, and some of them are classified as 
affected by mixed dementia or even Alzheimer disease 
[7]. Moreover, a non‐negligible number of patients 
who are found to have dementia after a stroke are 
already cognitively impaired before the event (so‐called 
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prestroke dementia) [3, 8]. This reflects the interaction 
between stroke‐related and degenerative mechanisms 
but also highlights the lack of current  criteria to capture 
the whole spectrum of  poststroke dementia. However, 
the clinical recognition of poststroke cognitive impair-
ment should take place separately from the debate about 
the possible underlying  mechanisms. In fact, indepen-
dently from the  etiologic type of dementia diagnosed, a 
history of stroke confers  approximately a double risk of 
dementia  incidence in subjects aged 65  years or more, 
and this association is not explained by demographic or 
cardiovascular risk factors and is greater in those with 
more recent stroke [4].

More important from the clinical and pragmatic points 
of view is to consider that not all the patients who pre-
sent with cognitive consequences of stroke can be classi-
fied as affected by poststroke dementia. Some of them 
suffer from a cognitive decline that is clinically relevant 
but not severe enough to fit the criteria for dementia. In 
an Australian study performed in 198 patients with 
either a recent stroke (n = 164) or a transient ischemic 
attack (TIA) (n = 34), the diagnosis 3–6 months after the 
cerebrovascular event was vascular dementia in 36 
(18.2%), no cognitive impairment in 81 (40.9%), and vas-
cular mild cognitive impairment in additional 81 (40.9%) 
patients [9]. Interestingly, patients with poststroke mild 
cognitive impairment cannot be considered a stable 
group. In a small study from Singapore, out of the 62 
patients diagnosed as affected by poststroke mild cogni-
tive impairment and reassessed after 1 year, 36 remained 
stable, 19 returned to a normal cognitive status, and 7 
progressed to dementia [10].

In addition to the direct effect of stroke on cognitive 
performances of patients, other consequences can be 
envisaged that are related to poststroke cognitive 
decline. One of the most relevant is the possible influ-
ence that cognitive deficits may have on functional 
rehabilitation [11]. Early poststroke cognitive function-
ing is, in fact, a significant and independent predictor 
of long‐term functional poststroke outcome together 
with neurological impairment (measured with the 
National Institute of Health Stroke Scale [NIHSS]), and 
prestroke personal activity of daily living (as evidenced 
by the Barthel Index) [12].

In a Korean study, the presence of poststroke cognitive 
impairment was related to perceived quality of life, and 
this was correlated with the degree of cognitive impair-
ment (i.e. it was more severe in demented than in mildly 
cognitively impaired patients) [13]. Notably, the correla-
tion between poststroke cognitive deficits and quality of 
life is not restricted to severe stroke as it has been clearly 
reported also in studies of mild stroke survivors [14]. 
As pointed out by the authors of this study, healthcare 
systems and rehabilitation programs do not consider that 

these patients need rehabilitation just because most of 
them perform basic daily functions independently [14].

The presence of vascular dementia also has an impact 
on economic costs. In one study from South America, 
the annual cost per patient was slightly higher for those 
affected by vascular dementia than for those with 
Alzheimer disease or fronto‐temporal dementia [15].

Despite all the above summarized data about the very 
high frequency of the cognitive consequences of stroke, 
little attention has been paid to this topic by clinicians and 
researchers, and only an initial recent inversion of this 
trend is recorded. The community of stroke physicians 
seems to be particularly affected by this inadequacy [16]. A 
systematic review of contemporary published stroke trials 
pointed out that among the 8826 revised stroke studies, 
only 408 (4.6%) included a cognitive measure [17].

12.2  How to diagnose cognitive 
impairment in patients with stroke

In the 2010 Scientific Statement from the American Heart 
Association on Nursing and Interdisciplinary Rehabilitation 
Care of the Stroke Patient, communication and cognition 
disorders had a relevant part (Table 12.1) and deficits and 
possible tools for evaluation and rehabilitation were 
reviewed [18]. According to this statement,

the goals of communicative and cognitive evalua-
tions within the inpatient rehabilitation setting are: 
(1) to determine the presence of deficits and thus 

Table 12.1 Communication and cognitive disorders occurring 
in stroke patients.

Communication disorders
Dysarthria
Apraxia of speech
Aphasia
Cognitive‐communicative (impaired 
social language and complex 
communication skills due to 
underlying attention, memory, and/
or executive function deficits)

Cognition disorders
Neglect syndrome
Impairments of specific attention 
functions
Anterograde amnesia
Retrograde amnesia
Anosognosia
Disinhibition

Adapted from Miller et al. 2010 [18].



58112.4 Cognitive assessment in the acute phase

the need for treatment and (2) to quantify and 
qualify the nature of impaired and spared abilities, 
including use of compensatory strategies, to inform 
selection of treatment stimuli and procedures.

The issue of the evaluation and diagnosis of cognitive 
deficits in patients with stroke involves both the acute/
subacute and the chronic phases after stroke. Arbitrarily, 
the acute/subacute phase can be defined as the first four 
weeks after the event [19]. Until recently, the focus of 
clinical research has been on the cognitive evaluation of 
patients with stroke at least three months after the event, 
and the vast majority of studies reported data on patients 
with chronic stroke [3, 7].

12.3  Diagnosis of poststroke dementia 
and poststroke cognitive impairment 
in the chronic phase

No specific criteria have been developed to define 
 poststroke dementia and poststroke mild cognitive 
impairment. For example, the statement for healthcare 
professionals of the American Heart Association/
American Stroke Association on vascular contributions 
to cognitive impairment and dementia does not report 
any specific criteria for poststroke cognitive decline [20]. 
Therefore, most studies on poststroke dementia have 
used common criteria for vascular dementia or even 
dementia in general and applied them to the stroke set-
ting [3, 7]. Some of these criteria underline the impor-
tance of a temporal relationship between stroke and 
cognitive decline. It is to be noted that in one study the 
agreement across the diagnoses of poststroke dementia 
made according to different criteria was not high [21]. 
The results were very similar to those found in the set-
ting of Alzheimer disease [22].

The ideal evaluation of the presence of cognitive 
impairment in patients with stroke would be an expert 
and multidisciplinary assessment by means of a compre-
hensive investigation, but this approach does not appear 
feasible on a large scale and in all the centers that are 
involved in stroke care [23]. In practice, a two‐step sys-
tem is often adopted, or at least proposed: a baseline cog-
nitive testing used for screening and a successive 
specialist assessment to define the cognitive problem 
that is offered depending on the results of the screening. 
However, even if this approach is considered valid, there 
is no consensus on a preferred testing strategy and vari-
ous cognitive screening tools are available with substan-
tial variation [23].

In the above cited survey by Lees et  al. [17], among 
the  408 revised articles dealing with stroke trials and 

in  which some cognitive measure was implemented, 
the total number of different assessment tools used was 
300, with most of these used in only one or two studies. 
The most commonly used cognitive measure was 
the  Folstein’s Mini Mental State Examination (MMSE) 
(180 articles, 37% of all revised articles with cognitive/
mood outcomes). The second most commonly used test 
was the Wechsler Adult Intelligence Scale [17].

In a recent systematic review, the accuracy of different 
cognitive screening tools used in stroke patients was 
analyzed [24]. The conclusions were far from being 
definitive. Among the tests for which data were available, 
the MMSE was found for the most part to have inade-
quate sensitivity and specificity, whereas for the Montreal 
Cognitive Assessment (MoCA), 3 of 5 studies reported 
acceptable sensitivity and specificity. As discussed later 
in this chapter, the issue of different selected cut‐offs for 
MoCA accuracy made recommendations for clinical 
practice quite difficult to reach. For other screening tests 
encouraging results were reported based, however, on 
single experience [24].

12.4  Cognitive assessment of patients 
with stroke in the acute phase

The cognitive evaluation in the chronic phase after 
stroke is relevant but offers a partial view of the problem 
because cognitive deficits may be present soon after the 
event and may heavily affect the lives of stroke survivors, 
family members, and caregivers and influence therapeu-
tic and rehabilitation strategies. Therefore, attention 
should be paid early on to the cognitive assessment of 
patients with stroke.

12.4.1 Are cognitive functions evaluated 
in common stroke scales?

The aforementioned global scarcity of attention given to 
the cognitive consequences of stroke is reflected in the 
very limited representation of items exploring, at least 
partially or indirectly, cognitive aspects in the stroke 
scales most widely used in the acute stroke setting. 
Besides items assessing speech and neglect, cognitive 
aspects are not included in these scales. In the 
Scandinavian Stroke Scale, out of a total of nine items, 
only two assess cognitive functions (orientation and 
speech) [25]. In the Orgogozo Scale, in cognitive terms 
verbal communication is the only domain assessed out of 
10 present [26]. The Canadian Neurological Scale has 
items on orientation and speech [27]. In the NIHSS, the 
most widely used acute stroke scale, speech and neglect 
are evaluated together with orientation [28].
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An attempt to implement a subscale of the NIHSS, the 
Cog‐4, has been made to assess its role as a quick test of 
cognitive impairment [29]. The Cog‐4 comprises the 
 following items: level of consciousness (item 1b) as a 
marker of orientation, ability to follow commands (item 
1c) as a marker of executive function, language (item 9), 
and inattention (item 11). Cog‐4 scores were generated 
from the evaluation charts of 9147 patients with acute 
stroke enrolled in one study and seen 90 days after the 
event. The statistical properties of Cog‐4, its relationship 
with baseline clinical characteristics, and other functional 
outcome measures at day 90 were assessed. As expected, 
the authors found that the mean score was heavily skewed 
and influenced by left hemispheric stroke. Age, stroke 
severity, and previous stroke were  significant predictors 
of Cog‐4. Cog‐4 was significantly correlated with depend-
ency and disability. The authors concluded that the Cog‐4 
scale at day 90 cannot be considered a useful test of cogni-
tion since it only superficially measures cognition. It is 
heavily dependent on the side of stroke, is inevitably asso-
ciated with functional outcome (being a subset of the 
NIHSS), and suffers from a profound “floor” effect [29].

An additional issue concerning the acute phase is rep-
resented by the fact that it is unlikely that a more or less 
isolated cognitive deficit can be recognized as a symp-
tom of stroke onset. For example, the widely used 
Cincinnati Prehospital Stroke Scale does not evaluate at 
all cognitive aspects [30].

12.4.2 How to evaluate cognitive 
performances in patients with acute stroke

Once stroke is diagnosed, and possibly treated, cognitive 
deficits continue to receive little attention outside some 
clinical research contexts. As stated above, more recently 
there has been an increasing interest in the cognitive 
evaluation of stroke patients during the acute phase. This 
latter is a peculiar condition, characterized by intensive 
care requirement, need of hospitalization, coexistent 
medical conditions, and severe psychological distress. A 
thorough neuropsychological evaluation, despite always 
being considered the “gold standard” for this type of 
assessment, is hardly feasible in this phase, at least on a 
wide scale and in nonacademic centers. Moreover, exten-
sive neuropsychological assessment requires dedicated 
personnel not always available in a stroke unit. The stroke 
unit setting itself may be an obstacle to a full neuropsy-
chological assessment of patients. In one Dutch study 
[31], a total of 73 patients with first‐ever symptomatic 
brain infarct, an age <81 years, and a modified Rankin 
Scale of 2–4 were enrolled. Seventy‐four percent of them 
could be examined with an extensive neuropsychological 
examination composed of 16 tests between 4 and 20 days 
after stroke. The authors showed that 77% of patients 

were able to complete 82% of the tests within the 
 maximum time of 1.5 hours set for the procedure [31]. 
The use of an extensive neuropsychological assessment 
would, of course, improve the finding of specific domain 
impairment and, therefore, help to recognize the  presence 
of cognitive deficits. The same Dutch group evaluated 
the prognostic value of domain‐specific cognitive  abilities 
by assessing 168 patients with first‐ever stroke within the 
first three weeks after the event [32]. The prevalence of 
neuropsychological impairment was  calculated and com-
pared with that of 75 matched healthy controls with 
the aim of finding independent predictors of long‐term 
 cognitive impairment (assessed with a follow‐up neu-
ropsychological examination) and functional impair-
ment (assessed with the modified Barthel Index and the 
Frenchay Activities Index). Thirty‐one percent of patients 
showed long‐term cognitive impairment. Basic and 
instrumental activities of daily living disturbances 
remained present in 19% and 24% of patients, respec-
tively. Domain‐specific cognitive functioning predicted 
cognitive and functional outcome better than any other 
variable. Moreover, the prediction of instrumental 
 activities of daily living functioning improved when cog-
nitive predictors were added to the standard medical 
model. Impairments in abstract  reasoning and executive 
 functioning were independent predictors of long‐term 
cognitive impairment. Inattention and perceptual disor-
ders were more important in predicting long‐term 
 functional impairment. The authors concluded that 
domain‐specific cognitive abilities in the early phase of 
stroke are excellent independent predictors of long‐term 
cognitive and functional outcome [32].

Although an extensive assessment can be seen as the 
gold standard, it is unlikely that it could be applied on a 
large scale and to the whole stroke patient population. 
A brief cognitive tool appears, therefore, advisable to 
use. Recently, a number of groups have reported their 
experience in this regard, and discussion about the best 
instrument to be implemented in the acute evaluation 
of patients with stroke is ongoing [24].

12.4.3 The Montreal Cognitive Assessment

One of the instruments more extensively studied in this 
sense is the MoCA [33]. MoCA is a brief screening 
instrument originally designed to identify mild cogni-
tive impairment in elderly patients attending a memory 
clinic in the United States. MoCA is a one‐page, 30‐point 
test that can be administered in about 15 minutes and 
that evaluates various different domains: visuospatial 
abilities, executive functions, short‐term memory recall, 
attention, concentration, working memory, language, 
and orientation to time and space (Figure  12.1) [34]. 
MoCA has been tested in the acute stroke setting and 



Figure 12.1 The Montreal Cognitive Assessment (English version) (http://www.mocatest.org/).
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a consensus conference proposed to implement a short-
ened version as a first assessment of patients with vas-
cular cognitive impairment [35].When compared with 
another widely used cognitive screening test, (the 
MMSE [36]), one of the possible strengths of MoCA was 
found to be the assessment of executive functions and 
the presence of more demanding visual construction 
tasks that are domains thought to be more affected in 
patients with cerebrovascular impairment [37]. The 
consensus conference proposal was generally directed 
to patients with not otherwise specified vascular cogni-
tive impairment [35]; however, MoCA has recently been 
used by various research groups in the stroke setting.

Our group has reported data on the use of MoCA in the 
acute stroke phase. Out of the 137 consecutive patients 
enrolled (NIHSS mean score ± SD 8 ± 8), MoCA  was 
entirely applicable in 113 (82.5%) [38]. The MoCA 
was  applied by one trained medical student within 5 
and 9 days after stroke. Language deficits, impaired pre-
stroke cognitive status, and impaired consciousness were 
the main reasons for the test to be only partially applied or 
not applied. Factors influencing MoCA applicability in a 
multivariate analyses were higher baseline NIHSS scores, 
the presence of left‐sided lesions, and worse premorbid 
functional status. Considering MoCA per formances in 
this group of patients the mean score ± SD was 17.8 ± 7.1, 
well below the cut‐off originally proposed by the authors 
to detect mild cognitive impairment in a population of 
elderly patients attending a memory clinic [33]. The 
 following  factors were found to influence the MoCA 
 performances: low education, higher baseline NIHSS 
scores, and worse premorbid functional status [38].

The same sample of patients with stroke was followed 
up for as much as 6–9 months after the event to assess 
the predictive value of MoCA on a diagnosis of cognitive 
impairment [39]. Patients were reassessed by means of 
an extensive neuropsychological and functional evalua-
tion. Out of 137 enrolled stroke patients, 80 (58.4%) were 
followed up (mean age 68.2 ± 14.6 years, mean NIHSS 
score 3.6 ± 4.8). Poststroke cognitive impairment was 
diagnosed in 47 patients (59%; 35 mild cognitive impair-
ment, 12 dementia). In a multivariate analysis that took 
into account age, education, functional and cognitive 
premorbid status, stroke severity, and preexisting lacu-
nar infarcts, the MoCA baseline score was independently 
associated with a diagnosis of poststroke cognitive 
impairment (odds ratio [OR] 1.4, 95% confidence interval 
[CI] 1.1–1.8 for each point) together with leukoaraiosis 
severity. Using a received operating characteristic (ROC) 
analysis, a MoCA cut‐off score of 21 predicted the diag-
nosis of poststroke cognitive impairment with 91.4% 
 sensitivity, 75.8% specificity, 80% positive predictive 
value, and 89.3% negative predictive value [39].

Other research groups have evaluated the use of 
MoCA in the acute stroke setting, often compared with 
that of other tests [19, 40]. The overall evaluation of 
these studies suggests that the use of MoCA as a brief 
cognitive tool in both the acute/subacute and chronic 
poststroke periods is feasible despite some limitations 
[19]. Used in the acute period, MoCA has a good predic-
tive value for the development of poststroke cognitive 
impairment in the follow‐up [23, 39]. Since acute and 
temporary cognitive impairment after a minor stroke is 
quite common, another advantage of MoCA is that it is 
sensitive to these changes while the MMSE is not [41].

In the chronic, midterm poststroke period, MoCA is 
related to physical performance and to functional out-
come, has a good correlation with other short cognitive 
tests, and shows high sensitivity and specificity in pre-
dicting poststroke cognitive impairment in both ischemic 
and hemorrhagic strokes [19].

One of the major problems with MoCA is its limited 
application in patients with aphasia, who made up a relevant 
number of cases in the acute stroke setting. We have pointed 
out that this limitation is more theoretical than pragmatic 
because speech deficits are more immediately evidenced 
than other cognitive deficits in the stroke unit [38]. For 
example, the NIHSS is able to point out a language problem 
soon, and it is unlikely that during the routine care of a 
patient with stroke, a language problem does not emerge. 
Moreover, patients with stroke with language deficits are 
usually directed to specific rehabilitation procedures.

12.4.4 Montreal Cognitive Assessment and other 
brief cognitive tests for patients with stroke

Notwithstanding the points in the previous discussion, 
the problem of the evaluation of patients with aphasia 
remains. A French group has proposed a test to overcome 
this issue [42]. They elaborated an assessment scale for 
evaluating cognitive disorders in poststroke patients com-
patible with the presence of severe language impairments: 
the Cognitive Assessment Scale for Stroke Patients 
(CASP). This tool is made up of nine items evaluating six 
cognitive functions: language, praxis, short‐term memory, 
temporal orientation, spatial/visuoconstruction neglect, 
and executive functions. The items are partly taken from 
other tests. The authors found that the number of impos-
sible administrations were significantly lower for CASP 
(18%) than for the MMSE (36%, P = 0.05) while it was only 
slightly lower in comparison with MoCA (30%, P = 0.21). 
No administration failure was observed for the CASP in 
the three patients with isolated verbal expression impair-
ments, whereas they were unable to complete the other 
two tests [42]. Of note, the mean administration time was 
significantly longer for the CASP (13 ± 4 minutes) than for 
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the MMSE (8 ± 3 minutes), although it was not signifi-
cantly longer than for MoCA (11 ± 5 minutes).

Lees and coworkers performed an analysis of pub-
lished data on test accuracy of cognitive screening tools 
in samples of patients with stroke [23]. They analyzed a 
total of 32 studies (including 3562 participants) for which 
accuracy data of screening tests was obtainable by com-
parison with clinical diagnosis (11 studies) or  detailed 
neuropsychological assessment (21 studies). Twenty‐
three different tests were described; the commonest 
were the MMSE and MoCA. Pooled data for test accu-
racy was possible for four tests: the  Addenbrooke’s 
Cognitive Examination‐Revised ( threshold score ≤88); 
the MMSE (thresholds ≤24 and ≤26), the MoCA 
( thresholds <26 and <22), and the Rotterdam‐CAMCOG 
(threshold <33). Accuracy  varied with assessment 
 timing and context, with acute testing  yielding higher 

sensitivity and lower specificity. From analysis of paired 
summary ROC curves, the overall accuracy was better 
for those studies where assessment was performed 
within the acute period. However, no clearly superior 
cognitive screening test approach was outlined and no 
evidence emerged that newer or longer screening tests 
necessarily offer better test accuracy than established 
screens with shorter administration time [23]. The 
authors’ conclusions were that if the purpose of the ini-
tial screening is to pick up all potential cases to allow 
further assessment, then MoCA may be the preferable 
test because it offers high sensitivity with shorter admin-
istration time than other equally sensitive tests. For 
MoCA use in stroke, screen‐positive thresholds may 
need to be adapted if the aim is to assess for dementia/
multidomain impairment, and test accuracy may vary 
with time since stroke event [23].
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Focal cerebral ischemia, caused by a sudden occlusion of 
a cerebral blood vessel or sometimes just by low blood 
flow, initiates a series of events which can lead to irre
versible neuronal damage and death (i.e. infarction) in 
the part of the brain supplied or drained by that vessel. 
Several pathophysiological cascades run in sequence 
(and in parallel) [1, 2]. In the vascular system, rapid 
changes in platelet and coagulation factors, in the vessel 
wall (particularly the endothelium), and in the thrombus 
itself interact to produce a very dynamic state, not only 
at the site of vessel occlusion, but also more remotely, in 
both the macro‐ and microcirculation.

In brain tissue, changes occur in neurons, glial cells, and 
other structural components in differing degrees and at 
different times after the onset of ischemia, which means 
that cerebral infarction is a dynamic and highly unstable 
process, not a discrete “one‐off” event. In other words, 
infarction is not an “all‐or‐nothing” episode that is instan
taneous in onset, maximal in severity at the moment of 
onset, and irreversibly complete within 6 hours [3].

This chapter begins with a review of pathophysiology, 
particularly aspects that relate to the specific treatments 
described later in the chapter. As far as possible, we base 

the decision whether or not to use a particular treatment 
not merely on its putative physiological effects, but on 
the evidence from randomized controlled trials (RCTs) 
in patients that demonstrate the balance of clinical harm 
and benefit associated with its use. In view of this, the 
section on each of the specific treatments will assess the 
strength of evidence available and, where possible, base 
any recommendations on the results of a systematic 
review (and meta‐analysis) of all the relevant RCTs of 
that particular treatment.

13.1  Pathophysiology of acute 
ischemic stroke

The pathophysiology of acute ischemic stroke encom
passes two sequential processes: (i) the vascular, hemato
logical, or cardiac events that cause the initial reduction 
in local cerebral blood flow (CBF) (Chapters 6 and 7) and 
(ii) the alterations of cellular chemistry that are caused 
by ischemia and which lead to necrosis of neurons, glia, 
and other brain cells. This section will discuss cerebral 
metabolism, regulation of CBF, molecular consequences 
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of cerebral ischemia, and how understanding these pro
cesses leads to the development of various treatments for 
acute ischemic stroke.

13.1.1 Cerebral metabolism

Energy demand and cerebral blood flow
The human brain has a high metabolic demand for 
energy and, unlike other organs, uses glucose (about 
75–100 mg/min, or 125 g/day) as its main substrate for 
energy metabolism. Glucose is metabolized in the brain 
entirely via the glycolytic sequence and the tricarboxylic 
acid cycle (Figure 13.1).

Each molecule of glucose is broken down in a series of 
enzymatic steps (glycolysis) into two molecules of pyru
vate. During these reactions, the oxidized form of nicoti
namide, adenine dinucleotide (NAD+) is reduced (to 
NADH), and two molecules each of adenosine diphos
phate (ADP) and intracellular phosphorus are converted 
to two molecules of adenosine triphosphate (ATP). In 
the presence of oxygen, pyruvate is metabolized, first by 
pyruvate dehydrogenase and then by a series of mito
chondrial reactions, to carbon dioxide (CO2) and water 
(H2O) with the formation of 36 molecules of ATP. This is 
the maximum ATP yield. In the absence of oxygen, this 
sequence of events is blocked or retarded at the stage of 
pyruvate oxidation, leading to the reduction of pyruvate 
to lactate by NADH and lactic dehydrogenase. Anaerobic 
glycolysis therefore still leads to the formation of ATP, 
as  well as lactate, but the energy yield is relatively 
small (2 molecules rather than 36 molecules of ATP from 
1 molecule of glucose). In addition, lactic acid accumu
lates within and outside cells and mitochondria lose their 
 ability to sequester calcium, so any calcium entering 
or  released within the cell will raise the intracellular 
 calcium level [4–6].

Although classical neuroenergetics states that glucose 
is the exclusive energy substrate of brain cells and its full 
oxidation provides all the necessary energy to support 
brain function, more recent data revealed a more intri
cate picture in which astrocytes play a central role in 
metabolic coupling and supplying lactate as an addi
tional energy substrate in register with glutamatergic 
activity [7]. The basic mechanism involves glutamate‐
stimulated aerobic glycolysis; the sodium‐coupled reup
take of glutamate by astrocytes and the ensuing activation 
of the Na+,K+‐ATPase triggers glucose uptake and pro
cessing via glycolysis, resulting in the release of lactate 
from astrocytes. Lactate can then contribute to the 
 activity‐dependent fuelling of the neuronal energy 
demands associated with synaptic transmission. An 
operational model, the “astrocyte–neuron lactate shut
tle,” is supported experimentally by a large body of evi
dence, which provides a molecular and cellular basis 

for  interpreting data obtained from functional brain 
imaging studies [8]. When neurons are in the presence of 
both glucose and lactate, they preferentially use lactate 
as their main  oxidative substrate [9].

ATP is the universal currency for energy. Neurons in 
the brain require a constant supply of ATP to maintain 
their integrity and to keep the major intracellular cation, 
potassium ions (K+), within the cell, and the major extra
cellular cations, sodium (Na+) and calcium ions (Ca2+), 
outside the cell. Because the brain is unable to store 
energy, it requires a constant supply of oxygenated blood 
containing an adequate glucose concentration to main
tain its function and structural integrity.

In a healthy young adult CBF is about 50–55 mL/100 g 
of brain per minute, with significantly higher values in 
those below 20 years of age and lower values in those 
over 60 years [10]. For a brain of average weight (1300–
1400 g in a 60–65 kg adult), which is only 2% of total 
adult body weight, the total CBF at rest is disproportion
ately large at about 800 mL/min, which is 15–20% of 
the  total cardiac output. At this level of blood flow, 
whole brain oxygen consumption, usually measured as 
the  cerebral metabolic rate of oxygen (CMRO2), is about 
3.3–3.5 mL/100 g of brain per minute, or 45 mL of 
 oxygen per minute, which is 20% of the total oxygen con
sumption of the body at rest.

13.1.2 Cerebral blood flow regulation

The fraction of oxygen extracted from the blood, the 
oxygen extraction fraction (OEF), is fairly constant 
throughout the brain because CBF, cerebral blood 
 volume (CBV) and CMRO2 as well as the cerebral 
 metabolic rate of glucose (CMRglu) are all coupled [10]. 
In the normal resting brain, measurements of CBF are 
therefore a reliable reflection of cerebral metabolism 
(CMRO2). If CBF falls, however (down to 20–25 mL/100 g 
brain per minute), the OEF increases to maintain the 
CMRO2 (see later).

Over the past 60 years, the methods for measuring CBF 
have become more accurate and reliable, and have had a 

The brain uses glucose as its main source of energy. 
During aerobic metabolism each molecule of glucose 
produces 36 molecules of adenosine triphosphate (ATP), 
but during anaerobic metabolism only two molecules of 
ATP are produced, along with lactic acid.

The resting brain consumes energy at the same rate as a 
20‐watt light bulb.
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major impact on our understanding of the regulation of 
CBF and the pathogenesis of cerebral ischemia [3, 11–17]. 
Positron emission tomography (PET) now enables CBF, 
CMRO2, OEF, and CMRglu all to be measured in various 
regions of interest in the brain, both in healthy people 
and after stroke [11, 14, 18].

Cerebral perfusion pressure
Under normal conditions, blood flow through the brain 
is determined by the cerebral perfusion pressure (CPP) 
and by the cerebrovascular resistance (CVR) imposed by 
blood viscosity and the size of the intracranial vessels 
(i.e. flow = pressure/resistance). The CPP represents the 
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difference between arterial pressure forcing blood 
into  the cerebral circulation and the venous pressure. 
The mean CPP is the mean systemic arterial pressure 
at  the  base of the brain in the recumbent position, 
which  approximates to the diastolic blood pressure 
(about 80 mmHg), plus one‐third of the pulse pressure 
(one‐third of about 40 mmHg) minus the intracranial 
venous pressure (about 10 mm Hg), that is, 80–85 mmHg.

Cerebrovascular resistance
When resting CPP is constant, under normal conditions, 
any change in CBF must be caused by a change in CVR, 
usually as a result of alteration in the diameter of small 
intracranial arteries or arterioles. Under these circum
stances, there is a direct correlation between CBF and 
the intravascular CBV. CBF and CBV will both increase 
as vessels dilate and both decrease as vessels constrict. 
The CBV : CBF ratio remains relatively constant over a 
wide range of CBF at normal CPP.

When an artery narrows, causing CVR to increase, or 
when CBF increases, the blood flow velocity in that seg
ment of artery increases. This is one of the principles gov
erning the interpretation of blood flow velocities in  the 
major basal arteries by transcranial Doppler  ultrasound 
(Section  6.8.9). Mean blood flow velocities within the 
intracranial arteries vary from 40 to 70 cm/s. As blood flow 
velocity is proportional to the second power of the vessel 
radius, it cannot be equated linearly with volume blood 
flow (mL/s), which is proportional to the fourth power of 
the vessel radius. If vessel caliber were constant, some 
assumptions could be made about volume flow from veloc
ity measures, but the caliber of large cerebral arteries varies 
with changes in blood pressure, partial pressure of arterial 
carbon dioxide (PaCO2), intracranial pressure, and age.

Metabolic rate of cerebral tissue
In the resting brain with normal CPP, CBF is closely 
matched to the metabolic demands of the tissue. 
Therefore, gray matter (which has a high metabolic rate) 
has higher regional CBF than white matter, which has a 
relatively low metabolic rate. The ratio between CBF and 
metabolism is fairly uniform in all areas of the brain and, 
consequently, the OEF and functional extraction of glu
cose from the blood are much the same in different areas. 
Normally, regional OEF is about one‐third and the 
regional glucose extraction fraction is about 10%. 
Similarly, local flow varies directly with local brain func
tion by 10–20%, even though global CBF tends to be fairly 
stable under steady‐state conditions. For example, during 
voluntary hand movements, the metabolic activity of the 
contralateral motor cortex increases over a few seconds 
and is accompanied by rapid vasodilatation of the local 
cerebral resistance vessels, leading to an increase in CBF 
and CBV, rather than any increase in the OEF or glucose 
extraction fraction. Conversely, low regional metabolic 

activity (as may occur in a cerebral infarct) is associated 
with reduced metabolic demand and so low CBF. 
Therefore, low flow does not necessarily mean vessel 
occlusion but, as in this case, it can mean nonfunctioning 
brain. Although this coupling of flow with metabolism 
and function has been suspected for over a century, the 
mechanism is unknown; it may be that the metabolically 
active areas of brain produce vasodilatory metabolites, or 
the resistance vessels may be under neural regulation, or 
a combination of both. This is the principle underpinning 
functional magnetic resonance imaging (fMRI) [19].

Arterial carbon dioxide tension
Arterial carbon dioxide tension (PaCO2) has a potent 
effect on CBF [20]. A 1 mmHg rise in PaCO2 within the 
range of 20–60 mmHg (2.7–8.0 kPa) in normal individu
als causes an immediate 3–5% increase in CBF due to 
dilatation of cerebral resistance vessels. In chronic res
piratory failure however, causing CO2 retention, CBF is 
normal. Changes in arterial oxygen tension (PaO2) have a 
modest inverse effect on CBF, unless the PaO2 falls below 
about 50 mmHg (6.7 kPa), when the resultant decline in 
the oxygen saturation of the blood leads to a fall in CVR 
and an increase in CBF. Increasing the PaO2 above the 
normal level has little effect on CBF.

Whole‐blood viscosity
Normally, CBF is inversely related to whole‐blood viscos
ity. As the main determinant of whole‐blood viscosity (at 
normal shear rates) is the hematocrit, it follows that CBF 
and hematocrit are inversely related. But, this relationship 
is not because the high hematocrit raises viscosity and 
thereby slows flow (at least not in normal vessels); rather, 
the higher oxygen content of high hematocrit blood 
allows CBF to be lower and yet to maintain normal oxy
gen delivery to the tissues in accordance with metabolic 
demands. A practical example is encountered in patients 
with leukemia or paraproteinemia who have very high 
blood viscosity but normal CBF (or even high CBF if ane
mia coexists), because CBF depends more on the oxygen 
content of the blood (which is normal or low) than the 
viscosity (which is high). However, at very low shear rates, 
which might be found in ischemic brain, for  example, 
because of local vasodilatation, whole‐blood viscosity 
depends more on plasma fibrinogen than hematocrit. In 
addition, other local factors such as red cell aggregation, 
platelet aggregation, and perhaps increasing red cell 
 fragility as a result of anoxia, all of which increase blood 
viscosity, may come into play to reduce flow.

In normal brain, blood flow is closely coupled with 
 metabolic demand. However, if the brain is damaged, 
blood flow and metabolism become uncoupled and 
so  normal flow no longer necessarily implies normal 
 metabolism and function.



13.1 Pathophysiology of acute ischemic stroke 591

Autoregulation
Under normal conditions (i.e. mean systemic arterial 
blood pressure within 60–160 mmHg), CBF is maintained 
at a relatively constant level despite changes in the CPP 
(Figure 13.2). This capacity to maintain a constant CBF is 
due to the phenomenon of autoregulation [21–23].

Autoregulation is achieved primarily by varying pre
capillary resistance. Compensatory vasodilatation of pial 
and intracerebral arterioles occurs when the blood pressure 
falls, and compensatory vasoconstriction when the blood 
pressure rises. Whether myogenic, metabolic, or neuro
genic processes are responsible for this response is unknown.

If mean arterial pressure falls below about 40–50 mmHg, 
compensatory vasodilatation and therefore cerebral 
 perfusion reserve is exhausted, and CBF parallels the 
blood pressure (Section 6.7.5). Because oxygen delivery to 
the brain normally far exceeds demand, metabolic activ
ity can still be maintained at a mean blood pressure of 
around 40–50 mmHg by increasing the oxygen extraction 
from the blood (Figure  13.3). This state of increased 
OEF has been termed “misery perfusion” [14]. However, 
when the OEF increases, a state of “ischemia” exists. 
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Figure 13.2 Autoregulation: relationship between mean 
systemic arterial blood pressure and cerebral blood flow (CBF) in 
normal brain tissue and in brain ischemia. Under normal 
conditions, CBF is maintained at a relatively constant level, 
independent of the systemic arterial blood pressure, as long as 
the mean pressure remains between about 60 and 160 mmHg. 
This capacity to maintain a constant CBF is due to the 
phenomenon of autoregulation. In chronic hypertension the 
curve is shifted to the right.

Autoregulation is the ability of cerebral blood flow to 
remain constant in the face of changes in mean arterial 
pressure and cerebral perfusion pressure.

Cerebral perfusion
pressure (CPP)

Cerebral blood
volume (CBV)

Oxygen extraction
fraction (OEF)

Cerebral blood
�ow (CBF)

Cerebral metabolic
rate of oxygen
(CMRO2)

Autoregulation;
no symptoms

Impaired perfusion
reserve; no symptoms
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Figure 13.3 Schematic representation of the 
protective responses to a progressive fall in cerebral 
perfusion pressure (CPP). With falling CPP, intracranial 
arteries dilate (autoregulation) to maintain the cerebral 
blood flow (CBF). This results in an increase in cerebral 
blood volume (CBV). When vasodilatation is maximal, 
further falls in CPP results in a fall in CBF, and therefore 
an increase in the oxygen extraction fraction (OEF), to 
maintain tissue oxygenation. This represents a state of 
impaired cerebral perfusion reserve. When the OEF is 
maximal, further falls in CPP lead to reduction in the 
cerebral metabolic rate of oxygen (CMRO2) and the 
symptoms of cerebral ischemia.
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Flow is inadequate (<20 mL/100 g brain per minute) to 
meet metabolic demands, cellular metabolism is impaired, 
and so CMRO2 begins to fall (see later) [24]. As neuronal 
activity ceases, the patient usually develops symptoms of 
neurological dysfunction.

If the mean arterial pressure rises above the autoregu
latory range where compensatory vasoconstriction is 
maximal (i.e. above about 160 mmHg in normal people), 
then hyperemia occurs followed by vasogenic edema, 
raised intracranial pressure and the clinical syndrome of 
hypertensive encephalopathy (Section 3.4.5).

Dynamic cerebral autoregulation is not affected by 
normal aging [25], but the autoregulatory curve is “set” 
higher in patients with longstanding hypertension. 
Consequently, hypertensive patients are “protected” 
against increasing blood pressure and develop symptoms 
of ischemia at higher blood pressure (e.g. mean below 
about 70 mmHg) than in nonhypertensive patients (e.g. 
mean below 50 mmHg) (see Figure 13.2).

Autoregulation is impaired in a variety of disease states 
such as head trauma, diffuse cerebral hypoxia, ischemic 
stroke, delayed ischemia secondary to subarachnoid hem
orrhage, and in some patients with carotid stenosis or 
occlusion [21–23]. Autoregulation is also impaired if the 
PaCO2 is high, presumably because further  vasodilatation 
cannot occur and so the perfusion reserve is exhausted 
[26]. In some patients who have had transient ischemic 
attacks (TIAs) or a mild ischemic stroke, with subse
quently normal angiograms, autoregulation and the cere
brovascular response to PaCO2 may be deranged for 
several weeks. In all of these situations of impaired 
autoregulation, CBF varies directly with blood pressure, 
becoming “pressure passive,” and so predisposing to an 
increased stroke risk, particularly following exposure to 
hypotensive agents, as occurs perioperatively.

Traditionally, cerebral autoregulation has been measured 
in animals, and in response to static changes in arterial 
blood pressure. CBF, or an estimate of CBF such as CBF 
velocity, is measured during a large change in blood pres
sure, usually induced pharmacologically [27]. However, 
such techniques are not suitable for patients with stroke, or 
who are at risk of stroke, because the blood pressure change 
induced could cause or increase brain ischemia. Subsequent 
attempts to safely and noninvasively monitor autoregula
tion of CBF, or at least the lower limit of autoregulation, 
have used indirect and dynamic measures such as CBF 
velocity, as determined by transcranial Doppler (TCD) 
ultrasound, in response to vasodilatory stimuli such as 
hypercapnea (rather than changes in blood pressure) [22]. 
Although these indirect measures generally correlate with 
direct measures of cerebral autoregulation, they do meas
ure a slightly different physiological response. Other meth
ods of measuring dynamic autoregulation that are 
noninvasive and suitable for use in patients at risk of 

stroke aim to evaluate the response of CBF or CBF velocity 
to small physiological changes in arterial blood pressure. 
These include changes in blood pressure induced by the 
use of bilateral leg cuffs, which are inflated suprasystolically 
and then suddenly deflated to cause a transient fall in blood 
pressure, and  spontaneous variability in arterial blood pres
sure by a servo‐ controlled plethysmograph [27]. The tem
poral pattern of the change in blood pressure is correlated 
with the change in the middle cerebral artery (MCA) CBF 
velocity as measured by TCD [26]. There is close agree
ment between these two methods, and between the thigh 
method and the classic assessment of static autoregulation, 
despite the fact that TCD measurement of MCA CBF 
velocity is only a  suitable technique if there is no change in 
MCA diameter during the change in blood pressure.

Cerebral perfusion reserve
The ratio of CBF to CBV (see earlier) is a measure of 
 cerebral perfusion reserve; a ratio below about 6.0 indi
cates maximal vasodilatation and CBV, and exhausted 
reserve, even if the CBF is still normal. If available, PET 
scanning will show a rising OEF at this stage, to maintain 
CMRO2 (Figure 13.4) [10, 15, 28, 29]. If PET is unavaila
ble, the mean cerebral transit time (MCTT), which is the 
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Figure 13.4 Relationship between oxygen extraction fraction 
(OEF) and cerebral blood flow (CBF): cerebral blood volume 
(CBF : CBV) ratio in each of 82 middle cerebral artery regions from 
32 patients with varying degrees of carotid artery stenosis and 
occlusion and 9 normal subjects [15]. The ratio of CBF : CBV is a 
measure of cerebral perfusion reserve. A CBF : CBV ratio below 
about 6.0 indicates maximal vasodilatation and CBV, and 
exhausted reserve, even if the CBF is still normal. If CBF continues 
to fall at this stage, OEF rises to maintain CMRO2. Source: Gibbs 
et al. 1984 [15]. Reproduced with permission of Elsevier.
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reciprocal of CBF : CBV, can be used instead [30]. Other 
techniques for measuring CBF at rest and after exposure 
to vasodilatory stimuli (e.g. inhalation of CO2, intrave
nous administration of acetazolamide, or breath hold
ing), and thus cerebrovascular reserve capacity, include:

 ● xenon‐133 (133Xe) inhalation (133Xe is a lipophilic 
 radioactive tracer that can be inhaled or injected and 
easily diffuses through the blood–brain barrier; probes 
placed over the scalp can measure perfusion to the 
 cerebral cortex) [19, 31];

 ● stable (“cold”) xenon‐enhanced computed tomogra
phy (CT) [32];

 ● single photon emission computed tomography (SPECT) 
with 133Xe‐, iodine‐123 (123I)‐labeled isopropyliodoam
phetamine, or technetium‐99 m (99Tc)‐labeled hexam
ethylpropyleneamine oxime (HMPAO) [19, 33];

 ● perfusion‐weighted MRI [13, 16, 17, 19];
 ● CT perfusion [34–37].

Cerebrovascular reactivity can also be evaluated by:

 ● three‐dimensional time‐of‐flight magnetic resonance 
angiography; a severely saturated flow signal indicates 
a higher probability of impaired cerebrovascular reac
tivity, but is neither sensitive nor specific [19];

 ● blood oxygen level‐dependent (BOLD) contrast MRI 
coupled with administration of CO2 [38–40];

 ● transcranial Doppler (TCD) ultrasound, which meas
ures velocity flow in the MCA as a surrogate for CBF, 
coupled with administration of CO2 with or without 
color duplex M‐mode ultrasound (to estimate extrac
ranial carotid flow volume) [19, 32, 41].

In clinical practice, cerebral perfusion reserve is 
 generally assessed indirectly by measuring the relative 
difference between CBF at baseline and then in response 
to a vasomotor stimulus such as CO2 (by inhalation 
or  breath holding) or acetazolamide (by intravenous 
administration), which increase CBF unless the capac
ity  for cerebral dilatation is exhausted. For example, 
 intravenous injection of 1 g of the vasodilating agent 
acetazolamide (Diamox®) produces an increase in CBF of 
5–100% within 20–30 minutes. The lack of such flow 
augmentation indicates a loss of autoregulation and 
inadequate cerebrovascular reserve [36, 42].

The completely noninvasive evaluation of cerebrovascu
lar reserve capacity with TCD CO2 testing is the most 
widely applied method in clinical practice. Drawbacks of 
TCD CO2 testing are an insufficient temporal bone ultra
sound window in 10–20% of patients, and relatively low 
diagnostic accuracy [32]. Indeed, all of the indirect methods 
of measuring perfusion reserve (e.g. SPECT, TCD, MCTT) 
are inaccurate when the normal relationships between CBF, 
CBV, OEF, and vascular reactivity are distorted, as occurs in 
ischemic and infarcted brain (Section 6.7.5) [28].

A common clinical scenario of potentially impaired 
reserve is a patient with stenosis or occlusion of one or 
both internal carotid arteries severe enough (at least 50% 
diameter stenosis) to produce a fall in CPP. If the oph
thalmic and leptomeningeal collateral CBF is inadequate 
and the OEF increases, a state of “misery perfusion” 
exists [16, 43]. Under these circumstances, the brain is 
vulnerable to any further fall in CPP, as may occur when 
the patient stands up quickly, undergoes general anes
thesia, or starts or increases antihypertensive medica
tion or vasodilators. In patients with symptomatic ICA 
occlusion, misery perfusion (or severely impaired cere
bral vasomotor reactivity as a surrogate) increases the 
risk of future ipsilateral ischemic stroke by as much as 
seven‐ to eightfold [15, 44, 45].

Perfusion imaging with a challenge test (e.g. PET‐OEF, 
Xe/CT perfusion with acetazolamide) may be able to iden
tify patients with enough reduction in cerebral perfusion 
reserve to benefit from an extracranial to intracranial 
(EC–IC) bypass to augment the CBF [28, 42, 46]. However, 
correlation of the different methods of measuring autoreg
ulatory vasodilatation, secondary to reduced perfusion 
pressure, is sufficiently variable to have limited the validity 
of studies associating hemodynamic impairment with 
stroke risk [28]. An ongoing clinical trial using the OEF as 
measured with PET scanning will attempt to define the 
patient population with occlusive vascular disease at high 
enough risk for stroke that the risk of EC–IC bypass is 
worth taking [46, 47].

13.1.3 Pathophysiology of cerebral ischemia

Thrombosis
Acute cerebral ischemia usually begins with the occlusion 
of a cerebral blood vessel, more often on the arterial than 
venous side of the circulation, usually by thrombus or 
embolus (see Chapter 6). It is rarely due to low flow alone.

When a major artery is suddenly occluded, arterial 
blood pressure and blood flow fall distal to the occlusion, 
and the region of brain supplied by that vessel is acutely 
deprived of its blood supply and is rendered ischemic. 
Presumably the pathophysiology of venous infarction is 
similar, but less has been published about it.

Activated platelets play a critical role in arterial throm
bosis (Section 6.3.3) and also in mediating an inflamma
tory response in the brain (see section on Inflammation 
later). Activated platelets degranulate and adhere to leu
kocytes, thus forming platelet–leukocyte coaggregates. 
They do this by expressing P‐selectin on their surface 
which binds to the leukocyte counter‐receptor P‐selecting 
GP ligand‐1. This induces leukocyte activation and the 
release of inflammatory cytokines [48].

The metabolic and clinical consequences of cerebral 
ischemia depend not only on the cascade of events 
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induced by thrombus formation (i.e. biosynthesis of 
thrombogenic and neurotoxic eicosanoids, inflamma
tion, breakdown of the blood–brain barrier, diffusion 
of  these products into surrounding brain and reduced 
microvascular flow in the  ischemic penumbra around 
the initial focus), but also on the site, severity, and dura
tion of cerebral ischemia, the  availability of collateral 
blood flow, other systemic and  tissue factors, and the 
effect of any reperfusion  therapies [49].

Site of cerebral ischemia
Neurons are the brain cells most vulnerable to ischemia, 
followed by oligodendroglia, astrocytes, and endothelial 
cells. However, even within the population of neurons, 
there are many different types that also vary in their sen
sitivity to ischemia, and in some cases the vulnerability 
varies with the location of the cells. The most vulnerable 
neurons to mild ischemia are the pyramidal neurons in 
the CA1 and CA4 zones of the hippocampus, followed 
by neurons in the cerebellum, striatum, and neocortex.

Acute occlusion of the proximal MCA reduces distal 
CPP. CPP reductions in the cortical MCA territory are 
most severe in its center (perisylvian) region and least in 
the border zone areas between the MCA and anterior 
and posterior cerebral arteries [3]. The lentiform nucleus 
and some of the white matter, which have far fewer 
 anastomoses, are the most severely affected [3]. PET 
studies show that in early proximal MCA occlusion, the 
core typically involves the striatocapsular area, whereas 
the penumbra (see later) typically involves the cortical 
mantle [19]. However, occasionally the core extends 
widely into cortical areas as early as 4 hours after onset 
[19], probably due to inadequate pial collaterals or a 
carotid occlusion. The volume of core is associated with 
both admission clinical scores, and final infarct volume.

Availability of collateral blood flow
Occlusion of a cerebral artery reduces but seldom abol
ishes the delivery of oxygen and glucose to the relevant 
region of the brain because collateral channels partly 
maintain blood flow in the ischemic territory. This 
incomplete ischemia is responsible for the spatial and 
temporal dynamics of cerebral infarction [24]. Some 
other areas of the brain, including infarcted tissue, may 
show relative or absolute hyperemia (called “luxury 
perfusion”) due to good collateral blood supply, reca
nalization of the occluded artery, or inflammation 
or vasodilatation in response to hypercapnea (i.e. flow 
is in excess of the metabolic demands and so the OEF 
is reduced).

Severity of ischemia – critical flow thresholds
The transition from normal CBF through to cerebral 
oligemia, the ischemic penumbra and frank tissue 
 infarction (see later) occurs, operationally, in phases, 
depending on the severity and duration of brain 
ischemia (Figure 13.5).

Experimental models of focal cerebral ischemia have 
identified critical flow thresholds for certain cell func
tions (see Figure 13.5), notably a threshold for tissue at 
risk, electrical failure (loss of neuronal electrical activity) 
and membrane failure (loss of cellular ion homeostasis) 
[4, 5, 21].

The key pathophysiological concept is the division of 
hypoperfused tissue into three operational compart
ments: tissue that will in principle survive (oligemia), 
 tissue that may either die or survive (the ischemic 
penumbra), and tissue that will inevitably die (core).
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Initially, small declines in CPP and CBF (<50 mL/ 
100 g/min) are compensated for by regional vasodila
tation to maintain CBF (autoregulation), resulting in a 
regional increase in CBV (Section 13.1.2 and Figure 13.3). 
With continued reductions in perfusion pressure (<45 mL/ 
100 g/min), and the dilatation of all vessels to capacity, the 
OEF and GEF are increased to maintain a normal cerebral 
 metabolic rate of oxygen (CMRO2) and glucose (CMRglu) 
[29]. Protein synthesis also becomes inhibited. This is a 
state of “misery perfusion” which is characterized by 
reduced CBF, increased OEF (ranging from the normal 
value of about 30–40% up to the theoretical maximum of 
100%), and relatively preserved or even normal oxygen 
consumption (CMRO2) [3]. The tissue is at risk.

Oligemia
With further cerebral ischemia (<35 mL/100 g/min), lack of 
oxygen inhibits mitochondrial metabolism and activates 
the inefficient anaerobic metabolism of glucose, causing a 
local rise in lactate production and so a fall in pH, leading 
to intra‐ and extracellular acidosis (see Figure 13.5). The 
energy‐dependent functions of cell membranes to main
tain ion homeostasis become progressively impaired: K+ 
leaks out of cells into the extracellular space, Na+ and water 
enter cells (cytotoxic edema), and Ca2+ also moves into cells 
(where it causes mitochondrial failure and compromises 
the ability of intracellular membranes to control subse
quent ion fluxes, leading to cytotoxicity) [2, 6].

Several compensatory mechanisms come into play, 
which sacrifice electrophysiological activity to maintain 
near‐normal ATP concentrations and membrane ion gra
dients and preserve cell viability, at least temporarily. This 
is the reason for the suppression of neuronal electrical 
activity as seen on the electroencephalogram (EEG), in 
order to reduce energy use. If moderate ischemia persists, 
however (i.e. for several hours), the tissue at risk dies.

Loss of neuronal electrical activity and function
The threshold for loss of neuronal electrical activity (i.e. 
electrical failure) is reached when the CBF falls below 
about 20–25 mL/100 g of brain per minute [4, 5]. At this 
point, the OEF is maximal, the CMRO2 begins to fall (see 
Figure 13.3), normal neuronal function of the cerebral cor
tex is affected, neurotransmitters are released, evoked cer
ebral responses from the area of focal ischemia decrease in 
amplitude and electrical activity in cortical cells begins to 
fail [50]. With further falls in flow, evoked potentials are 
lost, the EEG flattens and then becomes isoelectric.

Loss of cellular ion homeostasis
The threshold for loss of cellular ion homeostasis (i.e. 
membrane failure) and anoxic depolarization is reached 
when blood flow falls to about 15 mL/100 g of brain per 
minute [4, 5]. The water and electrolyte content of 
ischemic tissue changes due to cell pump failure (see 
later). The critical threshold for the beginning of irre
versible cell damage is a CBF of about 10 mL/100 g of 
brain per minute. For a short period, the neurons may 
remain viable and recover function if perfusion is 
restored. Otherwise, rapid efflux of K+ and influx of Ca2+ 
ensue due to failure of the plasma membrane, and there 
is swelling of the cell and internal organelles, protein 
degradation, and DNA breakup.

Duration of ischemia
Tissue outcome depends on two factors: the severity of 
flow reduction (see earlier) and its duration (Figure 13.6) 
[50]. The CBF threshold that defines the core increases 
with time until it reaches the penumbra threshold, at 
which point all the penumbra has been recruited. Thus, 
within the penumbra, the lower the CBF, the higher 
the  risk of early infarction. PET studies indicate that 
 substantial penumbra is present in up to 90% of patients 
within 6 hours of onset; this falls to about 50% within 
9  hours but is still intact in about 30% of patients 
18 hours after onset [3]. Up to 52% of the ultimate infarct 
still shows penumbra 16 hours after onset [51].

Two trials suggesting effectiveness of the thrombolytic 
drug desmoteplase when given 3–9 hours after onset of 
ischemic stroke (in patients with a DWI–PWI  mismatch 
>20%), coupled with imaging studies showing a pro
longed persistence of substantial volumes of “at risk,” but 
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Figure 13.6 Combined effects of residual cerebral blood flow 
(CBF) and duration of ischemia on reversibility of neuronal 
dysfunction during focal cerebral ischemia. The solid line 
delineates the limits of severity and duration of ischemia that 
allow survival of any neurons [50].

Reduction of cerebral blood from its mean of around 
50 mL/100 g per min, to less than 20 mL/100 g per min, 
results in impaired neural function, but preserved tissue 
integrity; this defines the penumbra.
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potentially viable brain tissue for up to 16–18 hours after 
ischemic stroke in some patients, suggest that the time 
window for effective therapeutic intervention may be 
longer in humans than that predicted from animal stud
ies [3, 51–53]. Indeed, we have learnt from RCTs in acute 
myocardial infarction that thrombolysis is still effective 
in reducing case fatality even when given up to 24 hours 
after the onset of chest pain, despite the widely held 
belief prior to these studies, mainly based on animal 
models, that thrombolysis could not possibly be effective 
if given more than a few hours after onset of myocardial 
infarction [54].

Cerebral ischemia is a dynamic process of fluctuating 
severity over the first few hours and it may not be possi
ble to predict just how long the time window is to allow 
successful therapeutic intervention in any one individual 
[3]. Indeed, there is unlikely to be a rigid and universal 
time window for all patients because there is so much 
heterogeneity among individuals in the pattern of arte
rial occlusion and collateral flow, the duration of 
ischemia, the size of the ischemic area, where it is and 
which cells are involved, and perhaps even the genetic 
make‐up of the patient [3]. The therapeutic time window 
may also vary for different sites of arterial occlusion 
and brain ischemia, and for different interventions. For 
example, the therapeutic time window for thrombolytics 
may be shorter than for neuroprotective agents or 
antithrombotic agents.

Other systemic and tissue factors
Tissue with small reductions in CBF (oligemia, typically 
20–50 mL/100 g per minute) probably maintains its 
function for a long time and is unlikely to proceed to 
infarction. However, oligemia may also affect the penum
bra or the core, because of secondary events that reduce 
CPP, such as vasogenic edema and systemic hypoten
sion, or by factors that aggravate the flow–metabolism 
mismatch such as hyperglycemia and pyrexia [11]. This 
may explain the possible benefits from avoiding physio
logical complications and maintaining blood pressure 
early after ischemic stroke.

Concept of an ischemic penumbra
The finding of two separate thresholds, one for cessation 
of electrical signals and the other for loss of ion homeo
stasis, which are separated by an intermediate zone char
acterized by cessation of cellular electrical activity but 
with preservation of their membrane potential, led to the 

concept of an ischemic penumbra of brain tissue [19]. 
The ischemic penumbra can be defined as an area of 
severely ischemic, functionally impaired, but surviving 
brain tissue which is at risk of infarction but can be saved 
and recover, if it is reperfused before it is irreversibly 
damaged [3, 11, 13, 55, 56]. Otherwise, it will be pro
gressively recruited into the core of the infarct until 
 maximum infarct extension is reached. The ischemic 
penumbra is not just a topographic locus, but a dynamic 
(time × space) process, characterized by an evolving zone 
of bioenergetic upheaval [3]. This penumbral concept 
provides an important insight into the nature of tissue 
survival after stroke and an important target for therapy. 
Changes in water homeostasis, including shrinkage of 
the extracellular space and net uptake of water from 
plasma, also take place in the penumbra.

Imaging the ischemic penumbra
Imaging studies, with various techniques, have established 
the clinical importance of penumbral salvage, showing a 
clear association between the volume of penumbra not 
progressing to infarction and the improvement in neuro
logical scores of impairments and function [57]. To be 
accepted as penumbra, the affected tissue must fulfil sev
eral well‐defined operation criteria (Table 13.1). The main 
methods of imaging the ischemic penumbra in vivo are 
PET, MRI, CT perfusion, and SPECT [12, 13, 19, 34, 39, 
58, 59]. The parameters they map, the criteria they use to 
identify the penumbra, and their main advantages and 
limitations are listed in Table 13.2 [19].

In humans it is not clear how long ischemic brain can 
 survive and still be salvaged by reperfusion or measures 
to protect neurons from dying. Consequently, the 
 duration of the “time window” for effective therapeutic 
intervention is unknown.

Table 13.1 Currently accepted operational criteria defining 
the ischemic penumbra [19].

 ●  Hypoperfusion <20 mL/100 g tissue per min
 ● Abnormal neuronal function documented by a correlation 

with acute clinical deficit
 ● Physiological and/or biochemical characteristics consistent 

with cellular dysfunction but not death
 ● Uncertain fate (i.e. ischemic brain tissue may die or recover, 

depending of timing and degree of reperfusion)
 ● Salvage of this tissue is correlated with better clinical recovery

As cerebral blood flow falls from its normal mean, around 
50 mL/100 g per min, to less than 20 mL/100 g per min, a 
critical threshold is reached when the electrical activity 
of neurons is suppressed and neuronal function is 
impaired. As flow falls further, another threshold is 
reached when cellular integrity begins to break down. 
Cells falling in between these two thresholds make up 
the “ischemic penumbra.” They may not be functioning, 
but they are still viable and could either recover function, 
with early reperfusion or early interruption of the adverse 
metabolic or neurochemical cascade, or die.
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Positron emission tomography
Originally, PET measure ments were undertaken with 
the oxygen‐15 steady‐state technique. This quantitative 
imaging maps the main physiological variables involved 
in tissue ischemia, namely CBF and CMRO2, together 
with OEF and CBV [3, 11, 45]. However, because these 
determinations of flow and energy metabolism required 
arterial blood sampling and complex logistics, they 
were difficult to perform in patients with acute stroke 
and impossible when planning thrombolytic therapy. 
This led to the development of noninvasive measure
ment of the extent of the penumbra by means or tracers 

(that indicate tissue integrity or hypoxia) combined 
with semi‐quantitative measures of perfusion.

[11C]Flumazenil (FMZ) is a central benzodiazepine 
receptor ligand labeled with 11C. It detects neuronal 
damage in the cortex in the first few hours after 
ischemic stroke and is therefore a marker of tissue 
integrity (but not so much in the white matter and basal 
ganglia which have low concentrations of benzodiaze
pine receptors) [60].

[18F]Fluoromisonidazole (FMISO) is another tracer 
and it indicates hypoxic but viable tissue, and can also be 
used to detect the ischemic penumbra when the results 

Table 13.2 Main physiological imaging techniques, with the parameters they map, the criteria they use to identify the penumbra, 
and their main advantages and limitations [19].

Technique Parameters Definition of penumbra Advantages Limitations

CT
Perfusion CBF, CBV, MTT Relative CBF <66%*, 

CBV >2.5 mL/100 g 
tissue

Combined with plain 
CT, available, fast

Limited brain coverage, insensitive in 
posterior circulation, indirect 
visualization of core, iodinated contrast

Xenon (Xe) CBF CBF 7–20 mL/100 g 
tissue/min

Quantitative, combined 
with plain CT

Not fully validated, provides CBF only, 
pharmacologic effects of Xe

MRI
DWI–PWI CBF, CBV, MTT, 

TTP, ADC
Relative TTP (or 
MTT) delay >4 sa and 
normal DWI

Fast, best sensitivity, no 
radiation, directly 
visualizes core

Limited availability, mismatch concept 
not validated, CBF values not accurate, 
patient cooperation required, frequent 
contraindications

Arterial spin 
labeling

CBF Not validated No contrast needed Provides CBF only, poor sensitivity to 
low flows

MRI‐based 
(and PWI)

CBF, OEF, 
CMRO2

Not validated Noninvasive mapping 
of OEF and CMRO2

Validity unclear

Spectroscopy NAA, lactate Elevated lactate and 
normal NAA

Biochemically 
characterized tissue

Not validated, poor resolution

PET
Multi‐tracer 150 CBF, CBV, MTT, 

CMRO2, OEF
CBF 7–22 mL/100 g 
tissue/min and OEF 
>0.70

Quantitative, validated Complex, time‐consuming, not widely 
available, expensive

[11C]FMZ (+H2
15O) Tracer binding Relative binding > 3.4b 

and CBV <14 ml/100 g 
tissue/min

Based on physiological 
neuronal integrity

As above and only suitable for cortex, 
basis not validated

[18F]FMISO Tracer uptake Uptake ratio >1.3a Produces a direct 
positive image of viable 
tissue hypoxia

As above and validation incomplete, 
long imaging time

SPECT
[99mTc]‐labeled 
HMPAO or ECD

CBF Relative CBF < 65%a Cheap and relatively 
available

Provides perfusion only so thresholds 
uncertain, limited spatial resolution, 
slow brain kinetics

a Relative to mean in contralateral hemisphere.
b Relative to contralateral healthy white matter.
ADC, apparent diffusion coefficient; CBF, cerebral blood flow; CBV, cerebral blood volume; DWI, diffusion‐weighted imaging; ECD, ethyl‐
cysteinate dimer; FMISO, fluoromisonidazole; FMZ, flumazenil; HMPAO, hexamethylpropyleneamine oxime; MTT, mean transit time; NAA, 
N‐acetyl aspartate; OEF, oxygen extraction fraction; PWI, perfusion‐weighted imaging; TTP, time to peak; SPECT, single photon emission 
computed tomography.
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are directly calibrated by conventional PET measure
ments [57]. However, because reliable detection of 
FMISO uptake is delayed (at least 2 hours between tracer 
injection and imaging) its value is limited in guiding 
treatment decisions in acute ischemic stroke.

Based on validated thresholds, PET can classify affected 
tissue as core, penumbra, or area of oligemia of hyperper
fusion [3, 19, 60]. Oligemia displays mild misery perfu
sion (i.e. a moderately reduced CBF, above the penumbra 
threshold, and a high OEF). A high OEF in itself does not 
equate with penumbra as this fraction rises as soon as 
CBF decreases. Early spontaneous hyperperfusion, pre
sent in about a third of patients within 18 hours of onset 
of ischemic stroke, almost invariably predicts preserved 
cerebral oxygen metabolism (CMRO2) and tissue integ
rity, suggesting this as a marker of prior recanalization 
that salvaged the penumbra [19].

Although PET is arguably still the gold standard for 
measuring the ischemic penumbra [59], particularly 
given its superior quantification, it is limited by the 
expensive equipment and the complex logistics of a 
 multidisciplinary team.

Diffusion‐weighted and perfusion‐weighted MRI
A more widely applicable method is the MRI technique 
of  combined diffusion‐weighted imaging (DWI) and 
 perfusion‐weighted imaging (PWI) as a measure of  tissue 
integrity and cerebral perfusion, respectively (Sections 
5A.2.2 and 5A.4.1) [12, 13, 17, 19, 61–63]. The apparent 
diffusion coefficient (ADC) on DWI is an “apparent” or 
“relative” measure of the diffusion of free water in one 
area compared with other areas during the DWI sequence 
[61]. It is decreased in areas of ischemic brain that have a 
critically low CBF [64, 65]. A decrease in the ADC is seen 
as an area of hyperdensity on diffusion‐weighted images 
(due to a restriction in the diffusional movement of 
water), as early as 11 minutes after stroke [66]. Because 
DWI abnormalities typically evolve into infarction with
out reperfusion [62] it has been suggested that the DWI 
abnormality corresponds to the ischemic core, but this is 
not always the case [12, 63, 67].

PWI, on the other hand, provides information on the 
hemodynamic status of the tissue by using paramagnetic 
contrast agents, for example, gadolinium‐based chelates. 
On the basis of magnetic resonance perfusion imaging 
data, maps of relative CBF can be calculated, and these 
demonstrate impaired perfusion of both the ischemic 
core and the surrounding brain regions, thereby 

 complementing the information derived from DWI [68]. 
During the first few hours of stroke evolution, PWI typi
cally demonstrates regions with abnormal perfusion that 
are larger than the DWI abnormalities. It has been pos
tulated that this mismatch reflects the ischemic penum
bra (i.e. functionally impaired “tissue at risk” surrounding 
the irreversibly damaged ischemic core) [17, 19, 69]. 
Typically, a PWI > DWI lesion is associated with subse
quent infarct enlargement, but because PWI is very sen
sitive in detecting perfusion defects, the PWI/DWI 
mismatch region may comprise not only tissue at risk but 
also hypoperfused tissue with CBF values above the criti
cal viability thresholds. Further, the reliability of assess
ing the degree of diffusion–perfusion mismatch is not 
established [70].

The diffusion–perfusion mismatch concept of the 
ischemic penumbra (hypoperfusion volume > DWI 
lesion) has now been modified with the recognition that 
a portion of hypoperfused brain reflects benign oligemia, 
and that the so‐called DWI core may in fact be partially 
salvageable. The validity and reliability of DWI and PWI 
evidence of mismatch as a marker of the ischemic 

Table 13.3 Validity of the DWI–PWI mismatch hypothesis 
to identify the ischemic penumbra [19].

Operational criteria 
(see Table 13.1) DWI–PWI mismatch

Hypoperfusion 
<20 mL/100 g tissue 
per min

Absolute CBF values unreliable with 
PWI; but TTP >4 s delay shown to 
correspond to PET‐derived CBF 
<20 mL/100 g per min

Abnormal neuronal 
function documented 
by a correlation with 
acute clinical deficit

Volume of DWI lesion and of 
mismatch significantly correlate with 
acute‐stage stroke severity

Physiological and/or 
biochemical 
characteristics

In humans, acutely the ADC starts to 
decline for CBF consistent with 
cellular dysfunction but not death, 
values corresponding to the 
penumbra threshold. ADC declines 
represent cytotoxic edema and 
consistently correspond to reduced 
CMRO2. In rats, ADC declines shown 
to correspond with impaired aerobic 
glycolysis and ATP production

Uncertain fate Without early reperfusion, tissue at 
risk progresses to full infarction

Salvage of this tissue 
is correlated with 
better clinical 
recovery

Salvage of tissue at risk transfers to 
better outcome and correlates with 
clinical recovery

ADC, apparent diffusion coefficient; CBF, cerebral blood flow; 
CMRO2, cerebral metabolic rate of oxygen; NIHSS, National Institutes 
of Health Stroke Scale; TTP, time to peak.

Positron emission tomography is able to differentiate 
between normal, penumbral, and infarcted tissue in the 
acute stage of ischemic stroke. However, because of its 
logistic and practical limitations, its clinical role in acute 
stroke is limited.
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penumbra, as compared with PET, has been supported 
in recent small studies [63]. However, its validity in 
 predicting lesion expansion and response to therapy is 
uncertain and is being evaluated in ongoing studies 
[12, 17, 19, 71–73]. Table 13.3 summarizes the evidence 
base for the DWI–PWI mismatch hypothesis [19].

T2‐based blood oxygen level‐dependent (BOLD) MRI 
can visualize deoxyhemoglobin and may serve as a valid 
noninvasive indicator of the OEF and thus the metabolic 
state of threatened brain tissue [39].

Meanwhile, other incremental refinements in the def
inition of the ischemic penumbra are likely, including 
measurement of biochemical thresholds with spectros
copy, and imaging of a “molecular penumbra” by means 
of measuring gene markers of protein expression [1].

Computed tomography perfusion
Measures of CBF and CBV obtained from CT perfusion 
can be sensitive and specific for infarction, and may have 
utility for differentiating between infarct and penumbra 
[34]. Penumbral regions are characterized by a mismatch 
between CBF (which is reduced) and CBV (which is 
maintained), whereas infarcted areas show a matched 
decrease in both parameters.

Reperfusion and brain damage
Reperfusion within the revival times of ischemic tissues 
may salvage cells and aid recovery (by restoring oxygen 
and nutrient delivery to ischemic brain tissue). However, 
it may also be detrimental, causing so‐called “reperfu
sion injury” due to the resupply of glucose (which may 
increase lactic acidosis), oxygen (which may trigger pro
duction of injurious free radicals), water, and osmotic 
equivalents (which may exacerbate vasogenic edema), 
and blood‐borne cells (such as neutrophils), which may 
exacerbate ischemic damage [74, 75].

As discussed later, leukocytes migrate into the injured 
region within hours of reperfusion and may cause tissue 
injury by occluding the microvasculature, generating 

oxygen free radicals, releasing cytotoxic enzymes, alter
ing vasomotor reactivity, and increasing cytokine and 
chemoattractant release [76]. However, the empirical 
evidence suggests that the benefits of reperfusion are 
greater than the hazards (Sections 13.5 and 13.6).

13.1.4 Phases and mediators of cell death

With sudden, severe and prolonged reductions in CBF 
below about 10 mL/100 g brain per minute, ischemic 
necrosis progresses within minutes in the core of the 
affected region because of low ATP levels and energy 
stores, ionic disruption and metabolic failure [77]. 
However, not all brain cells die immediately after stroke. 
In the ischemic penumbra that surrounds the anoxic 
core, cells can be rescued by rapid reperfusion.

Ischemic brain cells die by the convergence of three 
main mechanisms: excitotoxicity and ionic imbalance, 
oxidative stress, and apoptotic‐like cell death (Figure 13.7) 
[77–82].

Excitotoxicity
When the blood supply to a part of the brain is inter
rupted, neurons deprived of their supply of oxygen and 
glucose rapidly (within minutes) fail to generate suffi
cient ATP and energy to maintain ionic gradients across 
membranes because of failure of the Na+,K+‐ATPase 
pump. This causes an increase in extracellular K+ as well 
as an influx of Na+, Cl−, and Ca2+ into the cells. The ini
tial increase in extracellular K+ may spread, triggering 
depolarization of neurons and reversal of the amino acid 
transporters. In these conditions, both voltage‐operated 
and receptor‐operated calcium channels are recruited, 
thus provoking an elevation of free cytosolic Ca2+. The 
depolarized presynaptic neurons release the neurotrans
mitter glutamate into the synaptic cleft. Reuptake of glu
tamate is impaired, leading to an increase in extracellular 
concentration of the excitatory amino acid glutamate. 
Glutamate activates postsynaptic receptors, including 
the ionotropic N‐methyl‐d‐aspartate (NMDA), α‐
amino‐3‐hydroxy‐5‐methyl‐4‐isoxazolepropionic acid 
(AMPA), and kainate receptors [83]. Upon their activa
tion, these open their associated ion channel to allow the 
influx of Ca2+ and Na+ ions [2, 84]. Glutamate‐evoked 
Na+ increase in astrocytes evokes the transmission of 
intercellular Na+ and Ca2+ metabolic waves and an 
increase in uptake of glucose [85].

Under physiological conditions, calcium ions (Ca2+) 
 govern a multitude of cellular processes, including cell 
growth, differentiation, and synaptic activity. Consequently, 
there are energy‐dependent homeostatic mechanisms to 
 maintain a low intracellular Ca2+ concentration (about 100 
times lower than its extracellular concentration) so that 
Ca2+ signals remain spatially and temporally localized. 

Although early studies suggested that various magnetic 
resonance imaging techniques such as perfusion‐ and 
diffusion‐weighted imaging could differentiate between 
penumbra and infarct, more recent studies have shown 
that this may be an oversimplification.

Contrast‐enhanced computed tomography may be able to 
delineate infarcted and penumbral tissue in acute stroke.

Rescue of the penumbra, either by restoration of blood 
supply or by interruption of the adverse metabolic 
or  neurochemical cascade, is the basis of acute stroke 
therapy.
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This permits multiple independent Ca‐mediated signaling 
pathways to occur in the same cell. In excitotoxicity, the 
excessive synaptic release of glutamate which leads to 
excessive influx of Ca2+, together with any Ca2+ release 
from intracellular compartments, can overwhelm Ca2+ 
regulatory mechanisms and this leads to dysregulation of 
Ca2+ homeostasis, and ultimately to cell damage and death. 
The cell damage associated with a nonphysiological unreg
ulated rise in intracellular cytoplasmic Ca2+ is caused 
mainly by changes in total calcium influx [6].

The initial calcium load is sequestered, at least in part, 
by the mitochondria. Mitochondrial injury is associated 

with failure of mitochondrial functions such as oxidative 
phosphorylation, and release of reactive oxygen species 
(see later) [6, 84]. Mitochondrial calcium accumulation 
and oxidative stress can then trigger the assembly 
( opening) of a high‐conductance pore in the inner 
 mitochondrial membrane. The mitochondrial permea
bility transition (MPT) pore leads to a collapse of the 
 electrochemical potential for H+, thereby arresting ATP 
production and triggering further production of reactive 
oxygen species.

An increase in total calcium influx also contributes to 
cell death by activation of Ca2+‐ATPase (which results in 
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Figure 13.7 Schematic diagram of some 
potential mechanisms of ischemic brain 
damage and reperfusion injury. CBF, cerebral 
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AMPA, d‐amino‐3‐hydroxyl‐5‐ethyl‐ 
4‐isoxazole propionate; NMDA, N‐methyl‐ 
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further consumption of cellular ATP), activation of 
Ca2+‐dependent phospholipases, synthases, proteases, 
and endonucleases (which degrade key cytoskeletal and 
enzymatic proteins such as phospholipids, proteins, and 
nucleic acids), and alteration of protein phosphorylation, 
which secondarily affects protein synthesis and genome 
expression [2, 84, 86].

In addition, the augmented intracellular Ca2+ enhances 
the increase in extracellular glutamate, thus propagating 
excitotoxicity [84]. Although Ca2+ disregulation is para
mount to neurodegeneration, the exact mechanism by 
which Ca2+ ions actually mediate excitotoxicity is less 
clear [2]. One hypothesis suggests that Ca2+‐dependent 
 neurotoxicity occurs following the activation of distinct 
signaling cascades downstream from key points of Ca2+ 
entry at synapses, and that triggers of these cascades 
are  physically colocalized with specific glutamate 
 receptors [2].

Oxidative stress (production of free radicals)
A free radical is any atom, group of atoms, or molecule 
with an unpaired electron in its outermost orbital [80]. 
Free radicals are produced in small quantities by normal 
cellular processes in all aerobic cells. For example, “leaks” 
in mitochondrial electron transport allow oxygen to 
accept single electrons, forming superoxide (O2

−). 
However, free radicals are inherently toxic. They can 
react with and damage proteins, nucleic acids, lipids, and 
other classes of molecules such as the extracellular 
matrix glycosaminoglycans (e.g. hyaluronic acid). The 
sulfur‐containing amino acids and the polyunsaturated 
fatty acids (found in high concentrations in the brain) are 
particularly vulnerable. Fortunately, cells possess appro
priate defense mechanisms in the form of free radical 
scavengers and enzymes which metabolize free radicals 
or their precursors.

During severe brain ischemia, insufficient oxygen is 
available to accept electrons passed along the mitochon
drial electron transport chain, leading to eventual reduc
tion (“electron saturation”) of the components of this 
system. The free radicals that are elevated in cerebral 
ischemia include O2

−, hydroxyl (OH), and nitric oxide 
(NO). Nitric oxide is generated primarily by neuronal 
and inducible NO synthases (NOS) [84]. Like other free 
radicals, the free radicals that are elevated in cerebral 
ischemia react with and damage proteins, nucleic acids, 

and lipids, particularly the fatty acid component of 
 membrane phospholipids, producing changes in the flu
idity and permeability of the cellular membranes (lipid 
peroxidation) [80, 84]. The free radicals also cause 
microvascular dysfunction and disrupt the blood–brain 
barrier, leading to brain edema. In addition, the conver
sion of xanthine dehydrogenase to xanthine oxidase pro
motes the cellular formation of toxic oxygen free radicals 
such as the superoxide anion, which further breaks down 
membrane, cytoskeletal, and nuclear structures. An 
important source of oxidative stress‐mediated brain 
damage is the oxidant reactions due to the formation of 
peroxynitrite, a powerful oxidant that results from the 
interaction between NO and superoxide. This anion has 
been shown to cause cell damage by several mechanisms 
that include lipid peroxidation, tyrosine nitration, sulf
hydryl oxidation, and nitrosylation, and DNA breakage 
[84]. Neurons undergoing oxidative stress‐related inju
ries typically display a biphasic or sustained pattern of 
extracellular signal regulated protein kinase (ERK1/2) 
activation [87].

With reperfusion (Section 13.1.3), reactive oxygen rad
icals may be generated as byproducts of the reactions of 
free arachidonic acid (released from membrane phos
pholipids during ischemia) to produce prostaglandins 
and leukotrienes, which perhaps lead to reperfusion 
injury to the brain and its microvessels.

Apoptosis
Apoptosis is a mode of programmed cell death in which 
the cell synthesizes proteins and plays an active role in its 
own demise. It occurs both physiologically and patho
logically. For example, during normal human embryonic 
development, apoptosis results in the loss of the inter
digital webs required for normal formation of the fingers 
and toes. Likewise, tadpoles lose their tails as they 
develop into frogs. The normal turnover of cells in the 
intestinal villi is also apoptotic, as is the turnover of nor
mal lymphocytes. Indeed, inhibition of the apoptotic 
death of lymphocytes may lead to B‐cell lymphoma.

Although necrosis is the predominant mechanism of cell 
death after stroke (mediated by excitotoxicity, as described 
earlier), growing evidence indicates that hypoxic/ischemic 
cell death also continues to some extent hours to days after 
the onset of ischemia, particularly within the peri‐infarct 
zone or ischemic penumbra, by apoptosis as a con sequence 
of a genetically regulated program that allows cells to die 
with minimal inflammation or release of genetic material.

Families of executioner enzymes (e.g. caspases, apopto
sis‐inducing factor [88]) are expressed in neurons and 
become activated during and after ischemic stroke. Active 
caspases kill cells by cleaving critical cell repair and home
ostatic proteins as well as cytoskeletal proteins [82]. In 
other words, they dismantle multiple cell processes in the 

Calcium influx leads to elevated intracellular and 
 intramitochondrial Ca2+ concentrations and lethal meta
bolic derangements, which include calcium‐dependent 
activation of intracellular enzyme systems, failure of 
 oxidative phosphorylation, and the generation of free 
radicals that further compromise cells by attacking 
 proteins, lipids, and nucleic acids.
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cytoplasm and nucleus to promote cell death by  suicidal 
mechanisms resembling apoptosis [81]. The c‐Jun 
N‐ terminal protein kinase (JNK) signaling pathway is 
implicated in ischemia‐induced neuronal apoptosis [89]. 
Apoptosis is characterized morphologically by coarse, 
regularly shaped chromatin condensation, loss of cell 
 volume, and extrusion of membrane‐bound cytoplasmic 
fragments (apoptotic bodies), and biochemically by DNA 
fragmentation in neurons and glia after ischemic injury. 
Necrosis may proceed by analogous programmed path
ways recently revealed in the nematode Caenorhabditis 
elegans [90].

Other mediators of ischemic cell death
Although the original model of excitotoxicity empha
sizes calcium influx through glutamate receptor‐coupled 
ion channels, ionic imbalance (and cell death) may also 
proceed via other routes [81].

Acidosis
Acidosis arises as a result of energy deprivation by sus
tained tissue ischemia. It may contribute to tissue dam
age and prevent or retard recovery during reoxygenation 
by several mechanisms: activation of novel classes of 
acid‐sensing ion channels that further perturb sodium 
and calcium homeostasis [91], and inhibition of mito
chondrial respiration and lactate oxidation [4, 5]. Cellular 
acidosis may also promote intracellular edema formation 
by inducing Na+ and Cl− accumulation in the cell via cou
pled Na+/H+ and Cl−/hydrogen carbonate (HCO3

−) 
exchange (Section 13.1.5).

Peri‐infarct depolarization
As stated earlier, ischemia‐induced failure of the Na+,K+‐
ATPase pump causes an increase in extracellular K+ which 
may spread, triggering a propagating wave of neuronal 
and glial depolarization (cortical spreading depression) 
associated with depressed neuronal bioelectrical activity, 
transient loss of membrane ionic gradients, and massive 
surges in extracellular potassium, neurotransmitters, and 
intracellular calcium (150 times the basal level) [92]. After 
an initial transient hyperemia (up to 200% of baseline), 
cortical spreading depression exacerbates cellular injury 
and augments tissue damage by causing profound oligemia 
that persists for up to three days, thereby imposing an 
energy burden of re‐establishing ionic equilibrium in 
hypoxic tissue [93]. Cortical spreading depression also 
alters blood–brain permeability by activating brain matrix 
metalloproteinases [92] and is associated with changes in 
immediate early genes, growth factors, and inflammatory 
mediators, such as interleukin‐1β and tumor necrosis 
factor‐α [92]. Proteolysis of the neurovascular matrix by 
plasminogen activator and metalloproteinases is believed 
to be linked with hemorrhagic transformation of the brain 

infarction and brain edema. However, treatment with 
matrix metalloproteinase inhibitors has not been shown 
to protect the brain. Indeed, a recent study suggested that 
such inhibitors might contribute to brain damage [94, 95].

Inflammation
Cerebral ischemia triggers an inflammatory reaction, by 
means of an active gene expression, within hours to days 
that may last up to several months [76, 96]. Important 
transcription factors are activated and/or synthesized, 
including nuclear factor NF‐κB, hypoxia‐inducible 
 factor 1, interferon regulatory factor 1, and STAT3 [97]. 
Several mediators are released or activated, such as 
adhesion molecules, proteolytic enzymes belonging to 
the family of metalloproteinases (including matrix met
alloproteinases), and inflammatory cytokines [98, 99]. 
Cytokines might activate the expression of inflamma
tion‐related genes, such as inducible nitric oxide 
 synthase (iNOS) and cyclooxygenase‐2 (COX‐2) [98]. 
The result is  infiltration of leukocytes into the brain 
parenchyma, and the activation of resident microglial 
and astroglial cells [98, 99]. The effects of inflammation 
are both detrimental (for example, exacerbation of 
edema) and potentially beneficial.

Altered gene expression
Ischemia not only decreases protein and mRNA synthe
sis, but it also induces at least 100 genes (and thus pro
tein synthesis), including immediate early genes, stress 
proteins, growth factors, adhesion proteins, cytokines, 
kinases, and genes directly regulating apoptosis [87, 89].

The four major stages of cell death
The cell death process has four major stages [78]:

1) The first stage is the induction stage, which includes 
several changes initiated by ischemia and reperfusion 
that are very likely to play major roles in cell death. 
These include inhibition (and subsequent reactivation) 
of electron transport, decreased ATP, decreased pH, 
increased cell Ca2+, release of glutamate, increased ara
chidonic acid, and also gene activation leading 
to  cytokine synthesis, synthesis of enzymes involved 
in  free radical production, and accumulation of 
 leukocytes. These changes lead to the activation of five 
damaging events, termed perpetrators: the damaging 

Cell death occurs by a necrotic pathway characterized by 
either ischemic cell change or edematous cell change. 
Death also occurs via an apoptotic‐like pathway that is 
characterized by DNA laddering, a dependence on cas
pase activity, characteristic protein and phospholipid 
changes, and morphological attributes of apoptosis. 
Death may also occur by autophagocytosis.
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actions of free radicals and their product peroxynitrite; 
the actions of the Ca2+‐dependent protease calpain; 
the activity of phospholipases; the activity of poly‐ADP 
ribose polymerase (PARP); and the activation of the 
apoptotic pathway.

2) The second stage of cell death involves the long‐term 
changes in macromolecules or key metabolites that 
are caused by the perpetrators.

3) The third stage involves long‐term damaging effects of 
these macromolecular and metabolite changes, and of 
some of the induction processes, on critical cell func
tions and structures that lead to the defined end stages 
of cell damage. These targeted functions and struc
tures include the plasmalemma, the mitochondria, the 
cytoskeleton, protein synthesis, and kinase activities.

4) The fourth stage is the progression to the morpho
logical and biochemical end stages of cell death.

Of these four stages, the last two are the least well under
stood. Rather little is known of how the perpetrators 
affect the structures and functions and whether and how 
each of these changes contributes to cell death. The key 
step in ischemic cell death is adequate activation of the 
perpetrators [78].

Implications for future neuroprotective therapies
The neurovascular unit – a conceptual model comprised 
of cerebral endothelial cells, astrocytes, neurons, and the 
extracellular matrix – provides a framework for under
standing the pathophysiology of ischemic stroke and 
developing treatments based on an integrative and 
dynamic view of evolving tissue damage. Drugs that aim 
to protect the neurovascular unit (neuroprotectants) 
have been evaluated in a large number of preclinical and 
clinical trials. However, a systematic review of 1026 
experimental drug treatments in acute stroke (clinical: 
studies of 114 drugs, animal models: of 912 drugs), found 
there was no evidence that drugs used clinically were 
more effective experimentally than those tested only in 
animal models [100]. The quality of the studies was 
highly variable, with:

 ● poor trial study design;
 ● inadequate sample size;
 ● unreliable outcome evaluation;
 ● anatomical and etiological heterogeneity in the study 

populations;
 ● extrapolation of results from young rats to old humans 

with comorbidities;
 ● dose ceilings imposed by adverse effects of the drug;
 ● inadequate drug penetration to the site of the lesion;
 ● possible differences in responsiveness between 

ischemic gray and white matter;
 ● drug delivery after the therapeutic time window had 

closed;

 ● publication bias in the basic science literature;
 ● misleading hypotheses from the basic scientific research

ers linking NMDA receptor‐mediated excitotoxicity to 
hypoxic–ischemic neuronal death.

All of this questions whether the most efficacious 
drugs have been selected for stroke clinical trials, and 
suggests that greater rigor in the conduct, reporting, and 
analysis of animal data is required to improve the trans
lation of scientific advances from bench to bedside [100]. 
Moreover, new approaches and targets for cytoprotec
tion are required [84, 101–105]. There seem to be so 
many pathways leading from ischemia to neuronal cell 
death that blocking just one of them is probably fruitless; 
perhaps this is like ligating a feeding artery to an arterio
venous malformation (there are always others that will 
take over to keep up its blood supply).

13.1.5 Ischemic cerebral edema

Cerebral ischemia not only causes loss of neuronal func
tion but also cerebral edema. Within hours of onset, 
cytotoxic cerebral edema arises as a result of cell mem
brane damage allowing intracellular accumulation of 
water. The gray matter is affected more than the white 
matter. The CT and MR scan appearances are of well‐
circumscribed altered signal density involving the cortex 
and subcortex (Section 5A.4). Cytotoxic edema reaches 
a maximum volume at 2–4 days and then subsides over 
1–2 weeks.

Initially, endothelial tight junctions are maintained and 
the blood–brain barrier remains intact. However, after 
several days of ischemia, breakdown of the blood–brain 
barrier occurs, leading to vasogenic cerebral edema as 
plasma constituents enter the brain extracellular space, 
affecting the white matter more than the gray matter. 
Blood–brain barrier breakdown may be initiated and reg
ulated by several proinflammatory mediators (oxidative 
mediators, adhesion molecules, cytokines, chemokines). 
These mediators not only regulate the magnitude of leu
kocyte extravasation into brain parenchyma, but also act 
directly on brain endothelial cells, causing loosening of 
junction complexes between endothelial cells, increasing 
brain endothelial barrier permeability, and causing 
 vasogenic edema [106]. The brain scan appearance of 
vasogenic edema includes the characteristic finger‐like 
projections of altered signal density in the white matter, 
which characteristically accompany cerebral tumors. 
Imaging studies indicate that fluid volume after infarction 
peaks in 7–10 days and edema remains detectable for 
about one month.

The effects of cerebral edema are to compromise blood 
flow even further by increasing pressure in the extravascu
lar space, thus causing vascular congestion and sometimes 
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hemorrhagic transformation, and to cause mass effect, 
brain shift, and eventually brain herniation (Figures 13.8 
and 13.9). The main danger of herniation is that it can 
compress vessels and tissues and cause even more cerebral 
ischemia, which, in turn, causes more congestion and 
edema and, ultimately, more expansion and herniation. 
In  addition, the herniating brain can compress the 
 aqueduct and subarachnoid spaces and so interfere with 
 cerebrospinal fluid circulation, leading to hydrocephalus 
and increased cerebrospinal fluid pressure.

There are three anatomical patterns of supratentorial 
brain shift that can be identified by their end stages: cin
gulate herniation, central transtentorial herniation, and 
uncal herniation.

Cingulate herniation
Cingulate herniation occurs when the expanding  cerebral 
hemisphere shifts across the intracranial cavity, forcing 
the ipsilateral cingulate gyrus under the falx cerebri, 
compressing and displacing the internal cerebral vein 
and the ipsilateral anterior cerebral artery. This may lead 

to additional infarction in the territory of the anterior 
cerebral artery (see Figure 13.8).

Central transtentorial herniation
Central transtentorial herniation of the diencephalon 
is the end result of displacement of the cerebral hemi
spheres and basal nuclei, compressing and eventually 
displacing the diencephalon and the adjoining mid
brain rostrocaudally through the tentorial notch (see 
Figure  13.9). The great cerebral vein is compressed, 
which raises the hydrostatic pressure of the entire deep 
territory it drains. In addition, downward displacement 
of the midbrain and pons stretches the medial perfo
rating branches of the basilar artery (the artery cannot 
shift downward because it is tethered to the circle of 
Willis), leading to paramedian brainstem ischemia (and 
hemorrhage if perfusion continues).

Uncal herniation
Uncal herniation characteristically occurs when expand
ing lesions in the temporal fossa or temporal lobe shift 
the inner, basal edge of the uncus and hippocampal gyrus 
toward the midline so that they bulge over the incisural 
edge of the tentorium, and push the adjacent midbrain 
against the opposite incisural edge (see Figure  13.8) 
[107]. The third cranial nerve and the posterior cerebral 
artery on the side of the expanding temporal lobe are 
often caught between the overhanging swollen uncus 
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Figure 13.8 Uncal and cingulate herniation: a mass such as a large 
cerebral hemorrhage or edematous infarct displaces the 
diencephalon and mesencephalon horizontally and caudally. The 
cingulate gyrus (C) on the side of the lesion herniates under the 
falx cerebri. The uncus (U) of the ipsilateral temporal lobe herniates 
under the tentorium cerebelli and becomes grooved and swollen 
and may compress the ipsilateral oculomotor (third cranial) nerve 
causing pupillary dilatation (Hutchinson’s sign). The cerebral 
peduncle (P) opposite the supratentorial notch becomes 
compressed against the edge of the tentorium, leading to 
grooving (Kernohan’s notch [107]) and causes a paresis ipsilateral 
to the cerebral mass lesion. Central downward displacement also 
occurs but is less marked than in Figure 13.9. Source: Modified 
from Plum F, Posner JB. The Diagnosis of Stupor and Coma. 
Philadelphia: F.A. Davis and Co., 1985.

Figure 13.9 Central transtentorial herniation. Diffuse or multifocal 
swelling of the cerebral hemispheres (or bilateral subdural or 
extradural hematomas) compresses and elongates the 
diencephalon from above. The mammillary bodies are displaced 
caudally. The cingulate gyrus is not herniated. Source: Modified 
from Plum F, Posner JB. The Diagnosis of Stupor and Coma. 
Philadelphia: F.A. Davis and Co., 1985.
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and the free edge of the tentorium or the petroclinoid 
ligament, leading to a third nerve palsy and occipital and 
medial temporal lobe infarction and swelling, which 
 further compounds the problem.

Transtentorial herniation is the most common cause 
of death during the first week after acute stroke, account
ing for about 80% of deaths in cerebral infarction and 
90% in intracerebral hemorrhage. The risk of death peaks 
within 24 hours for intracerebral hemorrhage, but later 
at 4–5 days for cerebral infarction as cerebral edema 
develops. Brainstem compression, with subsequent 
hemorrhage and infarction within it, accounts for the 
very poor prognosis associated with herniation.

13.2  General treatment considerations

The primary aims of the specific treatments considered in 
this chapter are, broadly speaking, to minimize the volume 
of brain damaged by ischemia. The assumption is that, if 
this can be achieved without complications, neurological 
impairment, disability, and handicap should all corre
spondingly be reduced. For patients with a large volume of 
ischemic brain, minimizing the volume of infarct should 
also reduce the risk of early death, particularly from cere
bral edema and transtentorial herniation (Section 13.1.5). 
The pathophysiology of acute cerebral ischemia is complex 
(Section 13.1.3), and many potential treatments may have 
more than one mechanism of action; for some, the precise 
mechanism is unknown. However, the main targets of 
early treatment are to restore and then maintain blood 
flow, and simultaneously to keep alive as much ischemic 
brain tissue as possible while the blood supply is restored, 
either spontaneously or therapeutically.

13.2.1 How to evaluate evidence about 
different treatments

Evidence‐based medicine
We try to base our decisions on whether or not to use a 
particular treatment in clinical practice on the evidence 
from RCTs and systematic reviews of such trials. This 
approach is part of what is now known as “evidence‐
based medicine,” a style of medical practice which Sackett 
described as “a life‐long process of self‐directed learning 
in which caring for our patients creates the need for clin
ically important information about diagnosis, prognosis 
and therapy” [108]. The book by Sackett and co‐authors 
on the subject is short and clear and provides succinct 
advice on how to find the best evidence, appraise it criti

cally, and then apply it in everyday clinical practice 
(Table  13.4) [108]. This section summarizes what the 
best forms of evidence are (and why) and where up‐to‐
date evidence can be found.

Why are randomized controlled trials the best way 
to evaluate treatments?
There is now little disagreement that the RCT is the best 
way to evaluate most treatments [109] (see Table  13.4). 

Transtentorial herniation is the most common cause of 
death within the first week of onset of both ischemic 
stroke and intracerebral hemorrhage.

Table 13.4 Methodological questions in the critical assessment 
of an article evaluating treatment.

Was the assignment of patients to treatment really 
randomized?a

 ● Was the similarity between groups documented?
 ● Was prognostic stratification used in treatment allocation?
 ● Was foreknowledge of the randomly allocated treatment 

possible?
Were all clinically relevant outcomes reported?

 ● Was case fatality as well as morbidity reported?
 ● Were deaths from all causes reported?
 ● Were quality‐of‐life assessments conducted?
 ● Was outcome assessment blind to treatment allocation?

Were the study patients recognizably similar to your own?
 ● Were reproducibly defined exclusion criteria stated?
 ● Was the setting primary, secondary or tertiary care?
 ● Was the type of patient included in the study clearly 

described?
Were both statistical and clinical significance considered?

 ● If statistically significant, was the difference clinically 
important?

 ● If not statistically significant, was the study big enough to 
show a clinically important difference if one really exists?

Is the therapeutic maneuver feasible in your practice?

 ● Is it available, affordable, and sensible?
 ● Were contaminationb and co‐intervention avoided?
 ● Was the maneuver administered blind?
 ● Was compliance measured?

Were all patients who entered the study accounted for at its 
conclusion
(i.e. were drop‐outs, withdrawals, noncompliers and those who 
crossed over handled appropriately in the analysis)?

a Methods of allocation such as alternation, use of hospital number, or 
date of birth all provide foreknowledge of the next treatment 
allocation, and so allow the trial allocation process to be subverted 
which may lead to selection bias between the two treatment groups.
b In this context, contamination implies that some patients allocated 
active treatment either did not receive the treatment or were given the 
treatment which the other treatment group should have received, or 
some nontrial treatment with similar properties to one of the trial 
interventions under test.
Note: reports of RCTs should conform to the requirements of the 
CONSORT statement as far as possible [127].
Adapted from Sackett et al. 2000, 1991 [108, 109].
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Weaker research designs (i.e. case series without any 
 controls, series with historic controls, and series with con
current controls but nonrandom treatment allocation) 
may introduce far too many biases into the assessment of 
treatment effect [108–110]. The UK Medical Research 
Council trial of streptomycin for pulmonary tuber
culosis, designed by the statistician Sir Austin Bradford 
Hill, is probably the strongest contender for the title “first 
clinical trial to use strictly random allocation,” although 
there is some debate about this claim [111, 112]. The trial 
not only established the benefits of the treatment beyond 
all reasonable doubt, but also served as the most ethical 
and equitable way of utilizing the very limited supply of 
the drug that was available in Britain at the time. It also 
 prevented the treatment “creeping” into routine clinical 
practice without being properly evaluated.

Strictly random allocation and proper concealment 
minimize selection bias [110, 113] If the randomizing 
 clinician can find out what treatment the next patient will 
be allocated (e.g. by holding a sealed trial allocation enve
lope up to a bright light), he may be tempted not to enter 
the patient in the trial. Allocation concealment reduces or 
avoids this happening [113]. A central telephone randomi
zation system offers complete concealment: the clinician 
telephones a randomization center and gives the patient’s 
details, these are then recorded on the central computer 
during the call, and the computer generates the next treat
ment allocation only after all the baseline data are checked 
and entered; the patient is then irrevocably in the trial, and 
selection bias cannot occur [113]. Studies where patients 
are entered into a trial by selecting a numbered drug pack 
in the participating hospital, administering the drug/pla
cebo contained in the pack, and then telephoning a central 
office to notify the trial administrators that a patient has 
been entered into the trial, are prone to all sorts of bias. 
In the worst case, the pack could be opened and given to 
the patient, without notifying the trial office of patient 
(for example, in case of an early adverse event), and the 
pack could just be recorded as “opened and discarded.” 
Also, there is no possibility of balancing the treatment 
allocation on important key prognostic variables, which 
can result in imbalances between the treatment and 
 control arms and skew the results.

It is important to reduce observer bias, if possible by 
“blinding” both the patients and the observers who 
 collect the outcome data [110, 113].

Random error is reduced by recruiting a sufficiently 
large sample of patients. However, RCTs need to be 

 surprisingly large to provide really reliable evidence 
about the balance of harm and benefit for a particular 
treatment [110]. If the measure of outcome is an uncom
mon but serious event, such as death, and the effect of 
the treatment on that outcome is only moderate, then 
the trial may need to recruit several thousands of patients 
[110]. To recruit such large numbers often involves clini
cians in many countries, and hence the trial design needs 
to be simple, with minimal data collection and audit 
(though such simplicity is more difficult to achieve in 
the  current overregulated and bureaucratic research 
 climate) [110, 114]. The effort of conducting such large 
RCTs is substantial, and so many of the “mega trials” 
have used a factorial design to assess two or three 
 treatments at the same time without loss of statistical 
efficiency [110].

Good trial design seeks to reduce bias and random 
error in the assessment of treatment effect. Strict rand
omization with both treatment allocation concealment 
and masking of assessors and trial participants reduces 
selection bias, blinding reduces observer bias, and 
recruitment of large numbers of patients reduces ran
dom error.

Problems with randomized controlled trials 
in acute stroke from 1956 to the present

Eight years after the streptomycin trial was published 
in 1948, Dyken and White wrote of the many method
ological problems they identified in evaluating treat
ments for acute stroke. Not the least was to know, in an 
individual patient, whether or not treatment had been 
effective [115]. They wrote this in the report of the first 
quasi‐ randomized controlled study of a medical treat
ment for acute stroke [115]. Thirty‐six patients were 
alternately (but not randomly) assigned to cortisone or 
control. Thirteen of the cortisone patients and 10 of 
the controls died; this was a trend against treatment, 
but an inconclusive result. Sadly, a review of the qual
ity of the final reports of RCTs of drug therapies for 
acute stroke  conducted over the 40 years since then 
(i.e. between 1956 and 1996) makes depressing reading 
[116]. Many trials had weaknesses, including: over
complex  eligibility criteria; incomplete descriptions of 
the methods used (particularly the method of rand
omization); inadequate sample size; inappropriate 
measures of outcome; poor standards of execution (i.e. 
poor trial discipline); an unacceptably high proportion 
of patients “lost” to follow‐up; inappropriate statistical 
methods (often with inappropriate subgroup analysis); 
and failing to account for all patients included [116]. 
On the other hand, trial quality did appear to improve 
in parallel with an increase in trial size [116]. Although 
this is encouraging, a more recent review of reports 
of  the randomized controlled acute stroke trials 

We could answer many of the therapeutic questions 
posed in this book a great deal faster if a larger pro
portion of stroke patients were entered in appropriate 
randomized controlled trials.
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 completed before 2001 showed that most trials were 
too small to give a reliable estimate of treatment effect, 
because they used inappropriate assumptions for event 
rates, and were grossly overoptimistic in their expecta
tion of treatment effect [117]. These deficiencies will 
have reduced their chance of being able to detect real 
treatment effects [117].

Most trials in acute stroke to date have been directly 
sponsored (or financially supported) by the pharmaceu
tical industry [118, 119]. Research funded by pharma
ceutical companies is certainly not of poorer quality than 
other research, but it is of some concern that research 
funded by pharmaceutical companies is more likely to 
report outcomes favoring the sponsor than research 
funded from other sources [120, 121], and there is a 
 tendency to delay publishing unfavorable results (or even 
not to publish them at all) [122, 123]. The number of 
industry‐sponsored trials in stroke is increasing [119], 
but there are now guidelines on the relation between 
sponsors and investigators in stroke trials that may 
improve the situation [124].

There is therefore a continuing need to increase the 
number, size, and quality of RCTs in stroke, increase 
noncommercial sources of funding, and to improve the 
quality of the reports of those trials in the literature. 
Unfortunately, the regulatory hurdles that must now be 
overcome before a trial is initiated are very great [114]. 
So much so that they may stifle this vital form of clinical 
research, making the ideal of “most stroke patients get 
their treatment in the context of a randomized controlled 
trial” a rather distant dream [125, 126].

Steps to improve the quality of stroke trials 
and reports of trials in the literature

The CONSORT group have produced guidelines to 
improve the quality of reports of RCTs [127]. Their 
statement is available in several languages and has 
been endorsed by prominent medical journals such as 
The  Lancet, Annals of Internal Medicine, and the 
Journal of the American Medical Association. It com
prises a checklist and flow diagram to help improve the 
quality of reports of RCTs. The checklist includes the 
items that need to be discussed in the report; the flow 
 diagram provides a clear picture of the progress of all 
participants in the trial, from the time they are included 
until the end of their involvement. The intent is to 
make the experimental process clearer, flawed or not, 
so that users of the data can more appropriately evalu
ate their validity. The CONSORT website provides 
 evidence to support each aspect of the checklist and 
is very useful (http://www.consort‐statement.org). One 
can only hope that, in future, stroke trialists will adhere 
to these guidelines when designing trials and reporting 
their results.

Describing the effects of treatment in numbers
The effects of a treatment can be expressed in a number of 
ways. Relative treatment effects can make a treatment 
appear to have impressive benefits (“the drug reduced the 
risk by a half”). Table 13.5 describes how the most common 
numerical measures of relative and absolute treatment 
effects are calculated. The absolute benefit is more impor
tant for clinical decisions, and is greatly influenced by the 
frequency of events in the control group. If events are rare 
in the control group, the absolute benefit (however great 
the relative treatment effect) will be small. In this case, the 
number needed to treat (NNT) to prevent one event will be 
correspondingly large, so the treatment may have little 
clinical value in low‐risk patients. For example, in an RCT, 
if fatal pulmonary embolism (PE) occurred in 0.5% of 
stroke patients allocated aspirin alone, and in 0.25% of 
those allocated to the combination of aspirin with a second 
antithrombotic agent (e.g. low molecular weight heparin) 
the relative risk reduction is an impressive 50%, but the 
absolute risk difference is only 0.25%. In other words, if we 
treated 1000 patients, only 2 or 3 would avoid fatal PE and 
the NNT to prevent one person having PE would be 400. 
However, if fatal PE occurred in 5% of controls, and the 
relative risk reduction was still 50%, the absolute risk differ
ence would be 2.5% and the NNT would be just 40 patients.

What are systematic reviews and why do we need them?
The biomedical literature is so enormous that clinicians are 
faced with an unmanageably large amount of  information 
to assimilate. For example, the Cochrane Stroke Group’s 
Database of Research in Stroke includes over 24 000 refer
ences to RCTs, controlled clinical trials, and systematic 
reviews (accessed January 2017), and the stroke trials litera
ture is growing fast: on average, about 1200 new reports of 
stroke trials have been added to the register each year for 
the last few years (Brenda Thomas, personal communica
tion). Faced with such a vast, confusing, and rapidly chang
ing array of information about treatment, what should the 
busy clinician do? Focus on a few selected reports published 
in well‐known English‐language journals? Such selection 
could easily lead to a biased assessment of the effects of the 
treatment. Rely on information from pharmaceutical com
panies? Hopefully not. The best way to minimize bias is 
to review systematically all of the evidence from all of the 
relevant RCTs, both published and unpublished [108]. 
Briefly, a systematic review

 ● defines the question to be answered,
 ● uses a defined search strategy to identify relevant 

studies,
 ● selects studies and extracts data from them using 

explicit criteria, and
 ● synthesizes the evidence in a quantitative manner 

whenever possible (i.e. provides an overall estimate of 
the treatment effect).
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The reader should consider the checklist in Table 13.6 
when reading a report of a systematic review. The PRISMA 
Statement (Preferred Reporting Items for Systematic 
reviews and Meta‐Analyses) is a new guideline for report
ing systematic reviews and meta‐analyses. Although the 
primary focus is on reporting of systematic reviews of 
RCTs PRISMA can be also used for reporting of systematic 
reviews of other types of research, particularly evaluations 
of interventions [128].

What is meta‐analysis?
Meta‐analysis is the numerical technique that derives 
an overall estimate of the treatment effect from all 
of  the trials included in a review (systematic or 
 nonsystematic). Such overall estimates from system
atic reviews avoid the selection bias inherent with 
 choosing estimates derived from subsets of trials, and 
are more precise than the estimate from any one trial 

Table 13.5 Ways to describe the numerical results of a clinical trial.

Treatment group Control group

Number originally allocated 1000 1000
Number dead at the end of follow‐up 80(a) (8%) 100(b) (10%)
Number alive at the end of follow‐up 920(c) (92%) 900(d) (90%)

Risk estimates Abbreviations Calculations/results

Relative risk of death RR 8%/10% = 0.80a,b

Relative risk reduction of death RRR (1 − RR) × 100 = (1 − 0.80) × 100 = 20%
Odds ratio of death OR (a/c) × (b/d) = ad/bc = 0.78a

95% confidence intervals of odds ratio 95% CI 0.58 to 1.06
Relative odds reduction ROR (1 − OR) × 100 = (1 − 0.78) × 100 = 22%b

Absolute risk of death in control group AR 100/1000 = 10%
Absolute risk of death in treated group AR 80/1000 = 8%
Absolute risk difference in death ARD 10% − 8% = 2%, or 20 deaths avoided per 1000 patients treated
Number needed to treat to avoid one event NNT 100/ARD = 100/2 = 50b,c, i.e. 50 patients need to be treated to 

prevent one death
a The odds ratio (OR) and relative risk (RR) both provide an estimate of relative treatment effect. The estimates will be similar if the absolute risk in 
the control group is low. However, if the absolute risk in the controls is high, then the OR will be larger than the RR. For example, in the Cochrane 
review of the effects of stroke units (compared with general medical wards), about 58% of patients treated on general medical wards were dead or 
dependent at the end of follow‐up, compared with 54% of patients treated on a stroke unit. This gives an OR of 0.80 and a relative odds reduction 
of 20% in favor of stroke units. When the same results are expressed as RRs, the RR of 0.91 and the relative risk reduction of 9% associated with the 
benefits of stroke units appear more modest. The OR is easy to calculate, but difficult to understand, the RR (and its 95% CI) are harder to 
calculate, but easier to understand. The Cochrane Handbook gives useful advice on the advantages and disadvantages of each measure [346].
b It is important to calculate the confidence intervals for these estimates of effect. In this example, the upper confidence interval exceeds unity, 
which is equivalent to “not significant at the P < 0.05 level.” Although the effect may not be statistically significant, a 20% reduction in the risk of 
death is potentially clinically significant; however, it would require a trial with a much larger sample size of at least 10 000 patients to detect such 
an effect reliably [110]. To determine reliably whether the effect on death varied between different subgroups would require an even larger trial 
with several tens of thousands of patients [110]. Formulas to calculate confidence intervals are available in many statistical textbooks [347].
c One should not calculate NNTs if the estimate of effect is not statistically significant. If the data from a systematic review of several trials are used 
to calculate the NNT, interpret the results with caution, since the “overall” NNT will be very heavily influenced by the event rates in the control 
groups. It is preferable to take the overall estimate of relative treatment effect and apply it to the expected event rate in the group of patients to 
which the treatment will be applied [346].
Notes: The Cochrane Handbook is the most up‐to‐date source of advice on this topic, and is available online through the Cochrane Library [346].

Table 13.6 Methodological questions in the critical assessment 
of a systematic review

 ● Were the question(s) and methods clearly stated?
 ● Were the search methods used to locate relevant studies 

comprehensive?
 ● Were explicit methods used to determine which articles to 

include in the review?
 ● Was the methodological quality of the primary studies assessed?
 ● Were the selection and assessment of the primary studies 

reproducible and free from bias?
 ● Were differences in individual study results adequately explained?
 ● Were the results of the primary studies combined 

appropriately?
 ● Were the reviewers’ conclusions supported by the data cited?

Comprehensive details on the design, conduct, analysis and reporting 
of systematic reviews is available in the Cochrane Handbook, which is 
regularly updated, and also available online [346].
Adapted from Sackett et al. 1991 [109].
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(i.e. less subject to random error) because they are 
based on more outcome data.

Hazards of inappropriate subgroup analysis 
in trials (and systematic reviews)

Subgroup analysis is popular with clinical trialists and 
people who like to generate hypotheses to explain the 
“negative” or “positive” overall results of particular  trials. 
It is, however, a dangerous sport, since even apparently 
large effects observed in subgroups can merely be due to 
the play of chance and not to the treatment itself [110, 
129]. Claims for the benefits of a treatment based on a 
subgroup analysis of a single trial, or of a meta‐analysis, 
need to be viewed with caution and should be  seen as 
hypothesis generating. To test such subgroup hypotheses 
reliably, generally requires further very large trials with 
appropriate and prespecified  hypotheses [110, 129].

Inappropriate subgroup analyses may have disastrous 
effects. The report of the Canadian aspirin sulfinpyra
zone trial concluded that, overall, among people with 
threatened stroke, aspirin was associated with a signifi
cant 30% reduction in the risk of stroke or death [130]. A 
subgroup analysis suggested that the benefit was con
fined to males, and was not seen in females. As a result, 
the US Food and Drug Administration (FDA) licensed 
aspirin for stroke prevention but only in males, not in 
females. However, the results of the Antiplatelet Trialists’ 
Collaboration systematic review in 1994 of all of the rel
evant RCTs showed that, among high‐risk individuals, 
the benefits of antiplatelet drugs were similar in males 
and females, so refuting the results of the Canadian trial 
subgroup analysis [131]. The FDA did not license aspirin 
for stroke prevention in women until 1998, so in the 
years between 1980 and 1998, it seems likely that many 
women worldwide at high risk of stroke were not treated 
with aspirin and consequently had strokes which might 
have otherwise been avoided.

Likewise, undue emphasis on the results of a single pos
itive trial in a meta‐analysis may result in misleadingly 
optimistic conclusions. For example, the most widely 
cited study of therapeutic thrombolysis in acute ischemic 
stroke, the Neurological Diseases and Stroke (NINDS) 
trial, probably overestimates the benefits of this treatment 
when used in clinical practice (Section 13.5.2) [132, 133].

Translating the results of trials and systematic 
reviews into clinical practice

There are now many books and articles on how to use 
the results of trials and systematic reviews to improve 

clinical practice. However, it requires a great deal of time 
and resources to take the next steps (i.e. to develop 
and implement evidence‐based guidelines or policy doc
uments and then consistently apply them to an entire 
clinical service over a long period). Many strategies to 
improve clinician performance, ranging from financial 
incentives, to guidelines, to continuing medical educa
tion have all been suggested. The Cochrane Effective 
Practice and Organization of Care (EPOC) Group is 
undertaking systematic reviews to identify which inter
ventions are most likely to achieve an improvement in 
the clinical practice of healthcare professionals [134]. If 
we are to spend some of our limited health service 
resources on getting healthcare professionals to improve 
their standards of care, it is important that we spend 
them only on those methods which can bring about a 
measurable and sustainable change in clinical practice 
(and do so cost‐effectively) (see Table 17.22). Our efforts 
to improve standards of care must not be wasted on 
uncritical application of interventions that take great 
effort, but achieve little [135].

Sources of up‐to‐date reports of randomized controlled 
trials, systematic reviews, and clinical practice guidelines

Evidence‐based medicine requires one to use up‐to‐
date reports and with each year that passes after the 
publication of this book, more and more of the evidence 
we have cited will be superseded. However, there 
are  several sources of  regularly updated evidence that 
can fill this “information gap” [108]. For example, the 
Cochrane Collaboration Stroke Review Group coordi
nates a series of systematic reviews of different forms 
of  healthcare for the treatment and prevention of 
stroke which are updated as new information becomes 
 available [136]. Its website includes a link to the 
Cochrane Collaboration website, where abstracts of all 
the Cochrane systematic reviews are available free of 
charge (http://stroke.cochrane.org/home).

Where possible, therefore, we have in this book cited 
reviews from the Cochrane Database of Systematic 
Reviews, since they are of high quality and are more 
 frequently updated than many corresponding reviews 
published in conventional paper journals [137]. Where 
there is no relevant Cochrane review available, we 
have searched for a high‐quality systematic review. The 
Cochrane Library includes the Database of Abstracts of 
Reviews of Effectiveness (DARE), a series of quality‐
assured reviews (and their abstracts), which is a very use
ful source of such reviews. If we could not find a 
systematic review, we either resorted to asking a known 
expert in the field or to a search of the Cochrane Central 
Register of Controlled Trials (CENTRAL); in the 
Cochrane Library (issue 5 for 2013), CENTRAL con
tained around 698 000 references to reports of RCTs and 
other controlled clinical trials.

Meta‐analysis of data in systematic reviews is simply the 
best way to obtain the least biased and most precise esti
mate of treatment effect from a group of similar trials of 
the same intervention in the same type of patients and 
using the same type of outcome measures.
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There are a number of other regularly updated sources 
of evidence. Some of the ones we often use are as follows:

 ● The Internet Stroke Center at the University of 
Washington, an independent web resource about 
stroke care and research which includes a reasonably 
comprehensive and up‐to‐date register of current 
stroke trials (http://www.strokecenter.org/).

 ● BMJ Best Practice is an online resource to find the best 
available evidence on effective healthcare (https://
bestpractice.bmj.com/).

 ● The Royal College of Physicians of London (http://
www.rcplondon.ac.uk).

 ● The Scottish Intercollegiate Guidelines Network 
(http://www.sign.ac.uk/).

 ● The Database of Research in Stroke (DORIS) contains 
over 24 000 references to RCTs, controlled clinical tri
als, and systematic reviews collected by the Cochrane 
Stroke Group in an easy to search study‐based format. 
The database contains completed, ongoing and 
planned trials, as well as links to current stroke guide
lines. There are also links to relevant Cochrane reviews 
and protocols (http://www.askdoris.org/).

 ● NHS Evidence seeks to make relevant up‐to‐date infor
mation on effective forms of healthcare available to 
patients and doctors (https://www.evidence.nhs.uk/).

13.2.2 Organization of acute stroke care

The way acute stroke care is organized within a particu
lar hospital will depend very much on what resources are 
available and what treatments are planned (see 
Chapter  17). The clinical and radiological diagnosis of 
acute stroke is dealt with in Chapters 3, 4, and 5. The 
other aspects of general management in the acute phase 
are dealt with in Chapters 10 and 11.

13.2.3 Which treatments to use routinely, 
selectively, or not at all

There is strong evidence to support the routine use of 
aspirin in almost all patients with acute ischemic stroke 
(Section 13.3). For anticoagulants, the substantial amounts 
of available data do not support their routine use, but 
it  may sometimes be justifiable to use them in a rela
tively  small proportion of patients for specific reasons 
(Section  13.4). Similarly, there is strong evidence that 
thrombolytic treatment or mechanical intra‐arterial treat
ment is indicated for selected patients (Sections 13.5 and 
13.6). There are many other interventions that have been 
tested to some extent, but for which the  evidence remains 
inconclusive. The remainder of this chapter explores these 
broad conclusions in greater detail. Some treatments, 
such as intravenous thrombolysis, should only be given in 

the context of an organized specialist acute stroke service, 
whereas others, such as aspirin, could be used very widely, 
even where healthcare resources are limited.

13.2.4 Variation in treatment worldwide

There are enormous variations in the general manage
ment of acute stroke both between and within different 
countries [138–140]. There is variation in the availability 
of stroke unit facilities [141], and in the use of specific 
agents such as anticoagulants, both as an acute treat
ment and for secondary prevention [140]. For example, a 
survey of 36 US academic medical centers showed that 
29% of a sample of 497 patients with acute ischemic 
stroke were treated with intravenous heparin, but 
the  proportion treated varied widely between centers, 
from “not at all” in seven to 88% in one center [142]. The 
causes of this variation was explored in a further survey 
of opinion among 280 neurologists from the United 
States and 270 neurologists from Canada. US neurolo
gists were significantly more likely than Canadian 
 neurologists to use intravenous heparin for patients with 
stroke in evolution (51% vs. 33%), vertebrobasilar stroke 
(30% vs. 8%), carotid territory stroke (31% vs. 4%), and 
multiple TIAs (47% vs. 9%) [143]. US neurologists more 
often cited medico‐legal factors as a potential influence 
on the decision‐making process than Canadian neurolo
gists [143]. Despite the publication of four clinical trials 
that have not shown any long‐term benefit from heparin 
for patients with acute ischemic stroke, both US and 
Canadian neurologists would use intavenous heparin in 
large numbers for this condition [143]. There is clearly 
a  need to understand why in some parts of the world 
 clinicians persist in using a treatment which is not sup
ported by reliable evidence when in other countries the 
 treatment has been abandoned [144] (intravenous hepa
rin in acute ischemic stroke), and at the same time why 
a treatment that is proven to be of benefit (oral antico
agulants for patients with ischemic stroke and atrial 
 fibrillation) is still variably and insufficiently used [140, 
145] (Section 17.6.2). Similarly, there has been substan
tial variation in the use of thrombolytic therapy for acute 
ischemic stroke in the United States [146, 147] and 
Europe [148]. There are many possible reasons for these 
variations, but the lack of really reliable evidence from 
appropriately large RCTs and the lack of widely dissemi
nated systematic reviews must play at least some part. 
For thrombolytic treatment, concern about the risk 
of  bleeding, emergency physicians’ perception of lack 
evidence of benefit, and variation in provision of neuro
logical support in the emergency department are some 
of the physician‐related factors in the variation [148–
150]. The barriers to effective delivery of thrombolytic 
therapy are discussed in Section 19.4.4.
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13.2.5 Treatment of any specific underlying cause

Although the great majority of ischemic strokes are in 
one way or another related to atheroma and its throm
boembolic complications (Section  6.3), intracranial 
small vessel disease (Section  6.4) and embolism from 
the heart (Section  6.5), a small proportion are due to 
other, rarer conditions. These unusual causes and their 
treatment are discussed in Chapter 7. It is important to 
emphasize that, although conditions such as vasculitis 
are infrequent, failure to recognize and treat them 
appropriately may lead to a poor outcome. A systematic 
approach to history taking, examination, and investiga
tion will minimize the risk of missing a potentially 
treatable cause of ischemic stroke.

13.3  Routine use: Aspirin

13.3.1 Rationale

Potential benefits
On the arterial side, aspirin may act in several ways to 
reduce the volume of brain tissue damaged by ischemia. 
It may prevent distal and proximal propagation of arte
rial thrombus and prevent re‐embolization and platelet 
aggregation in the microcirculation. It also reduces the 
release of thromboxane and other neurotoxic eicosa
noids and so may even be neuroprotective [151, 152] 
(Section  13.1.3). In the venous circulation, among 
patients at high risk (chiefly as a result of general or 
orthopedic surgery) antiplatelet drugs reduce the risk of 
deep venous thrombosis (DVT) and PE [153].

Potential harms
Due to their antihemostatic effects, antiplatelet drugs are 
associated with a small but definite excess of both intrac
ranial and extracranial hemorrhages [131].

13.3.2 Evidence

Data available
The benefit of aspirin as a treatment for acute myocar
dial infarction was first reliably established in 1988 [154]. 
The lack of data about the effects of antiplatelet drugs in 
the acute phase of ischemic stroke led to two large‐scale 

RCTs of aspirin, the International Stroke Trial (IST) 
[155] and the Chinese Acute Stroke Trial (CAST) [156], 
which together included over 40 000 patients. In the IST, 
patients were allocated, in an open factorial design, to 
aspirin 300 mg daily, heparin, the combination of the 
two, or neither of the two for 14 days. In the CAST, 
patients were allocated, in a double‐blind design, to one 
month of aspirin 160 mg daily or matching placebo.

There are two main sources of evidence on aspirin in 
acute ischemic stroke. The first is a Cochrane systematic 
review that included all the completed RCTs of any anti
platelet drug in acute stroke and examined their effects 
on a variety of short‐ and long‐term clinical outcomes 
[157]. The second is a meta‐analysis of individual patient 
data from CAST and IST that examined the effects of 
aspirin in particular categories of patient during the 
scheduled treatment period [158].

There is limited evidence on other antiplatelet regi
mens. The CHANCE trial in China has suggested that, in 
patients with TIA and acute minor ischemic stroke, 
combination therapy with aspirin and clopidogrel may 
provide greater protection against early recurrent stroke 
[159]. However, this result needs to be confirmed in 
western populations where the background treatment 
may be more intensive, and in patients with more severe 
stroke, in whom the bleeding risk is higher [160]. For the 
effects of intravenous glycoprotein IIb/IIIa receptor 
antagonists, see Section 13.7.2 [161].

Effects on major events and outcomes: recurrent stroke, 
intracranial hemorrhage, death, and functional status

The effects of aspirin on various outcomes are summa
rized in Table  13.7. Aspirin significantly reduces the 
odds of recurrent ischemic stroke during the treatment 
period by 30% (95% confidence interval [CI] 20–40%), 
from 2.3% in controls to 1.6% in treated patients (i.e. 
avoiding 7 events per 1000 patients treated) [158]. There 
is a small excess of symptomatic intracranial hemorrhage 
with aspirin (including symptomatic transformation of 
an infarct); in 0.8% of controls versus 1.0% of treated 
patients, a nonsignificant 21% relative increase in odds 
(95% CI 1% reduction to 49% increase), or an absolute 
increase of about 2 per 1000 patients treated [158]. 
Aspirin significantly reduces the relative odds of death 
during the treatment period by 8% (95% CI 1–16%), from 
5.4% in controls to 5.0% in treated patients (i.e. avoiding 
four deaths for every 1000 patients treated) [158]. 
“Recurrent stroke or death during the treatment period” 
conveniently summarizes the overall balance of benefit 
and risk since it encompasses both benefits and harms: 
recurrent ischemic stroke, recurrent stroke of unknown 
type, symptomatic intracranial hemorrhage, sympto
matic hemorrhagic transformation of the infarct and 

Substantial variation in the use of particular treatments 
sometimes indicates lack of really reliable evidence on 
the effects of that treatment; sometimes it merely repre
sents reluctance of doctors or health systems to change. 
Whatever the cause, major variation in clinical practice or 
in the delivery of a service is inequitable and ethically 
indefensible.
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death from any cause. We refer to this outcome as “fur
ther stroke or death.” Aspirin significantly reduces the 
relative odds of this event of further stroke or death by 
11% (95% CI 5–15%), from 9.1% to 8.2%; for every 1000 
patients treated, nine avoid further stroke or death dur
ing the treatment period (Figure 13.10) [158]. At the end 
of follow‐up, aspirin avoids about nine deaths for every 
1000 patients treated [157], and also significantly reduces 
the odds of being dead or dependent by 6% (95% CI 
2–8%). The risk difference was 13 extra patients alive and 
independent for every 1000 patients treated. Aspirin also 
significantly increases the odds of making a complete 
recovery by 6% (95% CI 1–11%), an extra 11 patients 
making a complete recovery for every 1000 patients 
treated [157].

Effects on deep venous thrombosis 
and pulmonary embolism

Aspirin significantly reduced the relative odds of PE by 
29% (95% CI 4–47%), from 0.5% in controls to 0.3% in 
treated patients (i.e. for every 1000 patients treated, 
one avoided PE) [157]. IST and CAST did not screen sys
tematically for PE and has therefore most probably 
underestimated the absolute benefit of aspirin, but the 
proportional reduction is not likely to have been under
estimated. If the true rate of PE were 3% in the controls, 
and the same proportional reduction is applied, then 
for every 1000 patients given aspirin, 12 might avoid PE. 
These benefits are consistent with those seen in the 

 systematic review of aspirin in the prevention of PE in 
surgical patients [153] and in the Pulmonary Embolism 
Prevention Trial [162].

These data therefore strengthen the rationale for the 
routine use of aspirin in the acute phase of a stroke and 
continuing it long term. Aspirin is likely to provide 
some degree of thromboprophylaxis for patients at low 
and moderate risk of DVT and PE. For patients at high 
risk of venous thromboembolism, perhaps because of a 
history of a previous episode of venous thromboembo
lism or the presence of thrombophilia, intermittent 
pneumatic compression devices or low‐dose subcuta
neous heparin are alternatives, which are discussed in 
detail in Section 11.13.

Subgroup analyses
The individual patient data meta‐analysis did not iden
tify any group in which the benefits – or harms – of aspi
rin were significantly greater than or less than the 
averages reported above [158]. The recurrence risk 
among control patients was similar in all 28 subgroups, 
so the absolute reduction of 7 per 1000 did not differ 
substantially with respect to age, sex, consciousness 
level, atrial fibrillation, CT findings, blood pressure, 
stroke subtype, or concomitant heparin use. There was 
also no good evidence that the 11% relative reduction in 
odds of death was reversed in any subgroup, or that in 
any subgroup the increase in hemorrhagic stroke was 
much larger than the average of about 2 per 1000, and 
there was no heterogeneity between the reductions in 
further stroke or death during the scheduled treatment 
period (see Figure 13.10).

Aspirin in hemorrhagic stroke and in patients 
without CT or MRI brain scans

Among the 9000 patients included without a prior CT 
scan in the IST and CAST, aspirin appeared to be of 
net  benefit, with no unusual excess of hemorrhagic 
stroke, and among the 800 who had inadvertently been 
 randomized after a hemorrhagic stroke, there was no 
evidence of net hazard (further stroke or death): 63 in the 
aspirin group and 67 in the control group [158, 163]. 
These data are broadly reassuring that patients inadvert
ently entered in the trials with a hemorrhagic stroke (and 
who then received only one or two doses of aspirin) were 
not, on average, harmed as a result. However, they do not 
establish the safety of continued aspirin treatment in 
patients with intracerebral hemorrhage, nor do they 
establish the safety of giving aspirin to patients who are 
not CT scanned at all. Berkowitz has performed a 
 decision analysis, applying the results of CAST and 
IST  to a  series of hypothetical stroke populations, in 
which the  proportion of hemorrhagic stroke varies 
( corresponding to the frequencies reported from a range 

Table 13.7 Effects of aspirin, started within 24 hours of acute 
ischemic stroke [157].

Events within the treatment period
Events avoided per 
1000 patients treated

Fatal or nonfatal pulmonary 
embolism

1 (0 to 2)

Recurrent ischemic/unknown stroke 7 (4 to 10)
Symptomatic intracranial 
hemorrhage

−2 (i.e. 2 extra) (−4 to 0)

Major extracranial hemorrhagea −4 (i.e. 4 extra) (−7 to −2)

Outcomes by end of follow‐up
Death from any cause 9 (2 to 15)
Death or dependency 13 (3 to 23)
Full recovery from the stroke 11 (2 to 21)

The events are not mutually exclusive, so the various events cannot be 
summed. The acute treatment period was 14 days in the International 
Stroke Trial (IST) and one month in the Chinese Acute Stroke Trial 
(CAST), and end of follow‐up was at six months in the IST and one 
month in the CAST [158].
a Major hemorrhage was defined as a hemorrhage severe enough to 
require transfusion or to lead to death.
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of low‐ and middle‐income countries). He concluded: 
“Aspirin treatment for the period of initial hospitaliza
tion after acute stroke of undetermined etiology is pre
dicted to decrease acute stroke‐related mortality and 
in‐hospital stroke recurrence even at the highest reported 

proportion of acute strokes due to intracerebral hemor
rhage.” This suggests that in many resource‐poor set
tings, where CT scanning is not feasible, treating all 
acute strokes with aspirin without a prior scan is likely to 
do more good than harm [164].

99% or 95% Cls

Categorization

Recurrent stroke or death 
during the treatment period

Aspirin Control

Odds ratio and
Con�dence interval

Aspirin better Aspirin worse

Proportional
reduction
11% SD 3
(2P = 0.001)

0.5 0.75 1.0 1.25 1.5

Total 1641   (8.2%)  1823   (9.1%)

Hours from stroke onset to randomization:
   0–6
   7–12
   13–24
   25–48
Age (years):
   <65
   65–74
   75+
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   Male
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Level of consciousness:
   Alert
   Drowsy/coma
Atrial �brillation:
   Present
   Absent
CT �ndings
   Infarct visible
   Infarct not visible
   No prior CT
Systolic BP (mmHg):
   <130
   130–159
   160–189
   190+
Stroke syndrome:
   Lacunar
   Non-lacunar
Allocated trial heparin:
   Yes (IST: A+H vs H)
   No (IST: A vs nil)
   No (CAST: A vs nil)
Overall prognostic index (three equal groups):
   Good
   Average
   Poor
Days from randomization to further stroke or death:
   0–1
   2–7
   +8

 323    (11.4%)
 379    (11.0%)
 435    (7.7%)
 498    (6.2%)

 411    (5.3%)
 498    (7.4%)
 727    (13.2%)

 872    (7.5%)
 769    (9.1%)

 817    (5.0%)
 820    (23.0%)

 421    (18.2%)
1151    (6.7%)

 839    (7.7%)
 408    (8.7%)
 385    (8.6%)

 216    (9.4%)
 595    (7.8%)
 559    (7.8%)
 268    (9.1%)

 168    (3.1%)
1470    (10.0%)

 531    (10.9%)
 565    (11.6%)
 545    (5.3%)

 167    (2.6%)
 336    (5.2%)
1060    (16.4%)

 327    (1.6%)
 757    (3.8%)
 557    (2.8%)
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 367    (10.3%)
 505    (9.1%)
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 565    (8.5%)
 811    (14.7%)
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 420    (18.7%)
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Figure 13.10 Aspirin in acute ischemic stroke: effects on recurrent stroke or death in different subgroups during the scheduled treatment 
period in the Chinese Acute Stroke Trial (CAST) and International Stroke Trial (IST) [158]. Fatal and nonfatal events are included. For each 
particular subgroup the number of events among aspirin‐ and no‐aspirin‐allocated patients, and the odds ratio (dark purple square, with area 
proportional to the total number of patients with an event) and its 99% confidence interval (horizontal line) are given. A square to the left of 
the solid vertical line of no treatment difference (odds ratio 1.0) suggests benefit, significant at P < 0.01 only if the whole 99% confidence 
interval (CI) (horizontal line) is to the left of the solid vertical line. The overall result and its 95% CI is represented by an open diamond. A 
indicates aspirin and H indicates heparin. Here and elsewhere, results for those with missing information on particular characteristics are not 
listed separately (except for CT findings), but numerators and denominators for them can be obtained by subtraction of the subgroup results 
from the total (e.g. the numbers with no prognostic index calculated were 16/638 of those in the aspirin group vs. 18/638 of those in the 
control group). Source: Chen et al. 2000 [158]. Reproduced with permission of Lippincott Williams & Wilkins.
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13.3.3 Who to treat

Early aspirin is of benefit for a wide range of patients. 
The recommendation is therefore that all patients with 
suspected acute ischemic stroke, irrespective of lesion 
location or presumed etiology (e.g. cardioembolic or 
not) should receive aspirin unless there is a clear con
traindication [165, 166].

Patients with atrial fibrillation
The IST and CAST trials included about 4500 patients 
who had atrial fibrillation at the time of randomization. In 
these patients, the risk of recurrent stroke in hospital was 
2.9% in the controls and 2.0% in patients allocated aspirin. 
The one‐third reduction in the relative odds of recurrent 
ischemic stroke with aspirin was no different to that seen 
in patients without atrial fibrillation [158]. In a Cochrane 
systematic review we found no benefit of heparins over 
aspirin in patients with acute ischemic stroke [167]. 
Therefore, all such patients should be started on aspirin.

Patients already on antiplatelet drugs
If the CT or MR scan shows that the stroke was ischemic, 
it is probably reasonable to continue on antiplatelet drugs, 
even if there is some petechial hemorrhagic transforma
tion. The question of what antiplatelet regimen to use for 
long‐term secondary prevention in patients who have a 
stroke while already on aspirin or other antiplatelet drugs 
is discussed in Section 17.5.4. If the scan shows that the 
stroke was due to hemorrhage, antiplatelet drugs should 
generally be stopped. Ongoing RCTs are testing whether 
antiplatelet regimens should be given for long‐term sec
ondary prevention after an hemorrhagic stroke, and we 
recommend entering patients into these trials [168].

13.3.4 Who not to treat

Some patients have a clear contraindication to aspirin, 
for example patients with a history of definite aspirin sen
sitivity (e.g. wheeze or skin rash on exposure to aspirin). It 
is more difficult to know whether aspirin or other anti
platelet agents should be given to patients with intracere
bral hemorrhage. As mentioned above, there was no clear 
evidence of harm from a few doses of aspirin while waiting 
for CT scanning to be performed [158, 163]. A retrospec
tive observational study has suggested that in patients who 
have an intracerebral hemorrhage, being on aspirin at the 
time of the event increases the chances of hematoma 
expansion [169]. A prospective cohort study in 207 survi
vors of intracerebral hemorrhage, of whom 46 (22%) were 
prescribed antiplatelet agents (most commonly for pre
vention of ischemic heart disease), found that antiplatelet 
use was not significantly associated with recurrent intrac
erebral hemorrhage, and the authors concluded that use of 
antiplatelet drugs does not appear to be associated with a 

large increase in risk of recurrent intracerebral  hemorrhage 
[170]. Therefore, patients with intracerebral hemorrhage 
who have a very clear and pressing indication to continue 
aspirin (e.g. unstable angina) and are thought – for what
ever reason – to have a low risk of further intracerebral 
bleeding can probably continue aspirin [163, 170]. In our 
view, it is not clear whether, on average, aspirin or other 
antiplatelet agents do more good than harm after intracer
ebral hemorrhage, so we certainly support the inclusion of 
such patients in ongoing RCTs [168].

13.3.5 When to start

There is no clear evidence of a “time window” for the 
benefit of aspirin. The relative benefits among those 
treated late (24–48 hours after stroke onset) are as great 
as among those treated early (within the first 0–6 hours) 
[158]. We recommend that aspirin should be started as 
soon as a CT or MR scan has excluded intracerebral 
hemorrhage as the cause of the stroke. A policy of “CT 
scan immediately and give aspirin if hemorrhage is 
excluded” is the most cost‐effective strategy [171]. If CT 
scanning is not immediately available and the clinician is 
confident, based on the patient’s clinical features, that 
the stroke is unlikely to be hemorrhagic (i.e. there is no 
history of an “apoplectic onset” of the stroke with early 
headache or vomiting, the patient is fully conscious, 
etc.), then aspirin can be started while the CT or MR 
scan is being organized. This policy does not appear to 
reduce the benefits from aspirin [158].

If the patient is being considered for thrombolytic 
treatment, it may be necessary to delay the start of 
 aspirin treatment. For thrombolysis with streptokinase, 
the  risk of intracranial hemorrhage is increased if it 
is given together with aspirin [172, 173]. Likewise, aspi
rin increases the risk of bleeding from recombinant 
 tissue plasminogen activator (rt‐PA) [174], and US and 
European guidelines recommend that aspirin treatment 
is only started 24 hours after thrombolytic treatment 
[165, 166, 175].

Aspirin should be delayed until 24 hours after throm
bolytic treatment.

13.3.6 Agent/dose/route

We use aspirin in a dose of at least 150 mg daily in the 
acute phase of stroke. The initial dose has to be high 
(and  certainly higher than is required for long‐term 
 secondary prevention) to inhibit thromboxane biosyn
thesize as quickly and completely as possible [176, 177]. 
For patients who cannot swallow, aspirin can be given 
rectally by suppository [178], by nasogastric tube, or by 
intravenous injection (as 100 mg of the lysine salt, infused 
over 10 minutes).
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13.3.7 Adverse effects

Major extracranial hemorrhage (defined as bleeding 
serious enough to cause death or require transfusion) 
is the most frequent serious adverse effect. In the trials 
the relative increase in odds was large (68%; 95% CI 
34–109%), but the absolute excess was small: Four addi
tional major extracranial hemorrhages for every 1000 
patients treated (see Table  13.7) [157]. The excess was 
greater among patients allocated heparin (0.9% heparin 
alone vs. 1.8% allocated aspirin plus heparin; excess 9 per 
1000) than among other patients (0.5% among those allo
cated no aspirin and 0.7% allocated aspirin; excess 2 per 
1000) [158]. The risk of adverse events with aspirin, both 
in the short and long term, is best kept to a minimum by 
avoiding combined treatment with anticoagulants [179] 
(see Section 17.6.2 on the use of combined treatment in 
patients with prosthetic heart valves).

13.4  Selective use: Anticoagulants

13.4.1 Rationale

Potential benefits
The rationale for using anticoagulants applies to both the 
arterial and venous circulations. In large arteries and in 
the perforating arteries involved in lacunar infarction the 
aim of treatment is to prevent local propagation of any 
occluding thrombus (or embolus), to tip the balance in 
favor of spontaneous lysis of the thrombus, and to pre
vent early re‐embolization from any proximal arterial or 
cardiac sources. In small arteries and the microvessels, 
anticoagulants might also prevent sludging, which may 
contribute to ischemia in the penumbral zone around 
the infarct core. In the venous circulation, anticoagula
tion reduces the risk of DVT and PE, which are common 
complications of immobility after stroke (Section 11.13).

Potential harms
As a cerebral infarct evolves over the first few days, red 
cells can leak from microvessels. Minor degrees of leakage 
appear on CT or MR brain scanning as petechiae, but if 
bleeding is more extensive, a parenchymal hematoma 
may form. This pathophysiological process is known 
as  hemorrhagic transformation of cerebral infarction 
(Section 5A.8.1). Any anticoagulant, antiplatelet, throm
bolytic, or defibrinogenating agent could therefore theo
retically increase the tendency to intracranial bleeding 
and this might offset some, or all, of any benefits.

The clinical impact of hemorrhagic transformation over 
and above the effects of the original infarct (i.e. the inde
pendent contribution of hemorrhagic transformation to 
the outcome) is difficult to assess in an individual patient. 
Minor degrees of transformation can occur without any 

clinical deterioration, whereas the development of a large 
parenchymatous hematoma may be fatal. Anticoagulants 
can also increase the risk of intracranial hemorrhage aris
ing de novo (as intracerebral, subarachnoid, or subdural 
bleeding) and the risk of extracranial hemorrhage.

13.4.2 Evidence

Data available
By 2014, 24 RCTs comparing anticoagulants with con
trol in 23 748 participants had been completed and were 
available for review [180]. Although the review has 
not been updated since then, no further RCTs of antico
agulants versus control eligible for inclusion in the 
review have been published. The trials included in 
the  review  tested standard unfractionated heparin, 
low  molecular weight heparin, heparinoid, and direct 
thrombin  inhibitors, and two tested heparin given for 
just 24 hours followed by oral anticoagulation [180]. 
Most of the data came from trials in which unfraction
ated heparin was administered by subcutaneous injec
tion in medium (12 500 IU twice daily) or low dose 
(5000 IU twice daily). In total, the trials included 23 748 
patients with acute presumed ischemic stroke. Patients 
were generally randomized within 48 hours of stroke 
onset, and treatment continued for about two weeks. 
There were fewer  trials  directly comparing one agent 
with another [181]. Another review focused on the  trials 
comparing low molecular weight heparins or hepari
noids with control in acute ischemic stroke [182]. There 
have been a smaller number of trials comparing antico
agulants with antiplatelet agents; a review included data 
from four trials on 16 558 patients comparing either 
unfractionated heparin or low molecular weight hepa
rin with aspirin [167]. Since those reviews were com
pleted, a number of small trials have been published, 
comparing intravenous full‐dose heparin with aspirin 
[183], intravenous full‐dose heparin with low‐dose hep
arin [184],  different doses of low molecular weight hep
arin [185], low molecular weight heparin with aspirin 
[186], and argatroban (a direct thrombin inhibitor) with 
control (in which all patients received aspirin within the 
first 48 hours) [187]. In our view, the results of these 
later studies do not alter the overall conclusions about 
the effects of anticoagulants in acute ischemic stroke.

Effects on major events and outcomes: recurrent stroke, 
intracranial hemorrhage, death, and functional status

The Cochrane review, based on 21 trials comparing 
 anticoagulants with control (22 562 patients) showed 
no  evidence of net benefit within the scheduled treat
ment period (Figure  13.11) or at the end of follow‐up 
(Figure 13.12) [180]. Although anticoagulants were asso
ciated with about 9 fewer recurrent ischemic strokes 
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per  1000 patients treated (odds ratio [OR] 0.76; 95% 
CI 0.65–0.88), they were also associated with a similar‐
sized 9 per 1000 increase in symptomatic intracra
nial  hemorrhage (OR 2.52, 95% CI 1.92–3.30, see 
Figure 13.11). There was no evidence that anticoagulants 
reduced the odds of death from all causes at the end of 
follow‐up (OR 1.05, 95% CI 0.98–1.12, see Figure 13.12). 
If anything, there was a nonsignificant excess of deaths 

with anticoagulants. Similarly, there was no evidence 
that anticoagulants reduced the odds of being dead or 
dependent at the end of follow‐up (OR 0.99, 95% CI 
0.93–1.04, see Figure 13.12).

Bleeding risks with different regimens
In the Cochrane review, each of the regimens tested, 
when compared with control, appeared to increase the 
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Figure 13.11 Anticoagulants in acute ischemic stroke: relative effects within the treatment period. Results of a systematic review of the 
24 RCTs comparing heparin with control groups in patients with acute ischemic stroke: effects on recurrent ischemic stroke, symptomatic 
intracranial hemorrhage, and death, all within the scheduled treatment period [180]. The estimate of treatment effect for each heparin 
regimen is expressed as an odds ratio (solid square) and its 99% confidence interval (horizontal line). The size of the square is proportional 
to the amount of information available. An odds ratio (OR) of 1.0 corresponds to a treatment effect of zero, an OR of less than 1.0 suggests 
treatment is better than control, and an OR of greater than 1.0 suggests that treatment is worse than control. The overall result and its 95% 
CI is represented by an open diamond. The figures given to the right are relative odds reductions (SD). Source: Data from Sandercock P 
et al. Antiplatelet therapy for acute ischaemic stroke. Cochrane Database Syst Rev 2003; (2):CD000029. Copyright Cochrane Collaboration. 
Reproduced with permission.
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risks of both symptomatic intracranial and extracranial 
hemorrhage [180]. The relative increase in symptomatic 
intracranial hemorrhage was consistent across the differ
ent regimens, although (because of small numbers) it 
was only statistically significant for subcutaneous unfrac
tionated heparin (see Figure  13.11). Indirect compari
sons of different dosing regimens showed consistently 
higher bleeding risks with higher dose regimens. In the 
IST, patients allocated to subcutaneous unfractionated 
heparin were allocated to high dose (12 500 IU twice 
daily) or to low dose (5000 IU twice daily), and the pro
portions with symptomatic intracranial hemorrhage 
were 1.8% and 0.7%, respectively, a highly significant 11 
per 1000 excess with the higher dose [155].

As far as extracranial bleeds are concerned, for every 
1000 patients treated with anticoagulants, about nine 
have a major extracranial hemorrhage. The indirect 
comparisons of different agents showed that the bleed
ing risks were higher with higher dose regimens. In the 
IST, the risk of major extracranial bleeds was 2% among 
patients allocated high‐dose heparin and 0.6% among 
those allocated low‐dose heparin, a highly significant 14 
per 1000 excess with the higher dose.

A systematic review of all trials directly comparing 
high‐ with low‐dose anticoagulants in acute ischemic 

stroke supported the finding that the bleeding risks were 
dose dependent for both intra‐ and extracranial bleeds 
[188]. The RCTs published since then comparing differ
ent doses of low molecular weight heparin in acute 
ischemic stroke also showed that the risk of intracranial 
bleeding was dose dependent [185, 189]. An open RCT 
comparing full‐dose intravenous heparin with low‐dose 
subcutaneous heparin, started within 3 hours of stroke 
onset, also showed a higher risk of intracranial hemor
rhage with the higher dose (6.2% vs. 1.4%) [184].

Effects on deep venous thrombosis 
and pulmonary embolism

Data on the effects of anticoagulants on DVT are only 
available for 916 patients. There was heterogeneity 
between the trials, which makes it harder to give a 
 reliable overall estimate of treatment effect. Overall, 
symptomatic or asymptomatic DVT occurred in 43% of 
controls and 15% of treated patients, a highly significant 
79% reduction in relative odds with anticoagulants (95% 
CI 61–85%). Thus, for every 1000 patients treated, 280 
avoid DVT. Fatal or nonfatal PE was not systematically 
sought in the trials. A significant 39% reduction in 
 relative odds with anticoagulants (95% CI 17–55%) was 
reported in only 0.9% of controls and 0.6% of treated 

Events/Patients
Anticoagulant Control

Odds ratio & CI Odds
reduction

–5%
(2P > 0.1:NS

adverse)

1%
(2P > 0.1:NS)

0.0 0.5 1.0 1.5 2.0
Anticoagulant

better
Anticoagulant

worse

99% or 95% con�dence interval

Total

Oral anticoagulant

Thrombin inhibitor i.v.

Heparinoid i.v.

Heparinoid s.c.

Low molecular weight
heparin s.c.

Unfractionated heparin i.v.

Unfractionated heparin s.c.

Total

Oral anticoagulant

Thrombin inhibitor i.v.

Heparinoid i.v.

Heparinoid s.c.

Low molecular weight
heparin s.c.

Unfractionated heparin i.v.

Unfractionated heparin s.c.

Death or dependency at the end of follow-up

2196/9861
(22.3%)

2129/9879
(21.6%)

6063/9717
(62.4%)

6062/9718
(62.4%)

  not
evaluated

  not
evaluated

  not
evaluated

  not
evaluated

  not
evaluated

  not
evaluated

  not
evaluated

  not
evaluated

Death at the end of follow-up

17/112
(15.2%)

8/113
(7.1%)

178/723
(24.6%)

88/355
(24.8%)

4/50
(8.0%)

4/25
(16.0%)

42/646
(6.5%)

38/635
(6.0%)

8/26
(30.8%)

7/25
(28.0%)

400/723
(55.3%)

210/355
(59.2%)

13/28
(46.4%)

15/29
(51.7%)

159/641
(24.8%)

167/635
(26.3%)

Figure 13.12 Anticoagulants in acute 
ischemic stroke: relative effects at the end 
of follow‐up. Results of a systematic 
review of the five RCTs comparing 
anticoagulants with control and reporting 
long‐term outcomes [180]. Same 
conventions as in Figure 13.11. Source: 
Gubitz G et al. Anticoagulants for acute 
ischaemic stroke. Cochrane Database Syst 
Rev 2004;(3):CD000024. Copyright 
Cochrane Collaboration. Reproduced with 
permission.
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patients (i.e. for every 1000 patients treated, 3 avoid PE). 
It is difficult to judge whether the reductions in DVT or 
PE are dose dependent from the indirect comparisons. In 
the IST, fatal or nonfatal PE occurred in 0.4% of those 
allocated high dose and 0.7% of those allocated low dose, 
a nonsignificant difference [155]. A systematic review 
of  all of the direct comparisons confirmed the greater 
reduction in PE with higher doses, but the absolute ben
efit was very small [157, 188]. If we allow for the likely 
under ascertainment of PE (Section 13.3.2), and assume 
that the true risk in the controls was 3%, and then apply 
the same 39% proportional reduction (i.e. from 3% to 
1.85%), for every 1000 patients treated about 12 would 
avoid PE. However, even if the benefit is that large, it will 
still be substantially offset, since an extra 9 patients will 
have a major extracranial hemorrhage associated with 
anticoagulants.

Are there subgroups of patients who derive net 
benefit from anticoagulants?

An individual patient data meta‐analysis of the five larg
est RCTs of anticoagulation with heparin, heparinoids, 
and low molecular weight heparin sought to identify 
whether a strategy of targeted use of immediate antico
agulant therapy might be of net benefit [190]. Such 
patients would be at either a high risk of arterial and 
venous thromboembolism and low risk of bleeding or at 
high risk of bleeding and low risk of thrombosis. There 
was no evidence that patients with ischemic stroke who 
were at higher risk of thrombotic events or lower risk of 
hemorrhagic events benefited from heparins. It was 
therefore not possible to define a targeted approach to 
select the patients who would benefit from treatment 
with early anticoagulant therapy.

Patients with atrial fibrillation
A detailed analysis of the 3169 patients in IST with acute 
ischemic stroke and atrial fibrillation showed that 
such  stroke patients have a higher risk of early death 
than those in sinus rhythm. This higher death rate was 
accounted for by the older age and larger infarcts among 
those with atrial fibrillation, but not by a higher risk of 
early recurrent ischemic stroke. In patients with atrial 
fibrillation, the absolute risk of early recurrent stroke is 
low (in the IST, about 5% of patients in atrial fibrillation 
allocated to “avoid heparin” had a recurrent stroke of 
ischemic or unknown type within 14 days), and there 
was no net advantage to treatment with heparin [191]. 
The Cochrane review showed no statistically significant 
difference in the effect of treatment on death or depend
ence at final follow‐up if a cardiac source of embolism 
was suspected (OR 1.00, 95% CI 0.85–1.18) or not sus
pected (OR 1.00, 95% CI 0.94–1.06) to be the cause of the 
stroke [157]. The small Heparin in Acute Embolic Stroke 

Trial (HAEST) compared a low molecular weight hepa
rin with aspirin in 449 patients with acute ischemic 
stroke and atrial fibrillation and did not show any advan
tage of low molecular weight heparin [192]. These data 
do not support the widespread use of either full‐dose 
unfractionated or low molecular weight heparin regi
mens in the acute phase of ischemic stroke associated 
with atrial fibrillation [165, 166].

Patients with progressing hemispheric stroke
There are numerous causes for a worsening neurological 
deficit, besides propagating cerebral arterial thrombosis 
(Section  11.5). These causes should be identified and 
treated, if possible. For patients in whom these causes for 
progression have been excluded, many textbooks and 
reviews recommend immediate intravenous heparin. 
However, there have not been any trials of intravenous 
heparin specifically in patients with progressing stroke, 
and neither the trials of unfractionated heparin nor those 
of low molecular weight heparin or heparinoid showed 
net benefit overall [157]. There is therefore no direct or 
indirect evidence to support the use of heparin (either 
intravenous or subcutaneous) in this particular type of 
patient [165, 166].

Patients with basilar artery thrombosis
The IST included over 2000 patients with posterior cir
culation infarcts, and there was no evidence that the 
effects of treatment in this subgroup were any different 
to those seen in the trial overall [155]. However, it is likely 
that only a small proportion had occlusion of the basilar 
artery. Further trials of anticoagulants in “vertebrobasilar 
territory infarcts” are probably not warranted; but, a trial 
focused on patients with proven basilar occlusion might 
be justified, although trials which seek to recruit a type of 
patient only rarely encountered in clinical practice are 
notoriously difficult to do. This lack of evidence led a 
recent guideline to state that anticoagulants were not 
recommended for this indication [165].

Patients with acute myocardial infarction  
(see also Sections 6.5 and 6.9.3)

The first step in management is to determine if the stroke 
was due to intracerebral hemorrhage, either spontaneous 
or iatrogenic (e.g. caused by thrombolytic or anticoagu
lant treatment). Some patients may have iatrogenic 

In patients with acute ischemic stroke and atrial fibrilla
tion, there is no evidence to support the routine use of 
 immediate anticoagulation with heparins. Aspirin is a 
safe and effective alternative to anticoagulants, which 
reduces the risk of early recurrent stroke in patients, 
without a similar‐sized increase in the risk of intracranial 
hemorrhage.
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ischemic strokes due to particulate emboli reaching the 
brain as a complication of coronary angiography or angi
oplasty. The value of anticoagulants in these patients is 
not clear, as the embolic material is often atheromatous 
debris from the large arteries rather than fresh thrombus 
or platelet aggregates. Patients with full‐thickness  anterior 
myocardial infarction have a higher than  average  risk 
of developing left ventricular thrombus (Sections 6.5 and 
6.9.3). Although two small trials [193, 194] showed that 
medium‐dose subcutaneous heparin (12 500 IU twice 
daily) reduced the frequency of left  ventricular thrombus, 
an overview of the 26 trials of anti coagulants in acute 
myocardial infarction (including 73 000 patients) found 
little evidence of any significant further net clinical bene
fit (in terms of major clinical events) from adding either 
 subcutaneous or intravenous heparin to the treatment 
of  patients who are given aspirin [195, 196]. The value 
of  anticoagulants in a patient with an acute myocardial 
infarction complicated by acute ischemic stroke is there
fore unclear. However, six months of oral anticoagulants 
may be worthwhile in patients with myocardial infarction 
complicated by acute ischemic stroke thought to be due 
to embolism from the left ventricle, especially if con
gestive heart  failure, atrial fibrillation, or extensive left 
 ventricular dysfunction are present [196].

13.4.3 Who to treat

Although there is no indication to use anticoagulants 
routinely in patients with acute ischemic stroke [165, 
166, 175, 197] some clinicians feel that there are still some 
occasions where they are appropriate. These are listed in 
Table 13.8 and discussed below. The use of heparin after 

thrombolysis to prevent reocclusion of the opened cere
bral artery is discussed in Section 13.5.2.

Patients at high risk of deep venous thrombosis
Factors that increase the risk of DVT and PE after stroke 
include hemiplegia or immobility, dehydration, a history 
of venous thromboembolism, hereditary thrombophilia, 
or cancer [198].

Guidelines vary in their recommendations about 
whether or not heparin should be used for prevention of 
DVT, and it is not clear whether low‐dose subcutaneous 
heparin can add benefit to aspirin for the prevention of 
venous thromboembolism without causing an increase 
in  bleeding complications [155, 167]. The Scottish 
Intercollegiate Guidelines Network recommended aspirin 
for all patients with ischemic stroke and that low‐dose 
subcutaneous heparin should only be added to aspirin in 
patients at high risk of venous thromboembolism [197].

The third Clots in Legs Or sTockings after Stroke 
(CLOTS 3) trial of immobile stroke patients recently 
showed that intermittent pneumatic compression 
reduces the risk of proximal DVT during the first 30 
days, compared to no intermittent pneumatic compres
sion (8.5% vs. 12.1%, absolute risk reduction 3.6%, 95% 
CI 1.4–5.8). Intermittent pneumatic compression was 
also associated with a near statistically significant effect 
on death and was well tolerated, and should therefore 
probably be standard of care for patients who have had a 
stroke and are immobile in hospital [199, 200].

Other strategies for prevention of venous thromboem
bolism (e.g. rehydration, early mobilization) and the 
management of stroke patients who develop symptoms 
and signs suggestive of venous thromboembolism after 
admission are discussed in Section 11.13.

Patients with atrial fibrillation
Patients with atrial fibrillation have a clear benefit from 
long‐term oral anticoagulants as secondary prevention, 
provided there are no contraindications (see Table 13.8). 
However, as discussed above, in the acute phase,  heparins 

Table 13.8 Patients with acute ischemic stroke or transient 
ischemic attack of suspected cardioembolic origin who should 
be considered for anticoagulant treatment, and those who should 
have anticoagulants deferred or avoided completely.

Anticoagulants worthwhile
 ● Atrial fibrillation (permanent or paroxysmal)
 ● Other probable cardiac source of embolism (e.g. myocardial 

infarction within past few weeks)
Anticoagulants probably not worthwhile

 ● Cardiac conditions with low risk of embolism (e.g. 
hypertrophic cardiomyopathy, mitral valve prolapse)

 ● Little to gain from long‐term anticoagulation (patient 
moribund or already severely disabled before the stroke)

 ● Infective endocarditis
 ● Patient likely to comply poorly with anticoagulation
 ● Severe, uncontrollable hypertension
 ● Major hemorrhagic transformation on brain CT
 ● Contraindications to anticoagulant treatment (Table 13.9)

Heparin, when used for the immediate treatment of 
patients with acute ischemic stroke, has risks (hemor
rhage in the brain and elsewhere) which cancel out the 
benefits (fewer recurrent ischemic strokes and less 
venous thromboembolism). We therefore do not use this 
treatment routinely.

For patients with mild strokes who mobilize within a day 
or so, and have no other predisposing factors for deep 
venous thrombosis, aspirin is probably adequate. For 
immobile patients the intermittent pneumatic com
pression system used in the CLOTS‐3 trial in addition to 
aspirin would be our first choice.
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are not recommended for the prevention of early 
 recurrent ischemic stroke [165, 166, 175, 197]. Instead, 
patients should be given aspirin in the acute phase. To 
help decide when to start oral anticoagulants one should 
take into account the factors that are likely to increase 
the risk of hemorrhagic transformation of the infarct 
(Section 13.4.5), and the likely risk of recurrent ischemic 
stroke (Section  13.4.5). See Section  13.4.5 on when to 
start and Section 13.4.6 for the choice of agent.

13.4.4 Who not to treat

Relative contraindications and cautions about the use of 
anticoagulants are given in Table 13.9. Any patient with 
acute stroke due to established intracranial hemorrhage, 
or who has not had a CT brain scan to exclude intracra
nial hemorrhage, should not be given anticoagulants. 
The evidence on the effects of heparin in patients with 
hemorrhagic stroke is scant but suggests that it may well 
be associated with some harm, though the confidence 
interval is wide [163].

13.4.5 When to start

The available trial data do not provide reliable evidence on 
the best time to start anticoagulants. So, in the occasional 
circumstance where we do feel compelled to use them in 
acute stroke (Section 13.4.3), the decision must be based 
on the likely risk of events without treatment, and the risk 
of hemorrhagic transformation with treatment. In patients 
with TIA or with a minor ischemic stroke the risk of hem
orrhagic transformation is probably negligible. If such a 
patient has an indication for long‐term anticoagulants 
(most commonly atrial fibrillation), we would start treat
ment immediately, and stop aspirin when anticoagulants 
are fully effective (for patients taking vitamin K antago
nists this can take 5–7 days). Symptomatic hemorrhagic 
transformation of the infarct occurs most commonly dur
ing the first few days and the risk is highest in patients 
with large infarcts [201]. Therefore, in a patient with a 
major ischemic stroke and atrial fibrillation, we would 
wait up to a week before starting. When oral anticoagu
lants are started in this way, some time after the acute 
event, concomitant heparin (to overcome any transient 
prothrombotic state associated with the start of warfarin) 
is probably not needed [202].

13.4.6 Agent/dose/route

Agent
Oral anticoagulants do not act sufficiently fast to have a 
major effect within the first few hours of onset of an 
ischemic stroke. Anticoagulants must be given by injec
tion if they are to achieve a rapid effect. Most of the 
 evidence on heparin in acute stroke comes from trials 
which used unfractionated heparin [180]. Although 
other agents have been tested, systematic reviews of the 
direct and indirect comparisons of different regimens 
did not provide evidence that any one agent was better 
than unfractionated subcutaneous heparin [180, 203]. In 
choosing between the different heparin regimens and 
aspirin, the 2013 American Heart Association guideline 
states: “Urgent anticoagulation, with the goal of pre
venting, early recurrent stroke, halting neurological 
worsening, or improving outcomes after acute ischemic 
stroke, is not recommended for treatment of patients 

Table 13.9 Contraindications to and cautions with full‐dose 
anticoagulants.

Uncorrected major bleeding disorder
 ● Thrombocytopenia
 ● Hemophilia
 ● Liver failure
 ● Renal failure

Uncontrolled severe hypertension
 ● Systolic blood pressure over 200 mmHg
 ● Diastolic blood pressure over 120 mmHg

Potential bleeding lesions
 ● Active peptic ulcer
 ● Esophageal varices
 ● Unruptured intracranial aneurysm (especially if large and 

untreated)
 ● Proliferative retinopathy
 ● Recent organ biopsy
 ● Recent trauma or surgery to head, orbit or spine
 ● Confirmed intracranial or intraspinal bleeding
 ● Evidence on MR or CT of previous intracranial bleeding
 ● Recent stroke, with large infarct on brain CT or MRI 

(i.e. high risk of hemorrhagic transformation)
Contraindication to heparin

 ● History of heparin‐induced thrombocytopenia or 
thrombosis

Contraindication to warfarin

 ● Pregnancy (first trimester)
 ● Homozygous protein C deficiency (risk of skin necrosis)
 ● History of warfarin‐related skin necrosis
 ● Uncooperative/or unreliable patient

Adapted from Scottish Intercollegiate Guidelines Network [202].

Patients with transient ischemic attacks or minor ischemic 
stroke and atrial fibrillation can be started on both aspirin 
and oral anticoagulants immediately, and aspirin can 
be  stopped once anticoagulants are fully effective 
(for  patients taking vitamin K antagonists this can take 
5–7 days). In patients with a major stroke we would start 
aspirin immediately and avoid anticoagulants for up to a 
week, or longer if we felt the risk of hemorrhagic transfor
mation of the infarct remained high (e.g. large infarct with 
mass effect).
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with acute ischemic stroke” and “Oral administration of 
aspirin ( initial dose is 325 mg) within 24 to 48 hours after 
stroke onset is recommended for treatment of most 
patients” [165]. The 2012 UK National Guidelines state: 
“Anticoagulants should not be used routinely after acute 
stroke and where anticoagulation is needed for venous 
thromboembolism prevention, low molecular weight 
heparin should be administered in preference to unfrac
tionated heparin” [175].

Dose and route
The risk of bleeding with heparin is clearly dose depend
ent [155, 185, 189]; the higher the dose, the higher the 
risk of intracranial and extracranial hemorrhage, and 
there is no evidence to support the use of full‐dose 
adjusted regimens with intravenous unfractionated hep
arin or heparinoid. The Rapid Anticoagulation Prevents 
Ischemic Damage (RAPID) trial in 67 patients with non
lacunar ischemic stroke within 12 hours of onset com
pared full doses of intravenous unfractionated heparin 
with aspirin 300 mg daily. It showed no evidence of an 
advantage of full‐dose intravenous heparin over aspirin 
[183], although another RCT of full‐dose intravenous 
heparin versus low‐dose subcutaneous heparin within 
3 hours of stroke onset suggested net benefit from the 
higher heparin dose [184]. Hence, since bleeding is 
dose‐related, if anticoagulants are to be used, low‐dose 
subcutaneous regimens are preferable. The options 
for  the treatment of venous thromboembolism are 
 discussed in Section 11.13.

13.4.7 Adverse effects

Table 13.10 lists the most important adverse effects and 
cautions to be considered when using heparins. The 
most life‐threatening risks are massive intra‐ or extracra
nial hemorrhage. Management of severe extracranial 
hemorrhage consists of stopping any heparin adminis
tration and reversal with intravenous protamine sulfate 
[202]. For advice on management of hemorrhage in 
patients on using anticoagulants, see Table  13.11 and 
for advice on reversal of low molecular weight heparin, 
heparinoids, vitamin K antagonists, or the new oral anti
coagulants, see Tables 13.12 and 13.13 [202].

13.4.8 Acute stroke in patients already receiving 
anticoagulants

Urgent reversal of anticoagulation in patients 
with intracranial bleeding on anticoagulants

If patients on oral anticoagulants present with  symptoms 
suggestive of a hemorrhagic stroke (see Table 13.11) they 
must have a CT or MR scan performed  immediately. If the 
CT or MR scan shows extradural, subdural, subarachnoid, 
or intracerebral hemorrhage, then  anticoagulants should 

Table 13.10 Adverse effects of heparin.

Minor complications
 ● Discomfort or bruising at site of s.c. injection
 ● Pain or infection at cannula site (i.v. administration)
 ● Reduced patient mobility because of infusion lines and pump 

(i.v. administration)
Systemic complications

 ● Intracranial bleeding
Hemorrhagic transformation of cerebral infarct (potentially 

disabling or fatal)
Intracerebral hemorrhage
Subarachnoid hemorrhage
Subdural hematoma

 ● Extracranial hemorrhage
Subcutaneous (can sometimes be massive)
Visceral (hematemesis, melena, hematuria)

 ● Thrombocytopenia
Type I: dose and duration related, reversible, mild, usually 

asymptomatic, not serious and often resolves spontaneously
Type II: idiosyncratic, allergic, severe (may be complicated by 

arterial and venous thrombosis). Affects 3–11% of patients 
treated with i.v heparin and less than 1% of patients treated 
with s.c. heparin

 ● Osteoporosis
 ● Skin necrosis
 ● Alopecia

Table 13.11 Advice on management of problems in patients 
on anticoagulants.

Indications for immediate CT or MR brain scan
 ● Significant head injury (i.e. any loss of consciousness or 

amnesia or the presence of a scalp laceration)
 ● Headache (especially of recent onset, or increasing in severity)
 ● Acute neck pain with neurological deficit in limbsa

 ● Drowsiness
 ● Confusion
 ● Onset of focal neurological symptoms or signs

If the scan shows intracranial bleeding
 ● Reverse anticoagulants (Tables 13.12 and 13.13)
 ● If scan shows extradural, or subdural bleeding or 

hydrocephalus, consider surgical decompression after reversal
 ● If scan shows only subarachnoid bleeding, consider CT or 

MR angiography to exclude underlying aneurysm
If the patient is being considered for a diagnostic or 
therapeutic procedure involving the spine (lumbar puncture, 
epidural or spinal anesthesia, or contrast myelography)

 ● This can cause spinal epidural hemorrhage, spinal cord 
compression and paraplegia. The need for the procedure should 
be discussed with a neurologist or neurosurgeon before 
anticoagulants are reversed, since reversal carries a risk of 
thromboembolism. Alternative investigation (e.g. MR scanning) 
or alternative methods of anesthesia may be preferable

a In patients with acute neck pain with a neurological deficit in the limbs, 
but no evidence of intracranial bleeding on the brain scan, MR scanning 
of the spine may be needed to exclude spinal epidural hematoma [204].
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be stopped and urgently reversed. If the scan does not show 
intracranial bleeding, consider the possibility that the neu
rological deficit might be due to a spinal hematoma, espe
cially if the neurological deficit spares the face and is 
associated with neck pain (the diagnosis is best confirmed 
by MR scanning of the spine). A spinal epidural hematoma 
may require neurosurgical treatment [204].

The European Stroke Organisation (ESO) guideline 
group found no reliable evidence from RCTs to select the 
best method for rapid reversal [205], but the options are 
vitamin K, prothrombin complex concentrates (PCC), 
recombinant factor VIIa, or fresh frozen plasma (FFP) 
[206] (see Tables 13.12 and 13.13). The optimum strategy 

for the rapid reversal of novel oral anticoagulants is 
 controversial [207]. After successful reversal of the 
hemostatic deficit, further treatment may be needed, 
depending on the location of the hematoma and any 
underlying causative lesion, for example: evacuation of a 
subdural hematoma, clipping or coiling of a ruptured 
intracranial aneurysm, or evacuation of an intracerebral 
or spinal hematoma.

Risk of arterial thromboembolism after stopping 
anticoagulants

Patients with a high risk of arterial thromboembolism 
(usually because they either have a mechanical prosthetic 
heart valve or atrial fibrillation) who develop intracranial 
bleeding while on oral anticoagulants create particular 
management difficulties [208–210]. There are compet
ing  risks to be balanced: of valve thrombosis and 
re‐embolization if anticoagulants are permanently 
 withdrawn, and of further intracranial bleeding if anti
coagulants are re‐instituted [208–212]. A retrospective 
observational study of 141 patients with a high risk of 
ischemic stroke who had an intracranial hemorrhage 
while taking warfarin examined these competing risks 
[209]. The indication for anticoagulants fell into one of 
three categories: prosthetic heart valve in 52 patients, 
atrial fibrillation in 53, and a recurrent TIA or an ischemic 
stroke in 36. The median time off warfarin after the bleed 
was 10 days. Three patients had an ischemic stroke 
within 30 days of stopping warfarin. In the three groups, 
the Kaplan–Meier estimate of the probability of having 
an ischemic stroke within 30 days of stopping warfarin 
was: prosthetic heart valve 2.9% (95% CI 0–8.0%), atrial 
fibrillation 2.6% (95% CI 0–7.6%), and TIA or an ischemic 
stroke 4.8% (95% CI  0–13.6%), respectively. A review 
reported that none of  the 16 patients with a prosthetic 

Table 13.12 Strategies for reversal of oral anticoagulation [202].

Life‐threatening hemorrhage (intracranial or major 
gastrointestinal bleeding)

 ● Stop oral anticoagulants
 ● For patients using warfarin, give intravenous vitamin K 

(5 mg, repeated if necessary), and give either:
i.v. factor IX complex concentrate 50 IU/kg body weight 

and factor VII concentrate (50 IU/kg body weight) 
(if available), or

Recombinant factor VIIa, or
Fresh frozen plasma (15 mL/kg, i.e. approximately 1 L 

for an adult)
 ● For patients using non‐vitamin K oral anticoagulants 

(NOACs), give specific antidotes
Less severe hemorrhage (e.g. hematuria, epistaxis)

 ● Stop oral anticoagulants for 1–2 days
 ● For patents using warfarin, give vitamin K 0.5–2 mg i.v. 

or 5–10 mg orally
High international normalized ratio (INR) but no hemorrhage

 ● Stop warfarin, and restart warfarin when INR < ·5.0

Table 13.13 Options for reversal of effects of warfarin [202].

Method and dosage Advantages Disadvantages

Stop warfarin Simple May take several days for INR to normalize
Vitamin K Safe if given slowly Slow onset of effect 0.5–5 mg i.v.: 2–6 h; 5–10 mg orally: 12–24 h
Factor IX complex 
concentrate 50 IU/kg 
body weight

Acts immediately. Small 
volume. Can be given 
quickly

Exposes individuals to blood products which rarely may transmit 
hepatitis B. Effect is temporary (8–24 h), may need to be repeated. 
Should be combined with vitamin K. Risk of thromboembolism

Factor VII concentrate  
50 IU/kg body weight

Should be given with 
factor IX complex 
concentrate

As for factor IX complex

Recombinant factor VIIa No risk of blood‐ borne 
infection

Expensive

Fresh frozen plasma 1 L Acts immediately Large i.v. volume load, allergic reactions. Not as effective as factor IX 
complex concentrate. Difficult to give repeat infusions because of large 
volume. Virally inactivated plasma is preferred
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heart valve who had  intracranial hemorrhage and then 
had warfarin  discontinued (for a median of seven days) 
suffered a recurrent  thromboembolic event while off 
warfarin [212]. It therefore seems from these very limited 
data that the risk of recurrent thromboembolism is low 
from stopping oral anticoagulants for a week or two after 
an intracranial hemorrhage.

Is it possible to restart anticoagulation after intracranial 
bleeding, and if so, in whom, and when?

There are scant data on the risk of recurrence of intrac
ranial hemorrhage when giving vitamin K antagonists 
to patients with previous intracranial hemorrhage. In a 
study 141 patients, of the 35 who had warfarin therapy 
restarted, none had recurrence of intracranial bleeding 
during the same hospital admission [209]. Another 
study reported 2‐year follow‐up data on 13 patients 
with mechanical prosthetic heart valves who restarted 
anticoagulation after an intracranial hemorrhage [212]. 
Of the 4 patients with intracerebral hemorrhage as 
the  initial bleed, none suffered recurrent intracranial 
bleeding and 2 suffered thromboembolic events. On 
reintroduction of oral anticoagulants, the target inter
national normalized ratio (INR) was lowered in 9 of 13 
patients. Although the authors concluded that careful 
reintroduction of oral anticoagulation is appropriate 
in  these patients, this is an area where clinical trials 
are  clearly needed. The “Apixaban versus Antiplatelet 
drugs or no antithrombotic drugs after anticoagulation‐ 
associated intraCerebral HaEmorrhage in patients with 
Atrial Fibrillation” (APACHE‐AF) trial is ongoing [213] 
and  more trials are planned (SoSTART, NASPAF‐
ICH,  STATICH, Rustam Al‐Shahi Salman, personal 
communication).

If the scan shows infarction, what are 
the management options?

If the CT or MR scan is normal or shows infarction with 
no evidence of any hemorrhage, the reason for the 
infarction must be sought. Often, the cause is inadequate 
warfarin dose, but infective endocarditis must be ruled 
out. If the INR was below target range before or at the 
time of the stroke, more careful supervision to maintain 
the INR within the target range for that patient should 
reduce the risk of further ischemic strokes. If INR con
trol had been poor despite apparent compliance with the 
prescribed warfarin dose, one must make careful enquiry 
about recent changes in other  prescribed drug treat
ment, the use of nonprescribed medication (including 
herbal and complementary therapies), or changes in 
diet, since all of these can interact with warfarin. 
However, if a patient suffers a recurrent ischemic stroke 
despite an adequate INR, one can consider changing to 
one of the new oral anticoagulants or adding low‐dose 

aspirin. However, although adding aspirin may reduce 
the risk of recurrent stroke, it also increases the risk of 
intracranial hemorrhage [179, 214] (Section 17.5.3).

13.5  Selective use: Thrombolytic drugs

13.5.1 Rationale

Potential benefits
Restoration of blood flow as soon as possible after occlu
sion of a cerebral vessel, should lessen the volume of 
brain damaged by ischemia, reduce the likelihood of major 
cerebral edema, and result in a better clinical outcome 
(Section 13.1.3). Therefore, therapeutic attempts to hasten 
reperfusion by removing any occluding thrombus with 
thrombolytic drugs, or mechanical methods, ultrasound 
or a combination of these approaches (Sections 13.6 and 
13.7) ought to be helpful.

Potential risks
Thrombolytic drugs will also lyse hemostatic plugs 
and  thus may increase bleeding into the brain in the 
area of ischemia, in areas of the brain remote from 
the  ischemia, or in extracranial sites (into the skin, 
joints, gastrointestinal or urinary systems). Mechanical 
 methods require intra‐arterial instrumentation, which 
can cause a  number of complications, including arterial 
dissection and rupture.

13.5.2 Evidence

Data available for reperfusion with thrombolytic drugs
This section is based on a Cochrane systematic review 
from 2014, including 27 RCTs with 10 187 patients [173]. 
About half of the data related to trials of intravenous 
rt‐PA and the remainder to intravenous streptokinase, 
intravenous urokinase, and intra‐arterial recombinant 
pro‐urokinase. A subset of this review, restricted to trials 
of intravenous thrombolysis with rt‐PA, the only drug 
with a license, was published in 2012 to include the 
results of the Third International Stroke Trial (IST‐3) 
[133, 215], and the effects of rt‐PA given within 6 hours 
of symptom onset are summarized in Table  13.14. An 
updated individual patient data meta‐analysis to include 
IST‐3 has also been published [216], and a number of 
small‐scale RCTs have been published comparing differ
ent agents with control, different doses of the same drug, 
and different routes of administration [217].

Intracranial hemorrhage
There is a very consistent trend across all the trials for an 
excess of fatal intracranial hemorrhage with thromboly
sis and the proportional excess is similar with all the 
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agents (Figure 13.13) [173]. The absolute excess depends 
on the risk of hemorrhage in the control group, and this 
risk was somewhat different between trials. For intrave
nous rt‐PA, the only licensed thrombolytic agent, treat
ment increases the risk of fatal intracranial hemorrhage 
about fourfold from 1% in controls to about 4%, equiva
lent to 29 extra fatal intracranial hemorrhages per 1000 
patients treated (see Table  13.14). Rt‐PA increases the 
risk of fatal or nonfatal symptomatic intracranial hemor
rhage threefold [133]. Many of the hemorrhages occur 
within the ischemic area, but others occur at sites remote 
from the ischemia. These remote bleeds may represent 
bleeding from an undetected pathological vascular lesion 
(small arteriovenous malformation, vessel affected by 
amyloid angiopathy, or a previous microbleed) [218]. 
However, data also suggest that the presence of micro
bleeds does not materially influence the risk of bleeding 
with thrombolysis [219].

An individual patient meta‐analysis of nine RCTs 
(6756 patients) have shown that the absolute excess risk 
of intracranial hemorrhage was higher in patients with 
the severest strokes (Figure  13.14) [220]. A systematic 
review has tried to find the risk factors to identify 
patients with an above average chance of symptomatic or 
fatal intracranial hemorrhage with treatment, by analysis 
of the data from 55 studies that measured 43 baseline 
variables in 65 264 patients [221]. The factors associated 
with rt‐PA‐related intracranial hemorrhage were age, 
higher stroke severity, and higher glucose. There was 
approximately a doubling of the odds of intracranial 
hemorrhage with the presence of atrial fibrillation, 

 congestive heart failure, renal impairment, previous 
antiplatelet agents, leukoariosis, and a visible acute cer
ebral ischemic lesion on pretreatment brain imaging. 
Little of the variation in the sizes of the associations 
among different studies was explained by the source of 
the cohort, definition of intracranial hemorrhage, or 
degree of adjustment for confounding variables. In other 
words, individual baseline variables were only modestly 
associated with intracranial hemorrhage after rt‐PA. 
Prediction of intracranial hemorrhage after rt‐PA there
fore is likely to be difficult if based on single clinical or 
imaging factors alone. These observational data do not 
provide a reliable method for the individualization of 
treatment according to predicted intracranial hemor
rhage risk.

Massive infarct swelling
Massive swelling of infarction is a common cause of 
early death after acute ischemic stroke, and is more 
likely to occur in patients where the occluded artery 
does not reopen spontaneously (Section 5A.8). It is rea
sonable to assume then that reopening the occluded 
artery might reduce the risk of this event, reduce the risk 
of death, and increase the chance of a good recovery 
from the stroke. An early observational study suggested 
that rt‐PA increased the risk of massive fatal brain swell
ing [222]. In IST‐3, imaging‐confirmed severe cerebral 
edema causing fatal or nonfatal clinical deterioration 
within seven days occurred in 68/1515 (4%) patients 
allocated to rt‐PA versus 42/1520 (3%) controls (OR 
1.66, 95% CI 1.11–2.49, P = 0.014), an absolute excess of 
17 per 1000 patients treated (95% CI 4–31). However, in 
the updated meta‐analysis of all rt‐PA trials reporting 
this outcome, there was no overall effect with an OR of 
0.97 (95% CI 0.79–1.19) [133].

Death
Overall, thrombolysis significantly increased the odds of 
death within the first two weeks, mainly as a conse
quence of an increase in the risk of intracranial hemor
rhage [173]. However, IST‐3 showed that from two 
weeks to six months patients treated with rt‐PA had a 
reduced risk of death, so that by six months there was no 
longer a difference between the thrombolysis and con
trol groups (see Table  13.14) [133, 215]. Before IST‐3, 
effects of rt‐PA on longer term survival had been studied 
only in the 624 patients in the NINDS trial who had been 
followed for 12 months [223]. IST‐3 confirmed, in a 
much larger sample of 2348 patients followed to 18 
months [224] and 1946 patients followed to 36 months 
[225], that there was no difference in survival. There 
were, however, persistent and clinically important differ
ences in functional outcome and quality of life, in favor 
of treatment (see later) [224].

Table 13.14 Absolute effects of recombinant tissue plasminogen 
activator (rt‐PA) within 6 hours, per 1000 patients treated [133].

Effect per 1000 patients 
treated (95% CI)

Events within 7 days
Deaths (total) 25 (11 to 39)
Deaths due to intracranial hemorrhage 29 (23 to 36)
Deaths not due to intracranial 
hemorrhage

−4 (−16 to 8)a

Symptomatic intracranial hemorrhage 58 (49 to 68)
Symptomatic edema −2 (−18 to 13)a

Outcomes by end of follow‐up
Dead 7 (−11 to 25)a

Alive and independent (mRS 0–2) 42 (19 to 66)
Alive and favorable outcome (mRS 0–1) 52 (30 to 74)
Dependent (mRS 3–5) −50 (−73 to −27)a

a A minus indicates fewer events per 1000 patients treated with rt‐PA.
mRS, modified Rankin Scale.
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Death or dependency, or fully recovery at the end 
of follow‐up

Despite the excess of deaths from intracranial hemor
rhage, patients who survived the treatment were on 
 average less disabled (Figure  13.15) [173]. Most of the 
 trials reported follow‐up at three months. Among the 
12 trials of intravenous rt‐PA (7012 patients), thromboly
sis increased the odds of being alive and independent by 
17% (OR 1.17, 95% CI 1.06–1.29, P = 0.001), and absolute 
increase of 42 (95% CI 19–66) per 1000 people treated 
(see Table 13.14). There was significant heterogeneity of 

treatment effect. The precise definition of dependency 
did not materially alter these conclusions (i.e. it did not 
make much difference whether “dependent” was defined 
as a modified Rankin Scale/Oxford Handicap Scale 
score of 3–5 or 2–5) (Section 19.12.4). The proportion of 
patients making a complete recovery from their stroke 
(Oxford Handicap Scale score 0) was also increased with 
thrombolysis. The NINDS trial reported follow‐up at 12 
months, and IST‐3 reported follow‐up at 18 months. The 
benefit seen at 3 and 6 months persisted to 12 months and 
18 months, respectively [223, 224].
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Figure 13.13 Thrombolytic treatment in acute ischemic stroke: effects on fatal intracranial hemorrhage. Results of a systematic review 
of 26 trials [173]. Similar conventions as in Figure 13.11 except that all the confidence intervals are 95%. Source: Wardlaw et al. 2014 [173]. 
Copyright Cochrane Collaboration. Reproduced with permission.
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There is a need for a representation of the benefits and 
risks of alteplase that includes both the beneficial effects 
on functional outcome and the risk of early intracranial 
hemorrhage and death. Figure  13.16 is an example of 
a  possible representation of the expected effects of 
alteplase on the distribution of modified Rankin Scale 
(mRS) scores, subdivided by stroke severity and time to 
treatment [220].

Subgroups: predicting prognosis is not the same 
as predicting response to thrombolytic treatment

There is a large amount of literature on the clinical and 
radiological factors that predict outcome after ischemic 
stroke [226], though the number of simple, well‐validated 
and robust predictive models that are useful for clinical 
practice is surprisingly small (Section 10.2.7) [226]. What 
we really need is information about factors that predict a 
good or bad response to treatment, not just those that 
just predict a good outcome [220, 221]. One needs to be 
clear whether the treatment effect really is different in 
patients with and without the feature in question. In 
 statistical terms, if a variable does influence the size or 

direction of the treatment effect, there is an “interaction” 
between that variable and the treatment [129, 227, 228]. 
The most common type of interaction is where the treat
ment is effective in people with and without the variable, 
and only the size of the treatment effect is somewhat dif
ferent (e.g. a treatment is effective in both men and 
women, but the benefit is greater in men); this is called a 
quantitative interaction. A less commonly encountered 
scenario is when the direction of treatment effect is dif
ferent in the two groups (e.g. harmful or ineffective in 
men, but beneficial in women); this is called a qualitative 
interaction [129, 227, 228]. Subgroup analyses looking 
for such interactions are often underpowered and multi
ple underpowered exploratory subgroup analyses are 
particularly likely to lead to inappropriate interpretations 
[110, 129, 228]. This is the case for the RCT evidence for 
thrombolytic treatment, where there are insufficient data 
for reliable analyses of the impact of almost all of the dif
ferent features which have been said to influence the 
response to treatment. There are also a large number of 
case series purporting to demonstrate factors that mod
ify the response to thrombolytic treatment, but studies 
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Figure 13.14 Thrombolytic treatment in acute ischemic stroke: treatment‐modifying effects of time to treatment, age, and stroke severity 
on fatal intracerebral hemorrhage within 7 days [220]. For each of the three baseline characteristics shown, the OR subgroup estimates are 
derived from a single trial‐stratified logistic regression model that allows for separate estimation of the OR in each of the subgroups after 
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with nonrandomized controls simply cannot provide an 
unbiased estimate of interaction with treatment.

Subgroups: time since stroke onset
Individual patient data meta‐analyses of rt‐PA [216, 229] 
provide evidence that the earlier treatment is given, the 

greater the benefit (Figures 13.17 and 13.18). There is a 
statistically significant interaction between treatment 
with rt‐PA and time to treatment, but the interpretation 
is difficult because time is just one of three inextricably 
linked factors: stroke severity (severe strokes arrive 
 quickest at hospital, mild strokes come later); the 
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Figure 13.15 Thrombolytic treatment in acute ischemic stroke: effects on death or dependency at the end of follow‐up. Results of a 
Cochrane systematic review of trials reporting this outcome [173]. Same conventions as in Figure 13.13. Source: Wardlaw et al. 2014 [173]. 
Copyright Cochrane Collaboration. Reproduced with permission.
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Figure 13.16 Thrombolytic treatment 
in acute ischemic stroke: expected 
outcome at 3–6 months for different 
groups of patients [220]. Modified 
Rankin Scale (mRS) 0–1 indicates an 
excellent outcome: survival symptom 
free or residual symptoms with no loss 
of activity. mRS 5–6 indicates bed 
bound or dead at 3–6 months. Each 
10 × 10 grid represents 100 hypothetical 
patients who have had a stroke with 
severity 0–4 points, 5–15 points, or 16 
or more points on the National 
Institutes of Health Stroke Scale (NIHSS). 
*Death within 7 days and after a type 2 
parenchymal hemorrhage. Source: 
Whiteley et al. 2016 [220]. Reproduced 
with permission of Elsevier.
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Interaction: χ2
1= 5.80 (p=0.016) Figure 13.17 Thrombolytic treatment in acute ischemic stroke: 

effect of timing of alteplase treatment on good stroke outcome 
(mRS 0–1) [216]. The solid line is the best linear fit between the 
log odds ratio for a good stroke outcome for patients given 
alteplase compared with those given control (vertical axis) and 
treatment delay (horizontal axis; P for interaction = 0.016). 
Estimates are derived from a regression model in which 
alteplase, time to treatment, age, and stroke severity (handled 
in a quadratic manner) are included as main effects but the 
only treatment interaction included is with time to treatment. 
Only 198 patients had a time from stroke onset to treatment of 
more than 6 hours. The white box shows the point at which the 
estimated treatment effect crosses 1. The black box shows the 
point at which the lower 95% CI for the estimated treatment 
effect first crosses 1.0. Source: Emberson et al. 2014 [216]. 
Reproduced with permission of Elsevier.
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 appearance of the baseline CT scan (the more severe the 
stroke, the more likely “infarction” will be visible on an 
early scan, and longer the time, the more likely infarction 
will be visible on CT); and time itself (the longer the 
time, the lower the benefit from treatment) [230]. Other 
factors, apart from time, may also affect the response to 
treatment [231]. However, for the time being, what mat
ters to patients is the absolute benefit from treatment. 
This is illustrated by the increase in the number of 
patients who were alive and independent with rt‐PA per 
1000 patients treated; for those treated within 3 hours, 90 
more were alive and independent, but for those treated 
3–6 hours only 18 more were alive and independent.

Subgroups: clinical features to identify who benefits?
In the absence of statistically significant treatment inter
actions, the best estimate of the relative effect of treat
ment in a particular patient is the average effect seen in a 
trial overall, or – even better – from a meta‐analysis of all 
relevant trials. The individual patient data meta‐analyses 
have used a model to examine the influence of the most 
important prognostic factors on the relationship between 
treatment and time from onset to treatment. These 

 analyses suggested that stroke severity did not influence 
response to treatment (see Figure  13.18) and that the 
 likelihood of significant intracranial hemorrhage was not 
importantly modified by time to treatment [216, 229]. 
IST‐3 and the accompanying meta‐analysis showed no 
clear evidence that any one factor apart from time reliably 
identified a group at above average likelihood of benefits, 
and also importantly showed that treatment was at least 
as effective in patients over 80 years of age as in younger 
patients [133, 215], a finding that was confirmed in the 
individual patient data meta‐analysis (see Figure  13.18) 
[216]. The individual patient data meta‐analysis has also 
shown that the risk of intracranial hemorrhage is increased 
in patients with severe stroke (see Figure 13.14) [220], and 
further analyses will identify whether there are other any 
clinical or basic radiological characteristics (other than 
time from onset and stroke severity) that pick out the 
patients who are at above average risk of harm (and hence 
have a lesser chance of net benefit). There is uncertainty 
about the balance of risk and benefit in patients who pre
sent with very mild stroke, generally regarded as those 
with an National Institutes of Health Stroke Scale (NIHSS) 
score of 5 or less, as it is recognized that up to a third of 
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Figure 13.18 Thrombolytic treatment in acute ischemic stroke: effect of alteplase on good stroke outcome (mRS 0–1), by treatment delay, 
age, and stroke severity [216]. *For each of the three baseline characteristics, estimates were derived from a single logistic regression 
model stratified by trial, which enables separate estimation of the OR for each subgroup after adjustment for the other two baseline 
characteristics (but not for possible interactions with those characteristics). mRS, modified Rankin Scale. NIHSS, National Institutes of 
Health Stroke Scale. Source: Emberson et al. 2014 [216]. Reproduced with permission of Elsevier.



13 Specific treatment of acute ischemic stroke630

patients with apparently mild stroke have a poor outcome, 
but equally that in such patients, the risk of fatal or disa
bling hemorrhage is not zero, so the PRISMS trial is com
paring intravenous rt‐PA with control in such patients 
[232]. Similarly, patients with mild or rapidly improving 
strokes and evidence of occlusion of a large intracranial 
vessel can deteriorate abruptly some hours after stroke 
onset (i.e. beyond the time window for thrombolysis) and 
therefore the TEMPO‐2 trial is comparing intravenous 
tenecteplase with control in such patients (ClinicalTrials.
gov identifier: NCT02398656).

A small trial comparing rt‐PA with controls in 98 
patients with suspected cardioembolic ischemic stroke 
showed a nonsignificant trend toward benefit with 
thrombolysis [233]. In IST‐3, 914 of the 3035 (30%) 
patients had atrial fibrillation at baseline, and although 
they had a worse prognosis than those who did not have 
atrial fibrillation, their response to thrombolytic  therapy 
was no less, hence providing evidence that cardioem
bolic strokes, albeit more severe, do respond to throm
bolysis [215].

Subgroups: radiological features to identify who benefits?
There has been much debate about whether early infarct 
signs on a pretreatment scan should preclude the use of 
thrombolysis [234–236]. A systematic review of the 
 literature published between 1990 and 2003 assessed 
the evidence. In 15 studies of early infarction signs and 
outcome (including seven thrombolysis trials) in 3468 
patients, any “early infarction sign” increased the risk of 
poor outcome regardless of treatment [236]. But, the 
only two studies that sought an interaction between early 
infarction signs and thrombolytic treatment found no 
evidence that thrombolytic treatment, given in the pres
ence of early infarction signs, had a different effect than 
in the absence of early signs [236]. A reanalysis of the 
scans from the NINDS and ECASS‐2 studies, applying 
the Alberta Stroke Program Early CT Scale (ASPECTS), 
found that early ischemic change was more frequent 
than originally reported, but there was no evidence that 
the presence of early ischemic change modified the 
response to rt‐PA [237, 238]. The authors concluded that 
further work was required to determine whether any 
early infarction sign should influence decisions concern
ing thrombolysis. There was no evidence in IST‐3 that 
the presence of ischemic change on the baseline scan 
materially affected the benefit from treatment [215]. The 
presence of a perfusion–diffusion “mismatch” (assessed 
either with MR or CT) is also a much debated radiologi
cal criterion [239, 240] but the EPITHET study found no 
interaction of “mismatch” with treatment [241]. A report 
of the angiographic substudy from IST‐3, which included 
a meta‐analysis of all the trials of intravenous thrombol
ysis that had obtained pretreatment angiograms, showed 

that patients with large intracranial vessel occlusion 
appeared to have greater benefit from intravenous 
thrombolysis than those without, although the data were 
also compatible with benefit for those without large 
 vessel occlusion [242].

Is any one agent better than another?
There is a large amount of data from trials of different 
thrombolytic regimens in patients with acute myocardial 
infarction [243]. A meta‐analysis of 14 trials (142 907 
patients) showed no significant differences in case fatality 
at 30–35 days, but total stroke and hemorrhagic stroke 
rates were higher for rt‐PA than for streptokinase (total 
stroke, OR 1.29, 95% CI 1.1–1.5; hemorrhagic stroke OR 
1.8, 95% CI 1.1–2.9) [243]. The authors concluded that in 
myocardial infarction, all thrombolytic drugs appeared 
to  be of similar efficacy in reducing mortality, and the 
 differences in stroke favored streptokinase over newer 
drugs (tenecteplase, reteplase, alteplase/rt‐PA) [243, 244].

Unfortunately, there have not been any comparably 
large‐scale RCTs directly randomizing large numbers of 
ischemic stroke patients between streptokinase, rt‐PA, 
and urokinase to allow reliable comparison of these 
agents [217]. A few small trials have compared tenect
eplase with alteplase, and found promising results, but 
large‐scale phase III trials are required [217, 245]. The 
indirect comparisons available are not a reliable way to 
compare treatment effects but, for what it is worth, they 
did not show clear evidence of differences in efficacy 
between the three agents once the time to treatment was 
accounted for [173, 217, 244].

In summary, systematic reviews of the indirect and 
direct randomized comparisons of different intravenous 
and intra‐arterial thrombolytic agents for stroke have not 
established that any one agent is clearly superior to 
another [173, 217]. A number of small‐scale RCTs are 
underway evaluating newer thrombolytic agents (tenect
eplase, reteplase, microplasmin), intravenous versus 
intra‐arterial thrombolytic therapy, and thrombolytic 
agent combined with intravenous glycoprotein IIb/IIIa 
inhibitors [246].

Is any one dose better than another?
Recombinant tissue plasminogen activator in a dose of 
0.9 mg/kg (maximum dose 90 mg) is the most widely 
tested dose for ischemic stroke. The ENCHANTED trial 
compared this dose against a lower dose and found that 
0.6 mg/kg was associated with a significantly lower risk 
of intracranial hemorrhage, but comparing low‐dose to 
standard dose alteplase the trial did not show noninferi
ority with respect to death and disability at 90 days [247]. 
There is also a suggestion that low‐dose urokinase and 
low‐dose rt‐PA have a lower risk of symptomatic intrac
ranial hemorrhage, but the comparisons are confounded 



13.5 Selective use: Thrombolytic drugs 631

by a number of factors, such as baseline stroke severity, 
race, and time to treatment, so no firm recommendation 
on the “best” dose can be given [173, 217].

Concomitant antiplatelet or anticoagulant therapy?
For patients already on antiplatelet drugs at the time 
they are treated with thrombolysis, there is evidence that 
while this may somewhat increase the risk of sympto
matic intracranial hemorrhage, it does not diminish the 
overall benefit from thrombolytic therapy [248]. For 
patients actively given antiplatelet therapy con comitantly 
with thrombolytic agents, the addition of antiplatelet 
therapy both markedly increases hemorrhage risk and 
reduces the net benefit of thrombolysis [172, 174, 249]. 
In all of the other trials, antiplatelet therapy was not 
randomly allocated, so it is very difficult to determine 
whether any differences in the frequency of sympto
matic intracranial hemorrhage were due to concomitant 
aspirin treatment or to other factors (such as throm
bolytic agent, dose, delay, etc.). However, there was a 
strong  tendency for the effect of thrombolysis to  be 
more favorable in trials where antithrombotic therapy 
was avoided for the first 24 hours, and the less 
antithrombotic therapy that was given, the more 
favorable the outcome [173].

The need for concomitant anticoagulants may be differ
ent when intra‐arterial thrombolysis is used, but there are 
no trials of intra‐arterial thrombolysis which directly ran
domized patients to “intravenous heparin” versus “no 
intravenous heparin.” In the Prolyse in Acute Cerebral 
Thromboembolism (PROACT)‐I study of intra‐arterial 
pro‐urokinase, at the time of angiography, the first 16 
patients were given a 100 IU bolus of unfractionated hepa
rin intravenously, followed by an infusion of 1000 IU/h. 
However, because of the high frequency of intracranial 
hemorrhage, the heparin dose was reduced for subsequent 
patients [250]. In the PROACT‐II study, all patients 
received an intravenous bolus of 2000 IU followed by an 
intravenous infusion of 500 IU/h of unfractionated hepa
rin, and intravenous heparin was given with intra‐arterial 
thrombolysis [251]. Unfortunately, these data do not 
 reliably establish whether concomitant heparin therapy 
adds benefit to intra‐arterial or intravenous thrombolysis, 
and if so, what the best antithrombotic regimen is.

Blood pressure management
The blood pressure entry criteria and management algo
rithms that were used in the NINDS trial were included 
in the ASA Guidelines for stroke patients receiving 
thrombolysis [252]. However, an independent reanalysis 
of the NINDS trial identified several problems with 
blood pressure measurement and management in the 
study [253, 254]. Based on these observations, the 
authors concluded that the effect of blood pressure and 

its management on clinical outcome in acute ischemic 
stroke patients treated in the NINDS trial could not be 
assessed. Observational data suggest that prior hyper
tension and high systolic blood pressure are risk factors 
for symptomatic intracranial hemorrhage after throm
bolytic treatment [221], but baseline blood pressure 
exclusion criteria for thrombolysis, or recommendations 
on management of blood pressure during thrombolytic 
treatment, are based on weak evidence. In IST‐3 there 
was no interaction of baseline systolic or diastolic blood 
pressure with treatment benefit [215], and in an analysis 
of the VISTA database, Frank similarly found no evi
dence of reduced benefit from rt‐PA among patients 
with systolic >185 mmHg or diastolic above 110 mmHg 
[248]. The ongoing ENCHANTED trial aims to deter
mine whether intensive blood pressure lowering is supe
rior to guideline‐based blood pressure lowering in 
patients who receive thrombolytic treatment [255] 
(Section 11.7 discusses the general management of high 
and low blood pressure in acute stroke).

Intra‐arterial thrombolytic treatment
Mechanical thrombectomy is discussed in Section 13.6. 
There have been five small RCTs of purely intra‐arterial 
thrombolysis with no clot retrieval, and three trials of 
intravenous versus intra‐arterial administration of throm
bolysis with rt‐PA [173]. In two of the trials, angiographic 
confirmation was available in most patients [233, 256] 
and in the two PROACT trials it was a prerequisite for 
trial entry [250, 251]. The two PROACT trials compared 
pro‐urokinase plus intravenous heparin versus intrave
nous heparin alone. The Australian Urokinase Stroke 
Trial (AUST) compared intra‐arterial thrombolysis plus 
heparin with heparin alone in basilar artery thrombosis 
and was terminated after only 16 patients were included, 
because of difficulties recruiting [257]. Compared with 
control, indirect comparisons  suggest  that benefits of 
intra‐arterial thrombolysis appear to be at least as great as 
with intravenous rt‐PA (see Figure  13.15). The con
comitant heparin treatment used in the PROACT trials 
was – as might be expected – associated with quite a high 
risk of symptomatic intracranial hemorrhage in the 
 control groups (14% and 4% of controls in PROACT‐1 
and ‐2, respectively), and an even higher rate in the treated 
patients (15% and 10%, respectively). The SYNTHESIS 
trial has provided the most reliable direct comparison 
of  intravenous with intra‐arterial treatment, but despite 
admirably prompt treatment in the intra‐arterial arm, 
intra‐arterial was not clearly  superior to intravenous 
treatment [258] and this was confirmed in a meta‐analysis 
combining it with two smaller trials [217]. At present, 
intra‐arterial treatment is not superior to intravenous 
treatment, can be given only in a few highly specialized 
centers, and is only available to a very small proportion of 
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all stroke patients. Furthermore, providing prompt reca
nalization within 3 hours of onset, even in major centers, 
remains a major challenge. Prompt intravenous therapy 
must remain the route of first choice for the great  majority 
of patients.

Treatment of ischemic stroke following angiography 
or intra‐arterial interventions

There are many possible causes of stroke after various 
invasive radiological procedures (Sections 6.7.6, 6.8.5, 
7.15.1, and 7.15.3), and a CT must first be done to exclude 
intracranial hemorrhage [259]. If the lesion is ischemic 
and if the intra‐arterial catheter is left in place (or a 
sheath has been inserted), the radiologist may then inject 
contrast material to see if cerebral artery is occluded. It 
may be difficult to ascertain whether the vessel has 
occluded because of local thrombosis, intimal dissec
tion, arterial spasm, emboli dislodged by the catheter 
from proximal arterial sites, or even metallic fragments 
of the interventional tool itself [259]. Two papers 
describe the complications of intra‐arterial interventions 
and suggested management options, but the level of evi
dence reported is “expert opinion” only [260–262].

Unanswered questions
Many questions remain about how this treatment should 
be used in routine clinical practice. Which patients are 
most likely to suffer early hazard? Which patients will 
gain the greatest long‐term benefit? How wide is the 
time window (i.e. are there cases that can usefully be 
treated after 4.5 hours)? Is the window the same for all 
ischemic stroke subtypes? To answer these questions 
reliably, we need large trials [110, 114]. The IST‐3 with 
3035 patients was by far the largest RCT of rt‐PA for 
stroke to date, and has helped provide answers to some 
questions, but many remain. The independent individual 
patient data meta‐analysis will also help answering many 
of those remaining questions [231].

13.5.3 Who to treat

There is general agreement that thrombolytic treat
ment should only be given in centers that have a well‐
established acute stroke care system. The diagnosis of 
stroke in the hyperacute phase relevant to triage for 
thrombolytic treatment is discussed in Section 3.3, the 
imaging strategies to select patients for treatment in 
Section 5A.2, and the organization of the acute 
stroke service that is needed to support thrombolytic 
treatment (including support via telemedicine) in 
Section 19.4.

If thrombolysis is to be given safely, a great deal of 
preparation and training are required for staff in the 
local teams and departments involved in each stage of 

the chain: emergency call response center, ambulance 
service, emergency department, radiology department, 
and the acute stroke unit. Such training needs to be 
repeated at intervals to allow for staff turnover, and 
training sessions must be backed up with clearly written 
simple protocols. Useful materials are available over the 
internet on many different websites. This list gives a 
selection with particular relevance to thrombolysis:

 ● The National Institutes of Health website offers a web‐
based training tool for administering the NIHSS and 
providing certification of competence: http://asa.
trainingcampus.net/uas/modules/trees/windex.aspx

 ● The Internet Stroke Centre has a variety of educational 
materials about stroke: http://www.strokecenter.org/
prof/index.html

 ● The STARS website provides free online training 
(which provides certification) to all levels of the many 
healthcare professions who are involved in stroke care, 
ranging from basic nursing care to advanced thrombo
lytic therapy: http://www.stroketraining.org/

 ● The ACCESS neuroimaging study provides experience 
of interpreting CT scans in acute ischemic stroke, and 
gives feedback on your performance: www.ed.ac.uk/
edinburgh‐imaging/access

Clinical and radiological selection criteria
The clinical and radiological selection criteria for treat
ment with intravenous thrombolytic therapy set by the 
regulatory authorities and laid out in national guidelines 
vary somewhat between countries. Details of the eligibil
ity criteria for the approved use in Europe are detailed in 
the summary of product characteristics for rt‐PA. The 
items common to many guidelines are summarized in 
Table 13.15.

Consent
The risk of fatal intracranial hemorrhage with throm
bolysis deters a large number of patients, emergency 
physicians, neurologists, and stroke physicians from 
giving the treatment [150, 263]. Although clinicians 
worry that intracranial bleeding due to treatment may 
lead to litigation, in practice, failure to administer the 
treatment in an otherwise eligible patient is the more 
common reason for litigation, in North America at least 
[263]. However, when asked, many people (who have 
not yet had a stroke) would be prepared to accept the 
short‐term risks (of severe hemorrhage or death) in 
order to have the chance of surviving free of disability 
[264, 265]. A patient’s willingness to accept the risks of 
treatment is often influenced by their own perception of 
the severity of the stroke. If the patient has neglect or 
other perceptual difficulties, this can further complicate 
the consent procedure [266].



Table 13.15 Essential aspects of thrombolytic treatment.

Preparation and maintenance of service organization:
 ● Audit existing service, identify delays
 ● Draw up “fast‐track” pathway of care in consultation with all relevant disciplines and departments
 ● Train relevant staff
 ● Inform general public and primary care teams

Assess patients immediately:
 ● Ambulance crew perform basic assessment and radio ahead to hospital to warn of arrival
 ● Immediate assessment on arrival at hospital by trained “triage” nurse or paramedic

Local acute stroke protocol activated including:
 ● Systematic but brief clinical assessment:

Number of hours since onset of stroke symptoms
Focal neurological symptoms and signs
Vital signs (pulse, blood pressure, respiration, temperature)

 ● Intravenous cannula inserted and blood samples taken for basic blood tests (blood glucose measurement essential)
 ● Immediate transfer to neuroimaging
 ● Results of preliminary neuroimaging conveyed to stroke team
 ● Trained stroke physician reviews diagnosis, neuroimaging and other information
 ● Consent/assent sought from patient and/or relative where feasible

Do not give thrombolytic treatment if any of the following are true:
 ● Time of stroke onset not clearly known
 ● Neuroimaging shows:

Acute intracranial hemorrhage
That the symptomatic infarct is much older than the history suggests
A nonstroke lesion as the cause of the symptoms (e.g. cerebral tumor)

 ● Ongoing anticoagulant treatment (e.g. INR >1.7)
 ● History of bleeding disorder (e.g. hemophilia)
 ● History of recent bleeding
 ● Arterial puncture at non‐compressible site within past 14 · days
 ● Major surgery within past 14 days
 ● Previous stroke or serious head injury within past three months
 ● Neurological deficit trivial and likely to recover within next few hours
 ● Evidence of accelerated hypertension
 ● Blood glucose <3 or > 22 mmol/L

Seek expert advice before giving thrombolysis if any of the following are true
 ● Unruptured intracranial aneurysm
 ● Menstruation
 ● Pregnancy

Decision to give thrombolytic treatment or not must be made by senior member of stroke team
 ● If decision is to give thrombolysis, transfer to place where thrombolysis can be given and monitored closely:
 ● Establish i.v. infusion if not already done so
 ● Estimate weight, draw up infusion with a dose of 0.9 mg/kg rt‐PA
 ● Infuse rt‐PA i.v.: 10% as a bolus over 1–2 min, remainder over 60 min
 ● Monitor pulse and blood pressure:

Every 15 min during infusion
Every 30 min for next 2 h, then
Hourly for 5 h

 ● Neurological observations hourly
Postacute management:

 ● Transfer to stroke unit (if not already there)
 ● Start aspirin 160–300 mg daily 24 h after infusion:

By mouth if able to swallow safely
Intravenously or per rectum if not able to swallow safely (Section 13.3.6)

This list of contraindications is based on the UK summary of product characteristics.
INR, international normalized ratio; rt‐PA, recombinant tissue plasminogen activator.
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The risks of thrombolysis are definite and not trivial, 
so fully informed consent is desirable, whether throm
bolysis is to be used in routine clinical practice or in an 
RCT. But, in practice, getting fully informed consent is 
often a barrier to early treatment [267]: the patient’s 
acute neurological impairment may impair communica
tion and writing, a close relative or partner may not be 
available at the critical moment, and the pressure of time 
may make decision making difficult for all concerned 
[264, 268–272]. However, one must seek to achieve 
whatever degree of consent is required to meet local 
clinical governance and research practice ethical stand
ards. Simple materials (adaptable for routine clinical or 
trial use) have been developed with input from patients 
and lay people that can facilitate the process of consent 
[265, 272]. However, the rigorous standards for informed 
consent required in research are often not obtained 
when thrombolysis is used in routine practice. A survey 
of the consent procedures in routine clinical practice 
in  Connecticut hospitals found that a substantial 
 percentage of patients who received rt‐PA for stroke had 
no   consent documented, that surrogates often pro
vided consent when the patients had the capacity to give 
 consent, and  that patients with diminished capacity 
sometimes provided their own consent [273].

Treatment
The aim should be to treat as soon as possible patients 
who meet all of the following criteria:

 ● the time of symptom onset is known with certainty;
 ● the diagnosis is definitely an acute stroke of sufficient 

severity to merit the risks of treatment;
 ● no clear clinical or radiological contraindications are 

identified;
 ● consent (or relatives assent) is documented in accord

ance with local requirements;
 ● passage through the above system has been fast enough 

to allow treatment well within 4.6 hours of onset; and
 ● there are sufficient staff available to monitor the 

patient during the infusion and the immediate post‐
treatment period.

13.5.4 Who not to treat

The absolute contraindications to thrombolysis are 
listed in Table 13.15. In addition, there are many rela
tive  contraindications reported in the literature, but 
which are not supported by good evidence. There are 

case reports of thrombolytics being used for the 
 treatment of  acute ischemic stroke in patients who 
do  have these   relative contraindications, including 
recent stroke,  pregnancy [274], menstruation [275], 
recent surgery [276], unruptured intracranial aneu
rysms [277], and anticoagulation with an high INR 
value [278, 279]. The analyses by Frank suggest that 
many of these relative contraindications may not be 
as  important as the current product approvals and 
guidelines suggest [248].

The decision about treatment often requires a 
 synthesis of clinical and radiological information. 
A  70‐year‐old man who lived alone was brought by 
ambulance to the emergency department at 9 a.m., fol
lowing an emergency call at 8 a.m. He had aphasia and 
profound weakness of his right arm. The CT scan 
showed an area of ischemia in the left middle cerebral 
artery territory appropriate to his symptoms. However, 
the lesion showed marked hypoattenuation and quite 
well‐defined edges, suggesting it had been present for 
much longer than the 1 hour suggested by the ambu
lance crew. Thrombolysis was not given. The patient’s 
niece later confirmed that her uncle’s speech had been 
“muddled” when she had telephoned him at 10 p.m. 
the evening before, suggesting that his ischemic stroke 
lesion had been present for at least 11   hours by the 
time he presented to hospital. The need to be able to 
detect this sort of “clinical–radiological  mismatch” 
emphasizes the need for training staff involved in 
thrombolysis.

13.5.5 When to start

Since the chance of benefit (but perhaps not the risk) of 
treatment is very time dependent, the sooner it can be 
given, the better. A systems approach is needed to ensure 
every step in the process of care is completed as  efficiently 
as possible, from the moment the patient develops their 
stroke symptoms to the safe completion of the treatment 
in hospital. There are many barriers to the delivery of 
efficient care, but a variety of interventions to overcome 
these barriers have been evaluated (Section  17.18.1) 
[267, 280, 281].

Many centers have found it useful to create a “stroke 
thrombolysis box” (Figure 13.19). The design and the 
selection of its contents will vary according to local 
circumstances, but it should be portable, contain eve
rything needed to carry out a rapid assessment of the 
patient and then initiate therapy (i.e. all information 
leaflets, protocols, drugs, specimen bottles, request 
forms, intravenous infusion pumps, drug prescription, 
drug administration charts, clinical monitoring 
records, etc.). If everything is in one place, valuable 
time can be saved.

There should be no double standards for randomized 
controlled trials and clinical practice, yet patients given 
treatments in routine practice are often not given any 
explanation or information.



13.5 Selective use: Thrombolytic drugs 635

13.5.6 Agent/dose/route/concomitant treatment

Agent, dose and route
Intravenous rt‐PA is the only agent that has wide regula
tory approval for use in stroke. The approved regimen is 
0.9 mg/kg of rt‐PA intravenously; 10% of the dose as a 
bolus over 1 minute and the remainder as an infusion over 
1 hour, and the maximum dose is 90 mg [173, 217]. Based 
on the results of the ENCHANTED trial, a lower dose of 
0.6 mg/kg can also be considered in cases of presumed 
increased risk of intracranial hemorrhage [247].

Intra‐arterial thrombolysis does not have regulatory 
approval, but a variety of regimens have been used. 
In  the PROACT‐II trial, patients were given 9 mg of 
recombinant pro‐urokinase intra‐arterially [251]. In 
AUST, intra‐arterial urokinase was given in increments 
of 100 000 IU to a maximum dose of 1 000 000 IU. The 
SYNTHESIS trial compared standard dose intravenous 
rt‐PA therapy with a regime that initiated anticoagu
lant therapy with an initial bolus dose of 5000 IU of 

intravenous heparin, followed by an infusion of 500 IU 
per hour until the conclusion of the angiography 
 followed by positioning the microcatheter was close to 
(or within or beyond) the thrombus with the use of a 
microguide. The full t‐PA dose infused did not exceed 
0.9 mg per kilogram of body weight (maximum, 90 mg 
for patients with a body weight of ≥100 kg) and had to 
be delivered within 1 hour [258].

Intra‐arterial thrombolysis has a number of potential 
disadvantages: delay in initiation of fibrinolysis while 
the  diagnostic angiogram is performed and the micro
catheter positioned (start of the thrombolytic infusion 
 typically occurs 50–90 minutes later than the start of an 
intravenous infusion); the procedure is labor‐ and capi
tal‐intensive; and the intervention can only be performed 
at secondary and tertiary hospitals capable of acute 
intra‐arterial therapy [246].

Concomitant antithrombotic treatment
Current US and UK guidelines recommend that 
antithrombotic therapy with aspirin or heparin should 
be avoided for at least 24 hours after intravenous throm
bolysis with rt‐PA [165, 166, 175, 197]. The situation is 
less clear for patients who have had intra‐arterial throm
bolysis. Some centers follow one of the anticoagulant 
regimes employed in the RCTs of intra‐arterial throm
bolysis [250, 251, 257] whereas others use aspirin 
instead of heparin as the post‐treatment antithrombotic 
regimen [282].

Blood pressure management for patients having 
thrombolytic treatment

Previous guidelines [252] recommended the NINDS trial 
treatment algorithm [132], but recent guidelines do not 
make such firm recommendations [165, 166, 175, 197] 
(see Section 11.7 for general guidance on blood pressure 
monitoring and management).

13.5.7 Adverse effects

Intracranial or major extracranial hemorrhage is the 
most feared adverse effect of thrombolytic treatment. All 
treatment protocols should have clear arrangements on 
how to monitor for and then treat these complications if 
they arise. Tables 13.16 and 13.17 outline advice on the 
management of suspected intracranial or extracranial 
hemorrhage.

If a patient develops intracranial bleeding, early guide
lines suggested consideration of surgical evacuation of 
any intracranial clot [252]. However, the STICH trials 
and a systematic review have not been able to demon
strate net benefit from evacuation of intracerebral 
 hematoma [283–285]. However, if the patient has sub
dural or extradural bleeding but no major intracerebral 

Figure 13.19 “Thrombolysis box” used at the Western General 
Hospital, Edinburgh. The top drawer contains the infusion pump, and 
written protocols (on laminated sheets) for nursing management, 
monitoring, and management of suspected complications. The lower 
drawers contain the other items required for drug administration. 
Photograph by I Kane. Reproduced with permission.



13 Specific treatment of acute ischemic stroke636

 hematoma, surgical drainage may be indicated. Surgery 
for any type of intracranial hemorrhage should be 
delayed until the hemostatic deficit is fully reversed.

Rt‐PA can cause anaphylactoid reactions which may 
require prompt supportive treatment, such as epineph
rine, hydrocortisone, chlorpheniramine, and fluids. It is 
important to be aware of an uncommon anaphylactoid 
reaction, orolingual angioneurotic edema, which occurs 
in about 2–5% of patients treated with rt‐PA, and is more 
likely if the patient is on an ACE inhibitor [286, 287]. It 
can become life‐threatening if the rapid tongue swelling 
causes upper airway obstruction, which may require 
endotracheal intubation [287].

13.6  Selected use: Mechanical 
intra‐arterial interventions

13.6.1 Rationale

A thrombus causing occlusion in a large cerebral artery is 
often not susceptible for lysis by thrombolytic agents. 
Instead, percutaneous intra‐arterial techniques can be 
used to restore blood flow in large cerebral arteries, 
including mechanical removal of clot (thrombectomy), 
balloon angioplasty, stenting of the underlying atheroscle
rotic lesion, and laser‐assisted thrombolysis [165, 246]. 
Transcranial ultrasound (with or without supplementary 
microbubble injection) on its own, or as an adjunct to 
thrombolytic therapy, may also improve clot lysis and 
recanalization [246, 288].

For patients with acute myocardial infarction with ST‐
segment elevation, percutaneous coronary intervention 

Table 13.16 Advice on management of suspected intracranial 
bleeding in patients treated with rt‐PA.

Suspect intracranial bleeding if there is:
 ● Neurological deterioration
 ● New headache
 ● Fall in conscious level
 ● Acute hypertension
 ● Seizure
 ● Nausea or vomiting

Initial actions
 ● Stop infusion of rt‐PA
 ● Arrange an urgent CT scan
 ● Check fibrinogen, PT, APTT, full blood count and send 

blood for “group and save”
 ● Support circulation with i.v. fluids if needed

If the scan shows intracranial bleeding
 ● If scan shows extradural, subdural bleeding, or 

hydrocephalus, consider surgical decompression after 
reversal of any hemostatic deficit

 ● If scan shows only subarachnoid bleeding, consider CT or 
MR angiography to exclude underlying aneurysm

If the scan shows no intracranial bleeding

 ● If no intracranial bleeding on CT or MR, consider other 
causes of deterioration

 ● If the patient has a neurological deficit consistent with a 
spinal location, sparing the face, especially if there is acute 
neck or back pain, consider MR scan of spine to exclude 
epidural hematoma

The manufacturers of rt‐PA suggest that most patients with severe 
bleeding can be managed with volume replacement [348]. It is rarely 
necessary to replace the clotting factors because of the short half‐
life of the drug and the minimal effect on the systemic coagulation 
factors. In those who fail to respond, transfusion of cryoprecipitate, 
fresh frozen plasma, and platelets should be considered. If the 
patient has not responded to these initial measures, the British 
Society of Haematology suggests giving a fibrinolytic inhibitor such 
as aprotinin or tranexamic acid, and replacement of clotting factors 
depending upon the results of a coagulation screen (see also 
Table 13.17) [349].

Table 13.17 Advice on management of suspected extracranial 
bleeding in patients treated with rt‐PA.

Suspect extracranial bleeding if there is:
 ● Drop in blood pressure
 ● Clinical shock
 ● Evidence of blood loss, e.g. melena, hematuria

Initial actions
 ● Stop infusion of rt‐PA
 ● Use mechanical compression, if possible, to control bleeding
 ● Check fibrinogen, PT, APTT, full blood count and send 

blood for “group and save” or cross match depending upon 
situation

 ● Support circulation with fluids and blood transfusion as 
appropriate

 ● Discuss results with hematology department
For severe life‐threatening bleeding not responding to fluid 
replacement

 ● Consider giving a fibrinolytic inhibitor (depending upon the 
results of a coagulation screen), either:
500 000 kallikrein inactivator units of aprotinin i.v. over 

10 min followed by 200 000 units over 4 h, or
tranexamic acid 1 g i.v. over 15 min and repeated every 8 h as 

necessary, or
fresh frozen plasma and/or cryoprecipitate

 ● Delay any surgery until hemostatic deficit is corrected

The manufacturers of rt‐PA suggest that most patients with severe 
bleeding can be managed with volume replacement [348]. It is rarely 
necessary to replace the clotting factors because of the short half‐life 
of the drug and the minimal effect on the systemic coagulation 
factors. In those who fail to respond, transfusion of cryoprecipitate, 
fresh frozen plasma and platelets should be considered. If the 
patient has not responded to these initial measures, the British 
Society of Haematology suggests giving a fibrinolytic inhibitor such 
as aprotinin or tranexamic acid, and replacement of clotting factors 
depending upon the results of a coagulation screen (see also 
Table 13.16) [349].
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(PCI) is superior to intravenous thrombolytic therapy, as 
shown by a systematic review of trials of 7739 patients 
[289]. PCI was significantly better at reducing early 
death, nonfatal reinfarction, stroke, and the combined 
outcome cluster of death, nonfatal reinfarction, and 
stroke. The advantage to primary PCI persisted during 
long‐term follow‐up, and was independent of the type of 
thrombolytic agent used.

13.6.2 Evidence

An individual patient data meta‐analysis of five RCTs 
[290–294] have shown that percutaneous intra‐arterial 
intervention with mechanical thrombectomy is effective 
in improving functional outcome at 90 days after ischemic 
stroke due to arterial occlusion in the anterior cerebral 
circulation (Figure 13.20) [295]. The NNT to reduce dis
ability by at least one level on the modified Rankin Scale 
for one patient was 2.6. There was no difference in deaths 
or symptomatic intracranial hemorrhage [295].

There was no heterogeneity of treatment effect across 
prespecified subgroups, including patients aged 80 years 
or older, those randomized more than 300 minutes after 

symptom onset, and those not eligible for intravenous 
alteplase (Figure  13.21). Most patients in these trials 
received intravenous alteplase before thrombectomy, but 
the analysis showed similar‐sized effects in patients 
who had received intravenous alteplase and in alteplase‐
ineligible patients [295].

These five trials differed from previous trials [258, 296, 
297] in that they incorporated key elements of current 
clinical practice, including demonstration of large artery 
occlusion, timely treatment, and use of second‐ generation, 
more effective devices (mainly stent retrievers). Most of 
the trials also emphasized workflow to reduce time to 
 reperfusion, compared with previous trials, and several 
excluded patients with large regions of irreversibly injured 
brain at initial imaging.

Unanswered questions
Some patient populations, particularly those with large 
infarcts at baseline, those with posterior circulation 
occlusions, those presenting beyond 12 hours, and those 
with substantial disability (mRS score ≥2) before stroke 
were excluded from the trials, and so there is uncertainty 
about how far the results of the existing trials can be 
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Figure 13.20 Mechanical intra‐arterial treatment in acute ischemic stroke: scores on the modified Rankin Scale at 90 days [295]. 
Distribution of scores at 90 days in the intervention and control groups in the overall trial population (a) and for patients treated with, 
or ineligible for, intravenous alteplase (b). Source: Goyal et al. 2016 [295]. Reproduced with permission of Elsevier.
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extrapolated to these patient groups. Moreover, a strat
egy of advanced imaging has not been shown to affect 
patient outcome after thrombectomy, or reduce the risk 
of intracerebral hemorrhage [295, 298].

In addition to optimizing patient selection, trials 
should also explore and define the optimal technique, 
and dosage of intra‐arterial thrombolytic, if any.

Current literature suggests better outcome associated 
with intra‐arterial stroke therapy performed under local 
anesthesia, rather than general anesthesia. However, 

 further trials are needed to confirm or refute these 
 findings [299, 300].

There is debate about whether it is necessary to 
 administer intravenous thrombolysis before mechanical 
thrombectomy. The individual patient data meta‐analy
sis showed no interaction of prior thrombolytic therapy 
with benefit from thrombectomy [295]. Although prior 
intravenous thrombolysis may increase the risk of bleed
ing, undoubtedly some patients given intravenous treat
ment will no longer have a large vessel occlusion when 
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Figure 13.21 Mechanical intra‐arterial treatment in acute ischemic stroke: forest plot showing adjusted treatment effect for mRS at 90 
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the get to the catheter laboratory. Local policy on this 
question will be guided by the organizational structure, 
transport times and other variables.

13.6.3 Who to treat

Percutaneous intra‐arterial intervention with mechani
cal thrombectomy should be considered for patients 
with ischemic stroke due to arterial occlusion in the 
anterior cerebral circulation within 6 hours of onset 
[301, 302]. Benefits are seen across a wide range of age 
and initial stroke severity, and apply to patients irrespec
tive of pretreatment with intravenous alteplase. However, 
as Muir has pointed out, the eligibility for thrombectomy 
needs to be clarified. He analyzed a prospective registry 
of 263 acute ischemic stroke patients and applied the eli
gibility criteria from the recent thrombectomy trials; of 
these patients, 17% would have been eligible for four tri
als and under 10% for two trials [303]. Only three patients 
(1%) were eligible for all studies. Overall, about 15% of 
patients presenting within 6 hours of stroke onset were 
potentially eligible for thrombectomy.

13.6.4 Who not to treat

Some patient populations, particularly those with large 
infarcts at baseline, those with posterior circulation 
occlusions, those presenting beyond 12 hours, and those 
with substantial disability (mRS score ≥2) before stroke 
were excluded from the trials. Results cannot be extrapo
lated to these patients, and new trials are needed to show 
whether they benefit from treatment.

13.6.5 When to start

The individual patient data meta‐analysis showed that treat
ment is more effective the earlier it is given, so treatment 
should be given as soon as possible after stroke onset 
[295]. Among the included trials, time to groin puncture 
ranged from 200 to 269 minutes and time to reperfu
sion  ranged from 241 to 355 minutes. Intervention 
 benefited patients randomized later than 300 minutes (and 
generally less than 420 minutes) from stroke symptom 
onset. This generally corresponds to start of the procedure 
less than 8 hours from stroke onset. Proof of benefit in 
imaging‐selected patients treated beyond 6 hours remains 
to be established and is being addressed in ongoing trials 
(NCT02142283, NCT02586415, NCT01852201).

13.6.6 Technique

Stent retrievers were the main device used across all five 
trials and treatment benefit with endovascular thrombec
tomy was most robust with this technology. Thus, stent 

retrievers constitute the benchmark against which future 
thrombectomy approaches should be measured. Among 
patients with persistent occlusions at catheterization, 71% 
had reperfusion to at least half of the affected vascular ter
ritory. Although considerably better than the results with 
older technology, further increases in the rate of  successful 
reperfusion and reduced procedural time are needed.

There are some data to suggest that outcome is better 
if the procedure is performed under local than under 
general anesthesia, but this needs to be tested in new 
 trials [299, 300].

13.6.7 Adverse effects

Intra‐arterial intervention with mechanical thrombec
tomy was associated with a similar risk of symptomatic 
intracranial hemorrhage and recurrent stroke (in all 
 arterial territories) [295]. In the MR CLEAN trial, the 
risk of recurrent stroke was increased with mechanical 
thrombectomy, in contrast to other studies [290]. 
Recurrent ischemic stroke was defined as a new ischemic 
stroke in a different vascular territory, and, in addition, a 
proportion of patients in the mechanical  thrombectomy 
arm underwent a simultaneous cervical carotid artery 
stenting (i.e. a second revascularization pro cedure) [290]. 
Overall, the meta‐analysis demonstrated that mechanical 
thrombectomy for acute ischemic stroke is relatively safe.

13.7  Unproven value: Other 
reperfusion strategies

13.7.1 Ultrasound augmentation of clot lysis

Rationale
The application of ultrasound energy to a fresh throm
bus in vitro and in vivo appears to promote both spon
taneous and pharmacological clot lysis, though the 
mechanism is unclear.

Evidence
The application of continuous external ultrasound to the 
cranium directed at the ipsilateral occluded middle cere
bral artery at frequencies of 2–4 MHz has the potential to 
promote lysis of the occluding thrombus [304]. It is appli
cable currently only to occlusions of the middle cerebral 
artery, and can be used with or without concomitant intra
venous thrombolysis with rt‐PA to enhance the lytic effects 
of the drug. A systematic review of five small  studies 
(233  patients) suggested that patients treated with sono
thrombolysis were less likely to be dead or  disabled at three 
months (OR 0.50, 95% CI 0.27–0.91) [304]. Failure to 
recanalize was less frequent in the sonothrombolysis group 
(OR 0.28, 95% CI 0.16–0.50) and there was no significant 
difference in deaths or cerebral  hemorrhages. However, the 
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intervention is complex to apply and resource‐intensive as 
it requires operator skill and specialist supervision. More 
practicable forms of this therapy, requiring less expertise 
and supervision are being developed and, if successful, may 
pave the way for the much‐needed large‐scale phase III tri
als that are needed to establish whether this intervention 
should be widely adopted.

Conclusion
Ultrasound augmentation of thrombolysis is complex, 
and resource‐intensive and not yet ready for routine 
 clinical practice.

13.7.2 Glycoprotein IIb/IIIa inhibitors

Rationale
The platelet glycoprotein (Gp) IIb/IIIa receptor is the final 
common pathway of platelet aggregation, and agents that 
block this receptor have antithrombotic and thrombolytic 
actions. In patients undergoing PCI for acute myocardial 
infarction, the Gp IIb/IIIa inhibitor abciximab improved 
coronary patency before stenting, the success of the stent
ing procedure, coronary patency at six months, left ven
tricular function, and clinical outcomes [305]. A meta‐analysis 
showed that in patients with acute myocardial infarction 
adjunctive abciximab significantly reduced 30‐day and 
long‐term case fatality in patients treated with PCI but not 
in those receiving thrombolytic treatment [306]. Abciximab 
and a number of other similar agents are therefore now 
being tested in acute ischemic stroke.

Evidence
Abciximab is the agent of this class that has been most 
widely tested as a treatment for acute ischemic stroke. A 
400‐patient phase II study showed promising results 
[307] but a larger trial (AbESTT‐2) was halted prema
turely after 808 patients had been enrolled (target 1800 
patients), because of an unfavorable harm/benefit ratio, 
largely a higher than anticipated risk of intracranial hem
orrhage [308]. In the light of the AbESTT‐2 trial results, 
abciximab is unlikely to become an established treat
ment for acute stroke. Two other Gp IIb/IIIa inhibitors, 
eptifibatide and tirofiban, have also been tested in acute 
stroke, either alone or in combination with thrombolytic 
agents, but there is no clear evidence from the trials of 
these agents that they are beneficial in acute ischemic 
stroke [309, 310].

There are also a large number of uncontrolled case 
series of intra‐arterial Gp IIb/IIIa inhibitors (most relat
ing to abciximab or tirofiban) for “rescue” treatment of 
cerebral embolic complications during PCI [311] and 
interventional neuroradiology procedures (e.g. coiling of 
intracranial aneurysms [312] or carotid angioplasty 
and stenting [313, 314]). A retrospective review of 1373 

consecutive patients who underwent neuroendovascular 
procedures identified 29 (2%) where the procedure was 
complicated by acute cerebral thromboembolic events 
and were then treated with abciximab [315]. Angiographic 
improvement was achieved in 29 (81%) of 36 arteries. 
Three intracerebral hemorrhages (10%) occurred with 
abciximab when administered with concurrent mechan
ical clot disruption; in two of these hemorrhages, rt‐PA 
was also administered [315].

Conclusion
There is currently no evidence that Gp IIb/IIIa inhibitors 
provide net clinical benefits in the acute phase of 
ischemic stroke.

13.7.3 Defibrinogenating agents

Rationale
The most widely tested defibrinogenating agents is 
ancrod, a serine protease derived from the venom of the 
Malayan pit viper. It causes a fall in the levels of plasma 
fibrinogen, plasminogen, plasminogen‐activator inhibi
tor, and antiplasmin [316]. Large quantities of circulating 
fibrinogen and fibrin degradation products are gener
ated and tissue plasminogen activator is released from 
the vascular endothelium. Ancrod also reduces plasma 
and whole‐blood viscosity [316]. Defibrinogenation 
might therefore improve perfusion in the ischemic brain 
and so have a net beneficial effect, provided it is not 
associated with a substantial excess of major bleeding.

Evidence
A Cochrane systematic review of defibrinogenating agents 
in acute ischemic stroke included seven trials involving 
5701 patients [317]. Six trials tested ancrod (including the 
ESTAT trial [318]) and two trials tested defibrase. The 
reviewers concluded that although fibrinogen‐depleting 
agents appeared promising, current evidence is not yet suf
ficiently robust to support the routine use of fibrinogen‐
depleting agents for the treatment of acute ischemic stroke.

Conclusion
At present, there is not enough evidence to justify the use 
of defibrinogenating agents in routine clinical practice.

13.8  Selective use: Surgical decompression  
for large cerebral infarcts

13.8.1 Rationale

The poor prognosis of large cerebral infarctions is partly 
a consequence of cerebral edema, which may cause 
raised intracranial pressure, herniation, and death. It is 
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therefore a rational approach to release the restriction of 
the dura mater and cranial vault and allow the infarcted 
brain tissue to swell. Experimental studies have shown 
clear beneficial effects on tissue salvage and early case 
fatality, and a long number of observational studies have 
likewise indicated a much lower early case fatality among 
patients given surgical treatment, compared with stand
ard medical treatment [319]. Many experts, encouraged 
by these very promising results, have implemented sur
gical treatment in clinical practice [320]. Others, in view 
of the lack of RCTs, have favored a more conservative 
approach [320].

13.8.2 Evidence

Hemicraniectomy for large supratentorial infarcts
Three small RCTs of decompressive surgery have been 
completed [321–323] and the results of an individual 
patient data meta‐analysis have been published [324]. 
The three trials point in the same direction and, 
together, show a large beneficial effect of treatment 
within 48 hours on both of the two major effect varia
bles: death at one year, and “unfavorable” outcome at 
one year, defined as an mRS score of 5–6 (i.e. severe 
disability or death). The pooled analysis shows that, 
along with a clear beneficial effect on survival, there 
was also a clear increase in the number of patients with 
an mRS score of 3 or 4 (i.e. moderate or moderately 
severe disability). In other words, the positive effect on 
“unfavorable” outcome, defined as a score of 5–6 or 
4–6, is driven by a lower number of deaths in the surgi
cally treated group and translates into an increase in 
the number of patients with moderate or moderately 
severe disability. This raises the question of how to 
define and measure the net benefit of treatment? It is 
often the case that interventions that produce worth
while benefits carry definite risks (e.g. thrombolysis for 
acute ischemic stroke, or endarterectomy for carotid 
artery stenosis). If the different outcomes (i.e. death, 
survival with major disability, and survival without 
major disability) had equal weights, the net benefit 
could be calculated as the sum of positive and negative 
outcomes. In real life, however, patients assign different 
values to these outcomes, and patients will need to 
trade off the chance of treatment success against the 
risk of survival with major disability [325]. The size of 
the net benefit of decompressive surgery can therefore 
be assessed on an individual basis only.

Other unanswered questions relate to the generalizabil
ity of the results. The mean age of patients in the pooled 
analysis was around 45 years, and it may not be possible 
to extrapolate the results to older patients, who may be at 
lower risk of increased intracranial pressure (due to brain 
atrophy), more prone to complications of  surgery, and 

have other attitudes toward risk [7]. However, DESTINY 
II trial is recently completed, and has reported benefits in 
patients older than 60 year of age, which are comparable 
to those seen in younger patients [326]. It is also not 
known whether the treatment is effective if given after 48 
hours of stroke onset. Only one trial included patients up 
to 96 hours, but did not find any benefit in patients treated 
after 48 hours [321].

Posterior fossa decompression or shunting 
for massive cerebellar infarcts

Surgical decompression (or ventricular shunting) of 
massive cerebellar infarcts may improve cerebral 
 perfusion, relieve any obstructive hydrocephalus, and 
so prevent early death. Decompressive surgery has not 
been evaluated by adequately designed trials, so it is 
still controversial as to which patients with cerebellar 
infarction should have decompressive surgery, shunt
ing or medical therapy.

13.8.3 Conclusion

Decompressive surgery saves lives, albeit at the cost of 
more patients with moderate or moderately severe disa
bility (but not severe disability). Still, in order to guide in 
the management of individual patients, we need more 
information about patients’ utility values for different 
outcomes after stroke, on the effects of treatment in dif
ferent types of patients and in different time intervals 
after stroke onset. Some of these questions will hopefully 
be addressed in future trials

13.9  Unproven value: Other 
treatments of cerebral edema and raised 
intracranial pressure

13.9.1 Corticosteroids

Rationale
Vasogenic cerebral edema, which tends to develop about 
24–48 hours or more after stroke onset, particularly in 
and around large infarcts, may be reduced by corticos
teroids (such as dexamethasone). Cytotoxic edema, 
which develops almost immediately after the onset of 
ischemia might be reduced by neuroprotective agents 
which can prevent influx of sodium ions and water into 
cells (see also Section 13.1.5).

Evidence
A Cochrane systematic review of eight small trials (of a 
total of 466 people) showed no significant difference in 
survival or functional outcome within 1 year [327]. The 
results were inconsistent between the individual trials.
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Conclusion
These data do not support the routine or selective use of 
corticosteroids in acute ischemic stroke. We believe that the 
only indication is in patients with inflammatory vascular 
disorders (e.g. giant cell arteritis, polyarteritis nodosa, 
systemic lupus erythematosus; Sections 7.3 and 7.4)

13.9.2 Glycerol and mannitol

Rationale
Mannitol and a 10% solution of glycerol are hyperosmo
lar agents which might reduce cerebral edema and pos
sibly increase CBF. These treatments aim to reduce 
intracranial pressure by reducing infarct‐related edema 
and thereby improve perfusion in and around infarcts.

Evidence
A Cochrane systematic review of 11 RCTs comparing 
intravenous glycerol (482 patients) with control (463 
patients) [328] showed that glycerol was associated with 
a significant reduction in the risk of death during the 
scheduled treatment period (OR 0.65, 95% CI 0.44–0.97). 
However, at the end of the scheduled follow‐up period, 
there was no significant difference (OR 0.98, 95% CI 
0.73–1.31). Functional outcome was reported in only 
two studies and there were nonsignificantly more 
patients who had a good outcome at the end of sched
uled follow‐up in the glycerol group (OR 0.73, 95% CI 
0.37–1.42). Hemolysis seemed to be the only relevant 
adverse effect of glycerol treatment.

A Cochrane systematic review of three small trials of 
mannitol (226 patients) showed no effects after short‐
term follow‐up [329], but case fatality and functional 
outcome was not reported. A similar Cochrane review of 
mannitol in traumatic head injury found no evidence of 
benefit in patients with raised intracranial pressure who 
did not have an operable intracranial hematoma [330].

Conclusion
These data do not support the routine or selective use of 
glycerol or mannitol in acute ischemic stroke (though 
our colleagues in intensive care may use mannitol in 
some patients with severe elevations of intracranial pres
sure after ischemic stroke).

13.9.3 Hyperventilation

Hyperventilation is used to lower intracranial pressure 
(Section 14.6.3, and also 15.2.6), but there are no RCTs of 
this intervention in acute stroke. A Cochrane review of 
hyperventilation in severe head injury concluded the data 
available were inadequate to assess any potential benefit 
or harm that might result from hyperventilation [331]. 
We therefore would not recommend hyperventilation to 

reduce raised intracranial pressure, though we accept 
that our colleagues in intensive care may sometimes 
administer hyperventilation to some patients with severe 
elevations of intracranial pressure after ischemic stroke.

13.10  Unproven value: Other 
interventions

13.10.1 Neuroprotective agents

Rationale
There are many points in the pathophysiological 
 cascade between vessel occlusion and irreversible cell 
death where pharmacological intervention might 
be  beneficial (Sections 13.1.3 and 13.1.4), and the 
 pharmaceutical industry has worked through a large 
number of compounds for clinical development and 
testing. There is no generally agreed definition of a 
neuroprotective drug, but in the context of acute 
ischemic stroke, the aim of this class of agents is to 
limit the volume of brain damaged by ischemia. There 
are a number of steps to be taken between first identi
fying a promising agent during preclinical testing in 
animals and humans before any large‐scale clinical 
 trials can be mounted [332, 333]. Systematic reviews of 
the available animal data may help to reduce bias in the 
assessment of preclinical data [334–337] and greater 
attention to the possibility of bias might increase the 
chances of a successful clinical development and licens
ing of neuroprotective drugs.

Evidence
Many trials have been completed, but no neuroprotec
tive drug has been licensed for clinical use. In 2006 the 
SAINT‐I trial of the agent NXY‐059 in 1700 patients 
with acute ischemic stroke showed a significant improve
ment in functional outcome (P = 0.038) [338]. However, a 
second phase III trial, SAINT‐2, showed no improve
ment in functional outcome compared to placebo [339] 
and this result led the company to discontinue clinical 
development of the compound. A Cochrane review of 5 
trials (1501 patients) of cerebrolysin in acute ischemic 
stroke showed no evidence of benefit and about a one‐
third increase in serious adverse events [340]. Piracetam 
is another putative neuroprotective drug that is used to 
treat acute stroke despite the fact that the Cochrane 
review of the RCTs showed no evidence of benefit and 
suggested it may be associated with an increase in early 
deaths [341]. Guidelines do not support the use of either 
cerebrolysin or piracetam. Two papers have highlighted 
that the use of such agents is clinically inappropriate, 
wasteful, and, where the patient has to pay for the drug, 
unethical practice [342, 343].
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Conclusion
There is currently no evidence that neuroprotective 
drugs are effective as treatment for acute ischemic stroke.

13.10.2 Hemodilution

Rationale
Hemodilution aims to reduce whole‐blood viscosity and 
thereby increase CBF, without reduce cerebral oxygen 
delivery. The hypothesis is that this should reduce 
ischemic damage in and around the infarct. Hemodilution 
is generally performed by giving an infusion of dextran, 
hydroxyethyl starch or albumin. Such infusions increase 
blood volume (hypervolemic hemodilution). In patients 
with acute stroke in whom an increase in total blood vol
ume may be undesirable, hemodilution can be achieved 
isovolemically by simultaneously removing blood.

Evidence
A Cochrane systematic review of 21 trials (4174 patients) 
showed that hemodilution started within 72 hours of 
stroke onset did not significantly reduce death, or death or 
dependency, within 3–6 months, and the overall results of 
this review were compatible both with modest benefit and 
moderate harm of hemodilution [344]. A commonly used 
agent to achieve hemodilution is hydroxyl ethyl starch, but 
the product license was removed in 2013 by the European 
Medicines Agency because of safety concerns.

Conclusion
Based on this review, we can see no reason to use 
hemodilution in routine clinical practice, especially if it 

is achieved with the use of intravenous hydroxyl ethyl 
starch, although it is sometimes used in some European 
countries.

13.10.3 Calcium channel blockers

Rationale
The influx of calcium through voltage‐sensitive channels 
has a role in neuronal death from ischemia, and this 
influx can be inhibited by calcium channel blockers 
(Section 13.1.4).

Evidence
A Cochrane systematic review of 34 RCTs (7731 
patients) showed no effect of calcium channel blockers 
on death or poor outcome at the end of follow‐up [345]. 
Indirect comparisons of intravenous and oral adminis
tration showed an increase in the number of patients 
with poor outcome with intravenous  administration, 
and indirect comparisons of different doses of nimodi
pine suggested that the highest doses were associated 
with poorer outcome. Administration within 12 hours 
of onset was associated with an increase in the propor
tion of patients with poor outcome, but this effect 
was  largely due to the poor results associated with 
intravenous administration.

Conclusion
The trials do not provide any evidence to support the 
routine use of intravenous or oral calcium channel 
 blockers in patients with acute ischemic stroke.
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14.1  Epidemiology

Intracerebral hemorrhage (ICH) is the most serious and 
least treatable form of stroke, accounting for approxi-
mately 10–25% of all strokes [1]. The incidence of ICH is 
25 per 100 000 person‐years in white populations, and 
this figure has not declined in recent decades [2]. 
However, the pattern of ICH appears to have changed, 
with less deep ICH presumably due to better detection 
and control of hypertension in the community, and more 
cortical ICH from wider use of antithrombotic treat-
ments in aging populations [3]. Rates of ICH are much 
higher in Asian populations and in low‐ and middle‐
income countries than in people of non‐Asian ethnicities 
and in high‐income countries, respectively [1, 2]. 
Furthermore, rates of ICH are greater in males than 
females [4], and in regions with seasonally low ambient 
temperatures [5, 6], where exposure to the cold can trig-
ger an event [7], presumably due to increases in systemic 
blood pressure and cerebral blood flow.

The case fatality for ICH at one month is around 40%, 
and half of these deaths occur in the first two days after 
onset [8, 9], with only half of survivors being functional 
independent at 1 year [10]. On a global scale, ICH tends 
to affect people at earlier (working) ages compared to 
acute ischemic stroke, and thus produce greater conse-
quences from “loss‐of‐ productive‐life‐years,”  especially 
in low‐ and middle‐income countries [11].

14.2  Pathophysiology and risk factors

Most attention on the pathophysiology of ICH has 
focused on the interaction between aging and elevated 
blood pressure, or “hypertension,” which is believed 
to  cause degenerative changes (i.e. lipohyalinosis and 
Charcot–Bouchard microaneurysms) of penetrating ves-
sels that directly branch off from major intracerebral 
arteries. Excessive systolic blood pressure variability, in 
particular high peaks, are also relevant to increasing the 
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(a) (b)

(c) (d)

Figure 14.1 Key locations of intracerebral hemorrhage (ICH): (a) deep ICH (with intraventricular hemorrhage), (b) lobar ICH, and 
(c) brainstem. The scan in (c) shows a secondary ICH due to an arteriovenous malformation (d).
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risk of ICH, and in triggering the event [12]. Rupture of 
small vessels with diameters of between 50 and 200 µm 
produces ICH in deep locations of the striatum, thala-
mus, and brainstem [13, 14], and because of their close 
proximity, often leads to ICH that extends into ventricles 
(i.e. intraventricular hemorrhage [IVH]) (Figure  14.1) 
[15]. However, there is increasing recognition that blood 
pressure‐independent endothelial damage may arise 
from other factors, in particular inflammatory changes 
from a high salt diet [16], which is very common in pop-
ulations with high rates of ICH.

ICH is also associated with cerebral amyloid angiopa-
thy (CAA), which occurs predominantly in individuals 
over the age of 70 years. CAA is characterized by vascular 
amyloid deposition, dilatation, and disruption of vessel 
walls, leading to ICH that tends to be lobar [17]. Whether 
CAA is strongly pathogenic in its own right, or disrupts 
the integrity of cerebral vessels to lower the threshold for 
the adverse consequences of elevated blood pressure, 
remains uncertain [18, 19].

Medications, in particular anticoagulants, antiplate-
lets, and thrombolytics, are an increasingly common 
cause of ICH in association with the increasing preva-
lence of atrial fibrillation, venous thromboembolism 
(VTE) prophylaxis, and cardiovascular disease in aging 
populations. Certain inherited coagulopathies (e.g. clot-
ting factor deficiencies) and systemic diseases (e.g. 
thrombocytopenia) can also cause ICH.

Other important causes of ICH are vascular and struc-
tural lesions, such as arteriovenous malformations 
(AVMs; see Figure 14.1), intracranial arterial aneurysm, 
cerebral cavernous malformations (CCMs), intracranial 
venous thrombosis, dural arteriovenous fistulas (DAVF), 
and tumor. As patients with ICH can have several poten-
tial causes, it is important to think carefully about causa-
tion and identify any modifiable factors.

The primary injury of ICH is mainly related to mechan-
ical disruption of adjacent brain tissue and resulting 
mass effect. As the ICH develops and the pressure within 
the hematoma increases, small vessels surrounding 
hematoma are compressed and broken, resulting in 
 further hematoma growth [13, 20]. As the hematoma 
expands, an equilibrium will be reached between the 
pressure from within and the surrounding tissue, to halt 
the bleeding. Secondary injury is caused by various other 
mechanisms, in particular early perihematomal edema 
which comprises an electrolyte rich, protein poor fluid 
known as ionic edema, that develops promptly before 
frank disruption of the blood–brain barrier occurs. Later, 
perihemorrhagic inflammation and release of clot 
 breakdown products (e.g. hemoglobin, heme, and iron) 
promote further perihematomal edema (vasogenic 
edema), which results in perihematomal tissue injury 
that leads to breakdown of the blood–brain barrier [21, 

22]. The mass effect of a large hematoma with perihema-
tomal edema, or hydrocephalus due to IVH, can increase 
intracranial pressure (ICP) and decrease cerebral 
 perfusion, leading to neuronal death or herniation; and 
severity of tissue damage predicts long‐term outcome 
(Figure 14.2).

14.3  Clinical outcome 
prediction models

Case fatality from ICH increases from 40% within 30 
days, to 55% and 70% at 1 and 5 years, respectively 
[10, 23]. Approximately half of survivors are dependent 
on others for everyday care, and one‐fifth develop cogni-
tive impairment or dementia within several months after 
the event [2, 24]. Older age, decreased consciousness, 
severe neurological deficits, large ICH volume, IVH, and 
infratentorial ICH location are all well‐established 
 predictors of the adverse outcomes of death, disability, 
and poor quality of life [25–28].

In addition, several acute physiological parameters 
(e.g. higher blood pressure, blood pressure variability, 
and higher heart rate) [12, 29–31] and laboratory param-
eters (e.g. high glucose level, low sodium level, impaired 
kidney function) [32–34] are also associated with a poor 
outcome from ICH. Moreover, imaging markers of brain 
frailty, including features of cerebral small vessel disease 
(CSVD), such as white matter lesions and brain atrophy, 
also predict poor outcome. As these CSVD markers 
are  associated with cognitive decline, depression, gait 
 disturbance, and mild physical disability in the elderly 
[35–37], they indicate that ICH is part of the underlying 
progressive disease (i.e. CAA) or they simply lower the 
threshold of susceptibility to the consequences of ICH.

Various clinical scoring systems have been developed 
for estimating prognosis after ICH, the most widely 
known and used being the original ICH score (oICH) 
[26]. Others include the modified ICH score [38], ICH 
grading score (ICH‐GS) [39], Essen ICH score [40], 
FUNC score [41], Emergency Department ICH (EDICH) 
score [42], and the modified EDICH score [43]. As all 
these scoring systems have comparable “fair to good” 
predictive ability and clinical utility [44–47], it has been 
argued that the eyeball judgment of an experienced 
 clinician correlates more closely with outcome than a 
scoring system [48]. Moreover, it is often difficult to 
 reliably foresee the outcome of patients with ICH at the 
time of presentation, and in particular where evidence 
indicates that premature use of “do‐not‐resuscitate” or 
“withdrawal of care” palliative care orders independently 
predict  mortality [49, 50].

Increase in hematoma volume occurs to a clinically sig-
nificant extent in at least one‐third of patients with ICH 
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presenting within 24 hours of symptom onset [51–54]; 
and it is not only an important predictor of poor clinical 
outcome [55–57], but also an obvious potential thera-
peutic target in ICH (e.g. blood pressure lowering, hemo-
static therapy) [21]. The potential for hematoma growth 
can be estimated from a recently developed BRAIN score 
[58], a 24‐point clinical prediction algorithm based on 
baseline ICH volume (mL per score, ≤10 = 0, 10–20 = 5, 
>20 = 7), whether the index event is a recurrent ICH 
(yes = 4), whether the ICH was related to anticoagulation 
with warfarin (yes = 6), the presence of IVH (yes = 2), and 
the time (in hours) from the onset of symptoms to the 
baseline computed tomographic (CT) scan (≤1 = 5, 
1–2 = 4, 2–3 = 3, 3–4 = 2, 4–5 = 1, >5 = 0). The risk of ICH 
growth (≥6 mL) ranges from 3.4% for 0 point to 86% for 
24 points. Other clinical factors of ICH growth include 
an earlier presentation after symptom onset [59, 60] and 
use of oral anticoagulants [61, 62].

Recent attention has focused on the importance of the 
hematoma morphology. The presence of a “spot sign,” on 
CT angiography (CTA), in particular, which indicates 
extravasation of contrast that produces a spot or blush 
within or at the edge of the hematoma has been shown to 
be highly predictive of hematoma growth and subsequent 
morbidity and mortality (Figure 14.3) [63, 64]. However, 

patients can develop hematoma growth without a spot 
sign and considerable skill is required to rapidly recog-
nize this sign for urgent clinical decision making. Given 
these caveats, and the absence of proven time‐critical 
management strategy, routine use of urgent CTA in ICH 
does not appear justifiable at this time. Conversely, sev-
eral simple features on a plain CT (i.e. hypodensity [65, 
66], heterogenous density [67, 68], irregular shape [67, 
68], blend sign [69], fluid leve1 [70, 71], and swirl sign 
[72]), have all been shown to indicate the likelihood of 
greater hematoma growth and poor outcome, and are 
more universally feasible in the acute setting (Figure 14.4).

14.4  Initial management

ICH is a critical illness that requires rapid assessment 
and management patients who are often unstable and 
may rapidly deteriorate. Loss of consciousness is a 
prominent feature of ICH, which creates complexities in 
the  use of scales that assess neurological impairment, 
such as the National Institutes of Health Stroke Scale 
(NIHSS). Thus, the widely used Glasgow Coma Scale 
(GCS), together with several key imaging features (i.e. 
site, volume, and presence of IVH) of the hematoma in 
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Figure 14.2 Opportunities for management according to the natural history: presentation time periods of <6 hours, 6–24 hours, 24–72 
hours, 72 hour to 7 days, 7–30 days, 1–2 months, 3+ months. ICP, intracranial pressure; BP, blood pressure; CVD, cardiovascular disease.
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relation to the time to presentation [73], are most useful 
in triaging patients according to the need for intensive 
monitoring and nursing care, potential for respiratory 
support, and need for surgical intervention.

Given the difficulty in predicting the outcome of 
patients at the time of presentation with ICH, initiation 
of an active management plan is recommended unless 
there are clear clinical (e.g. massive ICH with deep 
coma), comorbid (e.g. advanced dementia or malig-
nancy) or social (e.g. advanced directives) circum-
stances to suggest otherwise. Active care allows time for 
a patient’s condition to stabilize, potential complicating 
factors (e.g. seizures and dehydration) to resolve, and for 
family members to adjust to the crisis and receive coun-
seling relevant to their cultural, religious, and personal 
beliefs. Active care includes monitoring and timely inter-
vention for neurological deterioration and adverse 
events, which is ideally organized in an intensive care or 
high‐dependency unit, where there is a high nurse : patient 
ratio of care and expertise. Well‐organized acute stroke 
unit care benefits patients with ICH to the same extent 
as those with acute ischemic stroke [74], by directing 
effective management according to the type and severity 
of neurological impairment.

Although a noncontrast CT is the most appropriate 
initial investigation to confirm the presence of ICH, it is 
less useful in establishing any underlying structural 
cause. This should be suspected if the ICH has an atypi-
cal deep or lobar location, with a disproportionate 
amount of subarachnoid hemorrhage or perihematoma 
edema, and in younger patients without a history of 
hypertension or illicit drug use as predisposing factors. 

CTA or MRI angiography should be the next step to 
diagnose any underlying vascular anomaly [75], such as 
intracranial aneurysms, AVM, DAVF, CCMs, and cere-
bral venous sinus thrombosis. This can be organized at 
the time of presentation or in the early follow‐up period, 
depending of clinical features, available resources, and 
the organization of services. Conventional cerebral angi-
ography is required in cases where there is a high likeli-
hood of a vascular anomaly and interventional treatment 
is being considered.

Although early mobilization is considered beneficial 
in overcoming deconditioning and risk of VTE in 
patients with acute stroke, results of a large multicenter 
study [76] were surprising in indicating adverse out-
comes from very early mobilization, particularly in 
those with ICH, possibly from hypotension or blood 
pressure variability. Similarly, elevating the head of 
patients with large strokes, including ICH, has been 
suggested to be beneficial, and extrapolation from 
those with head injury, but a large clinical trial has 
shown no benefit (or harms) of such positioning on 
outcomes [77].

14.5  Control of physiological variables

14.5.1 blood pressure

Elevated blood pressure, defined by a systolic level 
≥140 mmHg, is seen in approximately four‐fifths of 
patients with acute ICH [78] and independently predicts 
poor outcomes that include hematoma growth, brain 

(a) (b) (c)

Figure 14.3 Key features of the “spot sign” in intracerebral hemorrhage from (a) baseline noncontract CT scan, to (b) baseline CT 
angiogram showing spot of contrast at edge of hematoma, and subsequent (c) hematoma growth shown on noncontrast CT scan at 
11 hours. Source: Courtesy of A. Demchuk, University of Calgary.
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(a) (b)

(c) (d)

(e) (f)

Figure 14.4 Particular features of morphology of the hematoma in intracerebral hemorrhage: hypodensities (a; arrow), heterogenous 
density (b), irregular shape (c), blend sign (d), fluid level (e; arrow), and swirl sign (f; arrow).



14.5 Control of physiological variables 663

edema, neurological deterioration, disability, and mor-
tality. A near linear association is evident between the 
level of systolic blood pressure at presentation and sub-
sequent hematoma growth, being strongest for a systolic 
blood pressure >175 mmHg [79].

Despite the considered clinical association of high 
blood pressure and adverse outcomes, there has been a 
longstanding concern that rapid blood pressure lowering 
in patients with ICH might cause cerebral ischemia from 
a fall in cerebral perfusion pressure [80], especially in 
those with altered cerebral autoregulation from chronic 
hypertension or the brain injury [81]. However, studies 
using positron emission tomography and CT perfusion 
imaging have not been able to confirm any such harm 
and have shown no significant relationship between 
blood pressure lowering and cerebral blood flow, either 
with within or outside the perihematomal region (i.e. 
ipsilateral and contralateral hemispheres), in patients 
with acute ICH [81–83].

The main‐phase Intensive Blood Pressure Reduction 
in Acute Cerebral Haemorrhage Trial (INTERACT2) 
tested the effectiveness of target‐driven, early intensive 
blood pressure lowering treatment (systolic blood pres-
sure <140 mmHg within 1 hour and continued for seven 
days) compared to the contemporaneous standard of 
blood pressure management at the time (systolic blood 
pressure <180 mmHg) in 2839 patients with ICH who 
presented within 6 hours of onset and had elevated sys-
tolic blood pressure (150–220 mmHg) [84]. The study 
showed a borderline significant reduction in the fre-
quency of death and disability at 90 days (modified 
Rankin Scale [mRS] score 3–6 [the primary outcome]) in 
the intensive group (odds ratio [OR] 0.87, 95% confi-
dence interval [CI] 0.75–1.01; P = 0.06), equivalent to a 
number needed to treat (NNT) of 28. However, analyses 
on the prespecified key secondary outcome showed a 
significantly better functional recovery (OR for greater 
disability 0.87, 95% CI 0.77–1.00; P = 0.04) on an ordinal 
shift analysis of the full range of categories on the mRS. 
There was also significantly better health‐related quality 
of life in the intensive group. Although a nested imaging 
substudy showed only a modest and nonsignificant trend 
toward an attenuation in hematoma growth during 24 
hours from intensive treatment, the effect on this most 
plausible mechanistic surrogate endpoint was significant 
in subsequent studies using meta‐analysis of all the ran-
domized controlled trials in which INTERACT2 was 
included [85, 86].

The second, Antihypertensive Treatment for Acute 
Cerebral Hemorrhage (ATACH‐II) trial [87] compared 
“very early” (<4.5 hours of onset) and “very rapid and 
intensive” (systolic blood pressure <140 mmHg with 
intravenous nicardipine for 24 hours) blood pressure 
lowering with standard blood pressure management 

(systolic blood pressure <180 mmHg). There was no dif-
ference in the frequency of death and disability (mRS 
score 4–6 [the primary outcome]) at 90 days between the 
two groups (adjusted relative risk [RR] 1.04, 95% CI 
0.85–1.27; P = 0.72). Although there was no overall dif-
ference in treatment‐related serious adverse events 
within 72 hours, more renal adverse events emerged 
over  the first 7 days (9.0% vs. 4.0%; P = 0.002) and the 
 frequency of serious adverse events were borderline 
 significantly increased in the intensive group by 90 days 
(adjusted RR 1.30, 95% CI 1.00–1.69; P = 0.05). 
Intriguingly, the overall mortality in ATACH‐II was 
lower than in INTERACT2, despite the baseline charac-
teristics of patients being similar, and there was a nonsig-
nificant trend toward a reduction of hematoma growth 
in the very intensive group.

Several important differences should be noted between 
these two trials with respect to blood pressure manage-
ment protocols. First, all patients in ATACH‐II had 
 elevated systolic blood pressure of >180 mmHg at pres-
entation (mean 200 mmHg), whereas only half of the 
INTERACT2 participants had the same level of systolic 
blood pressure. Second, most ATACH‐II participants 
were administered intravenous nicardipine, while 
INTERACT2 participants received a wide variety of 
intravenous and oral blood pressure‐lowering agents 
based on their cost and local availability, but with pre-
specified protocols. Third, the achieved mean minimum 
systolic blood pressure of patients in the intensive treat-
ment group in ATACH‐II was below 130 mmHg due to 
the protocol‐defined level of blood pressure lowering 
intensity, and the blood pressure level for cessation of 
intravenous blood pressure‐lowering treatment was 
lower in ATACH‐II (<110 mmHg) than in INTERACT2 
(<130 mmHg). A subanalysis of INTERACT2 demon-
strated that an achieved mean systolic blood pressure of 
130–139 mmHg over the initial 24 hours was associated 
with the best outcome from ICH; a modest increase in 
poor outcome was suggested in those patients with blood 
pressure levels of <130 mmHg [88] (Figure 14.5). These 
differences imply that very rapid and intensive blood 
pressure lowering to treatment targets <130 mmHg for 
ICH patients with very high blood pressure could negate 
the potential benefits of early blood pressure lowering. 
More research, particularly from individual patient data 
meta‐analysis, may further elucidate the optimal level of 
blood pressure control in acute ICH.

14.5.2 Glucose

As in other critical illnesses, the presence of hyperglyce-
mia predicts poor outcome in ICH: it is associated with 
hematoma growth, early neurological deterioration, poor 
functional outcome, and higher mortality, irrespective of 
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diabetic status [32, 89, 90]. In the Quality in Acute Stroke 
Care (QASC) cluster randomized trial, an improved func-
tional outcome was evident from a multidisciplinary 
intervention that included glucose control using sliding 
scale in patients with stroke, including 5% with ICH [91]. 
However, early termination of a randomized controlled 
trial, the United Kingdom Glucose Insulin in Stroke Trial 
(UK‐GIST) [92] showed no beneficial effect of continuous 
glucose–potassium–insulin infusion therapy to maintain 
euglycemia during the initial 24 hours on death or disabil-
ity among patients with ischemic or hemorrhagic stroke. 
Target glucose level and controlling methods, specifically 
in patients with ICH, remain unclear. Careful monitoring 
of blood glucose and avoiding both hypo‐ and hyperglyce-
mia (e.g. <70 mg/dL or 3.9 mmol/L and >180 mg/dL or 
10 mmol/L) would seem reasonable [93].

14.5.3 Temperature

Fever, usually defined as a temperature of >37.5 
or  38 °C,  is seen in 30–40% of patients with ICH, 
and is another independent predictor of poor outcome 
[94–96]. Although fever is often associated with infection, 
medication, and mechanical damage to structures related 
to central temperature control (e.g. hypothalamus and 
midbrain) [97], IVH and subarachnoid extension of the 
ICH, and inflammatory reaction around the hematoma, 
can produce fever [98].

Basic research suggests that induced hypothermia can 
alleviate perihematomal edema by reducing mediators of 

secondary injury from the hematoma, in particular 
thrombin and proinflammatory cytokines [22], a mecha-
nism which is supported by preliminary clinical studies 
[99]. Although the benefit of specific intervention target-
ing body temperature after ICH is yet to be established in 
a randomized controlled trial [100, 101], the QASC study 
mentioned earlier suggests that early fever treatment 
could improve outcome [91]. This is being tested in sev-
eral ongoing trials [102, 103].

14.6  Prophylaxis and management 
of common complications

14.6.1 Seizures

Seizures are common after ICH, being clinically evident 
in up to 14% of series, but the frequency of subclinical 
seizure activity is much higher [104–110]. Seizures arise 
from disruption of brain integrity and biochemical 
 disturbances (e.g. release of excitatory neurotransmit-
ters, direct toxic effects of blood degradation products), 
particularly if there is cortical involvement [106, 110]. A 
prolonged or single severe seizure should be treated with 
benzodiazepines or a loading dose of an antiepileptic 
drug, as there is a high likelihood of recurrence, and a 
trial of antiepilepsy drug treatment should be considered 
in patients with otherwise unexplained altered mental 
status. Use of continuous EEG monitoring to determine 
subclinical seizures is possible but complicated by the 
use of sedation, brain injury, and recording interference 
[109, 111].

Early seizures do not appear to influence prognosis, 
either mortality or functional outcome, but they do 
increase the risk of epilepsy [105, 112]. As in acute 
ischemic stroke, seizures in the long term after ICH 
relate to gliotic scarring and neuronal reorganization 
[105]. The risk of late seizures can be estimated using the 
CAVE score [113], which provides one point for each of 
four factors – cortical (C) involvement, young age ([A] 
<65 years), hematoma volume (V) >10 mL, and early sei-
zures (E) – with the risk of late seizures increasing from 
0.6% for a score of 0 to 46.2% for a score of 4. Given that 
seizures are associated with poor functional outcome 
and have a high rate of recurrence [114, 115], antiepi-
lepsy drugs are recommended in various guidelines 
[105,  107]. However, prophylactic use of antiepileptic 
drugs are not recommended to prevent seizures from 
occurring after ICH [93, 114, 115].

14.6.2 Venous thromboembolism prophylaxis

VTE occurs in up to one‐fifth of patients with ICH, and 
although it is most often asymptomatic or limited to 
peripheral deep vein thrombosis [116–118], it can cause 
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Figure 14.5 Effects of achieved systolic blood pressure over 24 
hours after the onset of intracerebral hemorrhage on death or 
major disability according to scores 3–6 on the modified Rankin 
Scale score at 90 days. SBP, systolic blood pressure; 95% CI, 95% 
confidence interval. Odds ratios and 95% CIs (shaded areas) were 
shown according to achieved postrandomization SBP after 
adjustment for age, sex, region, time from onset to randomization, 
National Institutes of Health Stroke Scale (NIHSS) score, volume 
and location of hematoma, intraventricular extension and 
randomized treatment. The reference was achieved 
postrandomization SBP of 130 mmHg. Source: Arima et al. 2015 
[88]. Reproduced with permission of Wolters Kluwer Health.



66514.7 Hemostatic treatment and corrective therapy

life‐threatening pulmonary embolism in 1–2% [119]. 
Preventive measures for VTE can consist of low‐dose 
unfractionated or low molecular weight heparin, gradu-
ated compression stockings, and intermittent pneumatic 
compression. A meta‐analysis of four small studies (all 
with methodological shortcomings) showed that heparin 
was associated with a significant reduction in pulmonary 
embolism (RR 0.37, 95% CI 0.17–0.80; NNT 86) and 
trend toward lower mortality (RR 0.76, 95% CI 0.57–
1.03), and importantly without any significant increase 
in hematoma enlargement (RR 1.42, 95% CI 0.57–3.53) 
[120]. However, post‐hoc propensity score‐matched 
analysis of the INTERACT2 study indicates that heparin‐
treated ICH patients were more likely to die or have 
major disability (OR 2.06, 95% CI 1.53–2.77; number 
needed to harm 6) compared to other patients [121]. 
Nevertheless, the initiation of heparin after a period of 
1–4 days in those patients with persistent immobility, 
and where there is radiological confirmation of stable 
hematoma size, seems reasonable [93]. Graduated com-
pression stockings should be avoided as they are ineffec-
tive and lead to complications [116, 117]. A large clinical 
trial has demonstrated that intermittent pneumatic com-
pression decreases the risk of VTE in patients with ICH 
(OR 0.36, 95% CI 0.17–0.75; NNT 10) [118].

Inferior vena cava filter can be considered as an alter-
native to systemic full‐dose therapeutic anticoagulation, 
taking into account the patient’s individual risks of VTE 
(i.e. risk factors for VTE, clinical condition), potential for 
hematoma enlargement (time from ICH onset, size and 
stability of hematoma, and lobar versus deep location), 
and the potential harms of these interventions [122].

14.6.3 Elevated intracranial pressure

Increased ICP that approaches mean arterial pressure 
can compromise cerebral perfusion and may lead to sec-
ondary ischemic injury [123]. Younger patients, and par-
ticularly those with large‐volume hematoma, extensive 
perihematoma edema, IVH, and emerging hydrocepha-
lus, are at greatest risk of raised ICP [124]. Management 
of raised ICP in ICH is similar to that for patients with 
traumatic brain injury, and involves a stepwise approach 
toward invasive measures [93]. A popular approach is to 
elevate the head of a patient to 30° to reduce cerebral 
edema and ensure optimal jugular venous drainage. A 
recent trial has raised doubts about the benefits of this 
approach [77], although few critically ill patients with 
ICH were included. The use of analgesia or sedation to 
reduce ICP has not been clearly defined. Blood pressure 
should, theoretically, be controlled to ensure cerebral 
perfusion pressure of 50–70 mmHg, but in the absence of 
any clear alternative data, those provided by INTERACT2 
(aim for a systolic target <140 mmHg) seems reasonable 
[84]. Clear treatment thresholds for ICP have not been 

identified, but one study showed that an ICP >30 mmHg 
is associated with poor outcome [125]. Osmolar therapy 
(e.g. mannitol) is commonly applied to patients with 
raised ICP, particularly in Asia, but a Cochrane review 
[126] and post‐hoc propensity score‐matched analysis of 
the INTERACT2 study have shown no benefit of such 
treatment [127]. There is no evidence that high‐dose cor-
ticosteroids benefit patients with ICH [128] and they 
have clear risks of producing delirium, hyperglycemia, 
and bone demineralization. Other approaches to 
decrease ICP (i.e. hypertonic saline, neuromuscular 
blockage, forced hyperventilation, therapeutic hypother-
mia, hemicraniectomy, barbiturate coma, and cerebro-
spinal fluid drainage through an external ventricular 
drain) have not been studied systematically.

14.7  Hemostatic treatment 
and corrective therapy for iatrogenic 
intracerebral hemorrhage

14.7.1 Hemostatic therapy

The pivotal Factor Seven for Acute Hemorrhagic Stroke 
Trial (FAST), a randomized controlled trial of the potent 
hemostatic agent recombinant activated factor VII 
(rFVIIa), showed a significant reduction in hematoma 
growth, but no effect on survival or functional outcome, 
and was complicated by an increase in arterial thrombo-
embolic events [129]. Given this result, and negative 
results from two small studies of intravenous rFVIIa in 
patients with CT angiography‐verified spot sign (results 
presented at the International Stroke Conference, 
Houston, TX, February 2017), this treatment cannot be 
recommended in ICH. Intravenous tranexamic acid is a 
cheaper and widely available alternative hemostatic 
agent with potential to reduce hematoma growth [130] 
which is being investigated in several trials with various 
selection criteria (e.g, positive spot positivity and time 
window) and dosing regimes [130–132].

14.7.2 Treatment for antiplatelet‐associated 
intracerebral hemorrhage

Antiplatelet therapy, commonly prescribed for cardio-
vascular prevention, has been shown in systematic 
reviews to increase the risk of hematoma growth and 
mortality [133, 134]. Although antithrombotic medica-
tions should be immediately discontinued in patients 
with ICH, the use of platelet transfusion to replace non-
functional thrombocytes was shown in a randomized 
trial to be associated with an increased risk of poor out-
come and more serious adverse events [135]. Although 
the results of another ongoing platelet transfusion trial in 
a more selected group of patients are expected, platelet 



14 Specific treatment of intracerebral hemorrhage666

transfusion can be considered of limited use at this time, 
for example in a patient with ICH on prior antiplatelet 
therapy who needs an emergent neurosurgical  procedure 
[136, 137].

14.7.3 Treatment for anticoagulant‐
associated intracerebral hemorrhage

Vitamin K antagonists, such as warfarin, have a 7‐ to 
11‐fold increased risk of ICH [137a, 138]. Compared to 
spontaneous ICH, warfarin‐related ICH tends to have a 
larger initial hematoma volume [139], more growth over 
a longer time frame [62], and ultimately a worse progno-
sis, compared to other types of ICH [140, 141]. Therefore, 
it is conventional practice to reverse the prothrombin 
time international normalized ratio (PT‐INR) by rapid 
complement of the vitamin K‐dependent coagulation 
factors (II, VII, IX, and X) [142] with administration of 
vitamin K and/or blood product, although there is 
 considerable variation in the strategies of anticoagula-
tion reversal and their effectiveness has not been fully 
demonstrated [143].

A large German retrospective cohort study demon-
strated that the rapid reversal of PT‐INR to <1.3 within 4 
hours (reversal treatment consisted of prothrombin 
complex concentrates [PCC], fresh‐frozen plasma [FFP], 
antithrombin, and intravenous vitamin K) was associated 
with a lower rate of hematoma growth [144]. Although 
vitamin K has long‐lasting effects, it is inadequate for 
rapid PT‐INR reversal, and thus the two other treatment 
options for rapid warfarin reversal are PCC and FFP. As 
PCC has a small infusion volume, there is a low risk of 
volume overload, and its rapid infusion speed enables 
rapid reversal [145, 146]. Conversely, FFP contains all 
coagulation factors but requires thawing before infusion, 
thus leading to treatment delay. It has been reported that 
30 IU/kg of four‐factor PCC is better than 20 mL/kg of 
FFP in reversing the PT‐INR within 3 hours after starting 
treatment, and with significantly less hematoma growth 
in patients treated with PCC than with FFP [147].

Patients with warfarin‐related ICH and elevated PT‐
INR should discontinue warfarin, receive intravenous 
vitamin K (10 mg over 10 minutes) and PCC (if not avail-
able, choose FFP 10–20 mL/kg) in PT‐INR or weighted‐
base dosing (20–50 IU/kg). PT‐INR should be checked at 
regular intervals (e.g. every 6–8 hours for the next 24–48 
hours) because of the long half‐life of warfarin.

Direct‐acting oral anticoagulants (DOACs), currently 
apixaban, dabigatran, edoxaban, and rivaroxaban, pro-
duce equal or lower rates of acute ischemic stroke and 
systematic embolism, and a lower rates of ICH, com-
pared to warfarin [148]. Several observational studies 
suggest that ICH due to DOACs are smaller, less likely to 
enlarge, and are more likely to produce better outcome, 

compared to warfarin [149–151]. However, there has 
until recently been a concern over DOACs, in that they 
lack of an antidote to reverse their antithrombotic effect 
in emergency.

Nonspecific reversal of DOACs in patients with severe 
bleeding is largely expert‐based and includes the intrave-
nous administration of 50 IU/kg four‐factor PCC or 
50 IU/kg activated four‐factor PCC (FEIBA) [137, 152]. If 
ICH occurs within 2–3 hours after the last dose, admin-
istration of activated charcoal (50 g) can be considered 
for all DOACs.

An interim analysis of a prospective cohort study 
 testing a single dose of 5 mg idarucizumab (dabigatran‐
specific monoclonal antibody) intravenously as an anti-
dote for dabigatran showed a complete, immediate, and 
sustained reversal of the anticoagulation effect among 
patients with uncontrolled or life‐threatening bleeding 
(including intracranial hemorrhage), or requiring emer-
gency surgical procedures [153]. Although efficacy on 
clinical outcome remains to be clarified, idarucizumab 
has been approved by a number of drug regulatory 
authorities [154] for urgent reversal in patients with 
 dabigatran‐related ICH.

Another antidote for DOACs is andexanet alfa, a bioen-
gineered human factor Xa decoy protein, which has abil-
ity to bind to circulating factor Xa inhibitors (apixaban, 
edoxaban, and rivaroxaban) and reverse their anticoagu-
lant effects [155]. Andexanet alfa is under investigation in 
clinical trials for the reversal of apixaban, edoxaban, and 
rivaroxaban [156, 157]. Finally, aripazine/ciraparantag 
(PER977), a small and water‐soluble molecule that directly 
binds to unfractionated low molecular weight heparin, 
oral FXa inhibitors (apixaban, edoxaban, and rivaroxa-
ban), and a direct oral thrombin inhibitor (dabigatran), is 
being investigated for its potential to achieve potent and 
rapid reversal of their anticoagulant effects [158].

14.7.4 Treatment for thrombolysis‐
associated intracerebral hemorrhage

Symptomatic ICH with a significant mass effect occurs in 
approximately 2–7% of patients with acute ischemic 
stroke given intravenous thrombolysis using alteplase, 
and is closely related to disability and mortality [159–161]. 
Thrombolytic treatment should be immediately discon-
tinued when a patient develops symptoms suggestive of 
ICH (e.g. sudden neurological deterioration, headache, 
nausea/vomiting, or acute elevation in blood pressure) 
and a noncontrast CT should be performed for diagnosis. 
Although the plasma half‐life of alteplase is only several 
minutes, and approximately 80% of alteplase is cleared 
within 10 minutes after stopping the infusion [162], 
alteplase can reduce circulating fibrinogen that can last 
for longer than 24 hours [163, 164]. Therefore, some 



14.8 Surgical treatment 667

guidelines suggest using cryoprecipitate, which contains 
fibrinogen (initial 10 U followed by further administration 
with target fibrinogen level of 150 mg/dL), for reversing 
thrombolysis [137, 160, 165]. If cryoprecipitate is unavail-
able, 10–15 mg/kg of intravenous tranexamic acid (over 
20 minutes) or 4–5 g of intravenous ε‐aminocaproic acid 
(over 20 minutes), may be considered as alternatives.

14.8  Surgical treatment

14.8.1 Craniotomy

Despite numerous well‐conducted multicenter clinical 
trials over decades, the role of conventional open crani-
otomy to decompress the hematoma of ICH and save a 
patient’s life (and reduce disability) remains controver-
sial [166, 167]. Consequently, the decision to operate on 
a patient remains dominated by clinical judgment and 
the available expertise and resourcing. Thus, there is 

wide variation in the use of surgery for ICH around the 
world. Key challenges for any neurosurgeon are: (i) to 
overcome the clear risks of cutting into healthy brain, the 
risks associated with a general anesthesia in an unwell 
patient and any comorbid conditions, and postoperative 
risks of rebleeding and infection; (ii) to identify, at an 
appropriate time, those patients where neurological 
deterioration appears to be progressing but before irre-
versible brain injury has occurred; and (iii) to recognize 
that the net beneficial effects of the intervention are 
likely to be modest. An individual patient data meta‐
analysis of surgical trials in ICH, most of which were 
small trials with individually variable results [166], sug-
gests that any benefit of surgery is enhanced if it is under-
taken early (<8 hours) and before patients develop deep 
coma, which makes clinical sense (Figure 14.6).

Although no randomized trials have specifically been 
undertaken for ICH located in the posterior fossa with 
brainstem compromise, surgical decompression is gener-
ally regarded as the standard of care with an acceptable risk. 
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Similarly, the presence of symptomatic obstructive hydro-
cephalus generally requires a ventricular drain.

14.8.2 Minimally invasive surgery

Minimally invasive surgical techniques involving endo-
scopic guidance and/or cranio‐puncture or catheter‐
insertion techniques, with or without the instillation of a 
lytic, are gaining in popularity with the aim of draining the 
hematoma and/or IVH as completely as possible in an 
otherwise stable patients (and in whom the hematoma 
was stable). This approach is standard of care in some 
parts of the world, particularly in China, where neurosur-
gical expertise is limited and minimally invasive cranio-
puncture is a low‐cost procedure that can be undertaken 
by competent neurologists. A meta‐analysis of several tri-
als, including some from China, suggests beneficial effects 
of this intervention [168], but its acceptance into routine 
practice is limited outside China. Following promising 
feasibility and safety results of a phase II trial [169], the 
National Institutes of Health Neurological Diseases and 
Stroke (NINDS)‐funded third‐phase Minimally Invasive 
Surgery Trial in Intracerebral Hemorrhage (MISTIE‐III) 
is progressing on schedule and due to present results of 
the approach on clinical outcomes in 2019.

The Clot Lysis: Evaluating Accelerated Resolution of 
Intraventricular Hemorrhage (CLEAR III) trial [170] was 
undertaken by the same research group and funding 
body as the MISTIE studies, and involved use of intra-
ventricular infusions of small doses of alteplase com-
pared to saline in 500 patients with a clinical indication 
for use of an intraventricular drain for IVH and small 
ICH. The study showed no clear between‐group differ-
ences on the primary outcome (good outcome in 
alteplase group 48% vs. saline 45%; risk ratio 1.06, 95% CI 
0.88–1.28; P = 0.554), but the treatment group had a sig-
nificantly lower case fatality (46 [18%] vs. saline 73 [29%], 
hazard ratio 0.60, 95% CI 0.41–0.86; P = 0.006) at 180 
days. These results indicate that rapid clearing of ICH 
can improve survival but may leave some patients with 
significant residual disability. Such randomized evidence 
is important for counseling family members in critical 
decision‐making over intervention.

14.9  Treatment of intracerebral 
hemorrhage associated 
with structural abnormality

14.9.1 Cerebral cavernous malformations

CCMs (cavernous hemangiomas, cavernous angiomas, 
or cavernomas) are vascular malformations (most are 
<1 cm in diameter) composed of clusters of abnormally 

dilated thin‐walled vessels without arterial feeders and 
with no intervening brain tissue. The annual incidence of 
ICH attributable to CCMs is reported to be 0.24 per 
100 000 adults [171]. CCMs that cause recurrent ICH 
and are located in the cerebral hemisphere or cerebellum 
are often surgically resected with minimal risk. However, 
resection of brainstem CCMs carries high surgical risk 
[172]. An individual patient data meta‐analysis estimat-
ing the 5‐year risk of symptomatic ICH due to CCMs 
demonstrated that people with brainstem CCMs pre-
senting with ICH or focal neurological deficit were at the 
highest estimated 5‐year risk (approximately 30% during 
untreated follow‐up) [173]. Therefore, indications for 
surgical excision for brainstem CCMs are contentious. 
Stereotactic radiosurgery is a potential alternative to 
conservative treatment for CCMs, but should be consid-
ered in patients with a highly aggressive clinical course 
and surgically inaccessible CCMs [174, 175]. Given the 
low prospective risk of ICH, no treatment is required for 
asymptomatic CCMs, irrespective of location [176].

14.9.2 Arteriovenous malformations

Brain AVMs consist of abnormal communication 
between arterial and venous systems without interposed 
capillary network. The annual incidence of ICH due to 
AVM is approximately 1 per 100 000 adults [171]. 
Systematic investigation of selected patients with ICH 
makes it possible to identify underlying AVMs in approx-
imately up to 20% [177]. AVMs that caused bleeding are 
at higher risk of rebleeding than those that have not bled 
[178, 179], therefore timely treatment can prevent recur-
rent ICH. Surgical interventions, such as microsurgery, 
endovascular embolization, radiosurgery, and their com-
binations, may be considered in patients with ruptured 
AVMs with risk factors of recurrent bleeding, including 
deep AVM location, exclusively deep venous drainage, 
and any associated aneurysm [180].

In terms of unruptured AVM, the A Randomized Trial 
of Unruptured Brain Arteriovenous Malformations 
(ARUBA) trial showed that medical management alone 
is superior to medical management plus interventional 
therapy, for the prevention of death or stroke in patients 
with unruptured AVMs [181]. Moreover, the results were 
externally validated by a prospective, population‐based 
cohort study with long‐term follow‐up [182]. Surgical 
treatment for AVMs that have never bled cannot there-
fore be recommended.

14.9.3 Dural arteriovenous fistulas

DAVF is a rare cause of ICH. DAVFs may be secondary to 
occlusion of a major sinus, and abnormal venous drainage 
from meningeal arteries may be channeled into a dural 
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sinus or into superficial veins on the surface of the brain. 
The annual incidence is about 0.2 per 100 000 adults 
[171, 183] and up to 20% of those with DAVF present with 
ICH [184, 185]. Retrograde leptomeningeal venous drain-
age is strongly associated with ICH at presentation of 
DAVF [186]. Although its association with recurrent 
bleeding is less clear, patients with the drainage and ICH 
or a progressive neurological deficit tend to be surgically 
treated [187, 188]. Because of the anatomical heterogene-
ity, there is a large variety of methods being used to 
occlude the fistula, including endovascular, surgical, or 
stereotactic radiosurgery, and their combination can be 
considered on an individual basis [189]. In the past, 
DAVFs were treated with surgical disconnection of the 
pathologic arteriovenous communication, and possible 
resection of fistulous sinus tracts [190, 191]. More recently, 
advances in interventional techniques have made endo-
vascular embolization the primary treatment [192, 193].

14.9.4 Moyamoya disease

Moyamoya disease (spontaneous occlusion of the circle 
of Willis) is characterized by chronic progressive steno-
sis of the terminal portion of the bilateral internal carotid 
arteries. This leads to formation of an abnormal vascular 
network composed of collateral pathways at the base of 
the brain, which occasionally rupture [194]. About a half 
of adult patients with moyamoya disease have ICH [195]. 
To relieve the hemodynamic stress on the collaterals by 
constructing a bypass, such as between the superficial 
temporal artery and the middle cerebral artery, is a 
 logical idea [196]. A randomized controlled trial, the 

Japan Adult Moyamoya (JAM) trial [197] showed that 
extracranial–intracranial bypass surgery reduced the 
recurrence of ICH in adult patients with moyamoya 
 disease who had experienced ICH.

14.10  Blood pressure control 
for secondary prevention 
of intracerebral hemorrhage

Effective long‐term blood pressure lowering is the single 
most effective intervention for the secondary prevention 
of recurrent ICH and other serious cardiovascular events 
after ICH [198, 199]. However, the optimal systolic blood 
pressure target or regimens to achieve blood pressure 
control are uncertain. Moreover, poor blood pressure 
control increases the risk of recurrent ICH regardless of 
subtype (i.e. lobar vs. nonlobar) [18]. In the Perindopril 
Protection Against Recurrent Stroke Study (PROGRESS) 
trial, which included 660 subjects with a history of ICH 
at baseline, there was a massive 49% (95% CI 20–67%) 
relative risk reduction from blood pressure lowering on 
recurrent stroke, with a near continuous relationship 
between lower blood pressure and lower risk [199]. 
Moreover, observational analysis of achieved levels of 
systolic blood pressure during follow‐up of the 
PROGRESS cohort suggests that, compared to the pre-
vention of ischemic stroke where a plateau appears 
around 140 mmHg, even lower systolic blood pressure 
levels are continuously associated with lower risks of 
recurrent ICH, down to a systolic blood pressure level of 
115 mmHg (Figure  14.7) [200]. Similar effects of blood 
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pressure lowering for the prevention of ICH were also 
seen in the more recent Secondary Prevention of Small 
Subcortical Strokes (SPS3) trial [201], where a nonsig-
nificant 63% relative risk reduction occurred on recur-
rent total and ischemic strokes. These data suggest that 
much stricter blood pressure control than the systolic 
blood pressure <140 mmHg currently recommended 
in  guidelines could provide larger benefits in terms of 
prevention of recurrent cardiovascular events.

It is well recognized, however, that the long‐term con-
trol of blood pressure can be challenging. Moreover, 
there are justifiable concerns that the potential for harms, 
falls from orthostatic hypotension, and side effects of 
medication (i.e. fatigue, renal failure) can outweigh any 
of the potential benefits. Most patients with hyperten-
sion require multiple antihypertensive agents to achieve 
adequate blood pressure control [202], but polyphar-
macy negatively impacts on adherence and increases 
adverse events. Electronic reminders and simpler, more 
tolerable treatment regimens, such as combination, low‐
dose antihypertension polypills [203], could achieve bet-
ter blood pressure control from improved adherence in 
this high‐risk patient group.

With an aging population, there is an increasing num-
ber of patients presenting with ICH and a history of cor-
onary artery disease or diabetes mellitus, for which they 
are taking specific treatment. This often raises the ques-
tion of whether there is any interaction between such 
cardiovascular treatment and ICH, in particular of 
statins contributing to the ICH, and whether they should 

be ceased. Although statins do appear to have a modest 
increase in the risk of ICH [204], given their substantial 
protection against serious cardiovascular events in high‐
risk individuals and lack of evidence for an adverse effect 
on hematoma growth or clinical outcome [205], it seems 
reasonable for such treatment to continue after the ICH 
in those patients who are otherwise physically active 
enough to derive benefits. General lifestyle advice, 
including smoking cessation and physical activity, should 
be offered to patients with ICH, as is routine in all those 
at high risk of cardiovascular disease.

14.11  Summary

ICH is a serious global health burden, particularly in 
developing countries where there are large populations 
with much hypertension. Apart from early control of 
elevated blood pressure and focused surgery, there are 
no proven therapeutic options. Management is princi-
pally based upon a well‐organized and active approach 
to care, including the early use of critical care support 
and close neurological monitoring by trained staff for the 
early detection and management of complications. Once 
patients are stable, early rehabilitation is likely to reduce 
the risk of further complications and to promote recov-
ery and return to usual activities. Good long‐term con-
trol of blood pressure is the single most important 
strategy to reduce the likelihood of recurrent ICH and 
other serious cardiovascular events.
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15.1  Introduction

Taking into account the 10–15% of patients who die before 
receiving medical attention [1], the case fatality after 
aneurysmal subarachnoid hemorrhage (SAH) remains as 
high as 50% [2]. Of the 50% who survive the initial weeks 
after the hemorrhage, around half are left with permanent 
deficits, often in high‐level (neuropsychological) func-
tioning, resulting in impairment in their social role [3]. 
Although poor outcome may be an unavoidable conse-
quence of the initial hemorrhage, it may be caused by the 
many complications which can occur, including delayed 
cerebral ischemia (DCI), hydrocephalus, seizures, a vari-
ety of systemic disorders or complications of aneurysm 
treatment [4–7]. Despite the considerable proportion of 
patients who suffer irreversibly from the impact of the 
first hemorrhage and the many complications that can 
occur, the prognosis for patients with SAH has gradually 
improved over the last decades [2, 8].

Patients should be transferred as quickly as possible to a 
center where a multidisciplinary team is available 24 hours 
a day, seven days a week, and where enough patients are 
managed to give teams sufficient experience to maintain 
and improve standards of care [9]. The need for referral 
applies especially to patients who are designated as “poor 
grade” [10] as these may be those patients in greatest need 
of urgent intervention due to early rebleeding, progressive 
brain shift from a hematoma, acute hydrocephalus, or car-
diovascular sequelae. Treating patients with aneurysmal 

SAH requires taking care of acutely ill patients threatened 
by many more complications than the ruptured aneurysm 
alone, and should be done by a dedicated, multidiscipli-
nary team. Where geographical factors or service availa-
bility does not allow immediate transfer to the tertiary 
center from the emergency department, it is critical that 
specialist teams provide ongoing guidance until such time 
as the patient comes under their direct care.

This chapter deals with the treatment of patients with 
an aneurysmal etiology for their SAH. The diagnosis and 
management of non‐aneurysmal SAH is outside the 
scope of this chapter and is discussed elsewhere. The 
essence of the specific treatment of patients with SAH 
from a ruptured aneurysm can be broken down into 
three phases following diagnosis: initial management 
to  stabilize the patient; prevention of rehemorrhage 
through occlusion of the aneurysm; and critical care 
management to monitor for and treat complications 
associated with the sequelae of SAH during the subacute 
period following aneurysm rupture.

15.2  Initial management

15.2.1 Acute systemic assessment

The initial management of patients with suspected aneu-
rysmal SAH should begin in accordance with the princi-
ples of the Advanced Cardiovascular Life Support 
(ACLS) guidelines (i.e. with the examination of airway, 
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breathing, and circulatory status). Patients with apnea or 
cardiac arrest will require intubation and appropriate 
cardiovascular resuscitation. Even in a spontaneously 
breathing patient, if there is any doubt about the patient’s 
ability to protect his or her airway an endotrachial tube 
should be placed and the patient mechanically venti-
lated. Typically, any patient with a Glasgow Coma Scale 
(GCS) score of 8 or less should be intubated for airway 
protection. For patients found unconscious after pro-
longed or unknown periods of time, aspiration pneumo-
nia is not uncommon and can be evaluated both clinically 
and on the same chest X‐ray obtained for confirmation 
of endotrachial tube position. Mechanical ventilator set-
tings are determined by the patient’s pulmonary status, 
and aimed primarily at maintaining adequate oxygena-
tion and normocarbia, although hyperventilation with 
goal of reducing pCO2 can also be used therapeutically 
for brief periods of time to control elevated intracranial 
pressure if needed.

Patients should be admitted to an intensive care unit 
(ICU) setting and placed on telemetry with continuous 
electrocardiographic (ECG) and oxygen saturation mon-
itoring. A full panel of blood work including arterial 
blood gas, electrolytes, blood count, and coagulation 
parameters should be performed, and any coagualopathy 
or thrombocytopenia should be corrected. A routine 
toxicology screen should be obtained to examine for 
drugs such as cocaine. Maintenance intravenous fluids 
with isotonic saline should be administered.

15.2.2 Neurological examination

The neurological examination upon admission is of both 
clinical and prognostic significance. A variety of grading 
scales, based both on neurological status as well as imag-
ing findings, have been devised to classify the severity of 
aneurysmal SAH. The GCS provides an overall assess-
ment of level of consciousness [11]. Specific to SAH, 
the most widely used grading systems are the Hunt and 
Hess grading scale [12, 13] and the World Federation of 
Neurological Surgeons grading system for SAH (WFNS) 
[14], which incorporates the GCS (Table  15.1), along 
with assessment of any focal motor deficit. The Prognosis 
on Admission of Aneurysmal Subarachnoid Hemorrhage 
(PAASH) grading scale uses only the GCS, with different 
cut‐points to assign levels [15]. Higher scores on each 
scale correlate with worse outcomes, with grades of 4 or 
5 generally signifying a substantially higher risk of death 
or poor outcome [16, 17]. In addition, the Fisher scale 
[18] assesses the severity of hemorrhage based on com-
puted tomographic (CT) imaging (see Table  15.1) 
(Figure 15.1), and has been further correlated with risk of 
subsequent cerebral vasospasm and DCI (see later), with 
Fisher grade 3 carrying the highest risk.

Table 15.1 Grading scales in patients with subarachnoid 
hemorrhage.

Glasgow Coma Scale (GCS)

Parameter Description Score

Eye opening Spontaneous 4
To speech 3
To pain 2
None 1

Best verbal 
response

Oriented 5
Confused – conversational, varying 
disorientation

4

Inappropriate speech – intelligible 
articulation, no sustained conversation

3

Incomprehensible speech – moaning/
groaning

2

None 1
Best motor 
response

Obeys commands 6
Localizes 5
Flexes 4
Decorticate posturing 3
Decerebrate posturing 2
No movement 1

Total/15

Hunt and Hess grading scale

Grade Criteria

0 Unruptured aneurysm
I Asymptomatic, or minimal headache and slight nuchal 

rigidity
Ia Fixed neurological deficit with no acute meningeal/

brain reaction
II Moderate to severe headache, nuchal rigidity, no 

neurological deficit other than cranial nerve palsy
III Drowsiness, confusion, or mild focal deficit
IV Stupor, moderate to severe hemiparesis, possibly early 

decerebrate rigidity and vegetative disturbances
V Deep coma, decerebrate rigidity, moribund appearance

+1 grade for serious systemic disease (HTN, DM, COPD, 
atherosclerosis) or severe vasospasm on arteriography

World Federation of Neurological Societies SAH 
Grading Scale

Grade GCS Motor deficit

I 15 Absent
II 14–13 Absent
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15.2.3 Cardiopulmonary considerations

Cardiac dysfunction
Aneurysmal rupture is commonly associated with car-
diac arrhythmias, ischemia‐like ECG abnormalities, and 
sometimes with cardiac arrest [19]. Cardiogenic shock 
may also occur, usually in combination with pulmonary 
edema. The most widely accepted mechanism of car-
diac dysfunction following SAH is sustained sympa-
thetic stimulation, associated with massive excretion of 
catecholamines [20, 21], of cortisol, and of antidiuretic 
hormone (ADH) [20]. This may result in structural 
damage to the myocardium which may be apparent 

from echocardiography [22], raised troponin I levels 
[23], and histological features at postmortem examina-
tion including contraction bands, focal myocardial 
necrosis, and subendocardial ischemia [24].

Cardiac tissue biomarkers and ECG monitoring should 
be performed for patients presenting with SAH, and 
abnormal results or pulmonary edema warrant further 
assessment with transthoracic echochardiography to 
assess cardiac function. Approximately one‐third of 
patients with aneurysmal SAH exhibit elevation in car-
diac enzymes (troponin I or creatine kinase muscle–
brain [CK‐MB]) [25, 26]. Furthermore, 15% of patients 
with SAH overall and up to half of the patients with ele-
vated troponin levels have depressed left ventricular 
function with ejection fraction <50% and/or regional 
wall motion abnormalities on echocardiogram [25–27].

The pattern of left ventricular dysfunction seen in 
SAH is often consistent with an apical “ballooning” syn-
drome known as takotsubo cardiomyopathy, character-
ized by regional wall motion abnormalities that involve 
multiple coronary artery distributions at the left ventri-
cle apex and midventricle, sparing the basal segments 
[28]. Depressed ejection fraction becomes particularly 
important in patients receiving hypervolemic therapy for 
the prevention or management of DCI. If there is 

Figure 15.1 Fisher grade 3 subarachnoid hemorrhage. Note 
vertical layer of blood >1 mm in the right sylvian cistern (arrow).

At time of initial assessment, the neurological condition 
of the patient should be graded using one of the stand-
ardized SAH grading scales, as it is the most important 
prognosticator of outcome.

World Federation of Neurological Societies SAH 
Grading Scale

Grade GCS Motor deficit

III 14–13 Present
IV 12–7 Present or absent
V 6–3 Present or absent

Prognosis on Admission of Aneurysmal Subarachnoid 
Hemorrhage Grading Scale

Grade Glasgow Coma Score

I 15
II 11–14
III 8–10
IV 4–7
V 3

Fisher Score

Score CT Characteristics of SAH

1 No blood
2 Diffuse subarachnoid blood or vertical layers (in 

interhemispheric fissure, insular cistern, ambient 
cistern) less than 1 mm thick

3 Localized clot and/or vertical layers 1 mm or more in 
thickness

4 Intracerebral or intraventricular clot with diffuse or 
no subarachnoid blood

Table 15.1 (Continued)
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associated left ventricular failure, clinically manifest by 
sudden hypotension following initially elevated blood 
pressure, transient lactic acidosis, and mild elevation of 
the CK‐MB fraction [29, 30], inotropic agents are indi-
cated. Improvement is typical, with at least some recov-
ery of left ventricle function and improvement in ejection 
fraction within 1–2 weeks [26, 27]. In acute neurogenic 
cardiac dysfunction refractory to inotropic or vasopres-
sor administration, a metabolic intervention of induced 
hyperinsulinemic euglycemia has also been anecdotally 
reported to be of benefit [31].

Cardiac arrhythmias occur in a third of patients with 
SAH, and the most common ECG abnormalities in SAH 
are ST depression or elevation, T‐wave changes, patho-
logical Q waves, and bundle branch block [32]. Life‐
threatening arrhythmias such as ventricular fibrillation 
and “torsades de pointes” may occur [33], but in under 
5% of patients [19, 34]. In one large series of patients 
investigated by serial ECGs, every patient had at least 
one abnormal ECG [35]. Almost all ECG abnormalities 
evolved to other abnormalities, in no consistent order, 
and then disappeared, in an observation period of 10 
days. A prolonged Q–T interval often represents delayed 
ventricular repolarization and predisposes to ventricular 
arrhythmias, but in patients with SAH it is more impor-
tant as an indicator of severe intracranial disturbance 
than of potentially serious cardiac complications [35, 36].

Pulmonary complications
Pulmonary complications occur in over 20% of patients 
following aneurysmal SAH, and pulmonary edema 
occurs to some degree in approximately one‐third of 
patients [37, 38], although fulminant pulmonary edema 
is much rarer (2% in the largest series to date) [39]. The 
onset is usually rapid, within hours of the SAH. What 
triggers pulmonary edema is unclear and may be related 
to multiple factors, including impaired cardiac function, 
acute lung injury, or adult respiratory distress syndrome 
(ARDS). Furthermore, raised intracranial pressure can 
lead to a massive sympathetic discharge, mediated by the 
anterior hypothalamus, leading to “neurogenic” pulmo-
nary edema. This is thought to lead to increased perme-
ability of endothelial cells in the pulmonary capillary 
bed, resulting in a primarily neurogenic etiology for the 
edema. Any cardiac failure may, however, aggravate the 
situation [37]. The typical clinical picture consists of 
unexpected dyspnea, cyanosis, and the production of 
pink and frothy sputum. A chest X‐ray usually demon-
strates impressive pulmonary edema which may disap-
pear in a matter of hours following positive end‐expiratory 
pressure ventilation. The management challenge is that 
liberal administration of fluids is generally beneficial for 
brain perfusion but may delay recovery of pulmonary 
edema and hence impair brain oxygenation, and that 

positive end‐expiratory pressure ventilation increases 
intracranial pressure. Early pulmonary complications are 
typically seen in patients with more severe, poor‐grade 
SAH, and portend a worse outcome.

15.2.4 Blood pressure control

Blood pressure control is paramount in the initial period 
after aneurysmal SAH prior to occlusion of the aneu-
rysm. Historically, studies have suggested negative 
effects of aggressive management of elevated blood pres-
sure following SAH due to a decrease in cerebral perfu-
sion pressure in the face of raised intracranial pressure in 
patients with impaired autoregulation of cerebral blood 
flow following SAH [40]; however, the majority of 
patients in those cohorts were operated on around the 
12th post bleed day, a time when the risk of vasospasm 
and delayed ischemic neurological deficits are at their 
peak. In contrast, current practice is to secure ruptured 
aneurysms within 48 hours of bleeding and the emphasis 
for blood pressure control is to prevent rebleeding of a 
ruptured, unsecured aneurysm in the window prior to 
definitive treatment and the vasospasm risk period. In 
one prospective case–control study, continuous infu-
sions of the calcium channel blocker nicardipine 
decreased cerebral perfusion pressure in patients with 
SAH but regional brain tissue oxygenation (PbtO2) 
remained unchanged compared to controls, arguing 
against permissive hypertension as a means of preserv-
ing PbtO2 [41]. Although not directly relevant to patients 
with SAH, a recent multicenter prospective randomized 
trial comparing blood pressure control strategies of a 
target systolic blood pressure (SBP) of <150 mmHg com-
pared with <180 mmHg in patients with intracranial 
hemorrhage found no difference in perihematoma rela-
tive cerebral blood flow between the groups [42].

Furthermore, a recent retrospective cohort study sug-
gests that an SBP of >160 mmHg is an independent risk 
factor for rebleeding [43]; in addition, control of SBP 
<160 mmHg has been shown to be safe in patients with 
brain injury. Therefore, control of SBP to a target of 
<160 mmHg is advisable in the immediate post‐bleed 
period. Although there are no definitive data regarding 

Cardiac dysfunction is not uncommon following SAH, 
and should be assessed with electrocardiography and 
troponin levels. Abnormalities warrant further assess-
ment with echocardiography to evaluate cardiac function. 
Pulmonary edema can result from cardiac dysfunction, 
or be neurogenic in etiology. Ventilatory support, posi-
tive end‐expiratory pressure as tolerated by the intracra-
nial pressure, and judicious fluid management should be 
used to maintain oxygenation.
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optimal level of blood pressure control with unsecured 
aneurysms after SAH, due to the high morbidity associ-
ated with rebleeding, a lower target may be appropri-
ate  in patients with unsecured ruptured aneurysms, 
although avoidance of hypotension is also important.

To guide blood pressure control an arterial line should 
be placed, especially for those patients requiring intrave-
nous treatments of elevated blood pressure. Data on the 
optimal agent for control of blood pressure are lacking. 
Popular options include nicardipine, labetalol, or nitro-
prusside; the possible effect of increased intracranial 
pressure with use of nitroprusside should, however, be 
considered and nicardipine may allow fewer dose adjust-
ments [44] and does not require monitoring for the rare 
but potentially hazardous cyanide toxicity that can 
develop with prolonged use of nitroprusside [45].

15.2.5 Seizures

Between 8% and 15% of patients have a seizure at the 
time of SAH onset and around 5% patients experience 
seizures during their hospital admission [46–48]. 
Reported risk factors for early seizures after SAH include 
age <40 years, rebleeding, Hunt and Hess grade III–IV, 
Fisher grade 3–4, thickness of cisternal clot, and acute 
hydrocephalus [46, 48].

Antiepileptic prophylaxis and management in patients 
with SAH is controversial, with many reports of seizures 
occurring despite the routine use of prophylactic antie-
pileptic drugs [47–49]. There are concerns that the phys-
iological response occurring during seizures – including 
hypertension – may increase the risk of rupture of unse-
cured aneurysms. In addition, adverse effects of antiepi-
leptic drugs have been reported in up to 25% of patients 
with SAH with prophylactic use [48], and a retrospective 
analysis of data collected from 3552 patients enrolled 
into four large prospective randomized trials of SAH 
from 1991 to 1997 indicated a higher risk of in‐hospital 
complications in those prescribed antiepileptic drugs 
(primarily phenytoin or phenobarbital) [50]. The use of 
phenytoin in particular as prophylaxis was found to be 
predictive of poor neurologic and cognitive outcome in a 
single‐center retrospective study [51]. Furthermore, 
early seizure associated with SAH does not appear to be 
predictive of late epilepsy in most [46, 48], but not all 
[52], reports, and the association of seizures with func-
tional outcome is unclear [47, 52].

Adding to the general uncertainty surrounding antie-
pileptic drug use in aneurysmal SAH, antiepileptic drug 
choice was too varied among and within studies to draw 
concrete conclusions regarding the benefits of specific 
choices in antiepileptic prophylaxis versus the associated 
drug side effects. Newer antiepileptic drugs with more 
benign side‐effect profiles have not been studied. Further 
prospective studies are needed to define the exact role of 
antiepileptic drug prophylaxis and long‐term continua-
tion in patients with SAH. Nonetheless, prophylactic use 
of antiepileptic drugs (avoiding phenytoin) in patients 
with aneurysmal SAH is considered reasonable practice, 
especially in the acute period, to avert precipitation of 
rebleeding from an unsecured aneurysm in the setting of 
the physiological stress of seizures [53]. Antiepileptic 
drug use in patients suffering seizure at presentation is 
also considered routine management, although ultimate 
duration of treatment is not well defined. In general, the 
risk of recurrent seizures following an initial seizure 
occurring in the context of an acute brain injury is 
thought to fall rapidly in the first two weeks, and the con-
vention of prescribing antiepileptic drugs for six months 
is perhaps overly cautious.

15.2.6 Hydrocephalus and increased 
intracranial pressure

Acute hydrocephalus occurs in approximately 20% of 
patients with aneurysmal SAH, and the incidence par-
allels the clinical grade upon presentation [54, 55]. 
Gradual obtundation within 24–48 hours of hemor-
rhage, sometimes accompanied by slow pupillary 
responses to light and downward deviation of the eyes, 
is fairly characteristic of acute hydrocephalus [56, 57], 
and some patients lapse into coma from hydrocephalus 
within a few hours of the hemorrhage. Acute hydro-
cephalus with a large amount of intraventricular blood 
is often an early indication of the likelihood of a poor 
clinical outcome.

Acute hydrocephalus is managed by cerebrospinal 
fluid (CSF) drainage, usually through the placement of 
an external ventricular drain (EVD) which allows both 
drainage of CSF, and monitoring of intracranial pres-
sure (Figure 15.2). Lumbar puncture should be avoided 
in cases of acute symptomatic hydrocephalus if the 
SAH is associated with an intraparenchymal hematoma 
or significant obstructive pattern with occlusion of the 

In patients with subarachnoid hemorrhage and unse-
cured ruptured aneurysm, blood pressure should be 
controlled, with a goal of systemic blood pressure 
<160 mmHg. Titratable intravenous drips with arterial 
line monitoring should be used to achieve this goal.

Antiepileptic drugs should be administered to patients 
presenting with seizure. The utility of prophylactic antie-
pileptic drugs is not proven, but is reasonable in the 
acute postrupture period; however, phenytoin has been 
associated with poor outcome and should be avoided.
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third/fourth ventricle with blood, as this can pose a risk 
of transtentorial herniation. Approximately two‐thirds 
of patients with acute symptomatic hydrocephalus will 
exhibit significant improvement in their neurological 
status following EVD placement and CSF drainage [54]. 
Rapid CSF drainage has been implicated in precipitat-
ing aneurysm rebleeding, although there are conflict-
ing results among studies regarding the effect of CSF 
drainage on rebleeding [58, 59]. In the era of early 
aneurysm treatment, ventriculostomy after aneurys-
mal SAH has not been shown to increase the incidence 
of rebleeding when judicious CSF drainage is exercised, 
at a mean initial level of drainage of about 15 cmH2O 
[58]. There are no strict guidelines for the rate of CSF 
drainage after aneurysmal SAH, although avoidance of 
excessive CSF drainage prior to aneurysm treatment is 
advisable as long as intracranial pressure is adequately 
managed.

Persistence of increased intracranial pressure despite 
EVD placement and CSF drainage can be managed with 
the use of hypertonic solutions or mannitol, in addition 
to techniques such as elevating the head of the bed, brief 
hyperventilation, and analgesic administration.

15.2.7 Intracerebral and subdural extension 
of hemorrhage

Intracerebral extension of the hemorrhage (Figure  15.3) 
occurs in up to one‐third of patients with ruptured aneu-
rysms [60] and, not surprisingly, the outcome is worse 
than in patients with a purely subarachnoid blood load 
[61]. When the most likely cause of deterioration in the 
level of consciousness is a large temporal lobe hemor-
rhage, usually from a ruptured aneurysm of the middle 
cerebral artery (MCA), immediate evacuation should be 
considered. The traditional intervention is evacuation of 
the hematoma with simultaneous clipping of any aneurysm 

(a) (b)

Figure 15.2 (a) Subarachnoid hemorrhage (with pellucidum clot and intraventricular hemorrhage) and consequent hydrocephalus. Note 
dilatation of the temporal horns (arrows). Additional slices (b) show prominent frontal (arrow) and occipital (curved arrow) horns, as well as 
ballooning of the third ventricle. A right frontal external ventricular drain catheter is in place (arrowhead).

In patients with acute hydrocephalus, external ventricu-
lar drain placement is the preferred strategy for cerebro-
spinal fluid drainage, allowing both release of 
cerebrospinal fluid and monitoring of intracranial pres-
sure. Lumbar drainage can be considered but must be 
strictly avoided in patients with associated intraparen-
chymal hematoma or obstructive intraventricular hem-
orrhage to avoid risk of herniation.
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(a) (b)

(c) (d)

Figure 15.3 (a, b) Subarachnoid hemorrhage and a large right temporal hematoma (arrows) caused by a ruptured right middle cerebral 
artery bifurcation aneurysm. Digital subtraction angiography (c) and three‐dimensional reconstruction (d) shows the large right middle 
cerebral artery bifurcation aneurysm (curved arrow). Patient required emergent craniotomy for evacuation of hematoma and aneurysm 
clipping. 
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visible at CT angiography, rather than delaying the proce-
dure until catheter angiography can be performed. This 
approach is supported by a small randomized study, in 
which 11 of 15 patients in the operated group survived, 
against 3 of 15 in the conservatively treated group (relative 
risk [RR] 0.27; 95% confidence interval [CI] 0.09–0.74) 
[62]. Hemicraniectomy following evacuation of the hema-
toma, in anticipation of subsequent edema, is also gener-
ally advisable [63]. A modification of this approach is to 
proceed to immediate occlusion of the aneurysm by endo-
vascular coiling, followed by evacuation of the hematoma 
[64], but this is best avoided unless there will be minimal 
delay introduced by the initial angiography and coiling.

In about 2% of patients – usually in the setting of poste-
rior communicating artery aneurysm – an acute sub-
dural hematoma complicates rupture of an intracranial 
aneurysm. This appears to be more common with recur-
rent aneurysmal rupture than a first bleed [65]. 
Sometimes there is no associated hemorrhage in the 
subarachnoid space to indicate a ruptured aneurysm as 
the underlying cause [66]. Acute subdural hematomas 
secondary to a ruptured aneurysm, as with all such 
hematomas, can be quickly life threatening due to mass 
effect and brain shift; prompt evacuation is called for, 
with readiness to tackle the underlying aneurysmal 
source surgically at the same time [67].

15.2.8 Analgesics and general nursing care

Consciousness level and confusion
Neurological examination should be performed at least 
every hour for patients presenting with aneurysmal SAH, 
including the level of consciousness, orientation, lan-
guage, cranial nerve examination, and motor strength. 
Any change in the level of consciousness or new confu-
sion or focal neurological signs may signify rebleeding, 
hydrocephalus, hypoxia, early cerebral ischemia, seizures, 
infection, or a systemic medical complication. In addition, 
in the subsequent hospital course, delirium is not uncom-
mon in the ICU setting, due to the combined effects of 
isolation, sleep deprivation, narcotic drugs, and alcohol 
withdrawal. Frequent re‐examination and workup for 
treatable causes of altered consciousness or confusion 
must be ongoing.

Headache
Headache can sometimes be managed with simple anal-
gesics such as acetaminophen. Salicylates should be 
avoided due to their antiplatelet effect; they are unde-
sirable in patients with unsecured aneurysms and in 
those who may have to undergo neurosurgical interven-
tions or external ventricular drainage. Judicious use of 
narcotic medications, such as intravenous morphine or 
oral codeine can be employed if necessary, although in 

doses that do not alter the reliability of the neurological 
examination.

Anxiolytic drugs or synthetic opiates such as tramadol 
may also be helpful in obtaining pain relief. Constipation 
is a common problem with all opiates and prophylaxis 
with stool softeners is necessary to prevent gastrointesti-
nal complications. For as long as the aneurysm has not 
been occluded the patient should be kept on bedrest, 
with as few external stimuli as possible, on the assump-
tion that any form of excitement may affect blood pres-
sure and increase the risk of rebleeding.

Venous access
A reliable intravenous route should be maintained for 
emergency administration of blood pressure agents, 
plasma expanders, or antiepileptic drugs; central venous 
access is preferred as it can also provide central venous 
pressure monitoring in the postaneurysm treatment 
period as well as administration of medications, vasoac-
tive agents, fluids, colloids, or hypertonic solutions as 
necessary.

Bladder management
A catheter is almost always needed for accurate calcula-
tion of fluid balance, except in men who are alert and 
have perfect bladder control. Condom devices leak or 
slip off too often to be of practical use in these critically 
ill patients. Intermittent catheterization may substan-
tially decrease the risk of urinary infections but the 
 procedure is too stressful for patients with SAH and 
unsecured aneurysms, and thus an indwelling catheter 
during initial workup and treatment is preferred.

Gastrointestinal management
Gastrointestinal prophylaxis against stress ulcers with H2 
blockers should be considered for all patients, and in par-
ticular for mechanically ventilated patients or those with 
a previous history of gastroesophageal reflux or ulcers. 
Straining should be avoided if at all possible because of 
the attendant surges in arterial blood pressure, and stool 
softeners should be prescribed routinely. Enemas should 
be avoided due to the potential for marked increase in 
intra‐abdominal pressure and, secondarily, intracranial 
pressure. Antiemetics should be available, to avoid the 
intracranial pressure surges associated with emesis.

To reduce risk of rebleed and intracranial pressure eleva-
tion, patients with unsecured ruptured aneurysms 
should be managed on bedrest, with analgesics, 
antiemetics, and stool softeners, as well as stomach acid 
prophylaxis and bladder catheterization. Narcotic medi-
cations should be dosed judiciously to avoid hindering 
the monitoring of the neurological examination.
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15.3  Prevention of rehemorrhage

15.3.1 Risk of rebleeding

Early studies, including a prospective study, reported a 
rebleeding risk of approximately 4% in the first day after 
the hemorrhage [68] with an ongoing 1.5% daily risk 
thereafter until day 14. More recent data, however, sug-
gest that these studies may have underestimated the 
incidence of so‐called “hyperacute” or “ultra‐early” 
rebleeding; the incidence of rehemorrhage of ruptured 
aneurysms in the first 24 hours after an initial bleed is 
now reported to be as high as 9–17%, with the majority 
of the rebleeding occurring within 6 hours of the sentinel 
hemorrhage [69–72]. Discrepancies in rebleeding rates 
in reported series may be attributable to rebleeding 
occurring prior to hospital admission or transfer or prior 

to initial imaging. For example, only half of the 3521 
patients in a large prospective observational study were 
admitted within 24 hours of their SAH, and only 45.2% of 
patients received a CT scan within 24 hours of the initial 
hemorrhage [73]. After the first day, the cumulative risk 
of rebleeding is highest within the first 2–3 weeks [74] 
(Figure  15.4), and subsequently declines, but with an 
overall 50% rebleed rate by six months [75]. Thereafter 
there remains an ongoing constant risk of rebleeding 
from unsecured aneurysms of about 3% per year [76].

After rebleeding, the prognosis is poor [73]. Up to 80% 
of patients die or remain disabled [4, 74] and, given its fre-
quency and morbidity, rebleeding is still a major cause of 
poor outcome, even in centers that aspire to early occlu-
sion of the aneurysm [71, 77]. There are conflicting data 
regarding predictors of an increased risk of rebleeding. 

(a) (b) (c)

(d) (e)

Figure 15.4 CT scans of a patient with early rebleeding. (a, b) CT scan on admission showing large amounts of subarachnoid blood in the 
basal cisterns and left sylvian fissure; (c) CT angiogram on admission showing an aneurysm of the left middle cerebral artery (arrow). 
Shortly after the initial scan the patient suddenly lost consciousness. (d, e) Repeated scan after the clinical deterioration confirmed 
rebleeding with more extravasated blood (arrowheads).
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Aneurysm size, the presence of multiple aneurysms, 
associated hematoma, GCS, Hunt and Hess grade, ele-
vated systolic blood pressure, and early angiography are 
among the factors that have been suggested as risk factors 
for early rebleeding [78]. Unfortunately, none of these fac-
tors has been shown to reliably identify the patients at 
highest risk of aneurysmal re‐rupture.

15.3.2 Timing of aneurysm treatment

In the current era, aneurysms are usually treated as early 
as possible, usually within three days of the initial bleed 
and if possible within 24 hours, and this policy should not 
be restricted to patients admitted in good clinical condi-
tion [71]. For all patients, it appears that the prognosis is 
better if the aneurysm is secured. The main rationale for 
early treatment is optimal prevention of rebleeding. The 
other critical advantage of early aneurysm treatment is 
that if cerebral ischemia does develop secondary to vasos-
pasm, hypertensive and hypervolemic treatment can be 
aggressively administered without prompting rebleeding.

The most robust data regarding timing of aneurysm 
surgery comes from the International Cooperative Study 
on the Timing of Aneurysm Surgery, a prospective 
observational epidemiological study across 14 countries, 
which assessed patient outcomes following surgical and 
medical treatment of SAH, and also compared surgical 
outcomes based upon timing of treatment (0–3 days, 
4–6 days, 7–10 days, 11–14 days, or 15–32 days) [73, 79]. 
Prior to the 1970s, surgery for ruptured aneurysms was 
routinely delayed at least a week after rupture in order to 
allow time for the effects of the initial bleeding insult to 
resolve; early surgery was perceived to be more difficult 
due to brain edema, and surgical outcomes of delayed 
surgery tended to be more favorable [80]. Better surgical 
outcome must, however, be weighed against the morbid-
ity associated with unsecured aneurysms after SAH and, 
in fact, aside from the initial damage from the SAH, 
vasospasm and rebleeding were found to be the leading 
causes of death and disability in the Cooperative Study. 
Comparing the timing of aneurysm surgery, no differ-
ence was found between early (0–3 days) or late (11–14 
days) surgery on the primary outcomes of “good recov-
ery” (determined by the Glasgow Outcome Score [GOS]) 
and death assessed at six months following SAH. The 
study concluded that the perioperative risks associated 
with early surgery were in fact not higher than the mor-
bidity of rebleeding and vasospasm in the groups await-
ing delayed surgery [73, 79], suggesting that fears 
regarding adverse effects of early surgery were 
unfounded. Of note, outcomes were worse for the 
patients operated on in the interval of 7–10 days post 
bleed, and this has been attributed to increased risk of 

vasospasm during this period. The Cooperative Study 
led to a distinct shift toward early surgery, and advances 
in surgical technique and resultant improvements in 
surgical morbidity in the modern era further support 
this approach. A meta‐analysis of 11 studies with 1814 
patients has also since demonstrated that early (within 
72 hours) treatment led to better outcomes; this was sta-
tistically significant for good grade (WFNS 1–3) patients 
with an RR of 0.41 (95% CI 0.34–0.51), but also showed a 
similar trend in poor grade (WFNS 4–5) patients with an 
RR 0.84 (95% CI 0.67–1.05) [81].

Because the International Cooperative Study was per-
formed in the precoiling era, subsequent reports have 
evaluated the effect of timing of coil embolization of rup-
tured aneurysms on outcomes, and found no adverse 
effect of an early interval to coiling on periprocedural 
morbidity rates or outcomes assessed at six months [82]. 
Furthermore, coiling appears to be safe in the period 
between day 4 and 10, the time frame which was 
regarded as unfavorable for surgical intervention in the 
Cooperative Study [83]; vasospasm, even if present, can 
be treated endovascularly during the same setting [84]. 
With advances in surgical and neuroanesthetic tech-
nique, recent data also indicate that surgical intervention 
can now be performed during the vasospasm period, and 
even in the setting of confirmed vasospasm, without 
excess morbidity [84, 85]. Consequently, aneurysm treat-
ment, whether by surgical or endovascular means, 
should generally be undertaken promptly even if the 
ictus occurred some days prior to presentation [86]. 
Overall, existing data support the outcome benefit of 
treatment by either coiling or clipping modality within 
72 hours, and more recent data even support treatment 
within 24 hours of SAH [87].

15.3.3 Surgical occlusion

Surgical occlusion of ruptured aneurysms has histori-
cally been the primary mode of intervention. No rand-
omized trial comparing outcomes with patients not 
receiving treatment has been done in modern times; the 
only randomized trial that compared surgical with con-
servative treatment in patients with SAH, performed in 
the 1950s in London, tested carotid ligation, not aneu-
rysm clipping, and was restricted to patients who had 
survived the first 12 days [88]. However, many data sup-
port surgical intervention. In an effort to quantify the 
benefits, statistical modeling that weighed the preven-
tion of rebleeding against the complications of surgery 

Ruptured aneurysms should be secured as soon as pos-
sible with the goal of complete obliteration, preferably 
within 24 hours of presentation.
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estimated an absolute reduction in the risk of a poor out-
come of almost 10% and an RR reduction of 0.81 for sur-
gical occlusion versus no occlusion [74].

The current practice of aneurysm clipping involves 
performing a craniotomy and placing a clip at the base of 
the aneurysm neck, thus excluding it from the circula-
tion (Figure  15.5). Modern day imaging techniques 
including three‐dimensional angiography can facilitate 
accurate surgical planning [89]. Modern clips are typi-
cally made of titanium, which confers subsequent mag-
netic resonance (MR) compatibility and reduces artifact 
on CT and MR imaging. Surgical treatment is typically 
definitive and still represents the most durable treatment 
option for occlusion of cerebral aneurysms. Rebleeding 
from the treated aneurysm is very rare, although there 
can still be a low risk of delayed aneurysm regrowth, or 
formation of de novo aneurysms at the site of the original 
aneurysm or at other sites, or hemorrhage from small 
unruptured incidental aneurysms that were left untreated 
at time of the SAH, all of which support the need for 
long‐term follow‐up [90].

Since the inception of aneurysm clipping, neurosurgi-
cal and anesthetic techniques have undergone consider-
able evolution beyond the seminal introduction of the 
operating microscope in the 1960s. Various techniques 
to reduce operative complications and morbidity have 
been studied. Mild intraoperative hypothermia which 
was once thought to decrease the effect of ischemic and 
traumatic insults during surgery, however, has since 
been shown to confer no benefit on neurologic outcome 
based on the randomized Intraoperative Hypothermia 
for Aneurysm Surgery Trial (IHAST) [91].

A number of surgical techniques to address complex 
aneurysms have been developed and are important in 
the operative management of ruptured aneurysms 
(Table 15.2, Figure 15.6). Additionally a number of strat-
egies to optimize surgical outcomes and avoid vessel 
compromise and ischemia are available (see Table 15.2) 
(Figure  15.7). Techniques for avoidance and manage-
ment of intraoperative rupture of the aneurysm are also 
particularly important (see Table  15.2), given the 
increased morbidity when this occurs [92]. Expertise in 
aneurysm surgery is an important predictor of outcome 
for surgical management of ruptured aneurysms, both as 
it relates to surgeon experience and to institutional vol-
umes. Studies have demonstrated improved outcomes 
following craniotomy for ruptured aneurysms at higher 
volume centers [93, 94].

15.3.4 Endovascular occlusion

Over the last two decades, endovascular occlusion of 
aneurysms has emerged as an important treatment 
modality for occlusion of ruptured aneurysms. The tech-
nique consists of packing the aneurysm with platinum‐
based detachable coils [95]. This technique was initially 
used mainly for posterior circulation aneurysms 
(Figure 15.8), which tend to carry higher surgical mor-
bidity, but has become increasingly utilized for aneu-
rysms of the anterior circulation also. Occasionally for 
the treatment of large or complex aneurysms, coiling can 
also be combined with surgical treatment [96].

Coiling is not technically feasible for all aneurysms and 
depends on morphological features including neck width 

(a) (b) (c)

Figure 15.5 Preoperative (a) and postoperative (c) digital subtraction angiography images from a patient with subarachnoid hemorrhage 
showing a ruptured right middle cerebral artery bifurcation aneurysm (arrow) with no remnant (curved arrow) following surgical clipping. 
Nonsubtracted images (b) show position of the aneurysm clips (arrowhead).
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and aspect ratio. Advanced endovascular techniques, 
such as use of temporary balloons to prevent coil egress 
from the aneurysm neck into the parent vessels, can 
allow for coiling of wide‐necked or complex aneurysms 
which would otherwise not be amenable to simple coil-
ing. This is referred to as balloon‐assisted coiling or bal-
loon remodeling (Figure  15.9). Despite initial concerns 
over the effect of temporary balloon occlusion of parent 
vessels on procedural complications, a large multicenter 
prospective study comparing balloon‐assisted coiling to 
conventional coiling of ruptured aneurysms found no 
difference in thromboembolic events, intraoperative 
rupture, or rebleeding between the two groups [97]. In 
addition, higher rates of adequate aneurysm occlusion 
were reported in the remodeling group.

Although endovascular stent placement is an addi-
tional adjunct to coiling of wide‐neck unruptured aneu-
rysms, stents are best avoided in the setting of ruptured 
aneurysms due to the higher risk of complications asso-
ciated with their use. This stems primarily from the need 
for dual antiplatelet therapy to prevent stent thrombosis 
and thromboembolic events. Multiple small studies eval-
uating the safety and efficacy of stent‐assisted coiling of 
ruptured aneurysms have demonstrated higher bleeding 
complications and risk for adverse events. In a review of 
stent‐assisted coiling of ruptured aneurysms, an aggre-
gate rate of clinically significant hemorrhagic complica-
tions was seen in 8% of patients and clinically significant 
thromboembolic events occurred in 6% of patients, with 
33% of patients having poor outcomes or death [98]. 
Good outcomes were less prevalent than previously 

Table 15.2 Specialized neurosurgical techniques used 
for ruptured aneurysm surgery.

Intraoperative strategies
Control of intraoperative rupture

 ● Temporary occlusion of parent vessel for aversion or control 
of intraoperative rupture [297]

 ● Adenosine induced temporary cardiac arrest for control of 
intraoperative rupture [298]

Avoidance of vessel compromise/intraoperative ischemia

 ● Intraoperative catheter angiography [299, 300]
 ● Video indocyanine green angiography [301]
 ● Vessel flow measurements [302]
 ● Neurophysiological monitoring [303, 304]

Specialized surgical techniques
Vessel reconstruction maneuvers

 ● Permanent occlusion of parent vessel or trapping of 
aneurysm without need for revascularization [305, 306]

 ● Permanent occlusion of parent vessel or excision/trapping of 
aneurysm, with revascularization using in situ bypass (e.g. 
side‐to‐side anastomosis, excision with end‐to‐end 
anastomosis of parent artery) [307] or extracranial–
intracranial (EC‐IC) bypass [308]

 ● Opening the aneurysm for thrombectomy, followed by clip 
reconstruction of the artery [309]

 ● Encircling clip or clip wrapping of fusiform/blister 
aneurysms [310]

Surgical approaches

 ● Skull base approaches (including orbitozygomatic and far‐
lateral/ transcondylar approaches) [311, 312]

 ● Key hole approaches (including eyebrow incisions) [313–315]

(a) (b)

Figure 15.6 Digital subtraction 
angiography for a subarachnoid 
hemorrhage patient showing a giant right 
ophthalmic internal carotid artery (ICA) 
aneurysm as well as a giant right 
cavernous ICA segment aneurysm (a). 
Patient underwent right‐sided craniotomy 
for trapping of the ruptured ophthalmic 
segment aneurysm and unruptured 
cavernous segment aneurysm, ligation of 
the right internal carotid artery, and 
extracranial to intracranial bypass using a 
cadaveric saphenous vein graft from the 
right external carotid artery to the right 
middle cerebral artery (arrow) (b).
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(a) (b)

(d) (e)

(c)

Figure 15.7 Intraoperative views under the surgical microscope depicting a ruptured right posterior communicating artery (PCOMM) 
aneurysm with a titanium clip across the aneurysm neck (arrow) and an unruptured right anterior choroidal artery aneurysm (curved 
arrow) (a). (b) Clipping of the anterior choroidal artery aneurysm. Perforators from the PCOMM and anterior choroidal artery are visualized 
(arrow) with gentle manipulation of the artery (c). (d, e) Indocyanine green dye views of the parent internal carotid artery vessel (d) as well 
as patent perforators (e) after aneurysm clipping. ((a–c) Also reproduced in color in the plate section.)

(a) (b)

Figure 15.8 Digital subtraction 
angiography of a patient with a ruptured 
mid‐basilar trunk aneurysm (arrow) pre 
(a) and post (b) coiling.
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reported for coiling of ruptured aneurysms without the 
use of stents [99]. The general consensus is that that use 
of stents should be avoided in the setting of ruptured 
aneurysms unless all other options, including surgical 
intervention, are not feasible [98].

In addition to the fact that coiling is not a techni-
cally  feasible option in every patient [100], coiling is 
associated with risks of procedural morbidity. In a large 
consecutive series from a single center, procedural com-
plications occurred in 40 of 681 patients (5.9%; 95% CI 
4.2–7.9%), leading to death in 18 (procedural mortality, 
2.6%; 95% CI 1.6–4.2%) and to disability in another 22 
patients (procedural morbidity, 3.2%; 95% CI 2.0–4.9%) 
[101]. The most frequent complication was thromboem-
bolism, which occurred in 4.7% of patients; intraproce-
dural rupture occurred in 1.2% of patients. When rupture 
occurs during coiling, the bleeding is much more diffi-
cult to control than during surgical exploration, which 
explains the high case fatality of 40% associated with this 
complication [102]. Small aneurysm size has been one 

risk factor consistently identified for this procedural 
complications [102, 103]. To reduce the risk of thrombo-
embolism, most coiling procedures are done with hep-
arinization during treatment and in some cases even 
continued for 1–2 days. Other technical complications 
which can occur with coiling are inadvertent parent or 
distal vessel compromise should one or more coils 
become dislodged and herniate or embolize into the par-
ent vessel. This can result in ischemia, and necessitate 
anticoagulation to reduce thromboembolic events or, in 
some cases, a surgical approach to retrieve the fragment. 
In addition, worsening of mass effect is also possible fol-
lowing endovascular coiling of aneurysms, more so in 
giant aneurysms [104].

Other than the intracranial complications related to 
endovascular treatment of aneurysms, problems related 
to the femoral artery endovascular access site can occur, 
including wall dissection, retroperitoneal or groin hema-
toma, femoral artery pseudoaneurysm, and peripheral 
vascular thromboembolic complications. Complications 

(a)

(b)

Figure 15.9 Intraprocedural angiographic 
pictures demonstrating coiling of a 
ruptured right posterior communicating 
artery aneurysm utilizing a “balloon‐
remodeling” technique. (a) The aneurysm 
(curved arrow) is wide necked; the deflated 
balloon is passed across the aneurysm 
neck (arrow), and the balloon is inflated 
during coiling (arrowhead). (b) The balloon 
prevents coil prolapse into the parent 
vessel, and is removed following complete 
obliteration of the aneurysm.
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related to femoral artery access become particularly sali-
ent in the setting of stent‐assist procedures where dual 
antiplatelet therapy and possibly full anticoagulation is 
indicated in the acute period following the procedure, 
setting the stage for potentially devastating bleeding 
complications, including death from immediate bleeding 
or delayed multiorgan failure. Early detection of bleeding 
complications is crucial in preventing significant mor-
bidity for patients and detection of access complications 
can be more challenging for patients with SAH. The typi-
cal presenting symptom of retroperitoneal hematoma, 
such as abdominal or back pain, can be more difficult to 
ascertain when level of consciousness or mental status 
have been altered by SAH [105]. Increased vigilance, 
including hemodynamic monitoring and frequent neu-
rovascular checks, including examination of peripheral 
pulses, is paramount in the SAH patient population after 
endovascular intervention.

15.3.5 Surgical versus endovascular therapy

Soon after its introduction in the early 1990s coiling was 
compared with neurosurgical clipping in randomized 
trials. The largest multicenter randomized trial to date 
regarding endovascular coiling versus surgical clipping 
of ruptured aneurysms, the International Subarachnoid 
Aneurysm Trial (ISAT) [99] was conducted from 1994 to 
2002, and randomized 2143 patients with aneurysms 
deemed technically suitable both for coiling and clip-
ping. The conclusions of the first analysis from that data 
set were that for ruptured intracranial aneurysms suita-
ble for either coiling or clipping, coiling is more likely to 
result in disability‐free survival at 1 year compared to 
clipping. The RR reduction of death or dependency at 
1 year for coiling was 22.6%, with an absolute risk reduc-
tion of 6.9% (2.5–11.3%) from 23.7% to 30.6%. A system-
atic review of randomized trials regarding clipping and 
coiling (one large and two small trials, of which one was 
still unpublished) followed, and included a total of 2272 
patients [106]. Most of the patients were in good clinical 
condition and had an aneurysm of the anterior circula-
tion. After 1 year of follow‐up, the RR of a poor outcome 
(death or dependency) for coiling compared with clip-
ping was 0.76 (95% CI 0.67–0.88). The absolute risk 
reduction of a poor outcome was 7% (95% CI 4–11%). 
For anterior circulation aneurysms the RR of a poor out-
come was 0.78 (95% CI 0.68–0.90) and the absolute risk 
reduction was 7% (95% CI 3–10%). For posterior circula-
tion aneurysms, the benefits were larger, with RR of 0.41 
(95% CI 0.19–0.92) and an absolute risk reduction 27% 
(95% CI 6–48%).

Despite the seemingly favorable outcome of aneurysm 
coiling in the analyses to date, the results must be inter-
preted and applied carefully for several reasons. First, 

aneurysms in some locations are more suitable for occlu-
sion by one than the other technique. Basilar artery 
aneurysms and many other types of posterior circulation 
aneurysms are relatively easy to coil [107] compared to 
clipping, where surgical treatment is often more diffi-
cult. Conversely, aneurysms at the trifurcation of the 
middle cerebral artery are often difficult to coil without 
interfering with major arterial branches, but are surgi-
cally very accessible and amenable to clipping strategies. 
These preferences are reflected in the underrepresenta-
tion of posterior circulation aneurysms and aneurysms 
of the middle cerebral in the ISAT study [99]. Another 
concern with endovascular coiling of aneurysms is the 
higher incidence of incomplete occlusion during the 
procedure. In the aforementioned systematic review 
of clipping versus coiling of ruptured aneurysms, there 
was an increased risk for incomplete obliteration of the 
aneurysm in the group that underwent endovascular 
coiling compared to surgical clipping [106]. The results 
were similar in the most recent prospective randomized 
trial from a large single center, the Barrow Ruptured 
Aneurysm Trial (BRAT), with 349 patients followed up 
at 3 years [108]. The durability of occlusion with coils 
also remains a concern, given that the early rebleeding 
rate after surgical occlusion is very low. Ideally, after coil-
ing, any remaining aneurysmal lumen becomes occluded 
by a process of reactive thrombosis, but early or late 
rebleeding does nevertheless occur – even after a techni-
cally competent procedure. An overall retreatment rate 
of 7.2% due to recurrence was documented in a large sin-
gle‐center review of 1307 patients who underwent endo-
vascular occlusion of both ruptured and unruptured 
aneurysms over an 11‐year follow‐up period [109]. The 
finding of a significantly higher retreatment rate for 
coiled aneurysms was again confirmed at 3 years follow‐
up in the BRAT study [108].

With regard to rebleeding after intervention, endovas-
cular coiling of aneurysms has been consistently associ-
ated with a higher rebleeding rate. In a consecutive series 
of 431 patients, 6 (1.4%) rebled within 30 days after coil-
ing; in 4 of these patients the aneurysm had been com-
pletely occluded during the procedure [110]. All 6 
patients died after rebleeding. Risk factors for rebleeding 
in this series were a hematoma in the vicinity of the aneu-
rysm, anterior communicating aneurysms, and small 
aneurysm size. In the ISAT trial the rate of rebleeding 
from the target aneurysm between the procedure and the 
end of the first year was higher after coiling than clipping 
(2.6% vs. 1.0%); most episodes of rebleeding occurred in 
the first 30 days [111], giving an RR of rebleeding of 2.46 
for coiled aneurysms. Subsequent follow‐up revealed still 
more rebleeds from the treated aneurysm in the coiling 
group than in the clipping group at a mean of 9 years post 
treatment, although death from rebleeding did not differ 
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between the groups.[112]. Nonetheless, ISAT reported 
reduced death or dependence at 1 year despite the higher 
rebleeding rate, and the survival advantage for endovas-
cular compared with surgical treatment was still seen at 7 
years [99]. The BRAT study, which differed in design 
from ISAT by allowing inclusion of all aneurysms (not 
only those deemed suitable for both coiling and clipping), 
initially also showed improved results with a policy of 
intent to treat by coil embolization at 1 year [113]. 
However, on subsequent 3‐year follow‐up, outcomes did 
not differ significantly between the groups, suggesting 
that long‐term outcome is not favorably influenced by 
coiling [108]. The most recent systematic review of stud-
ies on this topic concludes that coiling yields better clini-
cal outcome, primarily in good grade patients, but does 
lead to a higher risk of rebleeding [114].

Interestingly, other data borne out of the studies of 
clipping versus coiling of aneurysms have suggested that 
cognitive impairment after 1 year tends to be less after 
coiling than after clipping [115], although data are lim-
ited, There has also been a lower reported incidence of 
seizures in patients treated with endovascular coiling as 
compared to surgical clipping [116], also observed in the 
ISAT cohort [111].

15.3.6 Pharmacological treatment

Given that fibrinolytic activity in the cerebrospinal fluid 
is thought to break down clots sealing the tear in a rup-
tured aneurysm sac, it is logical to suppose that rebleed-
ing might be prevented by antifibrinolytic drugs that 
cross the blood–brain barrier rapidly after SAH [117]. 
The two most commonly used antifibrinolytic agents are 
tranexamic acid (TEA; 1 g intravenously or 1.5 g orally, 
4–6 times daily), or ε‐aminocaproic acid (EACA; 3–4.5 g 
3‐hourly intravenously or orally). Both agents are struc-
turally similar to lysine and thus block the lysine‐binding 
sites by which the plasminogen molecules bind to com-
plementary sites on fibrin. It is assumed that it takes 36 
hours to achieve complete inhibition of fibrinolysis in 
the cerebrospinal fluid.

Several randomized trials of antifibrinolytic drugs in 
SAH have so far been performed. The most recent 
Cochrane review included 10 studies, involving 1904 

patients [118]. Treatment did not significantly influence 
death from all causes (RR 1.00; 95% CI 0.85–1.18) or poor 
outcome (death, vegetative state, or severe disability; RR 
1.02; 95% CI 0.91–1.15). On the other hand, there were 
striking differences in specific event rates: antifibrinolytic 
treatment reduced the risk of rebleeding at the end of fol-
low‐up, with some heterogeneity between the trials (RR 
0.65; 95% CI 0.44–0.97), but increased the risk of cerebral 
ischemia (RR 1.41; 95% CI 1.04–1.91) with considerable 
heterogeneity between the most recent studies, in which 
specific treatments to prevent cerebral ischemia were 
used [70, 119], and four older studies. However, even in 
the trial where antifibrinolytic agents were tested in the 
presence of nimodipine and a strategy avoiding hypov-
olemia, the drug still did not improve overall outcome 
[119]. The most recent trial was performed in Sweden 
and included 505 patients; but again the overall outcome 
did not appreciably improve in patients treated with TEA, 
despite an impressive reduction in rebleeding [70, 120].

How antifibrinolytic treatment precipitates cerebral 
ischemia is still unclear. Possible explanations include 
increased blood viscosity, the development of micro-
thrombi, delayed clearance of blood clots around the 
arteries at the base of the brain, and the development of 
hydrocephalus through delayed resorption of blood. 
More recently, the notion of short‐term use preceding 
early aneurysm obliteration has again been proposed 
[120] based on retrospective data, although definitive 
studies demonstrating the efficacy of this approach have 
not yet been conducted.

As a pharmacologic aid to reduce rebleeding, recombi-
nant factor VIIa, an activated coagulation, has also been 
examined in a small cohort. Although an open‐label dose 
escalation safety study showed no evidence of ischemic 
complications in the first nine patients, it was suspended 
when the tenth patient developed middle cerebral artery 
branch occlusion contralateral to the aneurysm [121].

15.4  Post‐treatment 
considerations

15.4.1 Delayed neurological deterioration

The days following the securing of a ruptured aneurysm are 
crucial in determining outcomes, as much of the morbidity 
associated with aneurysmal SAH occurs during the post‐
treatment time period in the ICU. Continued neurological 

Ruptured aneurysms should be assessed by an experi-
enced team with expertise in both clipping and coiling 
of aneurysms. For aneurysms equally amenable to com-
plete obliteration by both modalities, coiling is prefera-
ble. Otherwise factors such as age, clinical condition, 
presence of hematoma, and comorbidities as well as 
specific aneurysm locations may favor one treatment 
modality over the other.

Despite reduction in rebleeding risk, the routine use of 
antifibrinolytics in patients following subarachnoid 
hemorrhage is not supported by current evidence. There 
may be a role for early short‐term treatment pending fur-
ther study.
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checks are mandatory and any delayed neurological 
deterioration must be promptly worked‐up and treated, 
as multiple factors may be contributing to the neurologi-
cal change, including DCI, seizures, late hydrocephalus, 
cerebral edema, fevers, electrolyte disturbances, or sys-
temic conditions. Typically, initial workup will entail CT 
scan, routine blood work, and electroencephalogram 
(EEG). Further evaluation may include cultures/chest X‐
ray to investigate fever, a full metabolic panel including 
liver function tests, empiric trial of induced hyperten-
sion in case of DCI, and digital subtraction angiography 
(DSA) to diagnose underlying cerebral vasospasm.

15.4.2 Delayed cerebral ischemia

DCI is a major contributor to morbidity after SAH, and 
is primarily associated with cerebral vasospasm [122]. 
However, these entities are not synonymous: vasospasm 
can be present radiographically without resultant 
ischemia, and conversely, ischemic insults can occur 

without large vessel vasospasm, an increasingly recog-
nized phenomenon likely linked to phenomenon such as 
microcirculatory dysfunction and cortical spreading 
depression post SAH [123].

Pathogenesis
Many of the predictive factors for DCI are interrelated 
and their interactions are complex and poorly under-
stood. A sizeable proportion of patients who eventually 
develop DCI also have none of these risk factors [124]. 
Nonetheless, there seems to be a close relationship 
between the location of subarachnoid blood and the 
“thickness” of the clot with the occurrence of vasospasm 
and DCI [125]. Traditionally, Fisher grade on admission 
has been used as a strong predictor for the development 
of vasospasm. In recent multivariate analyses, initial clot 
volume and percentage of clot cleared per day were 
found to be significant predictors of vasospasm [126].

Vasospasm is often implicated as the cause of cerebral 
ischemia or infarction after SAH because its peak fre-
quency from day 5 to 14 coincides with that of delayed 
ischemia, and also because it is often generalized, in 
keeping with the multifocal or diffuse nature of the clini-
cal manifestations and of the ischemic lesions found on 
brain CT and at autopsy. Vasospasm, however, as noted, 
is not synonymous with DCI; arterial narrowing can be 
asymptomatic even if severe and is only one of the many 
factors involved in the pathogenesis of cerebral ischemia 
in patients with ruptured aneurysms (Figure  15.10). 

Patients with delayed neurological deterioration in the 
post‐treatment period must be promptly evaluated for 
potential treatable etiologies, including delayed cerebral 
ischemia secondary to vasospasm, seizures, cerebral 
edema and increased intracranial pressure, hydrocepha-
lus, fevers/infection, electrolyte or metabolic disturbances 
including hyponatremia, and endocrine dysfunction.

(a) (b)

Figure 15.10 (a) Preoperative cerebral angiogram in a patient with a ruptured right posterior communicating artery aneurysm and 
internal cerebral artery bifurcation aneurysm; An angiogram was performed six days postoperatively (b) demonstrating moderate 
vasospasm of the supraclinoid segment of the right internal carotid artery (arrow), right middle cerebral artery (curved arrow), and right 
anterior cerebral artery (arrowhead). The patient was not symptomatic from the vasospasm.
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Furthermore, arterial narrowing does not necessarily 
signify contraction of smooth muscle in the arterial wall, 
but may represent necrosis and secondary edema [127], 
or intimal proliferation [128]. In addition, strategies that 
reduce vasospasm may not be beneficial (e.g. endothelin 
receptor antagonists) and strategies that reduce the risk 
of cerebral ischemia may do so without influencing 
vasospasm (e.g. calcium antagonists). Overall, one‐third 
of patients with vasospasm do not develop cerebral 
ischemia and one‐third of patients with cerebral ischemia 
have no vasospasm [124]. Thus, the eventual goal of 
treatment in this area is preventing ischemia, rather than 
merely preventing arterial narrowing per se.

The search for chemicals that might be mediators for 
arterial narrowing and the development of DCI is ongo-
ing. The relationship between the amount of extrava-
sated blood and the development of DCI is not 
sufficiently explained by the simplistic notion that toxic 
substances are released from clots around the large 
arteries at the base of the brain. Interestingly, DCI is rare 
after SAH from arteriovenous malformations, despite 
arterial narrowing in some cases [129], and also after 
bleeding from traumatic brain injury [130] and perimes-
encephalic non‐aneurysmal SAH, even after matching 
for the amount of extravasated blood [131]. It seems, 
therefore, that subarachnoid blood is not a sufficient fac-
tor for the development of DCI – a ruptured artery as a 
source also appears to be important. This suggestion is 
further supported by the finding that a generalized per-
fusion deficit at the time of bleeding is an independent 
risk factor for the development of DCI [132]. Because 
loss of consciousness at the time of the hemorrhage is 
also an important and independent predictive factor for 
DCI [133] it is conceivable that global ischemia during 
this brief period, along with a massive increase in intrac-
ranial pressure, may sensitize neurons to marginal per-
fusion associated with later complications, such as 
arterial narrowing.

Prophylaxis
Volume expansion
Practical measures that may help to prevent ischemia 
include permissive hypertension with avoidance of 
hypovolemia during the peak spasm period. In general, 
prophylactic hypervolemia has not shown a significant 
advantage over normovolemia and increases the risk of 
cardiopulmonary complications in the setting of SAH, 
especially in elderly patients [134]. The usefulness of 
active plasma volume expansion to prevent DCI after 
SAH has been assessed in a Cochrane review [135]. Only 
two randomized trials with comparable baseline charac-
teristics for both groups could be included in the analy-
ses. Volume expansion after aneurysm clipping did not 
improve outcome (RR 1.0; 95% CI 0.5–2.2), nor DCI (RR 

1.1; 95% CI 0.5–2.2), but tended to increase the rate of 
complications (RR 1.8; 95% CI 0.9–3.7). In another rand-
omized trial, not included in the analyses, the effect of 
preoperative hypervolemia was studied, with outcomes 
assessed only on the day of operation (7–10 days after 
SAH) [136]. In the period before the operation, hyperv-
olemia resulted in a reduction of preoperative secondary 
ischemia (RR 0.33; 95% CI 0.11–0.99) and case fatality 
(RR 0.20; 95% CI 0.07–1.2). In conclusion, volume expan-
sion has been studied properly in only two trials of 
patients with aneurysmal SAH, with very small numbers, 
and so far there is no solid evidence to support prophy-
lactic hypervolemic therapy.

Because of its mineralocorticoid activity (reabsorption 
of sodium in the distal tubules of the kidney) fludrocor-
tisone might, in theory, prevent a negative sodium bal-
ance, hypovolemia and thus ischemic complications 
[137]. A small randomized study in 91 patients with SAH 
showed that although fludrocortisone acetate did reduce 
natriuresis in the first six days after the hemorrhage, 
there was no definite effect on plasma volume depletion 
or on ischemic complications, although any beneficial 
effects may have been masked because patients in the 
control group were often treated with plasma expanders 
after they had developed clinical signs of ischemia [138]. 
These results were confirmed by a smaller trial in 30 
patients [139]. Finally, hydrocortisone was also shown in 
a small trial of 28 patients to prevent hyponatremia and a 
drop in central venous pressure [140]. The evidence from 
these studies is insufficiently conclusive to warrant rou-
tine administration for all patients with SAH.

Overall, although hypovolemia should be diligently 
avoided, there is no good evidence to support prevention 
of cerebral ischemia after SAH through prophylactically 
increasing plasma volume by infusion of albumin or col-
loids, or by the administration of fludrocortisone.

Calcium antagonists
A Cochrane review has assessed the trials of calcium 
antagonists in patients with aneurysmal SAH [141], 
including nimodipine (eight trials, 1574 patients), nica-
rdipine (two trials, 954 patients), AT877 (one trial, 276 
patients), and magnesium (one trial, 40 patients). Overall, 
calcium antagonists reduced the risk of poor outcome 
with an RR 0.82 (95% CI 0.72–0.93) and an absolute risk 
reduction of 5.1%; the number needed to treat to prevent 
one poor outcome event was 20. When considering oral 
nimodipine alone the RR was 0.70 (0.58–0.84). The RR of 
death on treatment with calcium antagonists was 0.90 
(95% CI 0.76–1.07), of clinical signs of DCI 0.67 (95% CI 
0.60–0.76), and of CT‐ or MR‐confirmed infarction 0.80 
(95% CI 0.71–0.89). In brief, the risk reduction for poor 
outcome is statistically robust, but depends mainly on 
trials with oral nimodipine, and especially on a single 
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large trial [142]; the evidence for nicardipine, AT877, and 
magnesium individually was not conclusive.

The regimen in the dominant nimodipine trial (60 mg 
orally every 4 hours, for three weeks) is currently 
regarded as the standard treatment in patients with 
aneurysmal SAH. In real world practice, the dosing is 
generally discontinued at time of discharge home even if 
prior to three weeks, without evident loss of efficacy 
with an abbreviated course [143]. If the patient is unable 
to swallow, the content of the nimodipine pills can be 
washed down a nasogastric tube with normal saline. 
There is limited evidence that intravenous administra-
tion of nimodipine may be as effective as oral adminis-
tration, but this has not been rigorously studied and 
intravenous preparation is more expensive and not uni-
versally available in all countries [144]. Furthermore, 
there are potential concerns with use of calcium antago-
nists via the intravenous route related to hypotension 
[145], which can even be a problem when nimodipine is 
given orally. Therefore, if no other cause for hypotension 
is found, the dose of nimodipine should be at first halved 
(to 30 mg every 2 hours) and subsequently discontinued 
if the blood pressure continues to fall in response to 
medication or the patient remains hypotensive.

The mechanisms by which nimodipine exerts its ben-
eficial effect after aneurysmal SAH remain uncertain. 
Calcium entry‐blocking drugs were tested for this indi-
cation because they inhibit the contractile properties of 
smooth muscle cells, particularly in cerebral arteries. 
Paradoxically, but not inconsistent with their effect on 
DCI, several studies of nimodipine found there was no 
difference between treated patients and controls in the 
frequency of arterial narrowing on a repeat angiogram 
[142, 146]. Therefore, at least with nimodipine, the pro-
tective effect on neurons seems to be more important 
than any reduction in vasospasm.

Magnesium sulfate
Hypomagnesemia occurs in more than 50% of patients 
with SAH and is associated with DCI and poor outcome 
[147]. Magnesium reduces infarct volume after experi-
mental SAH in rats [148] and its putative modes of action 
are inhibition of the release of excitatory amino acids 
and blockade of the N‐methyl‐d‐aspartate‐glutamate 
receptor. It is also a noncompetitive antagonist of volt-
age‐dependent calcium channels and dilates cerebral 
arteries.

Despite one randomized trial of intravenous magne-
sium sulfate in addition to nimodipine showing a reduc-
tion in DCI [149], the subsequent phase III trial, in 
addition to a meta‐analysis of seven randomized trials, 
failed to show reduction in poor outcomes after aneurys-
mal SAH in patients treated with magnesium sulfate 
compared with controls [150]. Hence, the routine use of 

magnesium sulfate for patients with SAH is not war-
ranted, although hypomagenesemia should be appropri-
ately addressed and avoided.

Aspirin and other antithrombotic agents
Several studies have found that platelets are activated 
from day 3 after SAH, mostly inferred from increased 
levels of thromboxane B2, the stable metabolite of throm-
boxane A2, which promotes platelet aggregation and 
vasoconstriction [151, 152]. The question then is whether 
interventions aimed at counteracting platelet activation 
are therapeutically useful. A retrospective analysis of 242 
patients who had survived the first four days after SAH 
showed that patients who had used salicylates before 
their hemorrhage had a significantly decreased risk of 
DCI, with or without permanent deficits [153]. A study of 
aspirin after early operation in 50 patients confirmed that 
this treatment appeared to be safe [154]. The efficacy, 
however, could not be confirmed in a randomized trial of 
aspirin given after occlusion of the aneurysm that aimed 
to include 200 patients; this was prematurely stopped fol-
lowing interim analysis demonstrated that the chances of 
a positive effect were negligible. At the final analysis, 
aspirin did not reduce the risk of delayed ischemia nor 
that of poor outcome [155]. Other antiplatelet drugs have 
been tested in patients with SAH: dipyridamole [156], the 
thromboxane A2 synthetase inhibitor cataclot/OKY‐046 
[157, 158], and ticlodipine [159]. In a Cochrane review of 
randomized controlled trials pertaining to antiplatelet 
therapy in aneurysmal SAH, despite tendency toward 
reductions in poor outcomes and secondary brain 
ischemia, results did not reach statistical significance 
[160]. On the basis of the current research, the use of 
antiplatelet agents is not recommended to prevent 
ischemia or poor outcomes for patients with aneurysmal 
SAH. More recently, cilostazol, a selective inhibitor of 
phosphodiesterase 3, has shown promise in two small 
randomized trials, one demonstrating significantly lower 
incidence of symptomatic vasospasm [161], and the other 
reporting significantly improved outcomes at time to dis-
charge [162]. Further studies are needed to confirm the 
findings and assess the effect on overall outcome.

A low molecular weight heparinoid called enoxoparin 
has also been tested in a trial of 170 patients but it did 
not improve outcome and was associated with intracra-
nial hemorrhage in 4 of 85 patients in the experimental 
group [163]. Low‐dose intravenous heparin was recently 
reported safe and beneficial in reducing risk of clinical 
vasospasm in a small preliminary nonrandomized study 
of 86 consecutive patients [164].

Statins
HMG‐CoA reductase inhibitors, or statins, are primarily 
used to lower low‐density lipoprotein (LDL) cholesterol 
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levels but they also have anti‐inflammatory, immu-
nomodulatory, antithrombotic and vascular effects. It 
has often been claimed that these “pleiotropic effects” 
contribute to the reduction in vascular events beyond 
that expected from LDL cholesterol reduction alone. In 
patients with SAH, the first two randomized trials 
regarding statin were small studies: one included only 
39 patients and found that 80 mg simvastatin given 
within 48 hours of the onset reduced “vasospasm” [165]; 
the other enrolled 80 patients and found that 40 mg 
pravastatin given within 72 hours reduced angiographic 
vasospasm and impairment of autoregulatory responses 
as well as vasospasm‐related ischemic complications, 
respectively [166]. In contrast, an observational study 
found that previous use of statins increased the risk of 
angiographic vasospasm though not that of associated 
ischemic complications [167].

In a subsequent single‐center prospective, rand-
omized, double‐blind, placebo‐controlled trial of 32 
patients, investigators observed no difference in the inci-
dence of vasospasm per transcranial Doppler, clinical 
signs of DCI, and poor outcome between those treated 
with 80 mg of simvastatin daily and the placebo group 
[168]. The most recent meta‐analysis to follow included 
six randomized controlled trials for a total of 309 patients 
and found that statins reduced delayed ischemic neuro-
logical deficits in patients with SAH, but did not have 
any significant effect on poor neurological recovery or 
death [169]. Analysis of the other five cohort studies and 
one case–control study in the meta‐analysis showed no 
difference in delayed neurological deterioration, death, 
or poor neurological outcomes with the use of statins 
[169]. Additional phase 2 and phase 3 clinical trials are 
underway which may help resolve the issue regarding 
statin use in patients with SAH; at the current time, 
there is at best only weak evidence supporting initiation 
of statin use for the purpose of preventing DCI [53]. 
Continuing the medication for patients already on statins 
chronically is reasonable, however.

Other drugs
Tirilazad mesylate, a 21‐aminosteroid free radical scav-
enger, has not consistently improved outcome in several 
randomized controlled trials [170–172]. A Cochrane 
review included five trials enrolling 3821 patients who 
received oral or intravenous nimodipine as underlying 
standard therapy. No significant difference was evident 
for death or poor outcome, despite a lower odds of devel-
oping DCI in the tirilazad‐treated group (odds ratio [OR] 
0.80, 95% CI 0.69–0.93) [173]. A single trial with another 
hydroxyl radical scavenger, N′‐propylenedinicotinamide 
(nicaraven), in 162 patients, showed a decrease in DCI 
but not in poor clinical outcome at three months after 
SAH [174]. Curiously enough, the reverse was found in a 

trial of 286 patients with ebselen, a seleno‐organic com-
pound with antioxidant activity through a glutathione 
peroxidase‐like action [175]. Finally, a newer free radical 
scavenger, edaravone, was assessed in a randomized trial 
of 91 patients and, in patients with delayed ischemic 
neurological deficits, decreased the incidence of cerebral 
infarction and poor outcome caused by vasospasm [176]. 
Overall, the evidence for free radical scavenger use in 
SAH is thus far insufficient.

Nizofenone, an anionic channel blocker believed to 
inhibit glutamate release, was studied in a randomized 
trial of 100 patients, of whom only 90 were included in 
the analysis [177]. Angiographic vasospasm and poor 
outcome were not affected, and an effect on poor out-
come was found only in an on‐treatment analysis in the 
subgroup of patients with vasospasm.

The endothelin A/B receptor antagonist TAK‐044 
was tested in a multicenter phase 2 trial in 420 patients 
[178]. There was a nonsignificant risk reduction in 
delayed ischemic deficits. High‐dose bosentan, another 
endothelin A/B receptor antagonist, was evaluated for 
safety in a small cohort [179] but not further assessed. 
Clazosentan, another endothelin receptor antagonist, 
however, has been evaluated in several clinical trials. In 
CONSCIOUS‐2, a randomized trial of patients under-
going clipping, a trend toward reduction in morbidity 
related to vasospasm and mortality was seen, but also a 
trend for increased poor functional outcomes [180]. 
The subsequent CONSCIOUS‐3 trial limited to patients 
undergoing coiling was prematurely halted following 
completion of the antecedent trial and similarly showed 
no improvement in outcome despite reduced vasos-
pasm‐related morbidity [181]. A meta‐analysis of all 
randomized trials of clazosentan confirmed that despite 
reduced incidence of delayed ischemic deficits and 
 cerebral infarction, overall outcomes were not improved 
[182]. Similarly, a systematic review of the use of 
endothelin receptor antagonists, including 2601 
patients, found increased risks of pulmonary edema, 
hypotension, and anemia in patients with SAH, possibly 
explaining why these drugs show trends toward 
decreased vasospasm but increased risk of poor func-
tional outcomes [183].

Anti‐inflammatory drugs have also been used in the 
medical management of DCI following aneurysmal SAH. 
Recently, steroid administration has been linked to 
improved outcomes for patients with SAH. A double‐
blind, placebo‐controlled, randomized trial of 95 patients 
found that intravenous methylprednisolone therapy 
reduced poor outcomes at 1‐year follow‐up, despite hav-
ing no effect on the incidence of clinically symptomatic 
vasospasm [184]. Additional confirmatory trials are 
needed prior to recommending routine steroid adminis-
tration to patients with SAH.
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Monitoring and diagnosis
Neurological examination
In good grade patients, the most important tool for mon-
itoring for DCI is the neurological examination and, as 
such, patients with SAH in peak spasm period should 
undergo repeated neurological assessments (generally 
hourly) to identify new neurological deficits attributable 
to vasospasm‐induced ischemia or infarction. For good 
grade patients who exhibit signs suggestive of DCI, it is 
reasonable to initiate medical therapy until diagnosis is 
confirmed with ancillary testing. Unfortunately, not all 
ischemic events are clinically symptomatic or even evi-
dent on routine neurological examination. CT scans 
have been shown to identify asymptomatic infarction in 
approximately 21% of patients in a single‐center pro-
spective study [185], although this is more common in 
comatose patients. MRI also identified clinically unrec-
ognized infarcts in 23% of patients with SAH in a sepa-
rate study [186]. Such findings would support use of 
intermittent routine interval imaging in patients, espe-
cially those in poor grade condition. In good grade 
patients, imaging may be lower yield, and must be bal-
anced against the incremental radiation exposure with 
repeated CT imaging, the modality most feasible in ICU 
patients [187].

Radiographic imaging
Transcranial Doppler is the primary modality used for 
routine screening of vasospasm in patients with SAH, 
although the diagnostic accuracy for detection of vasos-
pasm and DCI vary widely with this modality [188, 189]. 
Overall, transcranial Dopplers have fairly high specific-
ity but only moderate sensitivity in detection of cerebral 
vasospasm compared with conventional angiography. 
Common thresholds for transcranial Doppler flow 
velocities [190] are shown in Table 15.3. In addition, rap-
idly increasing velocities over several days signify a high 
risk for development of vasospasm. Any value crossing 
the threshold should garner strong consideration for 
institution of therapy, including hypertension. One 
must, however, bear in mind the dissociation between 
vasospam and cerebral ischemia and, in the absence of 
neurological deterioration in good grade patients with 
reliable examinations, continued clinical monitoring 
with permissive rather than induced hypertension and 

maintenance of euvolemia is preferred over aggressive 
prophylaxis measures.

Multiple additional radiographic modalities are avail-
able for the diagnosis of vasospasm and DCI, including 
conventional DSA, CT (including CT angiography and 
CT perfusion), and MRI [53]. DSA is the gold standard 
for detection of vasospasm and can be used to confirm 
the diagnosis in patients with a change in neurological 
exam. In patients where the cause of neurological dete-
rioration is uncertain, DSA can not only provide the 
diagnosis but also offer the possibility for endovascular 
intervention in the same setting.

CT angiography, in comparison to DSA, has been 
found to be 87–95% specific for angiographic vasospasm 
in large arteries, but overestimates the degree of stenosis. 
A high specificity and 95–99% negative predictive value 
suggest that CT angiography could potentially be used as 
a screening tool to limit the use of the more invasive DSA 
[191, 192]. However, as with DSA, CT angiography still 
involves both administration of iodinated contrast load 
and radiation exposure.

Although DSA is the gold standard for diagnosis of 
vasospasm, it is unable to quantify flow or assess the 
adequacy of perfusion to meet metabolic demands of 
brain tissue. The idea of perfusion imaging is attractive 
in potentially identifying areas of cerebral ischemia that 
indicate impending infarction and elucidating when pro-
phylactic intervention is needed. A CT perfusion imag-
ing finding of delayed mean transit time (MTT) 
>6.4 seconds in conjunction with arterial narrowing on 
CT angiography provided the best accuracy in predict-
ing diagnosis of vasospasm and the need for endovascu-
lar intervention compared to DSA [193, 194]. 
Shortcomings of this modality include small patient 
study samples and inaccuracy in evaluating the posterior 
fossa. More data regarding MR‐based perfusion as an 
alternate DCI monitoring tool is necessary before useful 
recommendations can be made, but typically MRI is 
logistically more difficult to obtain in critically ill patients 
due to the longer imaging times and the need for lengthy 
tubing for intravenous drips and ventilation due to the 
limitations of equipment near the magnetic field.

Nimodipine (60 mg/h orally) should be routinely admin-
istered to prevent delayed cerebral ischemia. Other 
agents have not yet been proven effective in preventing 
delayed cerebral ischemia. Prophylactic hypervolemia 
and hypertension are not recommended, rather mainte-
nance of euvolemia and permissive blood pressure 
management.

Table 15.3 Interpretation of transcranial Doppler values 
for vasospasm.

Normal Mild spasm Severe spasm

Mean MCA 
velocity

<120 cm/s 120–200 cm/s >200 cm/s

MCA/ICA ratio 
(Lindegaard ratio)

<3 3–6 >6

MCA, middle cerebral artery; ICA, internal carotid artery.
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Other tools
Although clinical examination is generally reliable in 
detecting reversible ischemia in good grade patients, it is 
less reliable in poor grade patients who are obtunded or 
comatose, and additional tools may be helpful in detect-
ing reversible ischemia prior to identification on routine 
CT scanning when the infarct has already occurred. 
Hence, physiological monitoring modalities have been 
developed for use in monitoring for cerebral ischemia 
beyond screening transcranial Dopplers [195]. Brain tis-
sue oxygen (PbtO2) and cerebral microdialysis (CMD) 
have both been used for monitoring for DCI in patients 
with SAH [196, 197]. PbtO2 values measured in relation 
to cerebral perfusion pressure were found to be predic-
tive of delayed infarction in a single study [198]. However, 
the effect of interventions based on PbtO2 monitoring in 
preventing infarcts or poor functional outcomes is 
unknown.

EEG findings of reduced alpha variability have also 
been correlated with DCI, and proposed as a tool for 
early detection [199, 200]. However, no trials have exam-
ined the effect of EEG‐directed treatment for the preven-
tion or reversal of DCI. Other techniques such as thermal 
diffusion cerebral blood flow monitoring, and near‐
infrared spectroscopy have been described but only in 
small studies [201, 202].

Treatment
With the various screening tools for DCI available, the 
question is often when to institute treatment and what 
treatment should be started. In patients who have a 
change in neurological examination suggestive of delayed 
ischemia, and especially in those whom transcranial 
Doppler or other screening tests have demonstrated high 
risk for vasospasm/DCI, medical therapy should be insti-
tuted promptly, which first begins with induced hyper-
tension and volume maintenance.

Induced hypertension and volume expansion
Since the 1960s, induced hypertension has been used to 
combat ischemic deficits in patients with SAH. Later, 
induced hypertension was often combined with volume 
expansion, and hemodilution, the so‐called “HHH” or 
triple H (hypertension, hypervolemia, hemodilution) 

therapy in order to treat delayed ischemic defecits in 
patients with SAH. The rationale for HHH therapy in 
this setting is that the neurological insult causes a defect 
of cerebral autoregulation, rendering the brain perfusion 
passively dependent on systemic blood pressure. 
Therefore, by increasing cardiac filling pressure and 
venous return, cardiac output will increase enough to 
elevate blood pressure and cerebral blood flow. The util-
ity of hemodilution was thought to be related to the rhe-
ology of the microcirculation, allowing for increased 
blood flow through the microcirculatory channels.

Multiple studies have attempted to assess the utility of 
HHH therapy. In general, as in the prophylactic realm, 
hypervolemia has not shown a significant advantage 
over normovolemia when treating patients with DCI, 
and increases the risk of cardiopulmonary complications 
[203]. Avoidance of hypovolemia rather than rapid vol-
ume expansion is the goal with regard to fluid balance. 
Maintaining central venous filling pressure within the 
normal physiological range can be monitored with the 
aid of central venous catheters. In contrast to hyperv-
olemia/hemodilution, hypertension has been shown to 
increase CBF [204] and is helpful in reversing ischemic 
deficits in two‐thirds of patients with reversible cerebral 
ischemia [203]. Agents such as phenylephrine are appro-
priate, although there is no clear evidence for the use of 
one hypertensive agent over another. Prolonged use of 
high‐dose peripheral vasoconstrictive agents can lead to 
peripheral ischemia in digits and toes, especially in 
patients with underlying peripheral vascular disease 
[205], and must be watched for under these circum-
stances. Specific targets for hypertensive therapy have 
not been well defined, nor specifically whether the 
appropriate target parameter should be systolic or mean 
arterial pressure. In general, systolic pressures >180–
200 mmHg are targeted in practice, or mean pressures 
>110–120 mmHg. However blood pressure goals can be 
adjusted even higher or lower sequentially, based on 
assessment of neurological function. Cases of posterior 
reversible encephalopathy syndrome (PRES) have been 
described in the setting of induced hypertension post 
SAH, and can be suspected based on paradoxical wors-
ening, rather than improvement of neurological func-
tioning with increased blood pressure, as well as 
characteristic radiographic findings of parietal/occipital 
edema [206, 207].

For patients with cardiac dysfunction caused by SAH, 
monitoring of cardiac output in conjunction with vol-
ume status and blood pressure may be more useful than 
the later two parameters alone. Traditionally, monitoring 
of cardiac parameters required invasive techniques such 
as pulmonary artery catheters, which carry their own 
risks, including infection, pneumothorax, hemothorax, 
and ventricular arrhythmia. Newer devices that utilize 

Patients should be monitored in the neurointensive care 
setting for symptoms/signs of delayed cerebral ischemia 
throughout the risk period. Transcranial Doppler is the 
primary modality used for daily screening, and can be 
augmented with techniques such as CT angiography/CT 
perfusion. However digital subtraction angiography 
remains the gold standard for diagnosis of underlying 
cerebral vasospasm.
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an arterial pressure‐based cardiac output monitor may 
negate the need for more invasive monitoring, while pro-
viding critical information regarding cardiopulmonary 
status and cardiac output [208]. Even in the absence of 
cardiac dysfunction, inotropic support has also been 
advocated, focused on providing hyperdynamic, rather 
than merely hypertensive, therapy [209], particularly for 
patients who do not respond clinically to blood pressure 
augmentation. Agents such as dobutamine and mil-
rinone can be used with the goal of increasing cardiac 
index. Specific targets are poorly defined, but a cardiac 
index >4.0 L/min/m2 is a typical goal. Even the use of 
intra‐aortic balloon pump counterpulsation has been 
described for augmentation of cardiac output and brain 
perfusion in patients with SAH [210, 211], although this 
has only rarely been described in a few patients with 
underlying cardiac failure.

For patients with secured aneurysms, hypertension 
combined with inotropic support as needed to increase 
cardiac output is the first‐line therapy for reversal of cer-
ebral ischemia. It is worth noting that this therapeutic 
strategy appears to be safe even in the setting of other 
unsecured unruptured aneurysms, as long as the rup-
tured aneurysm has been adequately obliterated [212].

Transluminal angioplasty and vasodilating drugs
The use of angioplasty and direct arterial infusion of 
vasodilating drugs for treatment of symptomatic vasos-
pasm in patients with aneurysmal SAH has been a cru-
cial development over the past two decades and is an 
essential option for cases of medically refractory vasos-
pasm leading to cerebral ischemia (Figure 15.11). In gen-
eral, the treatment effect of angioplasty for cerebral 
vasospasm is favorable, with angiographic improvement 
seen in 80–100% of cases and clinical improvement rang-
ing from 30% to 80% [213]. Access to the anterior cere-
bral artery territory is more difficult and the success rate 
of angioplasty is lower in that territory [214, 215]. 
Furthermore, the technique is not generally appropriate 
for use in the distal vasculature due to difficulty of navi-
gating access distally and higher risk of vessel rupture in 
the smaller distal segments. Cerebral angioplasty is not 
without risks, with an overall complication rate of 
approximately 5% and vessel rupture occurring in up to 
1.1% of cases based on initial experiences [216]. Although 
reported complications such as vessel perforation, 
thrombotic events, arterial dissection, reperfusion hem-
orrhage, and groin access complications deserve consid-
eration in the decision to proceed with treatment, 
technical judgment and advances are conducive to negli-
gible rates of major complications, such as vessel rupture 
or perforation [215]. It is noteworthy that the effective-
ness of prophylactic angioplasty has also been assessed 
in one phase 2 multicenter randomized trial of 170 

patients, in which transluminal balloon angioplasty was 
performed within 96 hours of SAH in patients with 
Fisher grade III hemorrhage. Although positive trends 
were seen, the strategy of prophylactic angioplasty did 
not result in a significant improvement in outcome [217], 
and a 4.7% rate of vessel perforation with high fatality 
was evident; thus, prophylactic angioplasty is not recom-
mended in patients with SAH for the purpose of pre-
venting vasospasm.

Direct arterial infusion of vasodilating drugs (mostly 
the calcium channel blockers verapamil, nimodipine, 
and nicardipine) is also a viable option to treat vasos-
pasm, especially for arterial territories not easily acces-
sible for balloon angioplasty, and has been shown to 
significantly reduce transcranial Doppler velocities and 
increase vessel caliber. Clinical improvement is noted in 
up to 72% of these patients [218–220]. Blood pressure 
must be monitored carefully during injection of these 
agents as systemic effects can occur. Generally, hypoten-
sion can be avoided by reduced speed of injection. Intra‐
arterial papaverine infusions have also been shown to be 
effective for the treatment of vasospasm, although this 
treatment has fallen out of favor due to its short duration 
of action and side‐effect profile, including increases in 
intracranial pressure and brainstem depression [221]. 
Unfortunately, treatment effect of direct intra‐arterial 
infusion of vasodilating agents is transient, and signifi-
cantly less durable than angioplasty; consequently 
patients may necessitate multiple sessions of neuroendo-
vascular intervention for treatment of vasospasm.

The timing of endovascular interventions in the treat-
ment of vasospasm and DCI in patients with SAH 
remains controversial. Some centers advocate early end-
ovascular treatment in order to prevent potential treat-
ment delay and infarction, whereas other centers reserve 
endovascular therapies for cases that do not respond to 
maximal medical intervention, usually HHH therapy, in 
order to minimize the effect of complications of invasive 
procedures.

Although data exist on the feasibility, durability, and 
safety profile of intra‐arterial treatment of vasospasm, 
definitive evidence on the efficacy and effect of treatment 
on patient outcomes via randomized controlled trials 
is  lacking. A single‐center retrospective analysis over 
6  years after the introduction of percutaneous balloon 
angioplasty for patients with SAH showed a nonsignifi-
cant trend toward reduced rate of severe disability and 
mortality at discharge and 1‐year mortality compared to 
the time period prior to the availability of angioplasty for 
cerebral vasospasm [222]. In addition, a national review 
of hospital admissions for patients with nontraumatic 
SAH in the United States showed that patients admitted 
to hospitals where angioplasty was performed had higher 
rates of favorable discharge disposition, namely discharge 
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to home without supervision [223]. Undoubtedly, endo-
vascular treatment for cerebral vasospasm is an impor-
tant treatment option, and the existing observational 
data regarding its efficacy, especially in medically refrac-
tory cases, will likely render future randomized studies 
infeasible. However, studies to provide more definitive 
decision algorithms regarding the timing of endovascu-
lar intervention, the decision of using angioplasty ver-
sus intra‐arterial infusion of drugs, and additional 
development and investigation of various intra‐arterial 
vasodilators would be helpful to define the role of neu-
roendovascular treatment of vasospasm.

Cisternal drainage and intracisternal fibrinolysis
Because of the correlation between the thickness of sub-
arachnoid blood and the development of cerebral vasos-
pasm, removal of subarachnoid blood by drainage or 
fibrinolysis has been suggested for the prevention of 
vasospasm. This has been studied in several trials. In a 
nonrandomized comparison, patients treated with lum-
bar drainage of CSF had cerebral infarction less often, 
and more often returned home than patients with no 
lumbar drainage [224]. Despite promising results, no 
randomized trials have been performed and thus, this 
strategy cannot be recommended for routine clinical 

(a) (b)

(d) (e) (f)

(c)

Figure 15.11 Symptomatic vasospasm in a patient with a dissecting left A3 segment aneurysm. Preoperative images (a, b). Angiogram 
performed four days postoperatively (c, d) revealing bilateral spasm in the supraclinoid internal cerebral artery, M1, M2, A1, and A2 
segments. The patient underwent intra‐arterial verapamil injection as well as balloon angioplasty of multiple vessels of the anterior 
circulation, yielding good angiographic results with significant improvement in spasm in all affected segments (e, f ).
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practice. An even more aggressive way to remove suba-
rachnoid blood is intracisternal fibrinolysis. A meta‐
analysis of this treatment strategy included nine trials, 
only one of which was randomized [225]. Pooled results 
demonstrated beneficial effects of treatment but the 
conclusions for practice are limited by the predominance 
of nonrandomized studies. An open randomized con-
trolled trial performed subsequent to the meta‐analysis 
tested fibrinolysis in 110 patients treated with endovas-
cular coiling [226]. Urokinase was administered into the 
cisterna magna through a microcatheter inserted via a 
lumbar puncture. There was a statistically significant 
improvement in the primary outcome of clinical vasos-
pasm. Patients in the treated group also more often had 
a good clinical outcome, although case fatality was not 
reduced. Larger studies with overall clinical outcome as 
the primary endpoint are needed before this treatment 
can be routinely implemented in clinical practice.

15.4.3 Chronic hydrocephalus and CSF 
disturbances

Chronic hydrocephalus
About 10–15% of patients with aneurysmal SAH overall 
develop chronic, shunt‐dependent hydrocephalus [227, 
228]. Risk factors that have been associated with chronic 
hydrocephalus following SAH include Hunt and Hess 
grade, Fisher grade, acute hydrocephalus, vasospasm, 
intraventricular hemorrhage, and, more controversially, 
aneurysm coiling [229]. A review of lamina terminalis 
fenestration during aneurysm surgery did not show the 
procedure to decrease the incidence of shunt‐dependent 
hydrocephalus in patients treated for aneurysmal SAH, 
despite prior conflicting single‐study results [230].

Gradual multistep weaning of EVDs does not aid in 
preventing the need for chronic CSF diversion, and pro-
longs hospital and ICU course [231]. In patients with 
EVDs, generally a brief (24–48 hour) clamping trial can 
be initiated once the CSF profile indicates adequate 
clearing of blood products. This is typically either based 
empirically upon red blood cell (RBC) counts (e.g. 
<10 000 cells/mm3) and/or protein levels (e.g. <100 mg/
dL), although small series have suggested that elevated 
protein and RBC counts did not adversely affect 

 subsequent shunt function and survival [232, 233]. 
Failure to pass a clamp challenge can manifest as 
increased intracranial pressure, altered neurological sta-
tus or ventricular enlargement on radiographic imaging, 
which then warrants ventriculoperitoneal shunt place-
ment. For patients suffering from vasospasm or during 
the high‐risk period, test occlusion is avoided as intracra-
nial pressure increases may jeopardize brain perfusion, 
and the etiology of any neurological deterioration would 
be more difficult to ascertain as related to potential 
hydrocephalus or vasospasm‐related DCI. The incidence 
of EVD‐related infection and ventriculitis, however, 
increases with increased time since implantation [234], 
and thus removal or conversion to shunt should not be 
unnecessarily delayed. Routine exchange of EVDs is not 
helpful in reducing the risk of infection [235], but use of 
antibiotic‐impregnated catheters has demonstrated a 
reduced infection risk profile [236], while also reducing 
the need for prophylactic systemic antibiotics.

It should be noted that even among patients who toler-
ate EVD clamping and removal, a small percentage will 
develop a more subacute or delayed presentation of 
hydrocephalus, with features most consistent with nor-
mal pressure rather than high‐pressure hydrocephalus, 
such as cognitive decline and balance difficulties. The 
symptoms can be as subtle as regression after an initial 
improvement, failure to improve as expected, or early 
plateau in their physical and cognitive rehabilitation over 
the first few weeks post SAH [237]. If correlated with 
ventriculomegaly on CT, dramatic improvement can be 
achieved by shunting even in the delayed setting.

Other cerebrospinal fluid disturbances
Intraoperative drainage of CSF via lumbar drain place-
ment is not infrequently used in aneurysm surgery in 
order to facilitate brain relaxation for improved opera-
tive exposure and allows for less retraction on the brain 
during surgery. Overdrainage should, however, be 
avoided, as severe CSF hypovolemia can result in the 
possibility of “brain sag” postoperatively, an entity char-
acterized by signs of transtentorial herniation (pupillary 
asymmetry, extensor posturing, and altered mental sta-
tus) and effacement of the basal cisterns. Brain sag occurs 
most commonly 2–4 days post craniotomy in this patient 
population, and must be recognized promptly to avert 
irreversible sequelae. The constellation of neurological 
signs and imaging findings presenting as “skinny mid-
brain” on CT, with an oblong appearance of the brain-
stem (Figure  15.12) and kinking of posterior fossa 
vasculature on DSA [238], alert to the presence of this 
syndrome. The effects can be reversible with 
Trendelenberg positioning [239], in conjunction with 
epidural blood patch if needed to seal any ongoing CSF 
leak within the lumbar region.

Induced hypertension combined with inotropic support 
to optimize cardiac index is the first‐line therapy for 
patients with delayed cerebral ischemia. Although 
aggressive volume expansion does not offer a benefit, 
euvolemia should be strictly maintained. For those fail-
ing to respond to blood pressure augmentation, translu-
minal angioplasty and intra‐arterial infusion of 
vasodilators should be pursued.
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15.4.4 Epilepsy

Although prophylactic use of antiepileptic drugs in aneu-
rysmal SAH remains controversial (see Section 15.2.5), 
medical treatment of seizures when encountered is war-
ranted. There still remains controversy regarding the 
appropriate length of therapy if no further seizures occur. 
Antiepileptic drugs are often prescribed for 3–6 months 
and then discontinued if follow‐up EEG demonstrates no 
epileptiform activities. New‐onset epilepsy can also be 
encountered post discharge, and has been reported in 
3–8% of patients with SAH [47, 240, 241]. Aneurysm 
treatment modality does appear to influence the risk of 
chronic epilepsy in patients treated for aneurysmal SAH, 
with lower incidence of seizures reported in patients 
treated with endovascular coiling rather than surgical 

clipping [111, 116, 241]. Other risk factors that have been 
reported for late seizures include younger age, presence 
of cortical infarct, thick hemorrhage, subdural hema-
toma, loss of consciousness for >1 hour at time of ictus, 
and persistent neurological deficits [46, 48, 242]. MCA 
aneurysm location has also been identified as a specific 
risk factor [240, 241]. In contrast, seizures at the time of 
ictus or during the peritreatment setting do not appear to 
predict subsequent chronic epilepsy [46, 48], which tends 
to support a limited course of therapy for early seizures.

Nonconvulsive status epilepticus (NCSE) represents 
another potential complication in the SAH patient. 
Recent studies have reported NCSE to be a strong pre-
dictor of poor prognosis in patients with SAH. Patients 
at high risk for NCSE include those with increased age, 
Hunt and Hess grade IV–V, ventricular drainage, cere-
bral edema, intracerebral hemorrhage, and stroke [243, 
244]. The incidence of NCSE overall is 2–3% of patients 
with SAH but higher, in the range of 8%, for patients in 
poor neurological condition [243, 244]. The use of con-
tinuous EEG may be useful for patients at high risk for 
NCSE, such as comatose patients who do not improve, 
or others who demonstrate a decline in clinical status, 
along with parallel workup for other causes of neurologi-
cal deterioration.

External ventricular drains can be assessed for removal 
by brief clamping trial (24–48 hours) after the period of 
peak vasospasm. Patients who fail to wean from exter-
nal ventricular drain or who develop delayed symptoms 
of chronic hydrocephalus require permanent cerebro-
spinal fluid diversion (e.g. ventriculo‐peritoneal shunt 
placement).

(a) (b)

Figure 15.12 Brain sag. Immediate postoperative noncontrast CT head (a) in a patient with subarachnoid hemorrhage from a ruptured 
right posterior communicating artery aneurysm. CT head the following day (b) revealed increase in the anteroposterior length of the 
midbrain and increased anteroposterior (vertical arrows) to interpeduncular (horizontal arrows) ratio concerning for brain sag.
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15.4.5 Cardioplumonary

One of the main complications of HHH therapy in the 
treatment of DCI in patients with SAH is the develop-
ment of pulmonary edema. Similar to pulmonary edema 
caused by the initial neurological insult of SAH, the typi-
cal clinical picture consists of dyspnea, desaturation, and 
the production of pink and frothy sputum. A chest X‐ray 
is diagnostic. A treatment conundrum is that continued 
liberal administration of fluids that is beneficial for brain 
perfusion may delay recovery of or worsen pulmonary 
edema. Cautious use of diuretics for treating pulmonary 
edema is necessary in order to prevent hypovolemia and 
hypotension in patients with SAH. Intubation and 
mechanical ventilation may be required dependent on 
the severity. In addition, positive end‐expiratory pres-
sure ventilation is usually effective in treating pulmonary 
edema, but can also increase intracranial pressure. 
Because of the morbidity associated with pulmonary 
edema, monitoring of the patient’s fluid balance is criti-
cal. Multiple methods of measuring volume status are 
available, although many are invasive and none have 
been shown to be superior to vigilant management of 
fluid balance [53]. CVP monitoring with central line 
access is often used to measure volume status and is 
helpful although not always reliable [245]. Pulmonary 
artery catheters allow for direct measurement of pulmo-
nary capillary wedge pressure and hence an indirect 
measure of left atrial pressure which allows for evalua-
tion of blood volume status as well as titration of diuretic 
drugs in pulmonary edema. Despite the useful informa-
tion gained from these catheters, especially in hemody-
namically unstable patients and cases of pulmonary 
edema, complication rates remain high [246]. As men-
tioned in a previous section, newer devices that utilize an 
arterial pressure‐based cardiac output monitor are avail-
able for monitoring of cardiac output and fluid status but 
have yet to be systematically validated in large series.

Use of vasopressors and induced hypertension can also 
precipitate cardiac ischemia and dysfunction, especially in 
patients with preexisting cardiac disease. Judicious use of 
hypertensive therapies, and early use of alternatives such 
as intra‐arterial therapies must be considered in such 
patients who develop evidence of vasospasm and DCI.

15.4.6 Metabolic derangements

Hyponatremia
Hyponatremia may occur in up to half of patients with 
SAH and is the result of increased water and sodium 
excretion resulting from neurological insult [247]. This 
process, more commonly known as “cerebral salt wast-
ing,” is well‐described, although the exact mechanisms 
remain unknown. The distinction that hyponatremia in 
the setting of SAH is secondary to salt wasting and hypo-
volemia, rather than the more common syndrome of 
inappropriate antidiuretic hormone (SIADH) seen in the 
majority of other instances of hyponatremia, is critical, 
because the treatments of these two different conditions 
are vastly different. For patients with SAH with hypona-
tremia, fluid restriction should never be used in attempt 
to correct sodium levels; in fact, brief administration of 
hypertonic saline solutions or mineralocorticoids 
(hydrocortisone or fludrocortisone) and avoidance of 
hypovolemia will usually appropriately correct hypona-
tremia. In fact, fludrocortisone has been shown to cor-
rect negative sodium balance and decrease the need for 
additional fluids in randomized controlled trials [138, 
139]. If needed, free water intake may be restricted only 
when alternative fluids are administered in order to 
maintain euvolemia. Salt tablets can also be adminis-
tered as tolerated (1–3 g t.i.d.) as an adjunctive measure.

Hyperglycemia
Hyperglycemia is found in one‐third of patients with 
SAH during their clinical course, and is correlated with 
poorer WFNS grade, Fisher grade, and GCS on admis-
sion [248]. A meta‐analysis of hyperglycemia and out-
comes after SAH showed that hyperglycemia is also 
associated with an increased risk of poor clinical out-
come [249]. A clear cutpoint for hyperglycemia has not 
been defined and differed across various studies in the 
meta‐analysis, from 5.7 to >12.0 mmol/L (102.6–216 mg/
dL). Interestingly, the specified cutpoint did not appear 
to have a major influence on the odds of poor outcome 
(pooled OR 3.1). A subsequent study measuring cerebral 
metabolism by microdialysis showed elevation in cere-
bral glucose only at blood levels >7.8 mmol/L (140 mg/
dL), which was an independent predictor of poor out-
come and mortality [250]. Despite the risks of hypergly-
cemia in patients with SAH, caution must be exercised to 
avoid hypoglycemia as well in this patient population. In 
fact, acute reduction in serum glucose in patients with 

Long‐term prophylactic antiepileptic drugs beyond the 
initial period (3–7 days) is not necessary. For patients 
who have suffered early seizures, antiepileptic drugs are 
typically prescribed for 3–6 months, then discontinued if 
EEG shows no evident epileptiform patterns. Delayed 
seizures/chronic epilepsy should be managed with 
antiepileptic drugs in the same fashion as any chronic 
epileptic condition.

Hyponatremia post subarachnoid hemorrhage is almost 
universally secondary to cerebral salt wasting and should 
be treated with volume and salt replenishment (orally or 
through hypertonic fluids, as needed).
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poor‐grade SAH causes an elevation in lactate–pyruvate 
ratio with low extracellular cerebral glucose, both of 
which are associated with poor outcomes in comatose 
patients [251]. Optimal glucose control in SAH has yet to 
be defined, and although intensive insulin therapy (con-
trol of blood glucose in the range of 80–120 mg/dL, 
rather than 80–220 mg/dL) lowers the infection rate in 
ICU patients with SAH, it did not affect the incidence of 
postoperative vasospasm, neurological outcome, or 
mortality in a small prospective randomized study [252].

15.4.7 Fever

Fever occurs in up to 70% of patients with SAH and is the 
most common medical complication in aneurysmal 
SAH. Risk factors for pyrexia after SAH are poor Hunt 
and Hess grade, increased total amount of subarachnoid 
blood and intraventricular hemorrhage [253]. Patients 
with delayed neurological deficit secondary to vasos-
pasm also have increased risk of developing fever [254]. 
Importantly, fever is independently associated with poor 
outcomes after SAH (including increased mortality, 
more functional disability, and cognitive impairment) 
[253], and may also prolong the functional recovery of 
poor grade patients [255]. Control of fever in patients 
with SAH may decrease cerebral metabolic stress [256] 
and reduce risk of poor outcome [257], although addi-
tional prospective trials are needed to confirm these 
findings.

All fever in SAH should instigate diligent workup of 
infectious causes and treatment as appropriate. 
Noninfectious workup of fever should also be consid-
ered, as fever may be secondary to a generalized systemic 
inflammatory reaction or a fever of “central” origin due 
to loss of physiological body temperature regulation by 
the hypothalamus [258]. Multiple methods of treating 
fever are available, including acetaminophen, nonsteroi-
dal anti‐inflammatory drugs, fanning, evaporative cool-
ing, ice packs, and cooling blankets. Newer surface and 
intravascular cooling devices are also available which can 
play an important role in the temperature regulation of 
patients with SAH [259, 260]. Caution should be used 
not to induce excessive shivering, which has unfavorable 
metabolic consequences of its own [53].

15.4.8 Other systemic complications

Vitreous hemorrhage
Preretinal hemorrhages associated with SAH may break 
into the vitreous cavity (Terson syndrome). This was 
noted in 13% of patients in prospective studies [261]. 
These hemorrhages occur in one or both eyes, usually at 
the time of the initial hemorrhage, but sometimes several 
days later, and then mostly in association with rebleed-
ing. The finding is more frequently associated with 
higher SAH severity and higher Hunt and Hess grade 
[261]. It may take days or weeks before the patient is suf-
ficiently alert to complain about blurred vision. In most 
cases, the vitreous hemorrhage clears spontaneously in a 
matter of weeks to months. If not, vitrectomy may be 
indicated to improve vision [262].

Venous thromboembolism
Deep vein thrombosis (DVT) and pulmonary embolism 
(PE) are unfortunately common complications encoun-
tered during the ICU course of patients with SAH. The 
prothrombotic state induced by SAH, combined with pro-
longed immobility, causes DVT in up to 18% of patients 
[263]. Routine prophylactic screening of neurosurgical 
patients with lower extremity Dopplers is one strategy for 
early detection, given the morbidity associated with DVT 
and PE [264]. Interestingly, although the rate of detection 
of DVTs increases with routine screening, it is unclear 
whether this practice affects the incidence of PE between 
those screened and those not screened. Additional studies 
are needed to assess the effect of routine DVT screening 
on patient outcomes in SAH [265].

DVT prophylaxis is critical in patients with SAH, 
beginning with mechanical methods (sequential com-
pression devices and compression stockings). Medical 
therapy, in the form of various anticoagulants, is also 
part of standard prophylaxis. Unfractionated heparin 
and low molecular weight heparin appear to be similarly 
effective in preventing DVTs in neurosurgical patients 
[266]. Although no statistically significant increased rate 
of ICH was found in a meta‐analysis of thromboembo-
lism prevention in neurosurgical patients, the use of low 
molecular weight heparin in particular compared to 
mechanical prophylaxis trended toward higher hemor-
rhagic complications [266]. In general, anticoagulation is 
held until the aneurysm has been secured, and in those 
undergoing surgical treatment can be started in 24 hours 
on postoperative day 1.

Heparin‐induced thrombocytopenia is a concerning 
complication of heparin use, occurring in approxi-
mately 5% of patients [267]. Some studies suggest that 
its occurrence is more significantly related to the num-
ber of angiographic procedures performed rather than 
heparin used for DVT prophylaxis [268]. In all cases, 

Hyperglycemia should be avoided, with a reasonable tar-
get to keep the glucose between 80 and 200 mg/dL.

Fever should be investigated for infectious source and 
treated with antipyretic medications and physical cool-
ing maneuvers as needed.
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heparin‐induced thrombocytopenia should be man-
aged by a qualified hematologist, in conjunction with 
the neurocritical care team.

Anemia
During the course of the hospital stay, it is not uncom-
mon for patients to experience a drop in hemoglobin lev-
els, as a consequence of procedures and multiple blood 
draws. This generally manifests 3–4 days following pres-
entation, and occurs in approximately half of patients 
with SAH [269]. There is significant controversy as to the 
optimal hemoglobin levels in patients with SAH. In two 
large retrospective studies, higher hemoglobin was asso-
ciated with better outcomes [270, 271]. Concordantly, 
raising hemoglobin with blood transfusion from 8 to 
10 g/dL has been shown to improve oxygen delivery and 
brain oxygen tension [272]. Transfusion, in general, how-
ever can be associated with medical complications, and 
infection. In the absence of definitive data, and balancing 
the relative risks and benefits, it is reasonable to aim for 
hemoglobin levels in the range of 10 g/dL, first through 
minimization of blood loss, and then through judicious 
use of blood transfusion.

Endocrine dysfunction
Hypothalamic dysfunction and subsequent adrenal insuf-
ficiency can develop in a small proportion of patients. This 
may manifest clinically as unresponsiveness to vasopres-
sors during hypertensive therapy [273]. In such circum-
stances, empiric initiation of stress does corticosteroids is 
a reasonable course of action, with subsequent more 
detailed testing of cortisol levels and cosyntropin stimula-
tion test once the critical period has passed.

15.5  Outcomes

Outcome following SAH relates to grade on presenta-
tion, in addition to the subsequent sequelae of hemor-
rhage and treatment. Although poor grade patients fare 

considerably worse in terms of overall mortality and 
morbidity, multiple cohorts have demonstrated that up 
to approximately one‐quarter of even the poorest grade 
patients demonstrate favorable outcome with aggressive 
management, including intracranial pressure manage-
ment, early obliteration of the ruptured aneurysms, and 
neurointensive care [274, 275]. Early intervention for 
obliteration of the aneurysm appears to benefit even 
poor grade patients, and thus should not be delayed 
awaiting neurological improvement [81]. Thus, other 
than in patients with long‐lasting absent brainstem 
reflexes or severe systemic conditions, early nihilism or 
withholding of treatment is not justified.

15.5.1 Volume–outcome relationship

Because of the complex and multifaceted care of patients 
following aneurysmal SAH, patients benefit from a mul-
tidisciplinary and specialized environment that can 
offer neurointensive care, as well as both surgical and 
endovascular expertise. Multiple studies have consist-
ently demonstrated that patient outcomes are better at 
higher volume centers [276]. In a large administrative 
database of over 16 000 patients across 18 states in the 
United States, patients managed at centers with an 
annual case volume of >35 patients with SAH fared 
significantly better than centers with low annual vol-
umes (<10) with a 27% versus 39% mortality [277]. 
Consequently, current American Heart Association/
American Stroke Association Subarachnoid Hemorrhage 
Guidelines recommend transfer of patients with aneu-
rysmal SAH to high‐volume centers [265].

15.5.2 Follow‐up

For those patients who survive aneurysmal SAH, the 
management does not end at hospital discharge. Diligent 
follow‐up, including clinic visits and imaging, is neces-
sary. For surgical cases, angiography is recommended in 
the early postoperative period during the hospitalization 
in order to confirm obliteration of the aneurysm. For end-
ovascularly treated patients, documentation of the extent 
of coiling is important as it impacts risk of recurrence and 
future rebleeding. Additional follow‐up imaging is advis-
able for all patients with SAH to follow the durability of 
treatment as well as the size of any neck remnants, and 
also will assist in identification of de novo aneurysms, 
which are reported to occur at a rate of 0.67–1.8% per year 

Prophylaxis for venous thromboembolism should be 
instituted with pneumatic devices and/or compression 
stockings. Anticoagulation is held until the aneurysm is 
secured, at which time subcutaneous heparin can also be 
administered (for surgical cases on postoperative day 1).

Drops in hemoglobin can be limited by minimization of 
blood loss due to venepuncture and procedures. Blood 
transfusion to keep hemoglobin levels around 10 g/dL is 
reasonable.

Improved outcomes are encountered at high‐volume 
(>35 aneurysmal subarachnoid hemorrhages per year) 
centers; patients should be transferred to such centers 
for management.
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[278–281]. Consequently, patients should also be rou-
tinely counseled regarding smoking cessation and moni-
toring/treatment for chronic hypertension, which are 
known risk factors for aneurysm formation, growth [90], 
and SAH [282, 283]. Smoking has further been associated 
with a higher incidence of recurrence post coiling [284].

For patients treated with endovascular coiling, the fre-
quency and number of follow‐up angiograms is greater 
than for those treated with open surgery, given the rela-
tively greater durability of clipping. There is still uncer-
tainty about how long and how frequently patients need 
to be followed with imaging following endovascular 
therapy, beyond the period of six months that is fairly 
standard, and also regarding the most suitable radiologi-
cal technique. Conventional catheter angiography is the 
most sensitive imaging but carries a small risk. MR angi-
ography is feasible and can give good‐quality images [285, 
286] but its test characteristics and effectiveness have 
not yet been studied in large series of patients. Adequacy 
for MR alone is controversial, and given the relatively 
high rates of recanalization up to 20% [287], even in 
delayed fashion post coiling, long‐term follow‐up includ-
ing catheter angiography is warranted. Imaging at six 
months, 2–3 years, 5 years, and 10 years can be pursued. 
For surgically clipped aneurysms, imaging at 3–5 years 
and 10 years is reasonable. A final area of uncertainty is 
the need for a second procedure to obliterate aneurysm 
necks that have recanalized by compaction of the coils, 
either by recoiling [288] or surgical occlusion [289]. 
Since rebleeding can occur after incomplete aneurysm 
occlusion, retreatment is advisable whenever feasible. 
Similarly, if regrowth or enlarging neck remnant is noted 
post surgical clipping, retreatment is advisable. In such 
cases endovascular options can be considered to avert 
the need for re‐do surgery [290].

For those patients found to have multiple, unruptured 
aneurysms upon initial evaluation, appropriate treat-
ment options need to be discussed with their neurosur-
geon, once they have recovered from their SAH. 
Unruptured aneurysms carry a higher risk of hemor-
rhage in patients with a history of prior SAH [291], and 

thus should generally be targeted for treatment. In good 
grade patients, treatment of other aneurysms can often 
be pursued within 3–6 months of the prior ictus, 
although the patient’s age and functional status needs to 
be taken into consideration in decision‐making and tim-
ing for patients who remain in poor condition.

15.5.3 Cognitive and psychosocial impact

Even patients who seem to make a good functional 
recovery and who are independent in activities of daily 
living often can have psychosocial and cognitive deficits 
in the first year after the SAH [292, 293]. Although 
improvement still occurs between 4 and 18 months 
after the SAH, many patients and their partners still 
experience reduced quality of life 1–2 years after the 
hemorrhage [294]. Interestingly, patients rate their own 
outcome worse than the treating physician, but better 
than their spouses [295]. The psychosocial impact at 
even longer follow‐up is considerable. In a survey of 610 
patients who were interviewed about 9 years after their 
SAH, a quarter of the employed patients had stopped 
working and another quarter worked shorter hours or 
had a position with less responsibility [296]. On aver-
age, patients returned to work about nine months after 
discharge. A total of 60% of the patients reported 
changes in personality, most commonly increased irri-
tability (37%) or emotionality (29%). The patients had a 
statistically significant higher depression score than the 
reference population, and only 25% reported a com-
plete recovery without any psychosocial or neurological 
problems.
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16.1  Introduction

This chapter will deal with patients who have not yet had 
a stroke but who do have a vascular lesion that might 
give rise to a stroke in the future, namely unruptured 
intracranial aneurysms (UIAs) or brain arteriovenous 
malformations (bAVMs). Sometimes preventive inter-
vention is warranted, but in many situations uncertainty 
abounds [1]. Moreover, intervention may sometimes do 
more harm than good [2]. A general point about the 
management of these lesions is that there is no hurry. 
Most of these patients are healthy and it is important to 
carefully balance the risks and benefits of all treatment 
options and to take time to counsel the patient. Primum 
non nocere is a principal guideline when a lesion is found 
incidentally on neuroimaging done for unrelated indica-
tions. Doing no harm also includes refraining from 
describing these lesions as “a time bomb in your head” 
before referring the patient to a neurointerventional 
center. For many of these patients no intervention is the 
best option, but having to live with an untreated aneu-
rysm or bAVM imposes a threat on quality of life, of 
which anxiety is an important component and may need 
managing in its own right [3]. Careful counseling and 
weighing the pros and cons is even more important when 
screening for UIAs or bAVMs is considered. Persons 
being screened often have unrealistic risk perceptions, 
and screening is associated with considerable psychoso-
cial effects, both positive and negative [4, 5].

Other intracranial vascular malformations such as 
 cavernous malformations (Section  8.2.5), cranial dural 
arteriovenous fistulas (Section 8.2.8), and developmental 
venous anomalies (Section 8.2.6) are not discussed in this 
chapter. Their management is seldom guided by their 
stroke risk (Section  13.3.8) and abnormalities such as 
developmental venous anomalies are better left untreated, 
in part because they have an important function in 
venous drainage.

16.2  Saccular intracranial 
aneurysms

16.2.1 Prevalence of aneurysms

Intracranial saccular aneurysms are almost never found 
in neonates, and they are rare in children (Section 9.1.1). 
Their frequency in the general adult population has 
gained a great deal of attention over time as the wide-
spread availability of advanced neurovascular imaging 
has led to the incidental discovery of previously unde-
tectable intracranial aneurysms, highlighting the need 
to  revisit previously held beliefs regarding their preva-
lence and natural history. A systematic review and meta‐
analysis of 68 studies including 94 912 patients with 1450 
UIAs reported a mean overall prevalence (adjusted for 
outlier populations) of 3.5% (95% confidence interval 
[CI] 2.0–3.9). Prevalence ratios demonstrating the degree 
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to which a given factor affects the risk of harboring a 
UIA is shown in Table 16.1. UIAs were more commonly 
found in women, in patients older than 40 years, and in 
those with a history of autosomal dominant polycystic 
kidney disease (ADPKD), a family history of subarach-
noid hemorrhage (SAH), and at least one affected family 

member. No clear differences were seen among several 
cohorts from Europe and Asia compared to the United 
States. Most aneurysms were less than 5 mm and located 
on either the middle cerebral or the internal carotid 
artery [6]. It is important to remember that estimated 
prevalence in a population does not necessarily align 
with the percentage of known aneurysms. For instance, 
the prevalence of known UIAs in the general population 
of Olmsted County, Minnesota, was estimated at 0.83%, 
which implies that even in that highly investigated region 
only about one out of four aneurysms is detected [7].

Family history and the genetics of intracranial 
aneurysms
The chance of having an intracranial aneurysm and the 
lifetime risk of SAH depend on the number of affected 
first‐degree relatives, defined as parents, siblings, and 
children [8, 9] (Table 16.2). The lifetime risk of SAH in 
individuals with two or more affected first‐degree rela-
tives is unknown because there are so few families with 
this history, and because members of these families tend 
to seek screening for aneurysms and treatment of those 
detected. The chance of harboring an aneurysm depends 
not only on the number of affected relatives but also on 
the nature of the relationship. If the affected relatives are 
siblings, the risk of having an aneurysm is higher than if 
they are parents or children [8–10]. After negative 
screening, new aneurysms may develop. People with two 
or more affected relatives and with normal initial screen-
ing magnetic resonance angiography (MRA) have a 7% 
risk of developing an aneurysm within 5 years [11]. 
Patients with familial SAH tend to be younger than spo-
radic cases, and in families with two affected generations 
the age at onset is earlier in the younger compared to the 
previous generation [12–14].

A comparison of cohorts including 511 patients with 
UIAs from the Familial Intracranial Aneurysm study 
(FIA) and 983 patients without prior rupture or family 
history from the International Study of Unruptured 
Intracranial Aneurysms (ISUIA) found that familial aneu-
rysms were more likely smaller but multiple and located 

Table 16.1 Prevalence of, risk factors for, and site of unruptured 
intracranial aneurysms [6].

Prevalence by study population Percentage, % 
(95% CI)

Overall prevalence 2.8 (2.0–3.9)
Prevalence adjusted for outlier populations 3.5 (2.7–4.7)
Comparisons Prevalence 

ratio (95% CI)
ADPKD with family history of SAH 
compared to ADPKD alone

2.0 (0.5–7.4)

Two or more first‐degree relatives with 
SAH or UIA compared to one affected 
relative

2.2 (1.5–3.3)

Women compared to men (adjusted for age 
and comorbidity)

1.61 (1.02–2.54)

≥40 years old compared to <40 years old 2.8 (0.1–10.0)
Reference is healthy population of 
50% men aged 50 years

Prevalence 
ratio (95% CI)

ADPKD 6.9 (3.5–14.0)
Atherosclerosis 1.7 (0.9–3.0)
One or more family members with SAH 
or UIA

3.4 (1.9–5.9)

Reference is ≥80 years with prevalence of 
3.0%

Prevalence 
ratio (95% CI)

<30 years old 0.01 (0.00–0.12)
30–39 years old 0.4 (0.1–1.6)
40–49 years old 0.4 (0.1–1.3)
50–59 years old 0.4 (0.1–1.3)
60–69 years old 1.0 (0.03–3.3)
70–79 years old 0.6 (0.2–2.1)
Aneurysm size Percentage, %
<5 mm 66
5–9 mm 27
≥10 mm 7
Aneurysm location Percentage, %
Anterior communicating artery and 
branches

18

Middle cerebral artery 35
Internal carotid artery 32
Posterior communicating artery 10
Vertebrobasilar circulation 5

ADPKD, autosomal dominant polycystic kidney disease; SAH, 
subarachnoid hemorrhage; UIA, unruptured intracranial aneurysm.

Table 16.2 Risk of having an aneurysm and lifetime risk 
of subarachnoid hemorrhage, according to the number 
of affected first‐degree relatives [8, 9].

Number of affected 
first‐degree relatives

Lifetime risk of 
aneurysm, % (95% CI)

Lifetime risk of 
SAH, % (95% CI)

None 2.3 (1.7–3.1) 0.6 (0.6–0.7)
1 4.0 (2.6–5.8) 3.3 (1.0–11)
2 or more 8.0 (3.9–14) No data

SAH, subarachnoid hemorrhage.
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in the anterior circulation compared to sporadic aneu-
rysms. Moreover, female sex, history of tobacco use, less 
alcohol intake, and greater caffeine consumption were all 
more likely in patients with familial aneurysms [15]. The 
FIA study found that among enrolled subjects with one or 
more affected family members, female sex, greater num-
ber of pack‐years, and not having graduated high school 
were associated with a higher aneurysm risk, suggesting 
the potential for environmental activation of an underly-
ing genetic susceptibility [16]. Those with familial aneu-
rysms had a higher rupture risk than those with size‐ and 
location‐matched sporadic aneurysms [16].

Multiple studies have attempted to identify genetic 
loci associated with familial aneurysms, but many have 
been small samples and thus limited. A meta‐analysis 
encompassing 66 studies with a total of 32 887 intracra-
nial aneurysms and 83 683 controls from both candidate 
gene studies and genome‐wide association studies iden-
tified 19 single‐nucleotide polymorphisms associated 
with intracranial aneurysm, primarily on chromosomes 
2, 4, 8, and 9. These genes are involved in multiple patho-
logic pathways involving endothelial maintenance, the 
extracellular matrix, and tumor suppression [17].

Autosomal dominant polycystic kidney disease
Aneurysmal SAH is common in patients with ADPKD 
[18] and causes a large proportion of deaths in these 
patients. In a series of 101 autopsies of patients with 
ADPKD, 89 included brain assessment and 17 had had a 
recent SAH from a ruptured aneurysm [19]. Although 
selection bias may have occurred, the proportion of 
deaths from ruptured aneurysms was much higher than 
in the general population [8]. Previous studies have 
reported that aneurysms associated with ADPKD are 
more often large (greater than 10 mm), located in the 
middle cerebral artery, and occur at younger age than 
those found in patients without ADPKD [8, 20]. However, 
a study from China screened 355 consecutive patients 
with ADPKD for UIAs using three‐dimensional time‐of‐
flight MRA. UIAs were found in 54 patients (12.4%), 
with increasing prevalence with age, peaking at 23.3% in 
those 60–69 years old. All but one identified aneurysm 
was smaller than 10 mm, 43.4% were smaller than 3 mm, 
and 47.2% ranged from 3 to 6 mm. All were located in the 
anterior circulation, with the internal carotid artery 
(48%) and middle cerebral artery (26%) being the most 
frequent locations [21].

Family history of hemorrhagic stroke or intracranial 
aneurysm increases the risk of intracranial aneurysm 
development in patients with ADPKD (relative risk 1.97 
and prevalence 22%). Hypertension is not an essential 
factor in these patients. Aneurysms commonly develop 
in patients with ADPKD in the absence of hypertension 
[20, 21]. The position of the mutation in PKD1 predicts 

aneurysm development but commercially available tests 
for detecting this mutation are not yet available [22].

Patients with ADPKD are at risk of future SAH from 
newly developed aneurysms, but at present there are no 
precise risk estimates [23]. Only three studies, each with 
20 or fewer patients and variable follow‐up periods, have 
reported new aneurysm development ranging from 1 in 
17 patients (6%) after 7 years to 5 in 20 patients (25%) 
after 15 years [24–26]. The size of the newly developed 
aneurysms ranged from 2 to 7 mm.

Societal guidelines recommend offering screening for 
UIAs with MRA or computed tomographic angiography 
(CTA) to patients with ADPKD, particularly those with a 
family history of intracranial aneurysm [27].

New aneurysm development and growth 
mechanisms
The continuing development potential of aneurysms dur-
ing life and the presence of multiple aneurysms in up to 
30% of patients with SAH suggest that patients who have 
been successfully treated for one aneurysm are at risk of 
developing another. A few series have reported on the risk 
of developing a recurrent (at the same site as the previ-
ously treated aneurysm) or de novo (at another site) aneu-
rysm. The risk of finding a new aneurysm increases, not 
unexpectedly, over time after the initial SAH from around 
2% after 4 years, 10% after 10 years, and more than 15% 
after 15 years [28–32]. Nearly 20% of new aneurysms are 
recurrent (Figures 16.1 and 16.2). Of those found at other 
sites, approximately a third are truly de novo, the remain-
der were in fact visible in retrospect [32]. Risk factors for 
de novo aneurysm formation include multiple aneurysms 
at the time of SAH (hazard ratio [HR] 3.2; 95% CI 1.2–
8.6), active smoking (HR 3.8; 95% CI 1.5–9.4), and hyper-
tension (HR 2.3; 95% CI 1.1–4.9) [30, 31].

The mechanisms underlying de novo aneurysm forma-
tion have been studied extensively using animal models. 
Aneurysms can be induced by impaired collagen synthe-
sis in the setting of hypertension. The process involves 
disruption of elastic laminae by hemodynamic stress, 
endothelial cell injury, and medial smooth muscle cell 
apoptosis, resulting in aneurysmal outpouching of the 
arterial wall with macrophage infiltration. Endothelial 
loss exposes collagen and other matrix proteins, causing 
flow‐altering thromboses and further inflammatory 
infiltration. This leads to a self‐perpetuating mismatch 
between the tensile strength of the arterial wall and 
hemodynamic stress. These observations in animal mod-
els correlate well with known predisposing conditions, 
such as Ehler–Danlos type IV, ADPKD, and fibromuscu-
lar dysplasia, as well as known risk factors such as tobacco 
smoking causing inflammation in arterial walls [33].

Aneurysmal growth results from a complex interaction 
between aneurysm geometry, oxidative stress, apoptosis, 
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and proteolytic matrix degeneration. Aneurysmal size 
and shape are dynamic properties. Both distention from 
hemodynamic stress and mural cell proliferation play a 
role. Aneurysm walls are often severely degenerated on 
histologic inspection. However, mural cell hyperplasia 
induced by mitogen‐activated protein kinases (MAPKs), 
specifically the active phosphorylated form of c‐p54 Jun 
N‐terminal kinase (JNK) and p38 has been reported. 
MAPKs are activated in response to inflammation, vari-
ous growth factors, mechanical shearing forces, and 
metabolic cellular stressors. These similar processes 
responsible for both de novo aneurysm formation and 
growth suggest that having one or more intracranial 

aneurysms should not be considered a single event but 
rather a continuous process [33].

In addition to recurrent or de novo aneurysms, patients 
who have survived an SAH may have had other small 
and  previously missed aneurysms, or those deemed 
too  small for treatment. These aneurysms can grow, 
which increases their rupture risk. The enlargement rate 
increases from 25% after 9 years to 45% after 19 years [31, 
32]. A meta‐analysis of 18 retrospective cohort studies 
totaling 3990 patients over 11 269 patient‐years identified 
both patient‐ and aneurysm‐specific risk factors for 
intracranial aneurysm growth. Patient‐specific risk fac-
tors include smoking at baseline (relative risk [RR] 2.03; 

(b) (c)(a)

Figure 16.1 Regrowth of an aneurysm at the site of the initial aneurysm. (a) Preoperative catheter angiogram from 1992 of a patient with 
a subarachnoid hemorrhage, presumably from the anterior communicating artery aneurysm (arrow). There is an additional aneurysm 
distal on the posterior communicating artery (arrowhead). (b) Postoperative angiogram from 1992 showing complete obliteration of both 
aneurysms by clips. (c) Angiogram from 2003 showing regrowth of the aneurysm on the anterior communicating artery (arrow). Source: 
Adapted from Wermer et al. 2005 [32]. Reproduced with permission of Oxford University Press.

(a) (b)

Figure 16.2 Development of a new 
aneurysm at a different site from the initial 
aneurysm. (a) Preoperative catheter 
angiogram from 1993 of the left carotid 
artery of a patient with a subarachnoid 
hemorrhage from a ruptured aneurysm of 
the anterior communicating artery (not 
shown). There is no aneurysm on the 
carotid artery (arrow). (b) Angiogram from 
2001 showing a new aneurysm on the left 
carotid artery (arrow). Source: Wermer et al. 
2003 [11]. Reproduced with permission of 
Lippincott Williams & Wilkins © 2003 Stroke.
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95% CI 1.52–2.71), presence of multiple UIAs (RR 2.04; 
95% CI 1.56–2.66), female sex (RR 1.26; 95% CI 0.97–
1.62), and hypertension (RR 1.24; 95% CI 0.98–1.58). 
Note that these growth risk factors are the same as those 
established for de novo aneurysm formation, further 
 supporting development and growth as a continuum. 
Aneurysm‐specific risk factors include posterior circula-
tion location (RR 1.77; 95% CI 1.30–2.41) and basilar 
artery involvement (RR 1.94; 95% CI 1.32–2.83) as com-
pared to the middle cerebral artery. Aneurysm size was 
associated with increased growth risk. The risk ratio for 
growth of aneurysms 5 mm or greater was 2.56 (95% CI 
1.93–3.39) and 5.38 (95% CI 3.76–7.70) in those 10 mm 
or more compared to aneurysms 4 mm or smaller [34].

Intracranial aneurysms are rarely congenital lesions; 
instead they develop during life due to a combination of 
arterial wall inflammation and hemodynamic stress. 
Other than predisposing genetic conditions, tobacco 
smoking is most strongly associated with both de novo 
aneurysm formation and growth. Larger posterior circu-
lation aneurysms in tobacco‐smoking hypertensive 
patients are at greatest risk of growth over time. SAH 
survivors are at risk of a subsequent episode from new 
aneurysms, from already existing but enlarging aneu-
rysms, and from treated aneurysm recurrence.

16.2.2 Rupture risk of unruptured 
intracranial aneurysms

A pooled analysis of six prospective cohort studies 
between 1956 and 2006 examined the SAH risk from 
UIAs. In 8382 patients (68% female and mean age 60 
years) with 10 272 UIAs and 29 166 person‐years of fol-
low‐up, the rupture risk was 1.4% (95% CI 1.1–1.6) at one 
year and 3.4% (95% CI 2.9–4.0) at 5 years [35]. It is impor-
tant to understand that although these rupture rates 
seem definitive, aneurysmal rupture risk is not constant 
and time‐independent; aneurysm development, growth, 
and rupture are waxing and waning processes along a 
continuum in which periods of stability are punctuated 
by periods of unpredictable growth and possible rupture. 
As such, there are likely short episodes of high risk dur-
ing which time rupture is much more likely [36]. This 
means that the rupture risks found during a certain time 
period cannot be extrapolated to the patient’s remaining 
lifetime.

Larger aneurysm size and posterior communication 
artery and posterior circulation locations are independ-
ent predictors of rupture (Table  16.3). Hypertension, 
older age, female sex, and Japanese or Finnish ancestry 
are also established risk factors [35] (Table 16.4). In addi-
tion, the FIA study found that small UIAs in those with 
familial aneurysms were more likely to rupture than those 
of the same size in patients with sporadic aneurysms [16].

Moreover, SAH survivors are at some increased risk of 
recurrent SAH, either from recurrent rupture of the 
treated aneurysm or rupture of a new or enlarging aneu-
rysm. The risk estimates vary between 3% in 10 years and 
9% in 20 years after successful clipping of a ruptured 
aneurysm [37, 38]. In the first 10 years after SAH the 
recurrent SAH risk is about 20 times higher than the risk 
in an age‐ and sex‐matched cohort from the general pop-
ulation [38]. Since endovascular‐treated aneurysms have 
a higher risk of recurrent rupture at least in the initial 
year after SAH, patients undergoing endovascular aneu-
rysm treatment probably have an even higher risk of 
recurrent SAH than the estimates given here, but precise 
estimates are not available [39].

Several morphological parameters and dynamic prop-
erties can be identified using advanced vascular imag-
ing techniques and have improved the understanding of 
aneurysmal rupture risk. Bifurcation aneurysms or 
those on a curved parent artery have been reported to 
be at higher risk. Higher inflow angle from the parent 
vessel contributes to irregular flow patterns which have 
been associated with bleb formation, a small focal 
region of wall instability [40]. The presence of an 
 aneurysmal daughter sac and higher aspect ratio (dome 
height/neck width) has been associated with aneurysm 
rupture. Moreover, the size ratio (greatest aneurysm 

Table 16.3 Independent predictors of aneurysm rupture [35].

Variable
Hazard ratio 
(95% CI)

Hypertension 1.4 (1.1–1.8)
Previous SAH from another aneurysm 1.4 (0.9–2.2)
Aneurysm size
  <5 mm Reference
  5.0–6.9 mm 1.1 (0.7–1.7)
  7.0–9.9 mm 2.4 (1.6–3.6)
  10.0–19.9 mm 5.7 (3.9–8.3)
  ≥20.0 mm 21.3 (13.5–33.8)
Aneurysm location
  Middle cerebral artery Reference
  Anterior cerebral artery 1.7 (1.1–2.6)
  Internal carotid artery 0.5 (0.3–0.9)
  Posterior communicating artery 2.1 (1.4–3.0)
  Posterior arteries 1.9 (1.2–2.9)
Region of origin
  North America and non‐Finnish Europe Reference
  Japan 2.8 (1.8–4.2)
  Finland 3.6 (2.0–6.3)

SAH, subarachnoid hemorrhage.
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dimension/parent artery dimension) has also been 
reported to be higher in ruptured aneurysms than in 
unruptured aneurysms. Larger size ratios are associated 
with irregular flow within the aneurysm dome that 
 contributes to bleb formation [41].

Greater fundus distensibility has been found in 
 ruptured and preruptured aneurysms compared to 
 stable aneurysms that do not subsequently rupture. 
Atherosclerosis and greater vascular inflammatory infil-
tration have been correlated with aneurysm growth, 
while decreased expression of collagen IV and alpha 
smooth muscle actin combined with an increased 
fibronectin‐to‐laminin ratio have been demonstrated 
in the walls of ruptured compared to unruptured aneu-
rysms. The walls of at‐risk aneurysms undergo charac-
teristic changes leading to potentially identifiable and 
predictive wall motion abnormalities [42].

Several methods have been developed to characterize 
aneurysmal wall motion. Transcranial power Doppler 
ultrasonography can quantify dynamic cross‐sectional 
area of an aneurysm throughout the cardiac cycle. 
However, it can overestimate aneurysmal pulsation and 
has anatomical limitations in 20% of patients. Cine 
phase‐contrast MRA with gadolinium can provide 
detailed high‐resolution aneurysmal volume changes but 
is labor‐intensive and prone to motion and flow artifacts. 
Three‐dimensional rotational angiography and four‐
dimensional CTA are promising techniques. They both 
have high spatial (0.2–160 mm) and temporal (35–165 ms) 
resolutions and are widely available throughout the 
developed world. Limitations include relatively high‐
dose radiation exposure and the need for intravenous 
iodinated contrast media [42].

Despite an expanding evidence base, there remains 
uncertainty regarding long‐term rupture risk. Published 
follow‐up longer than 5 years is rare [35]. In considering 
possible outcomes of a newly discovered aneurysm, it 
will rupture soon, rupture later, or never rupture. The 

difficulty is identifying which of the three courses an 
individual aneurysm will follow and intervening with 
aneurysms destined to rupture, while leaving alone those 
unlikely to rupture. More data are required to parse these 
fine distinctions in order to specifically target those 
aneurysms most in need of intervention.

Finally, clinicians must be aware of and avoid falling 
into the aneurysmal size paradox. Prospectively, small 
aneurysms seldom rupture yet most ruptured aneurysms 
encountered in practice are small [43, 44]. The most likely 
explanation is that the vast majority of aneurysms are 
small. Even a minute fraction of those small aneurysms 
that rupture still outnumbers a large proportion of the 
much smaller group of patients with larger aneurysms 
that eventually rupture (in the same way as most children 
with Down syndrome are born to young mothers, even 
though the risk increases with age). This “prevention par-
adox” means that screening the population for people at 
highest risk (large aneurysms) will do little to change the 
burden of aneurysmal SAH because most patients who 
actually have a SAH have ruptured a small aneurysm [45].

In a pooled analysis the 1‐year risk of rupture was 1.4% 
and the 5‐year risk of rupture was 3.4%. Small aneurysms 
are less likely to rupture than large aneurysms. Other 
risk factors for rupture include older age, female sex, 
Japanese or Finnish origin, hypertension, and posterior 
communicating artery or posterior circulation site of the 
aneurysm. Those with familial aneurysms are more likely 
to experience a rupture than those with similarly sized 
sporadic aneurysms. However, there are still many 
uncertainties about the absolute rupture risks, especially 
beyond 5 years after detection.

16.2.3 Treatment options

Two primary avenues of intervention exist: open micro-
surgical clipping and endovascular treatment, including 
coiling and flow diversion. The consensus among studies 

Table 16.4 Immediate and long‐term aneurysm obliteration rates by endovascular treatment strategy [54, 55].

Bare metal 
coils (%)

Bioactive 
coils (%)

Stent‐assisted 
coiling (%)

Coiling without 
stent (%)

Raymond–Roy Scale post procedure
Complete obliteration 36 37 21 34
Residual neck/dog ear 27 25 25 26
Residual aneurysm 37 38 54 41
Raymond–Roy Scale at 10–14 months
Complete obliteration 40 44 52 44
Residual neck/dog ear 28 20 21 24
Residual aneurysm 32 35 27 32
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is that endovascular treatment confers lower short‐term 
disability and fewer neurologic and cardiac complica-
tions, with a trend toward lower in‐hospital mortality. 
However, microsurgical clipping offers a much higher 
rate of immediate complete obliteration [46]. Anatomic 
results of aneurysm treatment are classified by the 
Raymond–Roy Scale, also called the Montreal Scale. 
Class 1 represents complete obliteration; class 2 is 
defined by a residual neck with persistent arterial wall 
defect but without aneurysmal sac opacification; and 
class 3 is residual aneurysm in which opacification is 
observed in any part of the sac. Class 3 represents treat-
ment failure [47].

Neurosurgical intervention
A systematic review of studies reporting complications 
of neurosurgical clipping for unruptured aneurysms 
published between 1966 and 1996 included 61 studies, of 
2460 patients with at least 2568 aneurysms [48]. Of these 
aneurysms one‐quarter were larger than 25 mm and 
one‐third located on the posterior circulation, which 
implies a bias toward “dangerous” and “difficult‐to‐treat” 
aneurysms. Overall case fatality was 2.6% (95% CI 2.0–
3.3%); permanent morbidity occurred in another 10.9% 
(95% CI 9.6–12.2%). Postoperative mortality and mor-
bidity were significantly lower in more recent years, for 
nongiant aneurysms and for aneurysms on the anterior 
circulation.

A more recent systematic review of the surgical 
treatment of UIAs examining 60 studies involving 9845 
patients with 10 845 aneurysms between 1990 and 
2011 provides data for the modern surgical era. A ran-
dom effects weighted (REW) average was utilized. 
Mortality after surgery was 1.7% (99% CI 0.9–3.0) and 
unfavorable outcome within the first year after surgery 
including death was 6.7% (99% CI 4.9–9.0). Subgroup 
analyses identified higher risk for patients with poste-
rior circulation aneurysms (RR 4.1, 99% CI 2.3–7.6) 
and for those with aneurysms ≥10 mm (RR 3.5, 99% CI 
1.4–8.9). Aneurysm obliteration rates across 19 studies 
involving 1793 patients with 2180 aneurysms were 
Raymond–Roy class 1 in 92% (99% CI 90–93.2), class 
2  in 4% (99% CI 2.9–5.2), and class 3 in 4% (99% CI 
3.3–5.7) [49].

Limitations of these meta‐analyses include lack of ran-
domized clinical trials and heterogeneity of available ret-
rospective and observational studies. However, 
complication rates among published studies have 
improved over time, likely attributable to advances in 
technology and microsurgical techniques. Reports from 
high‐volume single centers describe complication rates 
as low as 2% in patients with aneurysms smaller than 
10 mm, suggesting that experience may be an important 
factor [50–53].

Endovascular intervention
There are three main endovascular strategies for treating 
UIAs: coiling (bare metal and bioactive), stent‐assisted 
coiling (SAC), and flow‐diversion. The MAPS trial 
(MAtrix and Platinum Science) was a multicenter rand-
omized noninferiority trial of 626 enrolled subjects 
that  examined the effectiveness of bioactive polymer‐
modified coils versus bare platinum coils. Bioactive 
coils were noninferior to bare platinum coils for subse-
quent hemorrhage, need for target aneurysm retreat-
ment, and neurologic deaths at 1 year related to the 
device or procedure. In addition, immediate postproce-
dural angiographic assessment and reassessment with 
conventional catheter‐based angiography at 1 year were 
similar between groups. There was no difference in 
aneurysm location, size, rupture status, or hemody-
namic characteristics between groups [54].

The MAPS trial permitted a large degree of freedom 
by the treating physician to decide whether or not to 
employ adjunctive devices. A post hoc subgroup analysis 
of 361 subjects with UIAs compared those treated with 
SAC to those coiled without stenting. SAC‐treated sub-
jects more often had wide‐necked aneurysms with lower 
dome‐to‐neck ratios, posterior circulation aneurysms, 
dual antiplatelet therapy use with clopidogrel and aspi-
rin, and a tendency for coronary artery disease and prior 
stroke compared to those coiled without stenting. SAC 
was not associated with risk of ischemic stroke or target 
aneurysm recurrence up to 2 years post procedure [55] 
(see Table 16.4).

A newer technique for treating UIAs involves a flow‐
diversion device (FDD) in which a specialized stent is 
deployed within the parent artery across the aneurysm 
neck to disrupt aneurysmal flow, promoting intra‐aneu-
rysmal thrombosis. A systematic review of 18 studies 
published between 2009 and 2014 examined 1483 
patients with 1704 UIAs. The majority of patients were 
women and the average age was 54 years. Most of the 
aneurysms were saccular, located within the anterior cir-
culation, and had a dome‐to‐neck ratio less than 2. 
Slightly more than half were greater than 10 mm, with a 
third between 10 and 24 mm. Complications included 
intraprocedural thrombosis or acute mechanical steno-
sis of the parent artery (4%), late occlusion or significant 
stenosis discovered on follow‐up (7%), ischemic stroke 
(4%), intracranial hemorrhage (3%), and death (3%). Rate 
of complete aneurysm obliteration at 12 months was 
90%, with a higher rate reported with longer follow‐up 
interva1 [56] (Table 16.5).

FDDs are intended for treatment of UIAs that are 
deemed unsuitable for coiling due to unusual morphol-
ogy (e.g. fusiform, dissecting, giant), being located at a 
bifurcation, or with a high likelihood of worsening symp-
tomatic aneurysmal mass effect after coiling. Saccular 



16 Interventions to prevent intracranial hemorrhage730

aneurysms with large necks and low dome‐to‐neck ratios 
may also benefit more from FDD treatment than coiling. 
Delayed aneurysm thrombosis after FDD deployment 
such that rupture may occur even after a technically suc-
cessful procedure and the need for extended dual anti-
platelet therapy until complete aneurysm occlusion and 
endothelial overgrowth of the luminal stent surface must 
be considered when FDD treatment is chosen.

Summary
As techniques evolve and new approaches to the treat-
ment of intracranial aneurysms are developed, the choice 
of referral becomes more challenging for the clinician 
confronted with an UIA. A brief overview of the afore-
mentioned treatment options follows.

 ● Microsurgical clipping of aneurysms in the posterior 
circulation and for those that are more than 10 mm has 
higher risk than small and anterior circulation aneu-
rysms [49].

 ● One‐year complete obliteration rates of aneurysms 
treated with either bare metal platinum coils or bioac-
tive coils are similar [54].

 ● SAC can be effective in those aneurysms with wider 
necks and lower dome‐to‐neck ratios [55].

 ● FDDs can be effective for UIAs deemed unsuitable for 
coiling either due to large size, fusiform or dissecting 
morphology, located at a bifurcation, or when there is 
concern that coiling may worsen symptomatic mass 
effect [56].

In addition to technical differences among modalities, 
variability in published outcomes by treatment center 
must be recognized. A systematic review including 2692 

aneurysms treated electively (44.5% clipped and 55.5% 
coiled) at the 10 highest‐volume hospitals in New York 
State between 2005 and 2010 examined hospital‐level 
factors associated with good outcome. Of those patients 
who underwent microsurgical clipping, 73% were dis-
charged home compared to 88% of those whose aneu-
rysms were coiled, with wide differences among centers. 
Total aneurysm repair case volume by modality 
accounted for the vast majority of between‐hospital vari-
ation. This supports regionalization of elective intracra-
nial aneurysm treatment to specialized centers [57]. 
Societal recommendations support the performance of 
treatment at a high‐volume center [27].

16.2.4 Management of patients 
with unruptured aneurysms

Every time an intracranial aneurysm is a surprise finding 
on an imaging study performed for another purpose, 
there is a practical dilemma: Is preventive aneurysm 
treatment risk at that time outweighed by the risk of 
death or disability from rupture of the untreated aneu-
rysm at some time later in life, if it ruptures at all? Two 
pivotal factors in this balance of risks are the aneurysm 
size and its site, but these factors are not necessarily 
helpful because both the rupture risk and the treatment 
risk are greater for large aneurysms and for aneurysms 
on the posterior circulation. Age is the most discriminat-
ing factor, because at a young age the treatment bene-
fit – which is long term – is large, provided life expectancy 
is not reduced for other reasons, and the treatment risk 
relatively small. With increasing age, the benefit 
decreases along with life expectancy while the treatment 
risk increases. Further factors that should be considered 
are the aneurysm type (incidental, additional, or sympto-
matic; Section 16.2.2), family history, and comorbidity.

Patients with a positive family history may have an 
increased rupture risk and a different risk perception than 
someone with no experience of an SAH in their family. If 
someone has already lost one or more relatives from SAH 
(in most instances from rupture of a small aneurysm) it 
may be difficult to accept that their own aneurysm has a 
negligible rupture risk, even if it is small. Comorbidity 
reduces life expectancy and often also increases the treat-
ment risk. For example, a 64‐year‐old patient with a 
minor ischemic stroke and 50% stenosis of the sympto-
matic carotid artery probably has a much higher chance 
of dying from ischemic cardio‐ or cerebral vascular dis-
ease in the next 10 years than from SAH from the inci-
dental 9 mm aneurysm on the left middle cerebral artery 
detected during workup after the stroke. Moreover, the 
carotid stenosis increases the preventive treatment risk.

For balancing risks and benefits, decision analysis can 
be helpful, but many decision models developed thus far 

Table 16.5 Complications and aneurysm obliteration rates 
associated with flow diversion device deployment during 
the treatment of unruptured intracranial aneurysms [56].

Overall 
average (%)

Range across 
studies (%)

Complications
Acute parent artery 
thrombosis/stenosis

 4 0–8

Ischemic complications  4 0–14
Hemorrhagic complications  3 0–8
Mortality  3 0–8
Rate of complete 
aneurysm occlusion
Immediate 11 2–18
3 months 60 44–85
6 months 75 50–93
12 months 90 81–100
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are oversimplistic. An important drawback is that these 
models implicitly presume a constant, time‐independent 
rupture risk, whereas a “chaotic” or “periodic” growth 
process with inherent short episodes of high risk is more 
likely [36]. This means that the rupture risks found dur-
ing a certain time period cannot be extrapolated to the 
patient’s remaining lifetime as noted previously. The 
PHASES (Population, Hypertension, Age, aneurysm 
Size, Earlier SAH, and aneurysm Site) score was devel-
oped using data from the pooled analysis of six prospec-
tive cohort studies discussed previously and facilitates 
quick calculation of an individual 5‐year rupture risk 
(Table  16.6). For example, a 65‐year‐old Japanese man 
with neither hypertension nor history of previous SAH 
who is discovered to have a 5 mm UIA in the posterior 
circulation would receive a PHASES score of 8, yielding 
a 5‐year rupture risk of 3.2%. This personalized risk score 

allows the patient and physician to make a more informed 
decision regarding management [35].

A further problem is that the preventive treatment risk 
for the aneurysm in question and for the treating physi-
cian in particular should be known. However, in many 
instances the overall procedure risk will be no more than 
an educated guess (probably underestimated by the 
treating physician and overestimated by the referring 
neurologist). Also, the remaining life expectancy often 
will be another educated guess, especially because for 
many patients the aneurysm will have been detected 
during the workup for another disease, which may have 
its own impact on life expectancy. Thus, before decision 
models can be used in clinical practice, they have to be 
refined.

Despite the uncertainties, giving balanced advice in 
some situations is not that difficult. In a young person 
with an aneurysm larger than 10 mm at the top of the 
basilar artery that is easily accessible for endovascular 
treatment by a physician who has ample experience and 
a good track record for the procedure, many physicians 
would advise preventive treatment. Another “easy” 
example is the 75‐year‐old man with diabetes, a recent 
myocardial infarction, a more than 70% (asymptomatic) 
carotid artery stenosis, and a 4 mm ipsilateral middle 
cerebral artery aneurysm. Many physicians would advise 
against aneurysm treatment, despite the possibility of 
rupture. Another potentially useful tool is the Unruptured 
Intracranial Aneurysm Treatment Score (UIATS). This 
tool was created to inform UIA treatment based on what 
a panel of well‐qualified specialists, including neurosur-
geons, interventional neuroradiologists, neurologists, 
and clinical epidemiologists, would recommend after 
taking into account patient and aneurysm characteris-
tics, including age, rupture risk factors, symptoms, life 
expectancy, comorbid conditions, maximum aneurysm 
diameter, aneurysm morphology, and aneurysm loca-
tion. Weighted scores favoring aneurysm treatment are 
compared to those favoring conservative management to 
determine the most reasonable management course [58].

A third example, which starts easy, is the young patient 
with a 3 mm aneurysm on the anterior communicating 
artery and no further risk factors. Many physicians 
would advise against aneurysm treatment. The difficulty 
in this example is whether or not to recommend follow‐
up imaging to assess aneurysmal growth. The yield of 
annual follow‐up is low. In a prospective study of 
93 patients with 125 small aneurysms CTA or MRA was 
performed after an interval of 1 year [59]. Although 
slight enlargement between 0.5 and 1.5 mm was found in 
three patients (3%), the aneurysms were not treated. 
During the same time period, 2 of the 93 patients (2%) 
had an SAH: one from an aneurysm at the clip site of a 
previous operation that ruptured without enlargement, 

Table 16.6 PHASES 5‐year aneurysm rupture risk prediction 
model [35].

(P) Population/region of origin
  Japanese 3
  Finnish 5
(H) Hypertension 1
(A) Age (≥70 years) 1
(S) Aneurysm size
  7.0–9.9 mm 3
  10.0–19.9 mm 6
  ≥20.0 mm 10
(E) Earlier SAH from a different aneurysm 1
(S) Aneurysm site
  Middle cerebral artery 2
  ACA, Pcom, or posterior circulation 4
Total PHASES score 5‐year rupture 

risk (95% CI)
≤2 0.4 (0.1–1.5)
3 0.7 (0.2–1.5)
4 0.9 (0.3–2.0)
5 1.3 (0.8–2.4)
6 1.7 (1.1–2.7)
7 2.4 (1.6–3.3)
8 3.2 (2.3–4.4)
9 4.3 (2.9–6.1)
10 5.3 (3.5–8.0)
11 7.2 (5.0–10.2)
≥12 17.8 (15.2–20.7)

SAH, subarachnoid hemorrhage; ACA, anterior cerebral artery; Pcom, 
posterior communicating artery.
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and the other from a newly developed dissecting aneu-
rysm. The number of enlarged aneurysms was too small 
for risk factor analysis, but patients with enlarged aneu-
rysm more often had a family history of SAH or a previ-
ous stroke, were younger, more often had multiple 
aneurysms, and more often were current smokers than 
patients without enlargement [59]. Since one of every 
four aneurysms increases in size over 10 years and one of 
every two aneurysms over 20 years further studies are 
needed to assess the optimal screening interval.

In some circumstances the decision whether or not to 
treat is made simple by the patient. For example, the 
patient with a 6 mm aneurysm of the posterior commu-
nicating artery who has already lost three relatives from 
SAH may ask for treatment regardless of the actual bal-
ance of risks and benefits. In all other circumstances the 
best way to deal with the problem is to discuss the risks, 
benefits, and, most importantly, the uncertainties of 
each option. In this way the patient can come to an 
informed decision.

Whatever the final decision regarding treatment, it is 
crucial to stress that patients should avoid smoking and 
have their blood pressure checked regularly and hyper-
tension treated, since active smoking and hypertension 
are strong risk factors for growth and rupture of aneu-
rysms [31, 32, 60].

Small unruptured aneurysms in patients with no other 
risk factors should probably be left alone; large but easily 
accessible aneurysms in young patients should probably 
be offered treatment. In most other situations the physi-
cian should discuss in depth the risks, benefits, and 
uncertainties of each strategy with the patient. Prediction 
models may be helpful but are limited regarding lifetime 
rupture risk. Decision tools can offer guidance but the 
eventual decision is left to the patient and thus influ-
enced by the patient’s own risk perception. All patients 
should be offered advice on risk factor modification 
regardless of what decision is taken about aneurysm 
treatment.

16.2.5 Screening for aneurysms

The ultimate goal of screening is not to detect or treat an 
aneurysm, but to increase the number of quality years of 
life. Therefore, before imaging intracranial vessels, the 
risks and benefits of screening should be weighed. This 
process includes calculation of the risks of diagnostic 
procedures and any treatment, and the gain in life expec-
tancy by preventive treatment of aneurysms detected by 
screening. The risk assessment should also include the 
amount of prescreening anxiety, the reassurance that can 
be given with a negative result, and the anxiety that can 
be caused by finding an aneurysm (e.g. if a 3 mm aneu-
rysm is found and is left untreated but followed up regu-
larly, or if an unrelated abnormality is found) [61]. 

Invitation for screening in itself does not lead to increased 
anxiety or depression, but actual screening for familial 
aneurysms is associated with considerable psychosocial 
effects, both positive and negative [4, 5]. Despite these 
effects, only a small minority of those screened regret 
their decision, and most are motivated for follow‐up 
screening [5, 11]. Finally, screening, repeated screening, 
and preventive treatment cannot prevent all episodes of 
SAH. In rare instances, aneurysms can develop and rup-
ture within the regular screening interval of 5 years [62].

No clinical trials have been done on aneurysm screen-
ing in at‐risk patients. As for decisions on UIA manage-
ment, screening decisions must be made from calculations 
and assumptions, including perceived quality of life. This 
requires extensive counseling. Physicians should provide 
clear and detailed information because relatives can 
underestimate the risk of harboring an aneurysm and of 
its rupture [4].

Imaging techniques for screening
Screening has become possible with the advent of nonin-
vasive or minimally invasive imaging techniques for 
intracranial vessels. The test characteristics of CTA and 
MRA are similar [63]. Both have substantial risk of miss-
ing aneurysms smaller than 3 mm, but these lesions are 
typically not treated if detected [64]. MRA can be used to 
screen for familial aneurysms and has the advantages 
over CTA in that iodinated contrast is not needed and 
there is no radiation exposure [65]. A meta‐analysis of 
960 patients across 12 studies reported the sensitivity 
and specificity of noncontrast time‐of‐flight MRA to be 
95% and 89%, respectively. Contrast‐enhanced MRA 
performed marginally better (sensitivity 97% and speci-
ficity 89%). Diagnostic yield was increased using a 3 tesla 
magnet (sensitivity 98% and specificity 93%) and by hav-
ing a neuroradiologist perform freehand three‐dimen-
sional image reconstructions on the images (sensitivity 
97% and specificity 97%) [66]. In comparison, another 
meta‐analysis of 3643 patients across 45 studies reported 
the sensitivity and specificity of CTA to be 97% and 98%, 
respectively. Sensitivity improved with a 16‐ or 64‐row 
multidetector CT as compared to a single‐detector CT, 
especially for aneurysms smaller than 4 mm [67]. 
Previously placed aneurysm clips can cause extensive 
artifact with MRA, and older intracranial aneurysm clips 
are usually a contraindication [68]. CTA is the preferred 
assessment technique in these patients [61]. (Figure 16.3) 
MRA is the best option in patients who have been coiled, 
because coils produce little artifact with this technique 
[69] (Figure 16.4).

Screening indications
Screening should be considered in individuals with two 
or more affected first‐degree relatives and in patients 
with ADPKD. Because aneurysms are rare before the age 
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of 20, screening is typically started after this age. If a first 
screen is negative, repeated screening should be dis-
cussed. In a study of individuals with a positive family 
history and negative initial screening, a new aneurysm 
was found at repeat screening 5 years later in 7% [11]. If 
the life expectancy of the patient is short, because of 
advanced age or comorbidity, screening should not 

be  advised. The maximum age for screening is 60–70 
years old, depending on the individual’s health status. 
Screening should also be considered in identical twins if 
SAH has occurred in one of the pair, although no system-
atic studies in twins have been done. Thus far, at least 
13 pairs of identical twins with aneurysms in both have 
been reported [70]. In twin pairs, the aneurysms have 
commonly been at the same site and SAH tended to 
occur around the same age, but in some twin pairs SAH 
occurred decades apart [71, 72]. At least two twin pairs 
have been reported with SAH in one, but no aneurysm in 
the other at the time of screening; such discordant iden-
tical twins may have been underreported [73].

In individuals with only one affected first‐degree 
 relative, screening is not very efficient or effective. To 
prevent one episode of fatal SAH, 300 first‐degree rela-
tives must be screened. Therefore, routine screening of 
individuals with only one affected relative is not recom-
mended. Exceptions can be made for siblings with one 
affected relative who are younger than 40 years and who 
are highly anxious about SAH, and therefore already 
have impaired quality of life. Patients with Ehlers–Danlos 
syndrome type IV are typically advised against screen-
ing, because vascular fragility substantially increases the 
treatment risks [74]. Since an increased risk of SAH has 
not been established for patients with neurofibromatosis 
or Marfan syndrome, there is no indication for screening 
these patients.

Although patients with no family history of aneurysm 
and no ADPKD who have survived an SAH are at 
increased risk for a new episode from a new aneurysm 
or from recurrence of the treated aneurysm, according 
to a Markov decision model, routine screening of all 
patients with a previous SAH cannot be recommended 
[32]. A quality‐adjusted life years (QALY) model found 
that while screening decreases the rate of recurrent SAH 
and increases life expectancy, it can actually decrease 
QALY. This paradox can be explained by the morbidity 
accompanying screening and preventive treatment out-
weighing the real though small decrease in SAH risk 
[75]. Only if the risks of both aneurysm formation and 
rupture were at least 5 times higher than the population 
baseline did screening reduce costs and increase QALY 
[75]. Unfortunately, it is not currently possible to pre‐
emptively identify such patients. Instead, established 
risk factors for recurrent SAH such as smoking, multiple 
aneurysms, and young age at time of the initial SAH 
must be relied upon [32].

Counseling advice
Counseling when considering screening is time‐ 
consuming, but commonly two or more siblings or other 
relatives can be counseled simultaneously, and many 
relatives prefer to come together. When counseling peo-
ple with a possible family history of SAH, it can be useful 

(a)

(b)

Figure 16.3 Follow‐up CT angiogram in a patient with a ruptured 
posterior communicating artery aneurysm treated by 
neurosurgical clipping. (a) CT angiography shows clip artifacts at 
the site of the left posterior communicating artery aneurysm, and 
an aneurysm at the basilar artery tip (arrow). (b) Reconstruction of 
the CT angiogram confirms the basilar artery tip aneurysm (arrow) 
and provides better detail of the anatomy. (Note that this 
reconstruction is a view from above, thus the right side of the 
patient is on the right.)
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to initially draw a family tree. If the individuals report 
that relatives have had a stroke or SAH, get as much 
information as possible. Often medical records of 
deceased relatives are difficult to retrieve. However, in a 
Dutch study, the information recalled by a relative has a 

positive predictive value for SAH of about 70%, which 
makes it useful for clinical practice [76]. Subsequently, 
explain the procedure and screening risks – the chance of 
having an aneurysm, of an aneurysm rupturing, of treat-
ment, and of finding a very small aneurysm that will not 

(a)

(d)

(e)

(f)

(b) (c)

Figure 16.4 Follow‐up after coiling of an anterior communicating artery aneurysm. (a) CT angiogram reconstruction showing an anterior 
communicating artery aneurysm (arrow). (b) Catheter angiography before coiling confirms the aneurysm (arrow). (c) After coiling, the 
aneurysm is occluded. (d) MR angiography six months after coiling shows a new aneurysm next to the initial aneurysm (arrow). (e) 
Catheter angiography before repeat coiling confirms the new aneurysm (arrow) adjacent to the coiled lumen of the initial aneurysm 
(arrowheads). (f ) After repeat coiling, the new aneurysm is also occluded (arrowheads).
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be treated but followed up. The implications for driving 
and flying licenses and life insurance (which differ by 
country), and the yield of repeated screening if the initial 
screening is negative should be discussed. In general, 
screening should be considered every 5 years, and every 
2 or 3 years in the rare families in whom rupture of newly 
developed aneurysms has occurred within 5 years of 
screening. Individuals with two or more affected first‐
degree relatives are typically willing to undergo repeated 
screening. In one study, more than 80% returned 5 years 
after the initial screening, having been given the advice 
to undergo repeated screening [11]. At the end of the ini-
tial consultation, the decision about screening should be 
left to the patient: to go for screening; to make a second 
appointment for further discussion or information 
(sometimes siblings come together, but without their 
spouses, and eventually want to make a final decision 
with their spouses); or to make no further appointment. 
All of these individuals, including those who do not want 
to be screened, should be advised against smoking and to 
have their blood pressure checked regularly.

16.3  Arteriovenous malformations 
of the brain

The section on incidental UIAs described many uncer-
tainties and unanswered questions. For incidental brain 
arteriovenous malformations (bAVMs) the situation is 
even worse. Uncertainty about the risks of hemorrhage 
and treatment is fueled by the presence of three treat-
ment modalities (and combinations of these modalities) 
as well as the option of no intervention. Despite great 
controversy and debate, a randomized trial of unrup-
tured bAVMs (ARUBA) was a landmark effort to inform 
treatment, and although the issue remains hotly con-
tested, ARUBA represents a starting point for further 
studies.

16.3.1 Frequency and presentation of brain 
arteriovenous malformations

The prevalence of bAVMs ranges between 15 and 19 per 
100 000 adults [77] and the overall detection rate is about 
1 per 100 000 adults per year [78]. They are much rarer 
than intracranial aneurysms (Section  8.2.4). Moreover, 
in contrast with intracranial aneurysms, bAVMs are sel-
dom multiple, occurring in less than 2% of cases [79]. 
There are no data that modifiable risk factors such as 
smoking and hypertension increase the risk of develop-
ing bAVMs or their rupture.

Considered sporadic congenital and developmental 
lesions, there is increasing evidence that bAVMs are 
dynamic rather than static. This is supported by reports 

of postnatal bAVM growth, spontaneous regression, 
and recurrence after complete resection [80, 81]. Their 
pathogenesis is poorly understood, but a role for genetic 
factors such as NOTCH4 gene single‐nucleotide poly-
morphisms (SNPs) as a predisposing gene for bAVM 
development has been suggested. In addition, NOTCH4 
gene variants have been linked to clinical features such as 
hemorrhage and epilepsy [82]. Familial bAVMs have 
rarely been reported. In a systematic review, only 53 
patients from 25 families were identified. Clinical char-
acteristics of patients with familial bAVMs are similar to 
those with sporadic bAVMs except for the age at diagno-
sis [83]. Patients with familial bAVMs present nearly 8 
years earlier (mean age 27 years) than those with spo-
radic bAVMs. However, the number of families is so 
small that it is unclear if this difference is coincidental or 
truly due to familial occurrence.

Clinical features of bAVMs are typically due to hemor-
rhage, seizures, headaches, and/or focal neurological 
deficits. However, sometimes bAVMs are diagnosed 
for other reasons, including nonspecific complaints. In 
applicants for military flying duties, bAVMs are inciden-
tally found in around 0.1% [84]. The proportion of 
symptomatic bAVMs has declined over time, at least 
where access to noninvasive brain imaging is so easy 
that nonhemorrhagic presentations are more often 
detected [1]. Nearly half of all patients in whom a single 
bAVM is detected present with intracranial hemorrhage 
[85], whereas seizures account for 27% of presentations 
[85]. Younger age, male sex, lobar or cortical bAVM 
location (particularly temporal and frontal lobes and 
arterial border zones), superficial venous drainage, 
and  large size are risk factors for seizures [86, 87]. 
Neurological deficit is the most common presentation 
in patients with multiple bAVMs, which may be due to 
the effect of more nidi diverting blood flow away from 
normal brain tissue [79].

Hemorrhage as the initial presentation is considered 
the main determinant of future hemorrhage [80]. In 
contrast to previously held beliefs, recurrent hemor-
rhage tends to occur with highest frequency in the first 
few months after the initial bleed and the rate of subse-
quent hemorrhage peaks from 6 to 15% within the first 
year and returns to baseline thereafter [80]. The high 
rate of subsequent bleeding after hemorrhagic presenta-
tion favors bAVM obliteration if technically feasible. 
Moreover, although there is not the same urgency to 
treat the lesions within the first 1 or 2 days as there is in 
patients with a ruptured aneurysm, the aim should be to 
treat the lesion within the first few weeks after hemor-
rhage, if the patient’s condition allows it. The greatest 
uncertainty arises when an unruptured bAVM is 
detected. The remainder of this section will focus on 
this issue.
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16.3.2 Natural history of brain 
arteriovenous malformations

The understanding regarding the natural history of 
bAVMs is limited. Existing knowledge is biased, and based 
on wrong outcome measures and erroneous assumptions. 
First, bias is introduced because natural history has been 
studied in patients who received no treatment, and the 
main reason for not treating these patients was that the 
bAVM was (very) difficult to treat. The natural history of 
bAVMs that are difficult to treat may well differ from that 
of patients with “easily” treatable bAVMs. Second, most 
studies on natural history have taken “hemorrhage” as the 
outcome measure, and yet hemorrhage may not always 
lead to disability; indeed, several studies suggest that 
hemorrhage from bAVMs is less detrimental than intrac-
erebral hemorrhage in general [88, 89]. One study 
reported a modified Rankin Scale score of 1 (minimal or 
no disability despite symptoms) in 80% (out of 115 
patients) after hemorrhage due to bAVM [89]. In 241 
patients registered in the prospective Columbia AVM 
Databank, the median modified Rankin Scale score was 2 
after initial rupture [90]. Similarly, recurrent hemorrhage 
from a bAVM often does not result in increased morbidity 
[89, 91]. Third, follow‐up in most studies has been rela-
tively short [92] and the hemorrhage rates found within 
this short period have been recalculated as yearly rupture 
rates even though recurrent hemorrhage rates decrease 
over time [91]. The overall annual hemorrhage risk of 
bAVMs is 3%. However, several factors influence the risk 
and can be subdivided into the following categories:

 ● Demographics: Hispanic patients have an approxi-
mately twofold increased hemorrhage risk compared 
to Caucasian patients [93] and females trend toward a 
higher risk than males [80].

 ● Clinical presentation: As previously noted, hemor-
rhage upon initial presentation is the strongest pre-
dictor for subsequent hemorrhage in patients with 
untreated bAVMs (HR 3.2; 95% CI 2.1–4.3) [80]. 
Ruptured bAVMs carry an annual rupture risk of 4.5% 
compared to 2.2% for those that are unruptured [93]. 
Asymptomatic hemorrhage seen on neuroimaging of 
patients with bAVM is also a strong independent pre-
dictor of new hemorrhage over time [94].

 ● Anatomical features: Deep venous drainage [85] (HR 
2.4, 95% CI 1.1–3.8), deep brain location [85] (HR 2.4, 
95% CI 1.4–3.4), including infratentorial and the pres-
ence of associated aneurysms [85] (HR 1.8, 95% CI 
1.6–2.0), increase rupture risk [80]. Flow‐related aneu-
rysms are found in nearly 20% of bAVMs [95]. Lesion 
size does not appear to impact hemorrhage risk, but 
patients with multiple bAVMs have a higher overall 
hemorrhage risk (6.7% annually) than those with soli-
tary bAVMs [79].

 ● Genetics: NOTCH4 rs443198_TT and rs915895_AA 
genotypes [82], apoliproprotein E ɛ2 (APOEɛ2) geno-
type, interleukin‐6 (IL6) 174GG genotype, and tumor 
necrosis factor‐α (TNFα) 238A alleles have been 
 associated with increased hemorrhage risk [93]. In 
addition to their association with spontaneous hemor-
rhage in the natural, untreated course, both APOEε2 
and TNFα 238A alleles confer greater hemorrhage 
risk  after post‐stereotactic radiosurgery (SRS) and 
post‐surgical excision [93].

The only randomized controlled trial to date that has 
studied unruptured bAVM treatment, ARUBA, found 
the morbidity associated with bAVM rupture in subjects 
randomized to the control group to be 10% during an 
average 33 months of follow‐up. A systematic review 
and  meta‐analysis of observational and cohort studies 
concluded that neurosurgical excision, SRS, and endo-
vascular embolization (EVT) were all associated with 
considerable risks, including hemorrhage, permanent 
neurological deficits, and death [96]. If intervention is to 
be considered effective, its risk must be lower than the 
natural history of the disease. Currently, there is no med-
ical therapy for bAVM treatment. However, a clinical 
trial of bevacizumab, a vascular endothelial growth fac-
tor (VEGF) inhibitor, in patients with bAVMs is under-
way (ClinicalTrials.gov identifier, NCT02314377).

The long‐term risk of hemorrhage and, more impor-
tantly, of death or disability from bAVMs is unknown. 
For patients without previous rupture and no risk factors 
(deep venous drainage) these risks are probably very low.

16.3.3 Treatment options for brain 
arteriovenous malformations

The currently available treatment options for bAVMs 
are: symptomatic medical management only (e.g. of epi-
lepsy or headaches), neurosurgical excision, EVT, SRS 
and combinations of these modalities. There are no ran-
domized trials or nonrandomized comparisons of these 
strategies. However, a systematic review and meta‐anal-
ysis of observational and cohort studies concluded that 
bAVM treatment outcomes remain a formidable man-
agement challenge, with permanent neurological deficit 
or death occurring at a median rate of 5.1–7.4% [96]. 
This review also concluded that complication rates have 
decreased over time, likely due to technical advances and 
greater experience.

Comparing results between treatment strategies is dif-
ficult as it can be biased by patient selection for certain 
treatment options and by different treatment goals. The 
broad heterogeneity of bAVM anatomy, size, location, 
and clinical presentation makes patient selection for sur-
gery a difficult process. Several studies have analyzed 
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factors that determine the surgical risks as they 
impact patient outcomes to facilitate optimal selection. 
Classification schemes for each treatment modality have 
been developed and are discussed below.

No two bAVMs are identical and a multidisciplinary 
approach is needed for treatment decision‐making. 
Moreover, strategies vary widely between institutions 
[97]. The Treatment Of Brain AVMs Study (TOBAS) 
may help inform treatment decisions. This study will 
compare conservative versus interventional manage-
ment of subjects with unruptured bAVM for the out-
come of death or debilitating stroke over 10 years of 
follow‐up. In addition, it will compare if EVT prior to 
SRS or neurosurgical excision can improve the safety and 
efficacy of SRS or neurosurgery alone in ruptured and 
unruptured bAVMs [98].

Neurosurgical excision
Neurosurgical excision is the treatment modality that 
has been available the longest and many authors have 
reported its technical success, morbidity, and case fatal-
ity. A review and meta‐analysis of 137 studies including 
13 698 patients treated with microsurgical excision, EVT, 
SRS, or combinations of modalities showed successful 
obliteration in 96% (range 0–100%) of patients who 
underwent neurosurgical excision [96]. Moreover, neu-
rosurgical excision had the highest permanent neuro-
logical deficit and death rate (7.4%) but the lowest 
subsequent hemorrhage rate compared to the other 
treatment modalities [96]. Higher surgical complication 
rates were seen in deep bAVM and in those with 
Spetzler–Martin grade I through II bAVMs (Table 16.7). 
In contrast to previous studies [85, 93] this review 
observed lower complications rates in older patients and 
in those with “eloquent” bAVM locations.

The primary goal of treating bAVMs is to reduce 
death  and long‐term disability due to hemorrhage. 
Neurosurgical bAVM excision is the most effective treat-
ment for eliminating future hemorrhage risk. However, 
not every patient is a neurosurgical candidate. Surgical 
risk can be assessed by bAVM characteristics including 
size, location and venous drainage pattern. For example, 
a small and superficial bAVM in the occipital lobe is 
much more easily accessible than a lesion involving 
almost an entire hemisphere with feeders from all major 
arteries and extensive deep venous drainage. For these 
reasons, the Spetzler–Martin (SM) grading system, 
which takes account of these three key features, was 
developed (see Table  16.7) [99]. Subsequently, the 
Spetzler–Martin supplementary (SM‐S) scale (also 
known as the Lawton–Young supplementary scale) [100, 
101] was developed (see Table 16.7). This includes addi-
tional neuroimaging and clinical features, such as patient 
age, presentation (ruptured or unruptured) and bAVM 

compactness, which also have important surgical impli-
cations. In general, younger patients tolerate surgical 
procedures better than older patients and possess better 
neural plasticity. The parenchymal injury caused by pre-
vious hemorrhage may facilitate dissection and mini-
mize further tissue injury related to surgery, avoiding 
additional morbidity and allowing deeper bAVMs to be 
reached. Compact bAVMs can be removed more easily 
than diffuse bAVMs, as a distinct margin can help estab-
lish dissection planes.

Both SM and SM‐S scales predict neurologic outcomes 
after bAVM surgery [101]. A combined score ranging 
from 1 to 10 points is generated. Patients are classified in 
three groups: low risk (grade 1 = 1–3 points), moderate 
risk (grade 2 = 4–6 points), and high risk (grade 3 = 7–10 
points). Patients with a combined score of 6 or less (low 
and moderate risk groups) may be offered surgical exci-
sion with acceptable morbidity [101].

Table 16.7 Spetzler and Martin (1986) [99] and the Spetzler–
Martin (also known as Lawton–Young) Supplemental grading 
systems [100].

Graded feature

Spetzler–Martin 
Scale (SM)

SM Supplemental 
(SM‐S)

Points Points

Size of arteriovenous 
malformation
  Small (<3 cm) 1 1
  Medium (3–6 cm) 2 2
  Large (>6 cm) 3 3
Location
  Non‐eloquent area 0 0
  Eloquent area 1 1
Pattern of venous drainage
  Superficial only 0 0
  Deep (any part) 1 1
Age at presentation
  <20 years 1
  20 40 years 2
  >40 years 3
Unruptured presentation
  No 0
  Yes 1
Diffuse border
  No 0
  Yes 1

Grade 1 (1–3 points): low risk; Grade 2 (4–6 points): moderate risk; 
Grade 3 (7–10 points): high risk.
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A cautionary note is appropriate about the dangers of 
making too facile a distinction between “eloquent” and 
so‐called “silent” brain regions. Injury to specialized 
areas of the cerebral cortex may result in easily recogniz-
able deficits such as hemiparesis, aphasia, or a visual 
field defect, but this does not mean that less specialized 
areas of the brain are functionally unimportant; they play 
an important role in complex mental processes, which 
are at least as important as elementary functions. For 
example, surgical excision of the right temporal lobe will 
not result in obvious impairments when the patient is 
making a brief visit to a hospital clinic. However, a con-
versation with a family member will drastically cure any 
previous belief that “silent” brain regions can be excised 
without any consequences for the patient’s mood or 
personality.

The term “silent area of the brain” should be inter-
preted as an area with a general rather than a specific 
function (such as language or movements), not as an 
area that is redundant.

Seizures are another symptom that can benefit from a 
surgical approach. A meta‐analysis comparing seizure 
outcomes [102] among patients treated with neurosurgi-
cal excision, SRS, and EVT showed better seizure control 
with surgical resection 90.1% (95% CI 86.5–94.8%) than 
SRS 78.7% (95% CI 72.9–84.6%) or EVT 66.4% (95% CI 
50–82.8%) (P < 0.01). Similarly, seizure freedom rates 
were higher with neurosurgical excision (78.3%, 95% CI 
70.1–85.8%) than SRS (62.8%, 95% CI 55–70%) or EVT 
(49.3%, 95% CI 32.1–66.6%) (P < 0.1) [102]. However, 
despite better seizure control, resection was associated 
with new‐onset seizures in patients without pretreat-
ment seizures. The latter might be explained by seizure 
foci formation or limited resection of surrounding epi-
leptogenic gliosis. Therefore, some authors recommend 
intraoperative electrocorticography to target surround-
ing areas of epileptic discharges for bipolar electrocoag-
ulation [90].

Endovascular embolization
EVT with embolic agents such as N‐butylcyanoacrylate, 
polyvinyl alcohol particles, detachable platinum coils, or 
liquid polymer is most often used to reduce bAVM size 
to make it amenable for neurosurgical excision or SRS. 
EVT can also reduce the hemorrhage risk associated 
with deep arterial pedicles and intranidal aneurysms. A 
systematic review of bAVM‐associated aneurysms [95] 
showed that selective EVT was safe and effective with a 
success rate of 80% and overall complications in less than 
10%. Permanent neurological deficits occurred in only 
1.4% [95]. Another study also showed that EVT has a 
lower case fatality rate in SM grade 1–3 bAVMs and may 
be associated with lower case fatality and hemorrhage 
rates in bAVMs with strictly deep venous drainage [96].

In the past, EVT was commonly used as “primary 
therapy,” but only 13% of patients achieve complete 
obliteration [96]. Nevertheless, it is still performed with 
curative intents for some bAVMs with favorable angio‐
architecture [96]. At present, EVT is most useful when 
used in  combination with SRS or neurosurgical exci-
sion. However, multiple procedures are often necessary. 
Indeed, pre‐SRS embolization increases the chance of 
bAVM obliteration but is also associated with increased 
hemorrhage risk and complications [96], although, neu-
rological complication can improve over time [103]. A 
retrospective study of adjuvant EVT for bAVM treat-
ment identified predictors of new neurological deficits 
following treatment, including bAVM diameter less than 
3 cm and greater than 6 cm, deep venous drainage, and 
eloquent location. However, these variables are not pre-
dictive of persistent long‐term deficits [103].

Stereotactic radiosurgery
Focused radiation is an increasingly important option in 
the management of bAVMs that are considered inacces-
sible to surgical excision, such as lesions in deep regions 
in a cerebral hemisphere, in the brainstem or in impor-
tant primary projection areas such as for language or 
motor control of the dominant hand. However, lesions 
more than 3.0–3.5 cm in size are not suitable for SRS 
because the dose to normal tissues within the field would 
be excessive. Therefore, adjuvant EVT of larger bAVMs 
is often used to reduce their size first.

The rationale for SRS is that it induces progressive 
thrombosis via fibrointimal hyperplasia, eventually 
occluding the blood vessels constituting the bAVM [104]. 
This takes place indolently, after months or years, which 
is an important drawback, because in the meantime 
there is still an uncertain hemorrhage risk [105, 106]. 
However, more recent studies have shown that the hem-
orrhage risk decreases over time.

In a multicenter retrospective cohort study, 509 
ARUBA‐eligible patients who only underwent treatment 
with SRS were analyzed and followed for 86 ± 62 months. 
Complete obliteration was achieved in up to 44% of 
patients at 3 years and 85% at 10 years. Smaller bAVM 
maximal diameter (P = 0.012) and higher radiation mar-
gin dose (P = 0.001) independently predicted complete 
obliteration [107]. During the follow‐up period, a total of 
34 hemorrhages occurred in 32 patients (6.3%), five of 
which were fatal (bAVM‐related mortality rate 1.0%). 
The annual rate of post‐SRS hemorrhage during the 
latency period was 0.9% [107]. A larger multicenter study 
of 2236 patients with bAVMs, which included the afore-
mentioned 509 ARUBA‐eligible patients, showed similar 
results with an annual post‐SRS hemorrhage rate of 1.1% 
[108]. It is important to note that this risk might be higher 
if SRS is preceded by EVT [96]. Another complication 
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from SRS is radiation‐induced changes of the brain 
parenchyma, which can be seen in up to 27% of patients 
by neuroimaging, although only 11% of these patients 
will have symptoms [107, 108]. Permanent neurological 
disability is seen in 4.5% and mortality in 4.3%. The com-
bined 8.8% morbidity and mortality rate is comparable to 
the 10.1% stroke or death rate observed in the medical 
treatment group in ARUBA [107].

Patients with medically refractory epilepsy may benefit 
from SRS. Nearly 63% of patients with epilepsy due to 
bAVM achieve seizure freedom after SRS. As previously 
mentioned, seizure control rates are higher after surgical 
excision. However, when bAVM obliteration is achieved, 
seizure‐free outcome rates are higher in patients treated 
with SRS than surgical excision (85.2% vs. 78.3%, P < 0.01) 
[102]. In addition, about half of the patients who achieve 
seizure freedom post SRS may no longer need antiepi-
leptic medication [86].

A practical SRS prediction model – the Virginia 
Radiosurgery AVM scale (VRAS) – has been proposed 
[108] (Table 16.8).

16.3.4 Management of patients 
with unruptured arteriovenous 
malformations

Although intervention is usually recommended for most 
ruptured bAVMs, management of patients with unrup-
tured bAVM remains controversial. ARUBA, although 
prematurely stopped after 223 enrolled subjects, under-
went a mean 33 months of follow‐up and showed that 
patients assigned to the interventional group (neurosur-
gery, SRS, EVT, and combination therapy) had a three 
times higher rate of stroke (ischemic or hemorrhagic) 
and death compared to the conservatively managed 

group (31% vs. 10%). It also showed lower neurological 
disability associated with conservative management 
(14.0% vs. 38.6%; RR 0.36, 95% CI 0.16–0.83). Hence, 
the  authors recommend a “wait and watch” approach 
for  patients with unruptured bAVMs. Consistent with 
ARUBA, a prospective population‐based cohort study, 
the Scottish Intracranial Vascular Malformation Study 
(SIVMS) [109] included 204 patients with unruptured 
bAVMs followed for up to 12 years. Intervention was 
performed in 103 patients. Conservatively treated 
patients had a lower stroke or death rate related to bAVM 
or its intervention (adjusted HR, 0.37; 95% CI 0.19–0.72). 
Similarly, the SIVMS [109] showed less neurological 
 disability in the conservative management group after 
4 years median follow‐up (HR 0.59; 95% CI 0.35–0.99).

Although the ARUBA result favors conservative man-
agement, it was criticized on various points. Some of the 
critiques include short follow‐up duration for the natural 
history of bAVM, lack of treatment arm standardization, 
excessively high hemorrhage rate in the intervention 
group, lack of data regarding bAVM obliteration rates in 
the intervention group, and incomplete treatment in 
many patients assigned to the intervention group [110]. 
The ongoing TOBAS trial might help clarify remaining 
uncertainty regarding best management of unruptured 
bAVMs [98].

Although seizures can be controlled with antiepileptic 
drugs, some patients will develop medically refractory 
epilepsy. The benefits of intervention on seizure control 
in patients with intractable epilepsy were discussed pre-
viously. However, it is uncertain if intervention is indi-
cated for patients with nonmedically refractory epilepsy. 
A prospective population‐based observational study 
compared conservative versus interventional seizure 
management [87]. No difference was seen in 5‐year risk 
of first or recurrent unprovoked seizure in patients 
undergoing interventional management versus conserva-
tive management of bAVM, in analyses stratified by mode 
of presentation (intracerebral hemorrhage, 35% vs. 26%, 
P = 0.5; seizure, 67% vs. 72%, P = 0.6; incidental, 21% vs. 
10%, P = 0.4) [87]. Also, after 5 years follow‐up in patients 
with bAVM and epilepsy, seizure freedom rates at 2 years 
were similar in both groups (57% vs. 52%; P = 0.7) [87]. 
Until more data are available, bAVM intervention should 
focus on hemorrhage risk reduction rather seizure con-
trol unless the patient has medically refractory epilepsy.

Given the existing uncertainties, patients with unrup-
tured bAVMs for whom treatment is considered should 
be entered into a randomized controlled trial. If this is 
not possible, the pros and cons of all treatment options 
should be discussed with the patient and, based upon 
these uncertainties, a decision has to be made. An impor-
tant factor in this decision is the patient’s psychological 
attitude toward living with an untreated lesion in the 

Table 16.8 The Virginia Radiosurgery AVM Scale [108].

Variable Points

bAVM volume (cm3)
  <2
  2–4
  >4

0
1
2

Location
  Non‐eloquent site
  Eloquent site

0
1

History of hemorrhage
  None
  Present

0
1

Favorable outcome, defined as bAVM obliteration without any post‐
radiosurgery sequelae, was achieved in 80% of patients with a score 
0–1, 70% of patients with a score of 2, and only 45% of patients with a 
score of 3–4.
bAVM, brain arteriovenous malformations.
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brain that may unexpectedly bleed. In general, knowl-
edge of having such a lesion results in a decreased quality 
of life [3]. Some patients show admirable sangfroid in 
coping with this knowledge; for others, however, their 
life may be so dominated by the perceived danger that 
they insist on intervention even when the balance of 
risks would seem to argue against such a course of action. 
If treatment is chosen, it seems that open surgery is 
best for superficial and small bAVMs. For larger lesions, 
EVT preceding neurosurgery or SRS seems reasonable. 
SRS is probably a good option for surgically inaccessible 
bAVMs, such as small and deep lesions fed by small 
blood vessels.

In the absence of a clear familial preponderance of 
bAVMs there is no indication for screening relatives of 
patients with a bAVM, even if several relatives are 
affected. In some families, bAVMs have been detected in 

relatives by screening [111–113], but in other families 
screening did not yield any new cases of bAVM [114–116]. 
Screening of close relatives of all patients with a bAVM is 
bound to have a low yield and is unlikely to be cost‐effec-
tive. Another reason to withhold screening is that the 
clinical consequences of finding an asymptomatic bAVM 
are still uncertain.

Migraine is sometimes suggested as an indication for 
bAVM screening, but in patients with migraine the 
chance of finding one is well below 1% [117]. Moreover, 
in view of the dilemmas with regard to treatment, it is far 
from certain that a patient with migraine benefits from 
the knowledge that there is an underlying bAVM. 
Another disadvantage of ordering imaging studies in all 
people with migraine with stereotyped attacks is the 
cost, discomfort, and risk of the negative investigations 
in the vast majority.
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17.1  General approach 
to preventing recurrent stroke 
and other serious vascular events

17.1.1 What are we trying to prevent?

This chapter discusses the long‐term prevention of recur-
rent vascular events among patients with a prior ischemic 
stroke, transient ischemic attack (TIA), or intracerebral 
hemorrhage. Specific treatment of acute ischemic stroke, 
intracerebral hemorrhage, and subarachnoid hemor-
rhage, treatment of the rare causes of stroke, and specific 
strategies for the prevention of intracerebral hemorrhage 
are covered in Chapters 7, 13–16.

Patients with stroke and TIA are not only at high risk 
of recurrent stroke, but also of myocardial infarction, 

lower limb ischemia, and psychiatric and cognitive 
impairment due to vascular disease of the brain. 
Therefore, clinicians caring for patients with stroke need 
to pay attention to heart and peripheral vascular disease 
not just in their clinical examination, but also when 
deciding on treatments for secondary prevention. 
Indeed, many trials and systematic reviews of drug and 
lifestyle interventions for prevention after stroke or TIA 
have focused primarily on the prevention of “serious vas-
cular events,” usually defined as the combination of 
stroke, myocardial infarction, and death from vascular 
causes. This chapter will also focus on these outcomes, 
since it captures most serious recurrent vascular events 
from which patients with stroke or TIA are at risk. 
However, it omits the serious consequences of periph-
eral vascular disease, psychiatric disorders, cognitive 
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impairment and consequent disability (Section 11.29.2). 
Reducing the risk of these additional outcomes is clearly 
also very important. A number of intervention trials that 
primarily aim to prevent recurrent stroke and other seri-
ous vascular events, such as blood pressure reduction, 
diabetes control, and cholesterol reduction have sought 
to determine whether the intervention also reduces the 
frequency and severity of cognitive impairment due to 
cerebrovascular disease (see relevant section on each of 
the specific interventions).

Although primary prevention of stroke is not the 
main subject of this chapter, we have included here a 
discussion of the evidence for using various interven-
tions for people with no prior history of stroke or TIA, 
and sometimes for those with no history of vascular 
disease at all, since it makes sense to discuss this along-
side the evidence for these same interventions in sec-
ondary prevention.

17.1.2 Evidence from randomized trials 
and systematic reviews

As in the other chapters of this book, we will try to base 
our treatment recommendations on the best available 
evidence, using information from randomized controlled 
trials (RCTs) and systematic reviews of these wherever 
possible (Section 13.2.1). Sometimes, however, no rele-
vant RCTs are available and we have to make treatment 
decisions and recommendations by extrapolating the 
evidence from RCTs conducted in other patient groups 
(but not those with a stroke or TIA), or by relying on 
other sources such as observational studies, clinical rea-
soning, pathophysiology, common sense, or anecdotal 
experience.

17.1.3 Relative and absolute effects 
of treatment

It is important to emphasize that the decision to use a 
particular preventive treatment should be based on the 
absolute rather than relative benefit of that treatment 
(and, likewise, on the absolute rather than relative 
increase in any serious risks) (Section  13.2.1 and 
Table 13.5). For example, for patients whose absolute risk 
of stroke in the next year is 2%, a treatment that reduces 
the relative risk of stroke by 50% will reduce the absolute 
risk to 1%, yielding an absolute benefit of 1%. Thus, 10 
strokes will be avoided per 1000 patients treated, so 100 
(1000/10) patients have to be treated for 1 year to prevent 
one stroke. On the other hand, if the same treatment is 
given to patients whose untreated risk of stroke in the 
next year is five times higher, 10%, the same relative risk 
reduction will reduce the absolute risk to 5%, an absolute 
reduction of 5%, or 50 strokes avoided per 1000 patients 

treated. Only 20 (1000/50) of these high‐risk patients 
need to be treated for 1 year to prevent one stroke.

The relative effect of a treatment on a particular out-
come is usually consistent across subgroups of patients at 
different levels of untreated absolute risk. This is not 
invariably the case, particularly when the outcome under 
consideration is a composite one, made up of several dif-
ferent component outcomes, and especially if the risk of 
some of these is increased and of others is decreased by 
treatment. The relative effect of a treatment usually holds 
true, however, if the benefits and risks of treatment are 
considered separately [1]. Thus, if we know the relative 
effect of a treatment on an outcome, we can calculate the 
absolute benefit for any particular patient, so long as we 
know (or can estimate) what their untreated risk of the 
outcome is. Similarly, if we consider adverse effects of 
treatment, if we know both the relative increased risk 
from treatment and our patient’s untreated risk, we can 
calculate the absolute excess risk of any important adverse 
effect. It is the balance of absolute benefit and absolute 
risk that will determine the absolute net benefit of treat-
ment in a particular patient or group of patients. The size 
of this net benefit will then help guide treatment recom-
mendations. It is therefore essential to have an under-
standing of prognosis for our patients (Section  17.2). 
Other factors, such as treatment cost, availability, and the 
patient’s attitudes and preferences will also contribute to 
the decision‐making process.

17.2  Prognosis and prediction 
of future vascular events

The prognosis for early death and disability after stroke 
has been discussed in Section 10.2. This section describes 
the early and long‐term prognosis of patients with tran-
sient ischemic attacks (TIAs) and stroke for important 
future vascular events that might be prevented by appro-
priate treatment strategies, particularly recurrent stroke 
but also myocardial infarction and death. As highlighted 
in Section 10.2, much of the information we have about 
the prognosis of these patients comes from following 
large cohorts of patients over time. The most informative 
studies of prognosis are those adhering to the criteria set 
out in Table 10.2. The prognosis of an individual patient 
may vary considerably from the average prognosis of all 
patients due to different underlying causes of the TIA/
stroke and varying comorbidities (see later), thus we also 
discuss ways in which the risk of individual patients 
might be more accurately predicted, allowing us to 
answer the question “What is the risk of another impor-
tant vascular event for this patient?” and therefore 
develop an individualized but evidence‐based approach 
to management.
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17.2.1 Prognosis early after transient 
ischemic attack and mild ischemic stroke

High early risk of stroke after a transient ischemic 
attack or mild ischemic stroke
About 20% of patients with stroke have a preceding TIA. 
These “warning” events provide an opportunity for pre-
vention, and there is clear evidence for the beneficial 
effects of various interventions very early after a TIA or 
mild (i.e. nondisabling) ischemic stroke (Sections 17.3–
17.6 and Chapter  13). Patients with TIA and mild 
ischemic stroke are not only similar in terms of age, sex, 
and prevalence of coexistent vascular diseases and risk 
factors, but they also have a similar early and long‐term 
prognosis for recurrent stroke and other vascular events 
and will therefore be considered together [2–6].

The definition of TIA was historically based on tim-
ing, such that both the onset and complete resolution of 
neurological symptoms referable to a vascular territory 
had to resolve within 24 hours. More recently, a tissue‐
based definition, such as the one summarized in a 
 statement made by the American Stroke Association/
American Heart Association [7], recognizes the arbi-
trary nature of time and refers to acute ischemic lesions 
on imaging as stroke regardless of transient nature of 
neurological symptoms. However, imaging studies 
investigating the evolution of diffusion‐weighted imag-
ing (DWI) lesions on magnetic resonance imaging 
(MRI) have revealed that a proportion of patients will 
have either no acute DWI signal change, or a rapidly 
evolving signal in the acute and subacute phases of 
injury depending on scan timing. Moreover, transient 
ischemia in animal models associated with reversed 
DWI signal is still associated with cell death [8, 9]. The 
dynamic nature of symptoms and imaging findings sup-
port the expanding body of evidence that TIA repre-
sents a highly unstable clinical event amenable to rapid 
and early intervention, and that any definition of TIA 
implies that the diagnosis is on a spectrum of stroke. 
Numerous prognostic scores have therefore been devel-
oped to identify patients at highest risk of subsequent 
stroke after a TIA. Most scoring systems have used the 
traditional time‐based definition in derivation and vali-
dation cohorts. Subsequent studies investigating score 
refinement or new score development have also used 
the time‐based definition to maintain comparative abili-
ties, though recently proposed scoring systems include 
imaging and other diagnostic test data (see later) in 
order to improve prognostication. Identifying patients 
at highest (and lowest) risk of impending stroke has 
 significant implications for patient morbidity and 
 mortality, but also for safe, cost‐effective, and efficient 
mechanisms to determine the appropriate setting and 
timeline for care delivery.

Studies have shown that the very early risk of stroke 
after a TIA or mild ischemic stroke is high [10, 11]. 
Two emergency department‐based studies of TIA in 
California and Alberta reported cumulative risks of 
stroke at 30 days of about 7% and at 90 days of about 
10%  [12, 13]. In one of the studies, almost half of the 
90‐day strokes occurred within the first two days [13]. 
Two prospective, community‐based cohort studies in 
Oxfordshire, UK, found even higher cumulative stroke 
risks from the date of onset of first‐ever TIA of about 8% 
at 7 days, 12% at 30 days, and 17% at 90 days. The cumu-
lative risks of recurrent stroke early after a mild ischemic 
stroke in the 2002–2004 Oxfordshire study were similar: 
12% at 7 days, 15% at 30 days, and 18% at 90 days 
(Figure 17.1 and Table 17.1). These risk estimates were 
hardly affected by excluding patients who had a TIA or 
mild ischemic stroke during the study period but did not 
seek medical attention until they had a subsequent stroke 
[2]. A further population‐based study in patients with 
a  TIA in the United States found very similar risks to 
those reported in Oxfordshire [14]. Four studies which 
reported the timing of preceding TIAs in a total of about 
2500 patients with stroke found that 23% gave a history 
of prior TIA, of which 17% occurred on the day of the 
stroke and 43% within the previous week [15].

In 2007, two meta‐analyses of observational studies 
reported the calculated acute risk of stroke after TIA and 
explored heterogeneity of early stroke risks reported 
between studies. An analysis of 18 studies found the 
overall risk of stroke was 3.1% at two days and 5.2% for 
seven days (17 of 18 studies, over 9000 patients). 
However, the seven‐day risk was highly variable from 0% 
to 12.8% [25] (Figure  17.2). When two‐ and seven‐day 
stroke risk calculations were stratified by method, popu-
lation, or setting, heterogeneity was reduced. Studies 

0 30

Days

60

Log rank P = 0.8

90

25

20

15

10

5

0

R
is

k 
o

f 
st

ro
ke

 (
%

)

Minor stroke
TIA

Figure 17.1 Cumulative early risk of stroke after a transient 
ischemic attack (TIA) or mild ischemic stroke in the Oxford 
Vascular Study. Source: Coull et al. 2004 [2]. © 2004 Reproduced 
with permission of BMJ Publishing Group.
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were excluded if patients had a specific cause of stroke 
such as carotid stenosis or atrial fibrillation, which per-
haps led to a lower risk projection. Lowest risk of stroke 
was associated with patients evaluated in emergency 

settings and/or via specialists, and highest risk of stroke 
was associated with patients evaluated in non‐emer-
gency settings [25]. Another meta‐analysis determined a 
pooled risk of stroke after TIA at 2, 30, and 90 days, 
which were 3.5%, 8.0%, and 9.2%, respectively, also not-
ing heterogeneity within the 11 studies evaluated [26]. 
Studies including patients with specific pathology were 
not excluded as they were in the Giles meta‐analysis.

A subsequent population‐based investigation within 
the Oxford Vascular Study noted that among first TIAs, 
the 6‐, 12‐, and 24‐hour risks of stroke were 1.2%, 2.1%, 
and 5.1%, respectively. Within the first day the patient is 
at the highest risk, accounting for 42% of strokes within 
the first 30 days after TIA. Risks may be higher as the 
study excluded patients with aphasia or impairment of 
mental status [27] (Figure 17.3).

The implication of these studies is that TIAs are an 
emergency. A significant number of patients will pro-
gress to an ischemic stroke within hours or days. 
Therefore, patients with TIA symptoms need a rapid 
assessment and preventive intervention [10]. Moreover, 
streamlined assessment and early intervention leads to 
reductions in stroke risk [28].

Predicting the early risk of stroke after a TIA or 
mild ischemic stroke in individual patients
The meta‐analyses above showed that the clinical fea-
tures of a TIA provided substantial prognostic informa-
tion. This led to simple risk scores, allowing physicians 
who encounter TIA patients to more accurately assess 
the likely risk of early stroke. In the California emer-
gency department cohort, increasing age, longer symp-
tom duration, motor weakness, speech impairment, 
and diabetes each independently increased the risk of 
stroke at 90 days [29]. In the Oxfordshire community‐
based cohorts, the independent predictors of stroke 
risk at seven days were the same, with the addition of 
increased blood pressure [30]. Both scores were subse-
quently validated and shown to perform well in several 
independent population‐based, clinic‐based, and emer-
gency department‐based data sets [31]. A subsequent 
scoring system based on the variables included in the 
California and Oxfordshire ABCD scores, the ABCD2 
score, was found to be slightly better at predicting 
risk at 2 days and also performed well at 7 and 90 days 

Table 17.1 Approximate absolute average risks of death, stroke, 
and myocardial infarction after transient ischemic attack (TIA) or 
mild ischemic stroke, any ischemic stroke, and intracerebral 
hemorrhage.

Hospital‐
referred

Community‐
based

After TIA or mild ischemic 
stroke
Death

Average annual risk 5% 8%
Stroke

In 1st week — 10%
In 1st month 7% 14%
In 1st 3 months 10% 18%
In 1st year 15% at least 20%
In each subsequent yeara 3% 6%

Myocardial infarction
Average annual risk 2% 2%

After any ischemic stroke
Death

In 1st month — 10–20%
In 1st year — 25%
In each subsequent year — 7%

Stroke
In 1st year — at least 10–15%
In each subsequent year — 4–5%

Myocardial infarction
 Average annual risk 2% 2%
After intracerebral hemorrhage
Death

In 1st month — 42%
Average annual risk 
thereafter

— 8%

Stroke
Average annual risk 4% 6%

 Myocardial infarction — —

Data from: Johnston et al. 2000 [13]; Hill et al. 2004 [12]; Coull et al. 
2004 [2]; Hankey and Warlow 1994 [16]; Touzé et al. 2005 [17]; van 
Wijk et al. 2005 [5]; Feigin et al. 2003 [18]; Dennis et al. 1993 [19]; 
Petty et al. 1998 [20]; Hardie et al. 2003 [21]; Dennis 2003 [22]; 
Counsell et al. 1995 [23]; Bailey et al. 2001 [24].
a Risks from Hankey and Warlow 1994 [16], adjusted downwards 
slightly to allow for overestimation caused by inclusion of higher risk 
period in first year.

The early risk of stroke after a transient ischemic attack is 
very high. The majority of strokes following TIA occur 
within the first 1–2 days. Risk estimates depend on 
patient population, medical setting, and urgency of eval-
uation. Patients with TIA symptoms should be evaluated 
urgently.
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(Tables  17.2 and 17.3) [31]. These scores may predict 
subsequent stroke risk in part because patients with 
higher scores are more likely to have actually had a TIA 
than those with lower scores [32, 33]. The ABCD2 score 
has been widely used by clinicians, and it has also 
been  incorporated into various international stroke 

prevention guidelines. However, studies have yielded 
conflicting results with regard to its ability to reliably 
stratify early risk of stroke [34].

Guidelines suggested that a patient with an ABCD2 
score greater than or equal to 4 is at a high seven‐day 
risk  of stroke based on a pooled analysis of score 

Numbers of 
strokes/patients % risk (95% CI)

 Numbers of
strokes/patients % risk (95% CI)

Johnston et al.
OCSP
Gladstone et al.
Hill et al.
BASIC
Whitehead et al.
Kleindorfer et al.
ABCD
Correia et al.
Cucchiara et al.
Tsvigoulis et al
Johnston et al (ED)
Johnston et al (clinic)
Bray et al
Purroy et al
Calvet et al
EXPRESS
SOS-TlA

Total

91/1707 103/1707 6.0% (4.9–7.2)
8.6% (4.8–12.4)
3.8% (1.5–6.1)

2.5% (0.9–4.1)
5.8% (1.6–9.9)
7.0% (5.4–8.5)
10.5% (6.2–14.9)
12.8% (7.3–18.3)
1.7% (0.0–4.1)
8.0% (4.4–11.5)
6.6% (5.2–8.1)
3.0% (1.9–4.1)
4.1% (0.2–8.0)
4.9% (2.6–7.2)
2.5% (0.3–4.6)
0.6% (0.0–1.8)
0.3% (0.0–0.8)

5.2% (3.9–6.5)

18/209
10/265

9/362
7/121

71/1017
20/190
18/141
2/117

18/226
72/1084
29/962
4/98

17/345
5/201
1/160
2/629

..

5.3% (4.3–6.4)
4.3% (1.6–7.1)
2.6% (0.7–4.6)
1.4% (0.9–1.9)
1.9% (0.5–3.4)

3.9% (2.7–5.1)
6.8% (3.3–10.4)
10.2% (5.1–15.3)
1.7% (0.0–4.1)

4.7% (3.4–6.0)
1.7% (0.9–2.5)
3.1% (0.0–6.5)

2.0% (0.1–3.9)
0.6% (0.0–1.8)
0.0% (0.0–0.3)

9/209
7/265

32/2285
7/362

..

..

..

40/1023
13/190
14/141
2/117

51/1084
16/962
3/98
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1/160
0/629

290/9433 3.1% (2.0–4.1) 406/7830
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Figure 17.2 The pooled meta‐analysis for the risk of stroke at 2 days versus 7 days after transient ischemic attack presentation. Source: 
Giles and Rothwell 2007 [25]. © 2007 Elsevier.
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 performance [36]. A meta‐analysis explored the ability of 
a dichotomized ABCD2 score (high and low risk) to 
appropriately stratify patients who had a stroke within 
one week of TIA. Over 13 700 patients within 29 studies 
were included for various aspects of the meta‐analysis. 
Most studies excluded TIA mimics, few studies reported 
interventions after TIA diagnosis, and a time‐based defi-
nition of TIA was used. Overall, for the seven‐day risk 

of  stroke, sensitivity for the high‐risk category was 
86.7%,  but specificity was low at 35.4%. Across most 
studies, two‐thirds of scores fell in the high‐risk category. 
Importantly, 20% of patients with carotid stenosis >50% 
and/or atrial fibrillation were categorized into the low‐
risk group; these patient subtypes are at high risk and 
early treatment for these conditions is associated with 
significant decrease in incident stroke. Finally, more 
than a third of TIA mimics were categorized in the high‐
risk category [37]. It is important to emphasize that 
the ABCD2 score was initially developed to risk‐stratify 
all‐comers with presumed TIA symptoms and to be used 
by nonspecialists, not to make treatment decisions.

The importance of immediate evaluation and treatment 
of patients with TIA was demonstrated in an emergency 
department study. The seven‐day risk of stroke in a cohort 
of 670 patients was correlated with the original ABCD2 
cohort. The study stratified the score into low (0–3), mod-
erate (4–5), and high (6–7) risk of stroke [38]. Patients in 
the study diagnosed with TIA rapidly received a full evalu-
ation, including head imaging and carotid studies in con-
sultation with specialists, and patients with low risk were 
discharged with plan for follow‐up in subsequent days. 
Risks of stroke in the study were 1.1% for the low‐risk 
group (compared to 2.0% in the original cohort), 0.3% for 
the intermediate‐risk group (compared to 6%), and 2.7% 
for the high‐risk group (compared to 12.9%). Ninety‐day 
risks of strokes were similarly lower in the recent emer-
gency department cohort, and there was no correlation 
between ABCD2 score at presentation and subsequent 
risk of stroke in this context of a rapid and comprehensive 
evaluation. Low outcome rate, immediate evaluation, and 
intervention as needed likely lowered risks across each 
category. Findings were echoed by other studies utilizing 
rapid and comprehensive evaluations, showing 80% 
reduction in risk of early recurrence of stroke [39].

Other clinical features help in the prediction of early 
stroke risk, allowing these scoring systems to be further 
refined. For example, the early risk of stroke after 
 transient or permanent monocular blindness due to 
ischemia is lower than after cerebral TIAs, and a system-
atic review and meta‐analysis of cohort studies demon-
strated that the early risk after vertebrobasilar territory 

Table 17.2 Independent risk factors and scoring systems for early 
stroke risk after transient ischemic attack (TIA) derived 
from an emergency department cohort of patients with TIA 
in the USA (California score), a population‐based study of TIA 
in the UK (Oxfordshire ABCD score), and a combination of both 
cohorts (ABCD2 score).

Risk factor
Points 
for score

ABCD2 score (stroke risk at 2 days)
Age ≥60 years 1
Blood pressure

Systolic • 140 and/or diastolic ≥ 90 mmHg 1
Clinical features

Unilateral weakness 2
Speech disturbance without weakness 1
Other 0

Duration of symptoms
≥60 min 2
10–59 min 1
<10 min 0

Diabetes 1
ABCD3‐I Score (the above score with the 
addition of the following)
Dual TIA (TIA prompting medical attention 
plus TIA in the last 7 days)

2

Imaging: Ipsilateral ≥50% stenosis of internal 
carotid cartery

2

Imaging: Acute diffusion‐weighted imaging 
hyperintensity

2

Data from Johnston et al. 2007 [31]; Merwick et al. 2010 [35].

Table 17.3 Stroke risks at 2, 7, and 90 days after transient ischemic attack in patients at low, moderate, and high risk according 
to the ABCD2 score. Data are from a total of 4799 patients in the California and Oxfordshire derivation cohorts and four California 
and Oxfordshire validation cohorts.

Risk level ABCD2 score Patients (n)
Risk at 2 days  
(no. strokes)

Risk at 7 days  
(no. strokes)

Risk at 90 days  
(no. strokes)

Low 0–3 1628 1.0% (17) 1.2% (19) 3.1% (50)
Moderate 4–5 2159 4.1% (89) 5.9% (128) 9.8% (211)
High 6–7 1012 8.1% (82) 11.7% (118) 17.8% (180)

Data from Johnston et al. 2007 [31]
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TIAs is probably higher than after carotid territory 
events [40]. The early risk also depends on the vascular 
pathology. A meta‐analysis of 1700 patients with a first‐
ever stroke in four population‐based studies showed that 
the risks of recurrent stroke were highest in those with 
large‐artery atherothrombotic strokes and lowest in 
those with lacunar ischemic stroke due to small‐vessel 
disease (see Figure 17.3) [41]. However, these ischemic 
stroke subtype differences may well be less marked in 
patients with TIA, partly because it is more difficult to 
categorize TIA patients than strokes and so bias is intro-
duced, and because some patients with lacunar TIAs 
have a very high risk of subsequent stroke, the so‐called 
“capsular warning syndrome” [42]. The presence of 
infarction on a computed tomography (CT) or diffusion‐
weighted MR brain scan increases the risk of stroke after 
a TIA or mild ischemic stroke, while detection of cere-
bral microemboli might predict risk in patients with 
large‐artery atherothrombotic disease [10, 42, 43].

Brain and carotid vessel imaging enhances TIA risk 
stratification via the ABCD system which only uses clini-
cal signs and symptoms. The ABCD2 score has been 
modified in several ways to include these imaging param-
eters to improve its risk stratification abilities, such as 
with the ABCD3 and ABCD3‐I scores [44, 45]. The 
ABCD3‐I score adds clinical history of previous TIA, 
carotid stenosis, and MRI findings of a DWI abnormal-
ity. A pooled analysis of urgently or emergently evaluated 
patients across 16 cohorts from different countries sup-
ported the use of the ABCD3‐I score after a comprehen-
sive assessment to identify TIA patients at high early 
(two‐day) risk of stroke [45]. The practical implementa-
tion of obtaining DWI images adds considerable burden 
on emergency services and therefore the implementa-
tion of the ABCD3‐I score in routine clinical practice 
remains limited.

Despite the evolving literature regarding risk scores 
and their utility, and in particular that of the ABCD2 sys-
tem, it is clear that a time‐sensitive assessment of risk 
factors, clinical features, and diagnostic information at 
point of evaluation is critical in identifying patients with 
treatable etiologies of ischemia, and for implementing 
interventions for secondary prevention.

17.2.2 Longer term prognosis after transient 
ischemic attack or mild ischemic stroke

Long‐term clinical outcomes after incident stroke and 
TIA are reported at 10 years of follow‐up. The imme-
diate risk of recurrent stroke is accompanied by an 
increase in cardiac events and increased risk of demen-
tia. Investigations that fulfill criteria for an ideal prog-
nostic study (see Table  10.2) have approximated 
average annual risks over the first 5 years as follows 
(see Table 17.1):

 ● Death: Risk of death is about 8% per year in commu-
nity‐based studies (about 1.4 times greater than indi-
viduals of the same age and sex without a TIA), and 
about 5% per year in hospital‐referred cohorts. About 
40% of deaths after TIA are due to ischemic heart dis-
ease, 25% to stroke, 5% to other vascular events such as 
ruptured aortic aneurysm, and 30% to nonvascular 
disorders.

 ● Stroke: Risk of stroke is about 7% per year in commu-
nity‐based studies (about 7 times greater than individ-
uals of the same age and sex without a TIA), and about 
4% per year in hospital‐referred cohorts. Most of these 
strokes are ischemic and about two‐thirds are major 
disabling strokes.

 ● Myocardial infarction: Risk of myocardial infarction is 
about 2% per year in community and hospital‐referred 
cohort studies [17].

 ● Vascular events (stroke, myocardial infarction or vas-
cular death): Risk of a vascular event is about 10% per 
year in community‐based studies and about 8% per 
year in hospital‐referred cohorts.

 ● Dementia: The 30‐year absolute risk of dementia after 
a stroke was 11.5% [46].

The overall trend in mortality after stroke decreased 
from 2003 to 2013 by 33.7% adjusting for age, and the 
total number of strokes declined by 18.2%. Stroke is now 
the fifth leading cause of death compared to previously 
being ranked third. The age‐adjusted death rate for 
stroke is now 36.2 per 100 000. The probability of death 
after stroke is influenced by age, gender, and ethnicity. 
Women and black patients have seen improvement in 
death rates but mortality rates remain higher than for 
men and white patients [47].

We have already established that the early risk of 
stroke after TIA is particularly high (Section  17.2.1). 
However, one hospital‐based TIA cohort study reported 
results beyond the first few months and found a 15% 
risk of stroke at 1 year. This is likely an underestimate 
since strokes in the first 24 hours were excluded from 
analysis and follow‐up was based on administrative 
data [12]. The first‐year stroke risk in community‐
based studies is projected to be higher, in excess of 20% 
[2]. Therefore, the approximated average annual risks 

Clinical features of a transient ischemic attack (such as 
patient age, blood pressure, diabetes, neurological defi-
cit and duration of symptoms, similar symptoms in the 
week preceding index event), patient risk factors (such as 
atrial fibrillation), and diagnostic tests (brain MRI with 
DWI, carotid vessel evaluation) can help stratify which 
patients are at highest risk of stroke. However, all TIA 
patients need urgent medical evaluation and implemen-
tation of risk factor mitigation.
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described above substantially underestimate the risks 
of stroke and other vascular events in the first year, and, 
by incorporating some of the early high risk, slightly 
overestimate the risks of these outcomes from year 2 
onwards.

Prospective follow‐up data for about 10 years have 
been published for a cohort of around 2500 patients 
recruited within three months of a mild ischemic stroke 
or TIA into a factorial randomized trial of different aspi-
rin doses and of atenolol versus placebo (the Dutch TIA 
trial). The average annual risks of death, stroke and other 
vascular events in the first few years were slightly lower 
than those reported above for hospital‐referred cohorts 
[5]. This is consistent with previous observations, and 
reflects the slightly lower age and generally rather better 
prognosis of patients recruited into trials [48]. The longer 
term follow‐up in this study showed that the relatively 
high early annual stroke risk fell over the first few years to 
around 1–2% after the fourth year, annual mortality 
increased gradually with time from less than 4% to 7–8% 
by the 10th year of follow‐up, and the annual risk of a 
vascular event fell from about 7% to about 3.5% over the 
first 3 years and then rose steadily thereafter to around 
7% by year 10 (Figure  17.4) [5]. A long‐term follow‐up 
study of 290 patients with a previous TIA who had origi-
nally been recruited into either a community‐based or 
hospital‐based cohort in Oxfordshire, had survived free 
of stroke for a median of 3.8 years from their most recent 
TIA, and were therefore selected to be at low stroke risk, 
found constant risks up to 10 years of about 2% per year 
for stroke, 3% per year for myocardial infarction or death 

attributable to coronary heart disease, and 4% per year for 
vascular events (Figure 17.5) [49].

The TIARegistry.org project is a multinational study 
evaluating the long‐term risk of stroke and other cardio-
vascular outcomes including acute coronary syndrome 
and death. The goal of the project is to characterize risk 
profiles at 1‐ and 5‐year time points for TIA patients 
evaluated emergently by stroke specialists. One‐year 
 follow‐up data has revealed lower risk of stroke through-
out the early part of the year when compared to histori-
cal studies, a trend seen in many TIA studies, such as 
with the prognostic estimating studies discussed above. 
Composite outcome risk was 6.2% and 1‐year risk of 
stroke was 5.1%. As with older studies, about 20% of 
patients with ABCD2 scores less than 4 had a stroke. A 
score of 7 or 8 doubled this risk of stroke. About a third 
of patients had acute infarct on initial imaging, about 
20% of patients had significant intra‐ or extracranial ste-
nosis (>50%) in at least one vessel, and about 10% of 
patients had atrial fibrillation. This study adds to the 
body of evidence regarding rapid assessment in 
 specialized settings to query major risk and implement 
early intervention. In contrast to earlier studies, the 
risk  of stroke throughout the year steadily rose from 
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1.5% at 2 days, 2.1% at 7 days, 2.8% at 30 days, and 3.7% 
at 90 days [50].

Once early preventive efforts are implemented, they 
need to be sustained in the long term. Five‐year follow‐
up data from the TIARegistry.org project will continue 
to inform modern risk profiles.

Predicting long‐term prognosis after transient 
ischemic attack or mild ischemic stroke 
in individual patients
Several large cohort studies have identified independent 
predictors of the long‐term risks related to vascular out-
comes after TIA or mild ischemic stroke. Three predic-
tive models have been developed and validated in 
independent data sets to allow more refined risk esti-
mates in individual patients [1, 51–53]. Using informa-
tion in the original publications, rapid calculation of 
predicted risk can be done using online tools. Another 
example includes using a set of colored charts for stroke 
risk (Section  17.11.8, see also Figure  17.41) similar to 
those used for prediction of cardiovascular risk in pri-
mary care (Section 20.5.1). These charts offer a simpli-
fied version of the model specifically developed to 
predict the risk of ipsilateral ischemic stroke due to 
recently symptomatic carotid stenosis in patients being 
considered for surgery.

Variables included in these predictive models differ for 
multiple reasons, including availability for modeling 
between studies, the types of patients included, the out-
comes predicted, and the precise statistical methods used. 
However, it is striking that the variables are largely those 
available from the clinical history, with just a few from 
clinical examination and other investigations. Modeling of 
long‐term risk of stroke, death, and vascular events in the 
Dutch TIA trial also showed the predictive power of the 
history alone. Simply documenting the patient’s age, sex, 
history of myocardial infarction, diabetes, hypertension, 
and peripheral artery disease provided the essential infor-
mation to determine the risk of a future event [5].

17.2.3 Prognosis after all severities 
of ischemic stroke

The prognosis for death and disability in the first few 
months after acute ischemic stroke has been discussed 
in  Section  10.2. Older cohort studies of the long‐term 
prognosis after stroke generally reported results for 
all  types of stroke combined, often because brain 
 imaging was not performed on a large proportion of the 
patients so that the pathological type of stroke (ischemic 
or  hemorrhagic) could not be assigned accurately. 
Because most strokes are ischemic in type, the results of 
these studies mainly reflect the prognosis of ischemic 
stroke. However, several studies in which a much larger 
proportion of patients had brain imaging early enough 
after their stroke to allow a pathological diagnosis have 
reported outcome up to several years after stroke, and 
some of these have also reported data on ischemic 
stroke subtypes.

Death after any ischemic stroke
Community‐based studies of first‐ever strokes from 
1990 onwards have reported a risk of dying in the 
first  month after ischemic stroke of 10–20% [18] (see 
Table 17.1). Predictors and causes of early case fatality 
have been discussed in Section 10.2. Historically, about 
one‐quarter of ischemic stroke patients in community‐
based studies in white patients died within 1 year of their 
stroke, about half by 5 years, and over three‐quarters by 
10 years. The risk of dying is highest in the first year, and 
thereafter falls to about 6–7% per year, similar to the 
long‐term annual risk of death after a TIA (Figure 17.6; 
see also Table 17.1) (Section 17.2.2) [19–21]. The major-
ity of deaths related to the index stroke occur in the 
first  month. In the longer term deaths from recurrent 
stroke, cardiac disease, and nonvascular causes become 
increasingly important (Figure 17.7) [19, 21, 54–56].

The one‐month risk of death is highest in those with 
cardioembolic ischemic stroke and lowest in those with 
lacunar ischemic stroke, likely as a result of larger infarct 
size and higher stroke recurrence risk among the nonla-
cunar subtypes. Beyond the first month, this difference 
between subtypes attenuates. The early difference is 
likely what contributes to risk of death by 5 years of 
about 80% after cardioembolic stroke, about 50% after 
ischemic stroke of uncertain cause, and about one‐third 
after large‐artery (atherothrombotic) or lacunar stroke, 
although these risks are generally lower in hospital‐
based series (Figures 17.8 and 17.9) [54, 57–59].

Increasing age, initial infarct severity (of which 
ischemic subtype is one important indicator), stroke 
recurrence, cardiovascular and respiratory comorbidi-
ties, and seizures appear to be independent predictors 
of death at any time after ischemic stroke [55].

After the high‐risk period immediately following a tran-
sient ischemic attack or mild ischemic stroke, the risk of 
cardiovascular events may fall to a lower rate initially 
with early intervention but will incrementally rise over 
time. Preventive efforts must be started early and sus-
tained long term.

Simple clinical history provides the essential variables 
that predict an individual patient’s long‐term risk of 
stroke and other vascular events after a transient ischemic 
attack or mild ischemic stroke. The addition of carotid 
imaging results can further refine this prediction.
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Quality of life after TIA and stroke is perhaps as impor-
tant as risk of death. The 5‐year impact of TIA and stroke 
found a lower quality of life in survivors compared to 
matched controls for patients enrolled in the Oxford 
Vascular Study [60]. The EuroQol‐5 Dimensions ques-
tionnaire was used to assess quality of life over a 5‐year 
period, and patient responses generated a utility score 
based on UK population tariffs generated in the 1990s. 
The study revealed a lower utility score for survivors of 
TIA and stroke compared to matched controls, and 
increasing stroke severity predicted a lower utility value. 
Five‐year quality‐adjusted life expectancy was 3.32 (95% 
confidence interval [CI] 3.22–3.48) after TIA and 2.21 
(95% CI 2.15–2.37) after stroke.

Recurrent stroke after any ischemic stroke
As discussed for TIA and mild ischemic stroke, varying 
definitions of recurrent stroke among studies may lead to 
underestimated recurrence year in the first year after the 

index event. However, studies still show a much higher 
risk during the first year (mainly confined to the first 
month) and an average annual risk of about 4–5% per 
year thereafter, similar to the longer term risk after a TIA 
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or mild ischemic stroke (see Table  17.1). As we saw in 
Section  17.2.2, the early recurrence risk is substantially 
higher after large‐artery atherothrombotic ischemic 
stroke than lacunar stroke, with cardioembolic stroke and 
other types of ischemic stroke intermediate between 
these two. This difference attenuates over time (see 
Figure 17.9). The particularly high risk early after larger 
artery atherothrombotic stroke may be due to the pres-
ence of unstable atherosclerotic plaque causing artery‐to‐
artery embolism, with diminishing risk after the plaque 
endothelializes or “stabilizes” in some other way [61].

At least three‐quarters of recurrent strokes after an 
ischemic stroke are ischemic again. The true figure may 
be as high as 90% or more, since in most studies the pro-
portion of recurrent strokes of uncertain pathological 
type was high, and most of these were likely ischemic 
[59, 62–65]. There is also some evidence that recurrent 
ischemic strokes tend to be of the same subtype as the 
index stroke (Figure 17.10) [57, 66, 67]. However, poten-
tial biases mean that the data should be interpreted with 
caution; distinguishing between stroke recurrence and 
other causes of neurological worsening or recrudescence 
can sometimes be difficult, definitions of stroke recur-
rence vary between studies, and assigning a precise 
pathological type and subtype is also very challenging, 
particularly if a patient has multiple risk factors and neu-
rological worsening can be attributed to more than one 
etiology [11]. Brain imaging techniques such as DWI 
MRI are helpful diagnostically in the acute setting 
in  identifying an ischemic vascular event from other 
nonvascular events leading to restricted diffusion. As 
described above with risk prognosticating scores, more 
recent studies have used DWI to either improve score 
profiles or offer positive or negative predictor value after 
computing ABCD2 [68–71]. Challenges remain with 

using DWI findings, given some clinical strokes are DWI 
negative, some DWI lesions reverse or “pseudonormal-
ize,” and it is not entirely clear if signal changes are due 
to  neuronal or non‐neuronal cells. Furthermore, even 
when state‐of‐the‐art imaging such as MRI with DWI is 
readily available, patients with recurrent stroke may not 
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be admitted to hospital, or there may be contraindica-
tions to MRI [57].

Relatively few studies have assessed independent pre-
dictors of recurrent stroke in the long term after any 
ischemic stroke, but several have assessed these after any 
stroke (i.e. of all pathological types). The most consistent 
predictor is age, with others including prior stroke, initial 
stroke severity, stroke subtype, ischemic heart disease, 
atrial fibrillation, increased blood pressure, diabetes, and 
smoking [54, 62, 63, 65, 72–76]. We are not aware of any 
validated models for predicting recurrent stroke or other 
vascular outcomes in individual patients after any 
ischemic stroke, although in Section 17.2.2 we have dis-
cussed prediction models for patients with TIA or mild 
ischemic stroke.

There have been a number of studies specifically assess-
ing risk of recurrent stroke after ischemic stroke in young 
patients (under 50 years). The numbers of recurrences 
historically reported had been very small, yielding per-
haps imprecise estimates, but these studies generally 
found much lower risks of recurrence than in older 
patients, particularly in those with no identified cause or 
risk factors for ischemic stroke [22, 77–83]. A study from 
the Helsinki Young Stroke Registry evaluated long‐term 
mortality in 970 patients aged 15–49 who survived at 
least 30 days after their index stroke. They found that 
annual mortality rate was 1.6%, and even higher (5.6%) 
for those with large‐artery atherosclerosis. Recurrent risk 
of stroke was associated with the highest risk of death in 
patients with malignancy, cardioembolic source, and 
large‐artery atherosclerosis, with hazard ratios (HR) 
greater than 10 [84]. Just as stroke incidence and recur-
rence has been trending lower over the years in older 
adults due to primary and secondary prevention, stroke 
in younger populations will continue to benefit from 
studies targeting appropriate interventions.

Myocardial infarction after any ischemic stroke
The risk of myocardial infarction after any ischemic 
stroke is about 2% per year, the same as after a TIA or 
mild ischemic stroke (see Table 17.1) [17]. There is no 
clear evidence of an initially high early risk as there is for 
recurrent stroke. Within the first month after ischemic 
stroke, the risk of recurrent stroke is at least 2.5 times 
that of myocardial infarction, but thereafter the ratio 
falls to about two times. However, although recurrent 
strokes occur more commonly than cardiac events over 
the long term after an ischemic stroke, cardiac mortality 
is about two times higher than stroke mortality from 
about one month onwards [56]. A 2016 systematic review 
and meta‐analysis evaluated risk of myocardial infarc-
tion after an acute cerebrovascular ischemic event in 
patients with no history of heart disease; among 4869 
patients, over half with acute stroke had silent coronary 

artery disease, and a third had greater than 50% coronary 
artery stenosis. Among over 47 000 patients, risk of myo-
cardial infarction following stroke was 3% despite not 
having diagnosed heart disease at time of stroke [85]. 
The majority of studies reviewed and analyzed were in 
white patients in Europe, Canada, and the United States. 
The high burden of silent or asymptomatic systemic vas-
cular disease was demonstrated in a study prospectively 
enrolling patients with stroke without known history of 
heart disease who underwent coronary angiography and 
other systemic vascular studies via ultrasound. Almost 
two‐thirds of patients had coronary artery stenosis via 
angiography; the degree of stenosis increased with evi-
dence of other systemic vascular disease such as carotid 
or femoral artery stenosis [34]. It is unclear if the risk of 
myocardial infarction after ischemic stroke varies by 
ischemic stroke subtype. What little information there is 
suggests that cardiac deaths occur with approximately 
equal frequency among the different ischemic stroke 
subtypes, but even in a meta‐analysis of data from all the 
available studies, numbers of events were limited, mak-
ing the results imprecise [57].

17.2.4 Prognosis after intracerebral 
hemorrhage

The prognosis for death and disability in the first few 
months after intracerebral hemorrhage (ICH) has been 
discussed in Section  10.2. Here, we consider what is 
known about vascular events and death, both early on 
and in the long term after ICH.

Death after intracerebral hemorrhage
Community‐based studies have shown a much higher 
early case fatality after ICH than after ischemic stroke, 
with a pooled estimate of 42% dying within one month 
(see Table  17.1). The relatively low incidence of ICH, 
which comprises between 10 and 20% of all first‐ever 
strokes, at least in white populations where the incidence 
has been best studied, combined with the high early case 
fatality, means that the number of patients available for 

After transient ischemic attacks and ischemic stroke it is 
important to recognize the risk of nonstroke vascular 
events such as myocardial infarction. Comorbid coronary 
artery disease is common and is a more likely cause of 
death than stroke in the long term.

Like patients with a TIA or mild ischemic stroke, 
patients with any ischemic stroke remain at elevated risk 
of recurrent stroke and other serious vascular events for 
at least 10 years after their initial event, and so preven-
tion efforts must also be sustained long term.
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long‐term follow‐up in single centers is relatively small, 
making estimates from individual studies imprecise [22]. 
In addition, increasing use of brain imaging earlier after 
stroke is probably leading to an increased proportion of 
mild hemorrhages being diagnosed, so changing the 
nature of the cohorts being followed up [86].

Factors associated with a high early case fatality are 
older age, clinical severity of the initial stroke, the size of 
the hematoma, the presence of intraventricular blood, 
and anticoagulant use. Some of these, such as hematoma 
size, intraventricular blood, and clinical severity, are cor-
related with each other and may not be independent out-
come predictors [22].

After the first month, the average annual risk of death 
is about 8% per year, similar to the long‐term risk after an 
ischemic stroke (see Figure 17.6). Over the long term, the 
survival curves for ischemic stroke and ICH appear to 
converge. This may be due to a survival effect, with the 
longer term survivors of ICH being younger and fitter 
than those with an index ischemic stroke [19, 21–23, 87]. 
The main causes of death in one‐month survivors are the 
initial or a recurrent stroke (about one‐third) and cardiac 
or other vascular causes (about one‐quarter) [88]. A 
2010 meta‐analysis found that rates of morbidity and 
mortality with regard to age, sex, and ethnic background 
had not significantly changed among publications dated 
1980 through 2008 [89].

Recurrent stroke and myocardial infarction after 
intracerebral hemorrhage
A systematic review of studies reporting recurrent stroke 
after ICH analyzed data from three community‐based 
populations (including a total of 146 patients) and seven 
hospital‐based cohorts (including a total of 1734 
patients). Pooled recurrent stroke rates were 6.2% per 
year in the community‐based studies and 4% per year in 
the hospital‐based studies, similar to the recurrence 
rates after an ischemic stroke (Section 17.2.3). However, 
while most recurrences after ischemic stroke are 
ischemic again, over half (59%) of recurrences after ICH 
were hemorrhagic again, 26% were ischemic, and 15% 
were of uncertain pathology [24].

Unsurprisingly, the risk of recurrence seems to 
depend on the underlying cause of the initial hemor-
rhage. In younger patients, the commonest cause of 
ICH is an intracranial vascular malformation, and the 
specific recurrence risk is discussed in Section 16.3. In 
studies that distinguished between deep and lobar 
hemorrhage, recurrence was about twice as frequent 
in the former group [24]. This may reflect the different 
predominant underlying causes in these different 
locations, with a  preponderance of cerebral amyloid 
angiopathy thought to underlie many lobar hemor-
rhages in older patients, and intracranial small‐vessel 
disease thought to be the  vascular pathology causing 
most deep hemorrhages. Hemorrhages due to cerebral 
amyloid angiopathy are said to be particularly likely to 
recur.

Possession of an apolipoprotein E ε4 or ε2 allele may 
predispose to cerebral amyloid angiopathy and lobar 
ICH, and one study has demonstrated an increased 
risk of recurrent ICH in patients with lobar hemor-
rhage who are carriers of either the ε4 or ε2 allele [90]. 
Several observational studies have also shown that 
uncontrolled hypertension is a risk factor for recur-
rence after ICH, and randomized trials of blood pres-
sure reduction among patients with a history of stroke, 
including those with ICH, support this (Section 17.3.2) 
[91–96].

There are no really reliable data about the risk of 
myocardial infarction long term specifically after ICH, 
and no validated prognostic models for predicting 
stroke, myocardial infarction, or vascular death. Since 
the numbers of individuals available for study in sin-
gle‐center cohorts is small, pooling of data from 
cohort studies of ICH collecting similar baseline data 
and using similar definitions is probably the most fea-
sible way of obtaining more precise data on independ-
ent predictors of prognosis after ICH. There is a 
validated model for predicting 90‐day functional out-
come after ICH (FUNC score). The components are 
age, Glasgow Coma Scale, ICH location, volume and 
pre‐ICH cognitive impairment for a total of 11 points 
[97]. Patients with a score of 4 or less did not gain 
functional independence, whereas over 80% of patients 
with a score of 11 did gain functional independence. 
Overall, 26% of patients achieved independence in 
this hospital‐based cohort of 629 patients. This score 
may help clinicians inform family members.

The risk of death in the first month after intracerebral 
hemorrhage, as currently diagnosed, is at least twice that 
for ischemic stroke. Thereafter, the long‐term risk of 
death appears similar to ischemic stroke.

The long‐term risk of recurrent stroke after intracerebral 
hemorrhage seems similar to that for ischemic stroke 
(excluding the very high early risk after ischemic stroke).

Up to 90% of recurrent strokes after an ischemic stroke are 
ischemic again, whereas around 60% of recurrent strokes 
after intracerebral hemorrhage are hemorrhagic again.
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17.3  Pharmacological blood 
pressure reduction

17.3.1 Relationship between blood pressure 
and stroke in observational studies

Raised blood pressure, defined as systolic of ≥130 mmHg 
or diastolic of ≥80 mmHg, is the most important causal 
and treatable risk factor for stroke (Section  6.6.3). 
Systematic reviews of prospective observational studies in 
healthy, middle‐aged adults, with appropriate adjustment 
for regression dilution bias, have demonstrated a continu-
ous log linear relationship between usual systolic and dias-
tolic blood pressure and stroke risk. For every 10 mmHg 
reduction in usual systolic and 5 mmHg reduction in usual 
diastolic blood pressure, the relative risk of stroke 
decreases by about one‐third [98–101]. This relationship 
is not so steep in the elderly, but their higher absolute risk 
of stroke means that their absolute reduction in stroke risk 
for a given absolute decrease in blood pressure is still sub-
stantially greater than in younger people. The relationship 
is similar in Asian and white populations, and for ischemic 
and hemorrhagic stroke (if not greater for hemorrhagic 
stroke). There were neither sufficient numbers of events 
nor enough detail on stroke subtypes in these large over-
views of prospective observational studies to allow com-
parisons between blood pressure and different subtypes of 
ischemic or hemorrhagic stroke [98–101]. However, 
methodologically rigorous studies comparing the fre-
quency of prior hypertension in patients with different 
subtypes of ischemic stroke do not support the common 
assertion that lacunar ischemic stroke is more strongly 
associated with raised blood pressure than other ischemic 
stroke subtypes [102, 103]. Similarly, data from the most 
methodologically sound studies comparing the frequency 
of prior hypertension in patients with deep versus lobar 
locations of intracerebral hemorrhage provide little – if 
any – evidence to support the often stated view that hyper-
tension is associated particularly with deep intracerebral 
hemorrhage [104] (Section 8.2.1).

Earlier studies of the association between blood pres-
sure after a stroke and subsequent stroke risk have sug-
gested that the risk of stroke recurrence may be higher 
at both high and low blood pressures, giving a U‐ or 
J‐shaped relationship [105, 106]. It has also been postu-
lated that the higher recurrence risk at the two ends of 
the blood pressure distribution may not be because of a 
causal effect of blood pressure but because of so‐called 
“reverse causality” (i.e. severe strokes may be indepen-
dently associated both with a very high or low post‐
stroke blood pressure as well as with a higher risk of 
recurrence). In fact, in patients with a previous mild 
ischemic stroke or TIA included in a randomized trial of 
antiplatelet treatment, the relationship between the risk 
of stroke and both systolic and diastolic blood pressure 
was similar to that observed in healthy populations, with 
lower blood pressures conferring a lower risk of stroke 
throughout the observed range of blood pressures. Each 
10 mmHg decrease in usual systolic pressure and 
5 mmHg decrease in usual diastolic pressure was associ-
ated with about a one‐third decrease in stroke risk 
(Figure 17.11) [107].

However, the relationship between blood pressure and 
stroke risk may be different in patients with severe dis-
ease of the extracranial arteries in the neck, since cere-
bral perfusion (and autoregulation of cerebral blood 
flow) may be so severely impaired that it is directly 
dependent on systemic blood pressure. Data from 
patients with a history of recent mild ischemic stroke or 
TIA and stenosis of at least one carotid artery who were 
randomized to medical treatment in two large carotid 
surgery trials showed that, although the risk of stroke 
increased with blood pressure in most patients with 
symptomatic carotid artery disease, it was not so steep 
as in other patients with prior stroke or TIA, despite 
appropriate correction for regression dilution bias 
(Figure  17.12). And, importantly, the relationship was 
reversed in patients with bilateral severe carotid stenosis, 
so that in this small group of patients lower blood pres-
sure was associated with an increasing risk of stroke (see 
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Figure  17.12c) [108]. Overall, hypertension is the most 
prevalent worldwide stroke risk factor, which if correctly 
modified can greatly reduce the risk of future ischemic 
and hemorrhagic stroke.

17.3.2 Randomized trials of blood pressure‐
lowering drugs

Three large RCTs of pharmacological blood pressure 
reduction in patients with a prior stroke (more than two 
weeks from onset) or TIA have contributed the majority 

of patients to meta‐analyses investigating blood pressure 
targets and/or antihypertensive agents, including the 
worldwide Perindopril Protection against Recurrent 
Stroke Study (PROGRESS), the Chinese post‐stroke 
antihypertensive treatment study (PATS), and Prevention 
Regimen for Effectively Avoiding Second Strokes 
(PRoFESS) [109–111]. Prior to data available from 
PRoFESS, a meta‐analysis of seven trials found that 
treatment for about 3 years reduced blood pressure by a 
mean of 8 mmHg systolic/4 mmHg diastolic and pro-
duced highly statistically significant reductions in the 
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risks of stroke, myocardial infarction, and total vascular 
events (i.e. stroke, myocardial infarction or vascular 
death), although reductions in vascular and in all‐
cause  mortality did not reach statistical significance 
(Figure 17.13). The average control group 3‐year risks of 
stroke, myocardial infarction, and vascular events were 
12%, 4%, and 16%, respectively. Applying to these abso-
lute risks the odds reductions of about one‐quarter for 
stroke and about one‐fifth for both myocardial infarction 
and vascular events shows us that treating 1000 patients 

similar to those in the trials for about 3 years would lead 
to the avoidance or delay of about 34 vascular events, of 
which 25 would be strokes and 9 would be myocardial 
infarctions [96].

Further analyses showed that the relative benefits of 
treatment were similar irrespective of baseline blood 
pressure (hypertensive or not) and the type of qualifying 
cerebrovascular event (ischemic stroke, hemorrhagic 
stroke, or TIA) (Figure  17.14) [110, 112]. PROGRESS 
demonstrated that the reduction in stroke started early 
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Figure 17.13 Effects on vascular 
outcomes in a systematic review of seven 
randomized trials of pharmacological 
blood pressure (BP)‐lowering treatment in 
patients with a prior stroke or transient 
ischemic attack. Mean duration of trials 
was 3 years and mean blood pressure 
reduction (treatment minus control) was 
8/4 mmHg. Odds ratios (ORs) are shown 
as diamonds (with 95% confidence 
interval = width of diamond). Source: Data 
from Rashid et al. 2003 [96].
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Figure 17.14 Effects of blood pressure lowering in the PROGRESS trial on stroke risk among patients with and without hypertension at 
baseline (systolic ≥160 mmHg or diastolic ≥90 mmHg), and among patients with different types of qualifying cerebrovascular event. 
Hazard ratios (HRs) are shown as squares with size proportional to number of events, along with 95% confidence intervals (horizontal 
lines). The result for all patients is shown as a diamond (with 95% confidence interval = width of diamond). Source: Data from PROGRESS 
Collaborative Group 2001 [110]; Chapman et al. 2004 [112].
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and continued throughout several years of follow‐up, 
and found similar relative risk reductions for disabling 
and nondisabling strokes, and for the different major 
pathological types (ischemic, hemorrhagic, or unknown) 
and ischemic subtypes of stroke outcome (Figure 17.15) 
[110, 112]. Substudies exploring other important out-
comes in the PROGRESS trial found that blood pressure 
lowering was also associated with significantly reduced 
disability and cognitive decline, although both of these 
benefits appeared to be mediated through the reduction 
in recurrent stroke. Treating 1000 patients for 4 years 
resulted in 30 avoiding long‐term disability and 20 avoid-
ing cognitive decline [113, 114].

PRoFESS enrolled over 20 300 patients within four 
months of noncardioembolic stroke to receive a fixed 
dose of telmisartan or placebo. The trial was specifically 
investigating the impact of telmisartan on recurrent 
stroke (and secondarily on major cardiovascular events 
and diabetes mellitus) and concluded that telmisartan 
did not reduce risks of primary or secondary outcomes. 
Notably, mean blood pressure in either group at entry 
into the study was approximately 144/83 mmHg, add‐on 
antihypertensives were used in both arms with the 
exception of other angiotensin receptor blockers, and 
over the study period the intervention arm lowered 
blood pressure by a mean of 3.8/2.0 mmHg. The largest 
blood pressure delta between groups (approximately 8 

mmHg) occurred early after randomization then dissi-
pated throughout the rest of the study.

A 2011 meta‐analysis by the PROGRESS group 
included 16 RCTs of over 40 200 patients, including those 
from PROGRESS and PRoFESS, showed that the degree 
of blood pressure reduction was related to stroke risk 
(18% relative risk reduction with treatment) and that each 
10 mmHg reduction in systolic blood pressure reduced 
the risk of stroke by 33%, in line with prior observational 
studies discussed above [115] (Figure 17.16).

A 2012 study performed a trial level meta‐analysis of 
over 29 600 patients to determine association between 
angiotensin‐converting enzyme (ACE) inhibitor or angi-
otensin receptor blocker (ARB) use and stroke risk and 
found that risk reduction did not reach significance. Of 
note, the majority of patients in the analysis were from 
PRoFESS with minimal blood pressure reduction [116].
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Figure 17.15 Effects of blood pressure lowering on strokes of different type occurring during follow‐up in the PROGRESS trial. Hazard 
ratios (HRs) are shown as squares with size proportional to number of events, along with 95% confidence intervals (horizontal lines). 
The result for all types of stroke combined is shown as a diamond (with 95% confidence interval = width of diamond). Source: Data from 
PROGRESS Collaborative Group 2001 [110]; Chapman et al. 2004 [112].

Patients with a prior stroke or transient ischemic attack 
benefit from drug treatment to reduce blood pressure, 
whether “hypertensive” or “normotensive” and irrespec-
tive of whether their cerebrovascular event was ischemic 
or hemorrhagic. Treating 1000 such people for about 3 
years to reduce the blood pressure by about 8/4 mmHg 
will result in the avoidance of about 34 serious vascular 
events (25 strokes, 9 myocardial infarctions).
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17.3.3 Which antihypertensive 
drug or drugs?

Data from RCTs can be used in two ways to compare the 
effects of different classes of antihypertensive drugs. 
First, the relative effects of the various different drug 
classes versus no antihypertensive treatment can be 
compared. Such indirect comparisons are rather similar 
to comparing two football teams (let’s say France and 
Italy) by comparing their scores against a third team (say 
Germany). There tend to be plenty of relevant football 
matches (analogous to RCTs) available for such compari-
sons. However, they are not as reliable as direct compari-
sons, such as a match between France and Italy or an 
RCT that directly compares two antihypertensive drugs.

Evidence from randomized trials in patients 
with a previous cerebrovascular event
Indirect comparisons in a systematic review of seven 
trials comparing antihypertensive treatment versus no 
treatment found larger effects on stroke and on vascu-
lar events for those regimens producing greater reduc-
tions in blood pressure (diuretics alone, or diuretics 
combined with ACE inhibitors), with smaller and 

nonstatistically significant effects for those regimens 
producing smaller reductions in blood pressure (beta‐
blockers, calcium channel blockers [CCBs], or ACE 
inhibitors alone). A meta‐regression analysis of these 
seven trials found a direct relationship between the 
size of the reductions in  stroke and vascular events 
and increasing reductions in blood pressure [96]. The 
largest trial (PROGRESS) assessed the effects of the 
ACE inhibitor perindopril, either with or without the 
addition of the  thiazide diuretic indapamide, versus 
placebo. Combination therapy produced larger reduc-
tions in blood pressure and – not surprisingly – stroke 
risk than  did single drug therapy with perindopril 
alone,  consistent with the effects on stroke predicted 
from the  observed relationship between blood pres-
sure and stroke in patients with a prior ischemic stroke 
or TIA (see Figures  17.11 and 17.16) [107, 117]. Of 
note, the definition of hypertension at the  time of 
most active treatment trials including PROGRESS was 
>160/90 mmHg; nonetheless, patients in both groups 
benefited most from greater reduction in blood pres-
sure. Current practice encourages initiation of hyper-
tensive medications for patients with cardiovascular 
risk factors and blood pressure ≥140/90 mmHg [118].
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Figure 17.16 The effect of blood pressure lowering and stroke prevention combined effect across multiple active pharmacologic 
interventions. Source: Arima and Chalmers 2011 [115], figure 8. Reproduced with permission of John Wiley & Sons.
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Only one RCT (the MOSES study) has directly com-
pared one drug regimen with another in patients with a 
history of stroke or TIA. After 2–4 years, blood pressure 
had fallen by a mean of 13/6 mmHg in the eprosartan 
(angiotensin II receptor blocker) group and 16/7 mmHg 
in the nitrendipine (CCB) group. There was an 
 apparent advantage of eprosartan, with significant rela-
tive reductions of about one‐fifth in the primary out-
come of death and all cardiovascular and cerebrovascular 
events, including TIAs, and of about one‐quarter in cer-
ebrovascular events [119]. These results are difficult to 
interpret because they were not based on an intention‐
to‐treat analysis, they relied very heavily on the rela-
tively “soft” outcome of TIAs which made up two‐thirds 
of the cerebrovascular outcome events, and patients 
could have more than one event counted so that the 
results could have been unduly influenced by multiple 
events occurring in just a few patients. The time to first 
cerebrovascular event was not significantly different 
between the two treatment groups.

Evidence from randomized trials in all 
types of patients
A larger amount of data are available from RCTs of anti-
hypertensive drugs in other types of patients – those with 
hypertension, coronary heart disease, diabetes, and 
other risk factors. Because the early systematic reviews 
showed that the effects of blood pressure reduction were 
similar regardless of the particular types of patients 
included (including those with cerebrovascular disease), 
these data are likely to be helpful in guiding treatment 
decisions for patients with a prior stroke or TIA [117, 
120, 121].

Many systematic reviews of trials comparing various 
antihypertensive regimens and in different types of 
patients have now been done. Although their results vary 
slightly, depending on exactly which trials were included 
and how the data were analyzed, one consistent message 
emerges: the relative benefits of blood pressure reduc-
tion on major vascular outcomes directly depend on the 
blood pressure reduction achieved [96, 101, 122, 123]. 
Although there have been claims from time to time that 
one particular class of agent is superior or inferior for a 
particular condition or outcome [124–127], when all the 
relevant trials are considered together, it is overwhelm-
ingly the size of the blood pressure reduction rather than 
the specific regimen used that determines the effect: the 
greater the reduction, the greater the benefit in most 
cases (of the major vascular outcomes assessed, the only 
one for which this does not seem to be the case is heart 
failure (Figure  17.17) [123] and perhaps in bilateral 
carotid disease). There may be some nuances with regard 
to the properties attributed to individual drugs or drug 
combinations (e.g. synergistic effects of renin‐angioten-

sin system drugs and dihydropyridine CCBs), which do 
not supersede importance of blood pressure reduction 
for the majority of patients at risk for incident or recur-
rent stroke. Individual comorbid conditions should also 
be considered, such as diabetes and heart failure, which 
will be discussed further.

The Blood Pressure Lowering Treatment Trialists’ 
Collaboration (BPLTTC) included direct comparisons 
between the effects of various different drug classes on 
major vascular outcomes, and to these should be added 
the results of a subsequent, large RCT, the Anglo 
Scandinavian Cardiac Outcomes Trial – Blood Pressure 
Lowering Arm (ASCOT‐BPLA), which compared newer 
with older antihypertensive regimens (amlodipine with 
perindopril versus atenolol with bendroflumethiazide) 
in over 19 000 patients with hypertension [128]. Taking 
all the evidence from these comparisons together, there 
seems to be little to make one choose one drug class over 
another (Figure 17.18).

Following the results from several individual RCTs, it 
has been claimed that specific drug classes, in particular 
ACE inhibitors and angiotensin II blockers, have addi-
tional cardio‐ and renal protective effects beyond their 
effects on the blood pressure [129–131]. In one large 
trial where this appeared to be the case, the apparently 
small blood pressure reduction achieved by the ACE 
inhibitor ramipril, which was nonetheless associated 
with substantial clinical benefit, may have been due to 
the timing of office blood pressure measurements [132]. 
In addition, a systematic review that assessed the effects 
of ACE inhibitors and angiotensin II blockers on renal 
outcomes found no clear evidence that the renal protec-
tive actions of these drugs went beyond what might be 
expected from their blood pressure‐lowering effects 
[133]. There does, however, appear to be some evidence 
that beta‐blockers may be somewhat less effective than 
other antihypertensive drug classes, particularly for the 
outcome of stroke [134]. Recent evidence also suggests 
that beta‐blockers may be less favorable than alternative 
antihypertensive drugs with respect to other outcomes, 
such as new‐onset diabetes [128, 135]. Furthermore, a 
systematic review that included a meta‐analysis of rand-
omized trials directly comparing beta‐blockers with thi-
azide diuretics found that beta‐blockers were associated 
with a significantly higher rate of withdrawal of treat-
ment due to adverse effects [136].

It is the size of the blood pressure reduction achieved 
rather than the specific drug or drugs used that is the 
major determinant of the reduction in risk of future 
stroke and other major vascular events.
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A 2010 study reviewed the performance of CCBs ver-
sus other antihypertensive medications as first‐line 
agents in reducing the first incidence of major cardiovas-
cular outcomes, including stroke [137]. Eighteen RCTs 
were included (over 141 800 patients). For all‐cause 

 mortality, there was no difference between CCBs and 
other first‐line drugs. For stroke incidence, CCB per-
formed no differently than diuretics or with the combi-
nation of diuretics and beta‐blockers, but did perform 
better than beta‐blockers, ACE inhibitors, and ARBs. 
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Figure 17.18 Randomized trials directly comparing different blood pressure‐lowering regimens in all types of patients, including those 
with a prior stroke or transient ischemic attack: comparisons of effects on major vascular outcomes of regimens based on different drug 
classes. Results (given as relative risks, RR) for each comparison are represented by a square, the size of which is proportional to the 
number of events. Horizontal lines represent 95% confidence intervals. ACEI, ACE inhibitor; CA, calcium antagonist; D/BB, diuretic or 
beta‐blocker; BPLTTC, Blood Pressure Lowering Treatment Trialists’ Collaboration meta‐analysis; ASCOT, Anglo Scandinavian Cardiac 
Outcomes Trial. Positive values for mean difference in blood pressure indicate a higher mean follow‐up blood pressure in the first listed 
group (ACEI and CA) than in the second listed group (D/BB and CA). Source: Data from Turnbull and Blood Pressure Lowering Treatment 
Trialists’ Collaboration 2003 [123] and Dahlöf et al. 2005 [128].
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CCBs performed worse than diuretics, ACE inhibitors, 
and ARBs (especially for diabetic patients with nephrop-
athy) in patients with congestive heart failure (CHF). Of 
note, the majority of trials used dihydropyridine CCBs 
versus non‐dihydropyridine CCBs. Overall, the authors 
concluded that diuretics performed better than CCBs in 
reducing total cardiovascular events, that CCBs gener-
ally performed better than beta‐blockers, and that there 
was no clear difference between CCBs and ACE inhibi-
tors and ARBs.

The ACCOMPLISH study group compared 
benazepril with amlodipine or benazepril plus hydro-
chlorothiazide in an RCT with over 11 500 high‐risk 
patients to determine efficacy in reducing the incidence 
of cardiovascular events [138]. The primary endpoint 
was broad, consisting of a composite of all‐cause mor-
tality, nonfatal myocardial infarction, nonfatal stroke, 
angina, cardiac resuscitation, and cardiac revasculari-
zation. The target blood pressure was less than 140/90 
mmHg, or less than 130/80 mmHg in patients with dia-
betes or kidney disease. The combination of benazepril 
with amlodipine demonstrated a 2.2% absolute risk 
reduction compared to benazepril plus hydrochlorothi-
azide, and 19.6% relative risk reduction; mean blood 
pressure achieved per group was similar and main-
tained a delta of approximately 1 mmHg throughout 
the study. The trial was terminated early due to calcu-
lated superiority of the benazepril and amlodipine 
combination despite similar blood pressure control 
in  both groups. Important components were grouped 
together in the primary endpoint of ACCOMPLISH, 
and  additional studies investigating the impact of spe-
cific drugs or drug combinations on the incidence of 
these individual components are needed.

It will be important to determine whether a single 
drug or a combination of drugs is the most appropriate 
approach. Useful guidance comes from a meta‐analysis 
of 354 RCTs of thiazides, beta‐blockers, ACE inhibitors, 
angiotensin II receptor blockers, and calcium channel 
antagonists in fixed dose, including around 56 000 
patients. Standard doses of each drug class produced 
similar reductions in blood pressure of around 9/5.5 
mmHg. The effects of different drug classes were addi-
tive. However, doubling the dose of any particular drug 
produced less than twice the blood pressure‐lowering 
effect while halving the dose produced more than half 
the blood pressure‐lowering effect. The frequency of 
adverse effects for each drug was strongly related to 
dose, but the frequency of symptoms from adverse 
effects with two drugs in combination was less than 
additive. The conclusion drawn was that combination 
low‐dose drug treatment increases efficacy and reduces 
adverse effects, such that using three drugs at half 

standard dose could reduce blood pressure by 20/11 
mmHg, potentially reducing the risk of stroke by almost 
two‐thirds and ischemic heart disease events by almost 
one‐half [139].

Conclusion
How can all this evidence be used to help with the choice 
of antihypertensive treatment in clinical practice? We try 
to be guided, where possible, by RCTs conducted among 
the types of patients we are treating (i.e. those with a 
prior stroke or TIA), calling on the evidence from trials 
among other types of patients where necessary. The larg-
est trials in patients with stroke or TIA found convincing 
benefit from a thiazide diuretic, with further benefit 
from the combination of a thiazide and ACE inhibitor 
[86, 109, 110]. Therefore, we generally recommend start-
ing with a thiazide, and adding an ACE inhibitor if nec-
essary to achieve the desired blood pressure‐lowering 
effect. Further drugs of other classes can be added (again, 
in general we do not recommend exceeding the standard 
dose) if needed. We tend not to use beta‐blockers for 
first‐ or second‐line treatment, unless there is some 
other reason for the patient to be on a beta‐blocker. Our 
emphasis is generally on lowering the blood pressure, 
and if thiazides or ACE inhibitors are not tolerated 
because of adverse effects, or are contraindicated for 
some other reason, then we substitute another class of 
drug such as CCBs.

17.3.4 Lower limits of treatment 
and who not to treat

Earlier studies have shown us that the larger the reduc-
tion in blood pressure, the greater the benefits. However, 
if the blood pressure is lowered far enough, patients 
develop symptoms due to low blood pressure, particu-
larly when standing, and the absolute blood pressure 
level at which this occurs varies between individuals. 
Lowering blood pressure beyond this point risks medica-
tion nonadherence. Furthermore, the observational data 
do not tell us much about what happens to the relation-
ship between blood pressure and stroke or recurrent 

In the absence of specific indications or contraindica-
tions, the most appropriate blood pressure‐lowering 
treatment for patients who have had a stroke or transient 
ischemic attack is to start with a thiazide diuretic. If fur-
ther control is necessary an ACE inhibitor is added, and 
then – again if necessary – drugs from another class, typi-
cally calcium channel blockers, to achieve the desired 
blood pressure‐lowering effect and to avoid adverse 
effects.
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stroke below pressures of around 120/70 mmHg (see 
Section 6.6.3, Figures 6.17 and 17.11).

More recent studies are beginning to clarify blood 
pressure goals for patients with subtypes of risk factors, 
such as those with lacunar stroke. The SPS3 trial 
 published in 2013 enrolled MRI‐verified small‐vessel 
ischemic stroke patients to a systolic treatment goal of 
<150 mmHg compared to <130 mmHg. At 1 year the 
average was 138 mmHg versus 127 mmHg in the high 
and low intensity treatment groups respectively, with an 
average difference of 11 mmHg. There was no difference 
in the pooled outcomes of stroke, myocardial infarction, 
and vascular death; however, statistical significance was 
found in prevention of hemorrhagic stroke (HR 0.37; 
95% CI, 0.15–0.95). More patients in the lower target 
group were on more than one blood pressure agent. The 
authors concluded that in patients with lacunar stroke, it 
is probably reasonable and safe to aim for a systolic blood 
pressure target of less than 130 mmHg [140]. Notably, 
patients with a cardioembolic etiology or large‐artery 
atherosclerosis were excluded.

The PAST‐BP (Prevention After Stroke – Blood 
Pressure) study is the most recent nonblinded RCT 
undertaking the question of blood pressure target in sec-
ondary prevention of stroke [141]. The authors sought to 
clarify if a lower systolic blood pressure target in a popu-
lation‐based cohort would actually result in lower blood 
pressures at 1 year follow‐up when compared to the 
standard target of systolic blood pressure of less than 140 
mmHg. Over 500 patients with systolic blood pressure 
greater than 125 mmHg were enrolled across 99 commu-
nity‐based practices, and over 370 patients were ana-
lyzed for the primary outcome. Patients were randomized 
to the lower target of less than 130 mmHg (or 10 mmHg 
lower than baseline if already less than 140 mmHg), or to 
standard target of less than 140 mmHg. At follow‐up, the 
systolic pressure dropped a mean 16.1 mmHg to a mean 
of 127.4 mmHg in the lower target group, and the systolic 
pressure dropped a mean 12.8 mmHg to a mean of 
129.4 mmHg with a statistically significant difference of 
2.9 between groups. Both patient groups’ blood pressure 
was actively managed in clinic and via the research pro-
tocol, yielding multiple blood pressure checks during the 
study year. Patients in the lower target group required 
more visits than the standard target group. Patients in 
the lower target group spent about 50% of the time in 
range, compared to about 80% of time in range for the 
standard target group.

The study concluded that active management in the 
community setting significantly reduced blood pressure 
in both groups. Despite greater reduction in the lower 
target group, the standard target group achieved a rea-
sonable systolic pressure at 1 year with greater time 

spent in range and with fewer clinic visits for drug 
adjustments.

In the largest trial of blood pressure‐lowering among 
patients with a prior stroke or TIA (PROGRESS), the 
mean blood pressure at baseline was 147/86 mmHg 
and only around 10–20% of patients had baseline blood 
pressures of less than 120–30/70 mmHg [142]. Although 
benefits from blood pressure lowering in PROGRESS 
occurred irrespective of baseline blood pressure, results 
were not presented separately for those in the bottom 
quintile. Taking this together with what was discussed 
above, there is no clear evidence for further blood pres-
sure reductions for those whose blood pressure is already 
consistently about 120–30/70 mmHg or lower. For 
patients with higher blood pressures than this, we would 
generally recommend treating to reduce the blood pres-
sure to a target of around 120–30/70 mmHg, so long as 
the necessary medication can be tolerated, especially in 
lacunar stroke patients.

One important caveat includes blood pressure goals in 
patients with severe atherosclerotic stenotic disease of 
the extracranial arteries. There is no specific guidance 
from randomized trials, but observational data suggest 
that the relationship between usual blood pressure and 
stroke risk may be reversed in people with severe bilat-
eral carotid stenosis (Section 17.3.1). Because of this, we 
currently recommend proceeding cautiously in patients 
known to have more than one severely stenosed 
 extracranial neck artery, and we tend to avoid lowering 
the blood pressure below around 140 mmHg systolic 
in  such patients. For patients who undergo surgical 
 treatment for carotid disease, it is reasonable to gradu-
ally achieve systolic blood pressure targets of less than 
140 mmHg.

17.3.5 When to start antihypertensive 
treatment after an acute stroke

The RCTs that support routine blood pressure lowering 
after a prior ischemic stroke or TIA generally recruited 
patients at least two weeks or more after their most 
recent event, sometimes up to several years afterwards 
[96]. Observational data suggest that both high and low 
blood pressures early after acute stroke are indepen-
dently associated with poor outcome (Section  11.7.1) 

It is recommended to lower blood pressure to less than 
140/90 mmHg, and perhaps <130 mmHg systolic in 
patients with lacunar stroke. However, it is reasonable to 
avoid lowering the systolic blood pressure below around 
140 mmHg in patients with untreated severe stenosis of 
more than one extracranial neck artery.
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[143, 144]. Patients with malignant hypertension (sys-
tolic >220 mmHg) should have carefully monitored and 
urgent blood pressure reduction. For patients with hem-
orrhagic stroke the INTERACT2 trial demonstrated that 
acute aggressive blood pressure lowering to <140 mmHg 
was safe and possibly effective in improving functional 
outcomes compared to standard care of <180 mmHg. 
However, there was no difference in hematoma expan-
sion and the primary outcome of death or major disabil-
ity did not reach statistical significance [145]. In contrast, 
the usual management of ischemic stroke patients is to 
delay the routine introduction of blood pressure‐lower-
ing drugs for about 24–72 hours. If a patient already on 
an antihypertensive drug presents with a stroke, it is 
common practice to resume their home medications. If 
the patient is taking a beta‐blocker, the dose may be 
reduced acutely, but not completely held at the time of 
admission. It is important to initiate appropriate antihy-
pertensive therapy before discharge. Sometimes, a 
patient whose blood pressure has fallen to satisfactory 
levels by the time of hospital discharge has raised blood 
pressures at a postdischarge clinic visit. Therefore, it is 
suggested that patients take blood pressure measure-
ments at home and report them at subsequent appoint-
ments. This allows for closer management and possibly 
avoids the “white coat” effect. Because the accuracy of 
the home measurement is often a concern, it is a good 
idea for patients to bring the device with them to their 
clinic visit to verify the accuracy.

17.4  Pharmacological cholesterol 
reduction

17.4.1 Relationship between cholesterol 
and stroke in observational studies

Prospective studies have shown a strong relationship 
between usual blood cholesterol and risk of ischemic 
heart disease; a decrease in total cholesterol concentra-
tion of 0.6 mmol/L is associated with a relative reduction 
in ischemic heart disease of around 50% at age 40, 40% 
at  age 50, 30% at age 60, and 20% at age 70 [146]. By 

 contrast, an overview of prospective studies found no 
overall association between cholesterol and stroke risk, 
although they generally recorded only fatal strokes, of 
which about half each were ischemic and hemorrhagic 
(Section 6.6.6) [147]. Subsequent overviews were able to 
analyze data for ischemic and hemorrhagic stroke sepa-
rately and found that for every 1.0 mmol/L decrease in 
low‐density lipoprotein (LDL) cholesterol concentration 
there was a 20% relative reduction in ischemic stroke risk 
(see later, and Section 6.6.6) [98, 148, 149]. These oppos-
ing effects might explain why there was no overall rela-
tionship for all types of stroke combined when mainly 
fatal strokes were considered [147].

17.4.2 Randomized trials of cholesterol‐
lowering drugs

RCTs and systematic reviews of nonstatin cholesterol‐
lowering treatments, in particular fibrates, found signifi-
cant reductions in ischemic heart disease but not in stroke 
[150–155]. However, the development of the far  more 
potent cholesterol‐lowering drugs, the 3‐hydroxy‐3‐
methylglutaryl coenzyme A (HMG‐CoA) reductase 
inhibitors (statins), made possible substantially larger 
reductions in total cholesterol and in particular LDL cho-
lesterol concentrations. A meta‐analysis by the Cholesterol 
Treatment Trialists Collaborators of large RCTs of statins 
available by 2004 included over 90  000 participants, of 
whom about half had a history of ischemic heart disease, 
about 15% had some other  vascular disease (including 
several thousand with a prior stroke or TIA), either with 
or without ischemic heart disease, and about half had no 
history of vascular  disease. Participants were generally 
middle‐aged and elderly. Mean baseline LDL cholesterol 
concentration was 3.8 mmol/L. Treatment with a statin 
for about 5 years, leading to a reduction in LDL choles-
terol of about 1.0 mmol/L, produced highly statistically 
significant relative reductions of about one‐fifth in major 
vascular events (nonfatal myocardial infarction, coronary 
heart disease death, coronary revascularization, or stroke) 
and in the separate outcomes of major coronary events, 
 coronary revascularizations and stroke (Figure  17.19). 
There were also significant reductions in vascular and 
all‐cause mortality. The reduction in stroke risk was 
almost entirely due to a one‐fifth reduction in ischemic 
or unknown type of stroke, with no significant effect 
on  hemorrhagic stroke (see Figure  17.19). The relative 
reduction in major vascular events and its component 
outcomes was similar irrespective of age and gender, 
previous history of coronary heart disease, diabetes or 
hypertension, and baseline concentrations of total, LDL 
or HDL cholesterol, or of triglycerides. Meta‐regression 
analyses found that larger reductions in LDL cholesterol 

It is reasonable to start lower blood pressure between 24 
and 72 hours after an ischemic stroke. If the patient has 
received tissue plasminogen activator (tPA) the blood 
pressure must be maintained below <180 mmHg systolic 
and <105 mmHg diastolic. In hemorrhagic stroke it is rea-
sonable to target <140 mmHg immediately unless ele-
vated intracranial pressure raises concerns about cerebral 
perfusion.
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led to larger reductions in risk of major vascular events 
and its component outcomes, suggesting that adherence 
to a statin regimen producing a 1.5 mmol/L reduction in 
LDL cholesterol would lead to a reduction of about one‐
third in the relative risk of major vascular events 
(Figure 17.20). The full benefits of cholesterol lowering 
with a statin emerged over the first 2–3 years of treat-
ment and continued for each year that treatment was 
continued thereafter [156].

The largest of the RCTs in this meta‐analysis, the Heart 
Protection Study (HPS), included over 20 000 people 
with a history of ischemic heart disease, other arterial 

occlusive disease including stroke or diabetes, rand-
omized to treatment for 5 years with simvastatin 40 mg 
daily or placebo [157]. In subgroup analyses, the relative 
reductions in major vascular events in aggregate (stroke, 
major coronary event, or revascularization), major 
 coronary events, and revascularizations with treatment 
were similar and separately statistically significant in 
those with and without a history of cerebrovascular 
 disease. However, there appeared to be no effect on 
stroke in those with a history of cerebrovascular disease, 
compared with a one‐quarter reduction in stroke in 
those with no such history.
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(45 002)
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(45 054)
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RR (CI)
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0.81 (0.75–0.87)
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0.83 (0.78–0.88)1617 (3.7%)1340 (3.0%)Any stroke

0.79 (0.77–0.81)7994 (17.8%)6354 (14.1%)Any major vascular event

0.76 (0.73–0.80)3434 (7.6%)2620 (5.8%)Any coronary revascularization

2769 (6.2%)

1960 (4.4%)

2001 (4.4%)

1548 (3.4%)

Non fatal MI

CHD death

1.05 (0.78–1.41)

0.81 (0.74–0.89)

99 (0.2%)

1518 (3.4%)

105 (0.2%)

1235 (2.8%)

Hemorrhagic stroke

Presumed ischemic stroke

0.75 (0.69–0.82)

0.79 (0.69–0.90)

0.76 (0.69–0.84)

1006 (2.2%)

658 (1.5%)

1770 (3.9%)

713 (1.6%)

510 (1.1%)

1397 (3.1%)

CABG

PTCA

Unspecified

Effect P < 0.0001

1.0
Statin
better

Placebo
better

0.5 1.5

Figure 17.19 Meta‐analysis of randomized trials of a statin versus placebo: relative reductions in major vascular events per mmol LDL 
cholesterol reduction. Squares represent relative risks (RR) for individual categories, with the size of each square proportional to the 
amount of statistical information in that category. Horizontal lines are 99% confidence intervals. Diamonds represent relative risks for totals 
and subtotals, together with their 95% confidence intervals (width of diamonds). Relative risks (RR) are weighted to represent reduction in 
rate per 1.0 mmol/L LDL cholesterol reduction. CHD, coronary heart disease; CABG, coronary artery bypass graft; MI, myocardial infarction; 
PTCA, percutaneous transluminal angioplasty. Source: Cholesterol Treatment Trialists’ Collaborators 2005 [156]. Reproduced with 
permission of Elsevier.
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In a subsequent RCT, the Stroke Prevention by 
Aggressive Reduction in Cholesterol Levels (SPARCL) 
trial, not included in the meta‐analysis, patients with a 
recent stroke (almost all ischemic) or TIA and no known 
coronary heart disease were randomly assigned to either 
atorvastatin 80 mg daily or placebo for about 5 years. Key 
features and results for the stroke and TIA patients in the 
HPS and SPARCL trials are shown in Table  17.4. Like 
HPS, SPARCL found significant reductions in coronary 
heart disease and major vascular events. Reassuringly, 
in  contrast to HPS, it also found a significant relative 
reduction in stroke of about 15%. The difference between 
HPS and SPARCL in the effects on stroke in patients 
with a history of stroke or TIA could be explained by 
chance, different treatment regimens (larger reduction 
in LDL cholesterol achieved in SPARCL), the recruit-
ment of patients earlier after their event in SPARCL 
(though patients were recruited up to six months after 
randomization, a period of high risk, particularly for 
large‐artery atherosclerosis etiologies of stroke), or a dif-
ferent balance between ischemic and hemorrhagic stroke 
outcomes. Both trials found similar relative reductions 
of about 20% in ischemic stroke, and a 70% or more 
increased relative risk of hemorrhagic stroke, although 
the latter estimates were uncertain because of small 
numbers of events and wide confidence intervals. Both 
trials found relative reductions with a statin of about 20% 

in major vascular events, although they used slightly dif-
ferent definitions for this outcome, with 5‐year absolute 
reductions of about 50 and 70 vascular events per 1000 
patients allocated statin treatment in HPS and SPARCL, 
respectively (see Table 17.4) [158, 159].

A multiple‐treatments meta‐analysis of both placebo‐
controlled and active comparator trials [160] included 
data from SPARCL and HPS for a total of 61 trials and 
over 187 000 patients. The authors aimed to identify the 
impact of individual statins on major cerebrovascular 
events, defined as fatal or nonfatal stroke and TIA. 
Mean follow‐up across studies was 2.7 years, and 28 tri-
als queried the impact of statin as secondary prevention 
on cardiovascular disease while 12 trials investigated 
impact on primary prevention. Thirteen trials enrolled a 
mixed population of primary and secondary prevention, 
8 trials enrolled patients with acute coronary syndrome 
(ACS). Overall, statins provided a relative odds reduc-
tion of 18% compared to placebo without clear differ-
ences among individual drugs (atorvastatin, pravastatin, 
and simvastatin reached significance while fluvastatin, 
lovastatin, and rosuvastatin did not). Statins were also 
shown to be effective in patients with no or preexisting 
cardiovascular disease with relative odds reductions of 
17% and 20%, respectively. Interestingly, for secondary 
prevention, atorvastatin reached significance on an 
individual drug level, whereas in primary prevention 
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Figure 17.20 Relation between relative reduction in incidence of (a) major vascular events and (b) stroke versus mean absolute LDL 
cholesterol reduction at 1 year. Each square represents a single randomized trial of a statin versus placebo plotted against mean absolute 
LDL cholesterol reduction at 1 year, with vertical lines above and below corresponding to one standard error of the unweighted event rate 
reduction. Trials are plotted in order of the magnitude of the difference in LDL cholesterol at 1 year. For each outcome, the regression line 
(which is forced to pass through the origin) represents the weighted event rate reduction per mmol/L LDL cholesterol reduction. Source: 
Cholesterol Treatment Trialists’ Collaborators 2005 [156]. Reproduced with permission of Elsevier.
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atorvastatin and rosuvastatin reached significance. 
Overall, the authors were able to conclude that as a 
class, statins are effective in both primary and second-
ary prevention of stroke in patients with or without car-
diovascular disease. Impact of dosing was not available 
for analysis.

There were lingering questions about statin use and 
increased risk of hemorrhage. A meta‐analysis was per-

formed that included 31 RCTs (including SPARCL and 
HPS) analyzing over 180 000 patients [161]. Most studies 
randomized patients to active treatment with statins ver-
sus placebo and six studies randomized patients to low‐
dose versus high‐dose statin. Median follow‐up time was 
46.8 months. When 30 studies were analyzed (one study, 
CARDS, did not have any hemorrhagic stroke outcomes), 
ICH occurred in 0.39% of patients in the treatment 

Table 17.4 Randomized trials of cholesterol reduction with a statin in patients with a previous stroke or transient ischemic attack (TIA).

Trial SPARCL [159] HPS [157, 158]

Population recruited Adults >18 years with stroke or TIA within the last 
1–6 months, and no known ischemic heart disease. 
Those with hemorrhagic stroke only included if 
considered at high risk of ischemic stroke or ischemic 
heart disease

Adults aged 40–80 years with 
history of ischemic stroke or TIA, 
ischemic heart disease, peripheral 
arterial disease, diabetes, or 
hypertension

Baseline LDL cholesterol 2.6–4.9 mmol/L Baseline total cholesterol >3.5 mmol/L
Treatments compared Atorvastatin 80 mg daily vs. placebo Simvastatin 40 mg daily vs. placebo
Total number of participants 4731 20 536
Number of participants with 
prior stroke or TIA

4731 3280

Baseline characteristicsa

Mean time from stroke/TIA 
to randomization

3 mo 4 yr

Mean age (yr) 63 66
Male :  female (%) 60 : 40 75 : 25
Mean baseline total/LDL 
cholesterol (mmol/L)

5.5/3.4 5.9/3.4

Mean follow‐up (yr)a 4.9 4.8
Mean difference in LDL 
cholesterol between treatment 
groups (placebo‐statin, 
mmol/L)b

1.4 1

Effects on various outcomesb (number and % with each outcome and relative risk for statin vs. placebo)

Atorvastatin 
(n = 2365)

Placebo 
(n = 2366) RR (95% CI)

Simvastatin 
(n = 1645)

Placebo 
(n = 1635) RR (95% CI)

Any stroke 265 (11%) 311 (13%) 0.85 (0.73–0.99) 169 (10%) 170 (10%) 0.99 (0.81–1.21)
Ischemic stroke 218 (9%) 274 (12%) 0.80 (0.67–0.94) 100 (6%) 122 (7%) 0.81 (0.63–1.05)
Hemorrhagic stroke 55 (2%) 33 (1%) 1.7 (1.1–2.6) 21 (1%) 11 (0.7%) 1.9 (0.9–3.9)
Major coronary eventsc 81 (3%) 120 (5%) 0.68 (0.51–0.89) 171 (10%) 218 (13%) 0.78 (0.65 to 0.94)
Major vascular eventsd 530 (22%) 687 (29%) 0.77 (0.74–0.86) 406 (25%) 488 (30%) 0.83 (0.74–0.93)

SPARCL, Stroke Prevention by Aggressive Reduction of Cholesterol Levels study; HPS, Heart Protection Study; RR, relative risk.
a Of patients with prior stroke or TIA.
b In patients with prior stroke or TIA.
c Nonfatal myocardial infarction or coronary death.
d Stroke, major coronary event, revascularization, emergency hospitalization for coronary ischemia, or clinically significant peripheral arterial 
disease in the SPARCL trial; stroke, major coronary event or revascularization in the HPS.
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groups and 0.35% of patients in the control group with-
out significant difference. Sensitivity studies did not 
reveal any associations between active treatment and 
ICH. Odds reduction of all types of stroke was 20% and 
significant, and odds reduction of all‐cause mortality 
was 8% and significant. There was no significant 
increased risk of ICH (odds ratio [OR] 1.08) with statin 
use, with degree of LDL reduction, or with achieved LDL 
level. When patients were stratified by type of preven-
tion (primary vs. secondary), there was a nonsignificant 
trend toward increased risk of ICH among patients tak-
ing statins for secondary prevention. The authors con-
cluded that the trend toward negligible increase in ICH 
risk was superseded by reduction in all stroke types and 
all‐cause mortality. They also noted that in most cases 
ICH was not more specifically defined as hemorrhagic 
stroke, subdural or epidural hemorrhages, or transfor-
mation of ischemic stroke.

17.4.3 Other benefits of cholesterol 
reduction with a statin

There have been several RCTs evaluating the effect of 
statins on the progression of carotid atheroma. Meta‐
analysis found that with each 10% reduction in LDL cho-
lesterol there was a 0.7% reduction in carotid intima media 
thickness annually [162]. Although it is plausible that 
cholesterol reduction may prevent vascular dementia as 
well as ischemic stroke, the Heart Protection Study found 
no difference between simvastatin and placebo in the pro-
portions of participants developing cognitive impairment 
[157], and other RCTs have not reported on this outcome. 
There is some evidence that the effects of statins may be 
mediated through their anti‐inflammatory properties as 
well as cholesterol lowering. Substudies within two trials 
of more versus less intensive lipid‐lowering statin regi-
mens in patients with ischemic heart disease showed 
that more intensive regimens reduced C‐reactive protein 
levels as well as LDL cholesterol, and that these effects 
were independently associated with better clinical 
 outcomes [163, 164].

17.4.4 Adverse effects of cholesterol‐
lowering treatments

Earlier fears that cholesterol lowering may be associated 
with an increased risk of suicide and cancer have now 
been allayed by large systematic reviews of RCTs [148, 
156]. However, there are some other rare but clinically 
important adverse effects of statins: rhabdomyolysis, 
liver failure from hepatitis, and peripheral neuropathy.

Muscle problems
Neither systematic reviews of RCTs nor the subsequent 
SPARCL trial found any significant excess of rhabdomy-
olysis with a statin versus placebo (9 patients allocated a 
statin vs. 6 allocated placebo in the systematic review, 2 
allocated atorvastatin vs. 3 placebo in SPARCL) [156, 
159]. There was no significant excess of raised serum 
creatine kinase activity [148, 159]. A cohort study in the 
United States found that the incidence of rhabdomy-
olysis in those taking simvastatin, pravastatin, or atorv-
astatin monotherapy was 0.5 per 10 000 person‐years 
compared with none in those unexposed to statins or 
fibrates. The incidence was higher in those taking ceriv-
astatin or a fibrate, and was increased substantially by 
combined statin–fibrate use, such that the combination 
of cerivastatin and a fibrate conferred a risk of about 1 in 
10 treated people per year [165]. Cerivastatin was not 
one of the statins assessed in the RCTs included in the 
systematic reviews and has now been withdrawn from 
the market [166]. The risk of rhabdomyolysis is also 
increased when statins metabolized by cytochrome 
P450  (simvastatin and atorvastatin) are combined with 
inhibitors of this enzyme (such as “azole” antifungal 
agents, HIV protease inhibitors, amiodarone, verapamil, 
diltiazem, and grapefruit juice), and it is important to 
consider this possibility when prescribing them.

Liver problems
The US Food and Drug Administration reported a rate of 
liver failure attributable to statins of one per million per-
son‐years of use, but there were no cases of liver failure 
reported in the RCTs, and a very small excess (0.2%) of 
raised liver enzymes in those allocated a statin compared 
with placebo [148, 157, 159]. However, it is generally rec-
ommended to check liver enzymes about 6–8 weeks 
after starting a statin medication.

Peripheral neuropathy
Case–control studies have found users of statins to have 
an increased risk of developing polyneuropathy of at 
least 2.5 times the background population risk, with a 
substantial increase in this risk after prolonged treat-
ment. Assuming the background population risk of 
 idiopathic polyneuropathy to be about one per 10 000 

There is very good evidence for routinely considering the 
use of prolonged statin treatment to lower cholesterol 
levels in all patients at high risk of any type of major vas-
cular event, including those with a prior ischemic stroke 
or transient ischemic attack, and irrespective of the base-
line cholesterol concentration. Treating 1000 people 
with a prior ischemic stroke or transient ischemic attack 
for 5 years with a statin will lead to the avoidance of over 
50 major vascular events. There does not appear to be a 
significant hemorrhagic risk to statin therapy and there-
fore aggressive LDL reduction is recommended.
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person‐years, this implies an excess absolute risk of at 
least 2.5 per 10 000 person‐years. However, no signifi-
cant excess of peripheral neuropathy was reported in the 
largest of the statin trials [167, 168].

Summary
These data are generally very reassuring. With the excep-
tion of the SPARCL trial, the large trials assessed statin 
doses equivalent to simvastatin 40 mg or less, but safety 
data from trials comparing intensive versus moderate 
cholesterol‐lowering statin regimens are also generally 
reassuring about higher statin doses as well (Section 17.4.6). 
However, it is important to remember that the RCTs gen-
erally screened for and excluded individuals with raised 
liver enzymes, raised creatinine kinase or impaired renal 
function, and the largest trial had a several‐week prerand-
omization run‐in period that included a period of active 
treatment, designed to identify and exclude those unlikely 
to continue to take allocated treatment for several years. 
Their results on adverse effects should be interpreted in 
this context, since patients developing early adverse effects 
or considered to be at risk of adverse effects were not 
randomized [157].

17.4.5 Who to treat and who not to treat

The specific evidence for patients with a prior stroke or 
TIA from the HPS and the SPARCL trial, and the sys-
tematic reviews of RCTs of a statin versus placebo in a 
wide range of individuals at increased risk of major vas-
cular events, suggests that cholesterol lowering with a 
statin should be considered in everyone with a history of 
an ischemic cerebrovascular event.

Subgroup analyses suggest that the effects of lowering 
cholesterol are similar regardless of the baseline choles-
terol or LDL cholesterol level. Participants in HPS had a 
nonfasting baseline cholesterol level of >3.5 mmol/L and 
those in SPARCL an LDL cholesterol of >2.6 mmol/L 
[157, 159]. It is not routine to prescribe a statin for 
patients with a history of ICH but no ischemic vascular 
events, since only very few such patients were included 
in the RCTs. Furthermore, these patients are at higher 
risk of a subsequent ICH than those with a prior ischemic 
cerebrovascular event (Section 17.2.4). For patients with 

a history of ICH who are also considered to be at par-
ticularly high risk of future ischemic stroke or coronary 
events, it is probably reasonable to prescribe a statin. 
For patients with suspected or known cerebral amyloid 
angiopathy with concomitant history of or risk of 
ischemic stroke or coronary artery disease, it is reason-
able to maintain statin therapy and consider a reduced 
dose. RCTs of statins likely included these patients, 
although they have not been separately enumerated, and 
direct evidence in this group of patients is not available.

The mean age of the participants in the statin trials 
was about 60, and there were relatively few very elderly 
(over 80 years). However, subgroup analyses found no 
evidence that the relative effects of treatment were influ-
enced by age [156]. Furthermore, an observational study 
of statin use in routine clinical practice in Scotland found 
that although the patients treated with statins in the pop-
ulation under study were older on average than the trial 
participants, their overall effects were similar to those 
found in the trials [169]. Thus, old age per se should not 
be a barrier to treatment with a statin, but the possible 
problems of polypharmacy should always be considered, 
especially in older patients (Section 17.18.2).

17.4.6 Lower limits of treatment and which 
statin regimen to use

The indirect evidence from the RCTs suggests that 
greater benefits are conferred by larger reductions in 
LDL cholesterol (Section  17.4.2 and Figure  17.20). 
Furthermore, recent RCTs directly comparing intensive 
with moderate lipid‐lowering statin regimens suggest 
that more intensive regimens achieve significantly 
greater reductions in LDL cholesterol, reduce progres-
sion of coronary artery atherosclerosis, and reduce the 
risks of major vascular events including stroke [170–
173]. The two largest of these trials between them 
included almost 20 000 patients and found no significant 
difference between atorvastatin 80 mg daily and atorvas-
tatin 10 mg or simvastatin 20 mg daily in the risks of 
death, cancer, violent or traumatic death, rhabdomyoly-
sis, or myopathy. In both trials there was a small (no 
more than 1%) absolute increase in the risk of persis-
tently raised transaminases with the higher dose of ator-
vastatin but no cases of liver failure were reported [171, 
173]. One of the trials found a slight excess of myalgia 
and gastrointestinal symptoms with the higher dose of 
atorvastatin [173]. The Study of the Effectiveness of 
Additional Reductions in Cholesterol and Homocysteine 
(SEARCH) trial of 12 000 patients with ischemic heart 
disease randomized to 80 mg versus 20 mg daily simvas-
tatin for 5 years did lead to increased myopathy in the 
higher dose group. Sometimes, patients who are unable 
to tolerate one particular statin can tolerate another, and 

Cholesterol‐lowering treatments do not increase the 
risks of cancer or suicide, and serious adverse effects of 
statin monotherapy (such as rhabdomyolysis or liver fail-
ure) are extremely rare. However, the combination of a 
statin with a fibrate substantially increases the risk of 
rhabdomyolysis and should be avoided or used only 
with extreme caution.
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it is reasonable to use alternative statins to simvastatin or 
atorvastatin if necessary. Approximate equivalent doses 
to simvastatin 40 mg (in terms of LDL cholesterol‐lower-
ing effect) of other statins are shown in Table 17.5 [148].

The recommended statin regimen is based upon the 
SPARCL study of atorvastatin 80 mg daily. In keeping 
with the indirect and direct comparisons between differ-
ent statin regimens, we would expect atorvastatin 80 mg 
to produce a larger relative reduction in cholesterol, LDL 
cholesterol, and clinical outcomes than simvastatin 
40  mg, which was used the HPS study. The treatment 
strategy of targeting a specific LDL cholesterol level (<70 
mg/dL vs. <100 mg/dL) is being studied in the ongoing 
Treat Stroke to Target trial. The post‐hoc analysis of the 
SPARCL trial found a 28% risk reduction in future stroke 
in subjects with <70 mg/dL and ≥50% reduction of initial 
LDL cholesterol resulted in a significant 35% reduction 
in stroke [174]. There was no increased risk of hemor-
rhage in this post‐hoc analysis. However, since this out-
come was not directly studied, the results should be 
interpreted with caution.

17.4.7 When to initiate treatment

Impressive reductions in ischemic vascular events, 
including stroke, have been reported with the use of 
statins within the first few days of an ACS, suggesting that 
early use after cerebrovascular events may also be benefi-
cial [175]. However, there is no specific evidence from 
RCTs for the use of statins in the very early period after an 
ischemic stroke or TIA. There is currently no reason to 
suppose that the potential adverse effects of statin treat-
ment should be any greater early after an ischemic stroke 
or TIA, while the high absolute risk of recurrence at this 
time should make the absolute benefits of treatment 

greater. We tend to start treatment with a statin as soon 
as the diagnosis is made of an ischemic stroke or TIA.

17.4.8 The role of nonstatin  
lipid‐lowering drugs

Because the evidence for statins is more extensive and 
compelling than for other lipid‐lowering drugs, these 
should generally be the first choice of lipid‐lowering 
agent. For patients with very abnormal lipid profiles (very 
high cholesterol, triglycerides, or both) which respond 
insufficiently to maximum statin dose, other lipid‐lower-
ing drugs such as anion‐exchange resins (which prevent 
reabsorption of bile acids, so increasing clearance of LDL 
cholesterol), ezetimibe (which inhibits the intestinal 
absorption of cholesterol), or fibrates (which act by 
increasing high‐density lipoprotein [HDL] and reducing 
triglyceride concentration) may be used in addition. This 
is generally best done under the supervision of a lipid spe-
cialist. For patients unable to tolerate a statin, and despite 
the lack of evidence from RCTs for a reduction in stroke, 
and the absence of large RCTs specifically in patients with 
a prior stroke or TIA, it seems reasonable to use an alter-
native drug to try to lower the LDL cholesterol concen-
tration to some extent, since this seems very likely to 
reduce the risk of future vascular events.

A systematic review and meta‐analysis queried the 
impact of fibrates on cardiovascular outcomes [176]. 
Fibrates increase HDL (main action), and decrease trigyl-
cerides, LDL, and chylomicron remnants. The studies 
included in the review spanned across decades; all were 
prospective RCTs examining fibrates versus placebo and 
cardiovascular outcomes. Eighteen trials with over 45 000 
patients were reviewed. The quality of earlier studies 
could not be assessed or were assigned low quality scores 
due to the available reported information. The outcomes 
assessed included major cardiovascular events, coronary 
events, stroke, heart failure, coronary revascularization, 
all‐cause mortality and specific causes of death, albumi-
nuria, and drug‐related adverse effects. Several different 
fibrates were used. Many of the analyses had to be per-
formed on smaller clusters of trials. Secondary preven-
tion of cardiovascular outcomes including stroke was 
a  goal in 11 of the studies. Results included a 10% 
risk  reduction for major cardiovascular events (5 trials 
studied), 13% risk reduction of coronary events (16 trials 

Table 17.5 Approximate equivalent doses to simvastatin 40 mg 
daily (in terms of LDL cholesterol‐lowering effect) of various other 
statins.

Statin regimen
Absolute (%) reduction in 
LDL cholesterol in mmol/La

Simvastatin 40 mg daily 1.8 (37%)
Rosuvastatin 5 mg daily 1.8 (38%)
Atorvastatin 10 mg daily 1.8 (37%)
Lovastatin 40 mg daily 1.8 (37%)
Fluvastatin 80 mg daily 1.6 (33%)
Pravastatin 80 mg daily 1.6 (33%)

a Standardized to pretreatment serum LDL cholesterol concentration 
of 4.8 mmol/L. Summary estimates from 164 randomized placebo‐
controlled trials of statin vs. placebo in 38 000 people.
Data from Law et al. 2003 [148].

All patients with a prior ischemic stroke or transient 
ischemic attack should be considered for treatment with 
a statin. Both simvastatin 40 mg daily and atorvastatin 
80 mg daily have been shown to be beneficial in these 
patients. We generally start treatment as soon as the 
diagnosis is made.
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studied), and a 14% reduced risk of progression of albu-
minuria. There was no benefit in stroke risk reduction. 
There were no drug‐related adverse events except for 
increased serum creatinine. The authors concluded that 
in select high‐risk patients with cardiovascular risk fac-
tors optimized with other interventions (such as statins), 
the addition of fibrate therapy could offer a beneficial 
component of additive risk reduction mostly mediated by 
a reduction of coronary events.

Another meta‐analysis queried 64 RCTs with nearly 
200 000 patients did not find an association of reduced 
triglyceride levels and risk of stroke and/or carotid intima 
and media thickness [177]. Similarly, a 2010 meta‐analy-
sis also found that reduction in total and nonfatal stroke 
risk occurred as a consequence of actively managing 
cholesterol levels as well as the degree of cholesterol 
change [178]. Statins as an intervention offered a statisti-
cally significant benefit owing to this cholesterol reduc-
tion (and in particular LDL reduction), whereas other 
interventions including fibrates did not reach a statisti-
cally significant effect. Moreover, this study did not find 
an association between changes in serum HDL or tri-
glycerides. Subsequently, a randomized trial by the AIM‐
HIGH investigators randomized participants receiving 
simvastatin for cholesterol management to either pla-
cebo or extended‐release niacin [179]. Ezetimibe could 
be used as necessary in either group. The trial was 
stopped early due to lack of efficacy. Interestingly, in the 
niacin group, despite pronounced rise in serum levels of 
HDL (from 35 to 42 mg/dL) and decrease in triglycerides 
(164 to 122 mg/dL) and LDL (from 72 to 64 mg/dL), 
there was no impact on the study’s primary outcome of 
the first fatal coronary heart disease, nonfatal myocardial 
infarction, ischemic stroke, and the need for coronary or 
cerebral artery revascularization. Of interest, more 
patients in the niacin group had an ischemic stroke than 
in the placebo group as the first event within the com-
posite outcome. When all strokes were considered there 
was a nonsignificant trend to more events in the niacin 
group: 29 versus 18 (HR 1.61). In the absence of addi-
tional study data it is difficult to draw conclusions as to 
any potential association with niacin. In addition, signifi-
cantly more patients in the placebo group received 
ezetimibe compared to the niacin group (21.5% vs. 9%) 
and it is similarly difficult to draw conclusions regarding 
confounding of any potential noncholesterol‐reducing 
feature of the drug since the niacin group clearly saw 
reductions in cholesterol levels.

Newer therapies include injected monoclonal antibod-
ies as inhibitors against proprotein convertase subtilisin 
kexin type 9 (PCSK9) and markedly reduce serum LDL 
levels in patients already receiving statins. PCSK9 
degrades LDL receptors in the liver, leaving excess LDL 
in the serum. Inhibiting this process therefore reduces 

serum LDL levels. The FOURIER RCT studied evo-
locumab and its ability to reduce a composite of cardio-
vascular outcomes and demonstrated a nearly 60% 
reduction in serum LDL levels in patients receiving the 
drug and reduced risk of cardiovascular outcomes with a 
hazard ratio of 0.85 (95% CI 0.73–0.88, P < 0.001) [180].

Overall, the role of statins in primary and secondary 
prevention of ischemic stroke is supported by a large 
body of evidence. Statins are thought to have additional, 
noncholesterol‐lowering anti‐inflammatory and throm-
bolytic properties as well. There is some evidence for 
select use of fibrates in patients with maximally medi-
cally managed and high‐risk cardiovascular disorders for 
whom any incremental cholesterol reduction will be 
important. There is no clear evidence advocating for the 
routine use of niacin, and the slight trend for increased 
ischemic stroke risk in the AIM‐HIGH study warrants 
further investigation [179].

17.5  Antiplatelet drugs

Platelets are involved in the pathophysiology not just of 
acute thrombosis in arteries and veins, but probably also 
in the process of atherogenesis itself (Section  6.3). 
Therefore, antiplatelet drugs should, in theory, reduce 
the risk not only of ischemic stroke but also of myocar-
dial infarction and other serious thrombotic events in 
both arteries and veins, such as intracranial venous 
thrombosis and pulmonary emboli. Their most impor-
tant potential adverse effect is bleeding, most impor-
tantly intracranial hemorrhage because it is so frequently 
fatal or disabling, and serious extracranial hemorrhage 
(mainly from the gastrointestinal tract) leading to hospi-
tal admission and sometimes requiring blood transfu-
sion or surgery. Therefore, probably the best outcome 
to assess the overall benefits of antiplatelet treatment is 
the composite outcome of “stroke, myocardial infarction 
and vascular death” (whichever occurs first), which we 
will refer to as “serious vascular events.” This outcome 
includes not only the serious ischemic events that anti-
platelet treatment should prevent, but also the most 
important potential adverse effects, all intracranial as 
well as fatal extracranial hemorrhages. Because the num-
ber of events is greater, this composite outcome also pro-
vides more statistical power, and therefore precision, in 
estimating treatment effect than any of the individual 
components. However, if the number of outcome events 
is sufficient, it is not unreasonable to explore treatment 
effects on individual outcomes, such as stroke or myo-
cardial infarction separately [181]. There is also increas-
ing interest in whether aspirin might reduce the risk of 
progressive cognitive impairment and vascular dementia 
in high‐risk subjects [182].
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Historically, the most comprehensive evidence for the 
role of antiplatelet treatment in the prevention of serious 
vascular events in patients at high risk of vascular disease 
(including those with a previous ischemic stroke or TIA) 
is the systematic review of RCTs by the Antithrombotic 
Trialists’ Collaboration (ATT) [183]. This group has per-
formed a meta‐analysis of RCTs investigating the degree 
of benefit among patients receiving aspirin for primary 
prevention versus secondary prevention.

17.5.1 Antiplatelet treatment for long‐term 
secondary prevention of serious vascular 
events

Evidence from RCTs of immediate antiplatelet treatment 
(mainly aspirin 160–300 mg daily) in over 40 000 patients 
with acute ischemic stroke, largely randomized within 48 
hours of onset into one of two large trials, has shown a 
clear net benefit [183–185]. This has been discussed in 
detail in Section 13.3.

Benefits in a wide range of high‐risk patients
The initial ATT overview included more than 140 000 
patients at high risk of vascular disease in 195 RCTs com-
paring an antiplatelet regimen (mostly aspirin) with pla-
cebo or open control. Antiplatelet treatment produced a 
highly significant relative reduction of about one‐quarter 

in the risk of a serious vascular event among all types of 
high‐risk patient, excluding those with acute ischemic 
stroke for whom the relative reduction was somewhat 
smaller. The relative effects were similar, regardless of 
whether the patients had a prior ischemic stroke or TIA, 
a prior or acute myocardial infarction, stable or unstable 
angina, peripheral arterial disease, atrial fibrillation, or 
some other high‐risk condition (Figure  17.21) [183]. 
In  addition, previous analyses found that the relative 
reduction in vascular events was similar in males and 
females, patients with and without diabetes, older patients 
and younger patients, and in patients with and without 
hypertension [186].

The subsequent meta‐analysis by the ATT used 
patient‐level data from RCTs to investigate primary 
risk reduction of serious vascular events by aspirin 
against the risk of harm due to intracranial or serious 
extracranial hemorrhage in patients without diabetes 
[187]. In addition, the results were compared to the 
same values calculated in patients enrolled in trials for 
secondary prevention. Six primary prevention trials 
were used in the analysis amounting to 660 000 per-
son‐years of data. There was a 12% proportional reduc-
tion in serious vascular events in the aspirin group, 
though the absolute risk reduction was small (0.51% vs. 
0.57% risk of serious vascular events per year). Much 
of  the risk reduction was driven by the lower rate of 
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Figure 17.21 Meta‐analysis of randomized trials of antiplatelet drugs versus placebo or open control, showing proportional effects on 
vascular events (myocardial infarction, stroke, or vascular death) in five main high‐risk categories. Stratified ratio of odds of an event in 
treatment groups to that in control groups is plotted for each group of trials (purple square) along with its 99% confidence interval 
(horizontal line) (CI). Meta‐analysis of results for all trials (and 95% confidence interval) is represented by open diamonds. Adjusted control 
totals have been calculated after converting any unevenly randomized trials to even ones by counting control groups more than once, 
but other statistical calculations are based on actual numbers from individual trials. SE, standard error. Source: Antithrombotic Trialists’ 
Collaboration 2002 [183]. Reproduced with permission of BMJ Publishing.
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myocardial infarction (0.18% vs. 0.23% per year). The 
net effect of aspirin with regard to stroke was not sig-
nificant. There was a nonsignificant increase in rate 
of hemorrhagic stroke (0.04% vs. 0.03%, P = 0.05). The 
authors did not find any difference in vascular mortal-
ity. However, there was a significantly increased rate 
of  extracranial (mostly gastrointestinal) hemorrhage 
(0.10% vs. 0.07% per year). Of note, patient character-
istics such as age, sex, blood pressure, and smoking 
were used to categorize patients into very low risk of 
coronary heart disease over 5 years (<2.5%), low risk 
(2.5–5%), moderate risk (5–10%), and high risk (>10%). 
Since not all the trials had data extending to or beyond 
5 years, rates were calculated to estimate numbers for 
the trials lacking long‐term outcomes, provided the 
initial event rates remained unchanged. The analyses 
did not find any differences in risk based on sex or risk 
category outlined above, though it is important to 
note the limitations of estimated event rates in shorter 
trials, as well as fewer events overall in the high‐risk 
group when interpreting these results. The main pre-
dictor for risk was age in this analysis.

For secondary cardiovascular prevention with aspirin, 
a similar analysis was performed using 16 trials. Six trials 
enrolled patients with previous myocardial infarction, 
and 10 trials enrolled patients with a history of stroke or 
TIA. There was a significant decrease in the rate of seri-
ous vascular events (6.7% vs. 8.2% per year) in the aspirin 
group. There was a significant decrease in all stroke 
(2.08% vs. 2.54% per year) and coronary events (4.3% vs. 
5.3% per year) and a nonsignificant increase in risk of 
hemorrhagic stroke in the aspirin group.

Overall, the authors of the ATT meta‐analysis con-
cluded that aspirin did offer risk reduction in primary 
prevention and was associated with a statistically signifi-
cant increased risk of hemorrhage. However, counter-
arguments to this conclusion include the fact that the 
first ATT analysis presented data for men and women 
separately, whereas the reanalysis from 2009 did not, and 
that many of the investigated outcomes have separate 
incidences based on sex which may alter the risk/benefit 
ratios upon analyzing both sexes together [188]. Aspirin 
was demonstrated again to be an effective secondary 
prevention medication for cardiovascular events without 
significantly increased risk of hemorrhagic stroke (see 
Figures 17.21 and 17.22) [187]. The risk of gastrointesti-
nal bleeding increases with combination antiplatelet 
treatment (Section 17.5.5), age, prior history of gastroin-
testinal bleeding or peptic ulcer, and concurrent use of 
nonsteroidal anti‐inflammatory drugs or cyclooxyge-
nase‐2 inhibitors [189, 190]. Infection with Helicobacter 
pylori also increases the bleeding risk, but this is greatly 
reduced when the infection is cleared [191]. It has been 
suggested that the risk of bleeding should be minimized 
by the use of a proton‐pump inhibitor and Helicobacter 
pylori eradication in all patients receiving aspirin who 
have risk factors for gastrointestinal bleeding (including 
all those receiving dual antiplatelet treatment) [190]. 
However, this advice is not based on evidence from ran-
domized trials with clinically meaningful outcomes and, 
while it is always worth considering gastric protection in 
patients considered to be at high risk of gastrointestinal 
bleeding, it is not routine to prescribe proton‐pump 
inhibitors to patients on aspirin.
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Figure 17.22 Meta‐analysis showing 
absolute effects of antiplatelet drugs on 
various outcomes in patients with 
previous stroke or transient ischemic 
attack (21 randomized trials, mean 
treatment duration 3 years). Adjusted 
control totals have been calculated after 
converting any unevenly randomized 
trials to even ones by counting control 
groups more than once. In the “any death” 
column, nonvascular deaths are 
represented by the lower horizontal line 
(and may be calculated by subtracting 
vascular deaths from any deaths). SE, 
standard error. Source: Antithrombotic 
Trialists’ Collaboration 2002 [183]. 
Reproduced with permission of BMJ 
Publishing.



17 Preventing recurrent stroke778

Benefits in patients with atrial fibrillation
Atrial fibrillation increases the risk of vascular events, 
particularly cardioembolic ischemic stroke in patients 
who have already had an ischemic stroke or TIA, and 
systemic emboli (Section 17.6.2). Numerous RCTs have 
assessed the effects of antiplatelet treatment (mainly 
aspirin, in a daily dose varying between 75 mg and 325 
mg) in patients with atrial fibrillation.

The relative risk reduction in a meta‐analysis found 
a  21% reduction using aspirin compared to placebo 
(0–38%) for patients with atrial fibrillation [192]. 
However, patients with atrial fibrillation and a history 
of ischemic stroke or TIA warrant the use of oral antico-
agulants. The effects of anticoagulants compared with 
control and with antiplatelet treatment are discussed 
in Section 17.6.2, but suffice it to say that an antiplate-
let alone or in combination is less effective than antico-
agulation and associated with a higher bleeding risks 
when used in combination [193]. Restoration and main-
tenance of sinus rhythm or left atrial occlusion as a fur-
ther means of avoiding the need for anticoagulation is 
discussed in Section 17.10.1.

Benefits in patients with other cardioembolic 
risk conditions
The first ATT overview analyses suggested that patients 
with a potential cardiac source of embolism other than 
atrial fibrillation – including mitral valve (leaflet) pro-
lapse, isolated aortic stenosis, mitral annulus calcifica-
tion, cardiac failure and bioprosthetic heart valve – may 
also benefit from antiplatelet drugs [183]. Examples of 
situations where the risks of anticoagulants probably 
outweigh their benefits, making antiplatelet treatment a 
more appropriate choice, include patients with mitral 
leaflet prolapse who have had an ischemic stroke or TIA 
with no other obvious cause, patients with aortic valve 
disease and no other indication for anticoagulation, and 
long‐term primary preventive treatment in patients with 
a bioprosthetic heart valve who do not have atrial fibril-
lation [194].

Arterial dissections
Historical practice in patients who have an ischemic 
stroke from a carotid or vertebral artery dissection has 
been to anticoagulate with heparin bridged to warfarin. 
However, that practice is changing based on evidence 
that the rate of recurrence is low and there is equivalent 

protection with aspirin compared to warfarin in this dis-
ease. The CADISS (cervical artery dissection) trial was a 
randomized trial of antiplatelet drug versus anticoagula-
tion in 250 subjects for three months which found a 2% 
stroke recurrence rate across all subjects. Stroke or death 
was 2% of the antiplatelet group compared to 1% of the 
anticoagulated subjects (OR 0.335, 95% CI 0.006–4.233; 
P = 0.63) [195].

Aortic arch atheroma
Autopsy provides evidence that among 500 consecutive 
patients, ulcerated aortic plaques were more common in 
those with cerebrovascular disease. After adjustment for 
other known risk factors, in patients with cerebrovascu-
lar disease aortic arch pathology was found in 57% of 
cryptogenic stroke subtypes compared to 20.2% (OR 5.7, 
P < 0.001) [196]. Plaque size ≥4 mm was an independent 
risk factor for recurrent stroke in prospective cohorts. 
The ARCH (aortic arch‐related cerebral hazard) trial 
was a randomized trial comparing aspirin with clopi-
dogrel to warfarin therapy dose adjusted to international 
normalized ratio (INR) 2–3 as secondary prevention of 
cerebrovascular events and death. There was no differ-
ence in outcome events: 7.6% in the dual antiplatelet 
group versus 11.3% for warfarin (P = 0.2) [197]. The trial 
was not sufficiently powered to detect a difference; 
however, there is no strong evidence that suggests anti-
platelet regimens are inferior to warfarin for stroke pre-
vention. Surgery is not recommended for treatment of 
aortic arch atheroma.

People without symptomatic vascular disease
Although the benefits of aspirin (or some other anti-
platelet regimen) have been unequivocally demon-
strated to outweigh the risks in high‐risk patients with 
clinically evident vascular disease, predicting the bene-
fits and hazards of aspirin in someone without known 
arterial disease is far less straightforward. There have 
been six RCTs in the primary prevention of vascular 
events in a total of almost 100 000 asymptomatic indi-
viduals. Although a meta‐analysis of these demonstrated 
a statistically significant 12% relative reduction in vas-
cular events, the risk of a serious vascular event in the 
untreated groups was only five or six per 1000 per year, 
despite a deliberate policy in several of the trials to 
recruit high‐risk asymptomatic individuals. The abso-
lute reduction in risk was therefore small, only about 
three or four vascular events per 1000 people treated for 
about 6 years (i.e. less than one event prevented per 
1000 per year). Against this, one  must consider the 
increased risk of major bleeding, which, although small, 
was similar in magnitude to the absolute benefit. Further 
uncertainty arises from the fact that the apparent reduc-
tion in vascular events appeared to be due to a reduction 

Patients at high risk of serious vascular events (prior 
ischemic stroke or transient ischemic attacks) should 
receive long‐term antiplatelet treatment, unless there 
are clear contraindications to antithrombotic treatment, 
or clear indications for anticoagulant use.
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in stroke risk in women, with no effect on myocardial 
infarction, and a reduction in myocardial infarction risk 
in men, with no effect on stroke [198]. This contrasts 
with the consistent effects in  men and women and in 
other subgroups in high‐risk patients, and the explana-
tion for the discrepancy is uncertain [183, 198, 199].

Thus, the unselective use of aspirin in individuals 
without symptomatic vascular disease could cause harm 
to healthy individuals, and we do not recommend this 
[200]. However, aspirin may be appropriate for some 
asymptomatic individuals estimated to be at substan-
tially increased risk of vascular events; for example, 
most people with asymptomatic carotid stenosis, many 
of whom have many other vascular risk factors and/or 
symptoms of vascular disease elsewhere in the arterial 
tree. For the most part, further evidence from ongoing 
RCTs is needed to allow the reliable identification of 
apparently healthy people who would gain net benefit 
from aspirin [201].

Effects on dementia and cognitive function
By reducing the incidence of stroke, antiplatelet treat-
ment should reduce the frequency and severity of vascu-
lar dementia, although there is no direct evidence from 
RCTs [183]. Previously, a systematic review of observa-
tional studies suggested that aspirin and other nonsteroi-
dal anti‐inflammatory drugs could reduce dementia 
[202]. In addition, a small substudy from the Thrombosis 
Prevention Trial of aspirin, warfarin or both in the pri-
mary prevention of vascular events reported that men at 
risk of vascular events who were allocated to antithrom-
botic therapy had greater verbal fluency and mental flex-
ibility [203]. However, an RCT of randomized patients 
with vascular risk factors to 5 years of enteric coated 
aspirin (100 mg daily) to placebo and conducted initial 
and follow‐up cognitive testing at 5 years did not show 
benefit in the intention‐to‐treat analysis. Of the over 
3000 participants who were enrolled, more than 1000 
participants were lost to follow‐up, thus limiting the 
strength of the study conclusions. The profile of those 
lost to follow‐up included mostly older men with higher 
risk factors [204].

17.5.2 Who not to treat

Patients with recent gastrointestinal bleeding (hematem-
esis or melena), with symptoms suggestive of active pep-
tic ulceration, or with other recent major bleeding should 
probably not receive antiplatelet drugs. Those with a 
definite allergy to aspirin or another antiplatelet drug 
should obviously avoid it and use an alternative wherever 
possible. And those with neutropenia or thrombocyto-
penia should avoid the thienopyridine antiplatelet drugs 
(Section 17.5.5).

Since antiplatelet drugs increase the risk of intracranial 
hemorrhage, it seems illogical to give them to somebody 
with a spontaneous or traumatic ICH. Although a sys-
tematic review of RCTs suggested there was no definite 
harm from giving antithrombotic treatment to patients 
with ICH, the data were very limited, and we therefore 
avoid it in patients with an acute ICH [205]. A patient 
with cerebral amyloid angiopathy as the cause of their 
hemorrhage should avoid antithrombotic medications. 
Although patients with an ICH have about twice the risk 
of further ICH than of ischemic stroke (Section 17.2.4), 
some may have a clear indication for aspirin, such as 
ischemic heart disease or a previous ischemic stroke. In 
an observational study of survivors of ICH, antiplatelet 
treatment was prescribed in 22%, most commonly for the 
prevention of ischemic heart disease. Reassuringly, this 
was not associated with an increased risk of further ICH, 
although the numbers of events were very small, making 
the estimates of risk imprecise [206].

Despite the lack of direct evidence from RCTs, it 
seems reasonable to us to use antiplatelet treatment for 
secondary prevention in patients who have had an ICH 
but only if they are at high risk of future ischemic vascu-
lar events [207].

17.5.3 Aspirin

Aspirin was by far the most widely studied antiplatelet 
drug in the initial ATT overview and the only antiplatelet 
drug in the second ATT meta‐analysis. It irreversibly 
inhibits the enzyme cyclooxygenase, therefore inhibiting 
the production of prostaglandin H2 from arachidonic 
acid. Prostaglandin H2 is metabolized in platelets to the 
platelet agonist thromboxane A2 (Figure 17.23) [208].

Benefits
Among almost 60 000 high‐risk patients, excluding those 
with acute ischemic stroke, aspirin alone reduced the 
odds of a serious vascular event by about one‐quarter. 
Almost 10 000 of these patients (in 11 randomized trials) 
had a prior ischemic stroke or TIA. In these patients, 
aspirin significantly reduced the relative odds of a seri-
ous vascular event by 17%, corresponding to an absolute 
risk reduction of 30 per 1000 over about 3 years (i.e. sim-
ilar to the result for antiplatelet treatment in general – see 
Section 17.5.1).

Benefits of different doses of aspirin
Controversy has surrounded the most appropriate dose 
of aspirin, with arguments for daily doses as low as 30 mg 
to as high as 1500 mg [209–211]. There are theoretical 
reasons to suggest that lower doses might in fact provide 
greater net benefit than higher doses:
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 ● First, although not of proven relevance in humans, it 
has been argued that lower doses should inhibit the 
production of thromboxane A2 by platelets, without 
much affecting the production of prostacyclin (a plate-
let antiaggregant and vasodilator) by endothelial cells, 
which, unlike platelets, have the biosynthetic machin-
ery to regenerate supplies of cyclooxygenase. A single 
oral dose of 100 mg is enough to almost completely 
suppress thromboxane A2 production in humans. 
Because of the irreversible nature of aspirin’s inhibi-
tion of platelet cyclooxygenase, daily doses as low as 
30–50 mg have a cumulative inhibitory effect and 
result in virtually complete suppression of thrombox-
ane A2 biosynthesis after 7–10 days [208, 212].

 ● Second, because inhibition of cyclooxygenase by aspi-
rin also inhibits the production of prostaglandins that 
protect the gastrointestinal mucosa, lower doses of 
aspirin might produce a smaller excess of bleeding, at 
least from the gastrointestinal tract.

 ● Third, even if the risk of major hemorrhage does not 
depend on the dose of aspirin, any reduction in minor 
adverse effects with lower doses would improve toler-
ability and compliance, and so effectiveness, particu-
larly with long‐term treatment.

The most reliable evidence for the relative effect of dif-
ferent doses of aspirin comes from direct randomized 

comparisons between daily doses of 75–325 mg and 
500–1500 mg in 3197 high‐risk patients in the first ATT 
overview (about half of whom had a history of ischemic 
stroke or TIA) (Figure 17.24a), and an additional RCT in 
2849 patients undergoing carotid endarterectomy. These 
doses were similarly effective in prevention of serious 
vascular events [183, 213]. Direct comparisons between 
daily doses of >75 mg and <75 mg in 3750 patients in the 
first ATT overview found no significant difference in the 
effects on vascular events (see Figure 17.24a) [183]. Most 
of these patients were included in an RCT comparing 
283 mg vs. 30 mg daily in patients with a recent TIA or 
minor ischemic stroke [214]. However, because the con-
fidence intervals were very wide, the possibility of a small 
(yet clinically important) difference in effectiveness 
between these doses of >75 mg and <75 mg cannot be 
excluded on the basis of these direct comparisons.

Indirect comparisons of the effects of different doses 
compared with control are less reliable but the number 
of outcome events was much higher. Trials comparing 
daily aspirin doses of 500–1500 mg, 160–325 mg, 75–150 
mg, and <75 mg with control in high‐risk patients 
(excluding those with acute ischemic stroke) in the ATT 
overview revealed similar relative reductions in serious 
vascular events for the three higher daily dose ranges, 
but a somewhat smaller effect with <75 mg daily (see 
Figure  17.24b) [183]. Another meta‐analysis based on 
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indirect comparisons between the effects of different 
daily aspirin doses on stroke found no definite evidence 
of differences between doses [215].

Considering all the available evidence from direct 
and indirect comparisons in high‐risk patients, it seems 
reasonable to conclude that aspirin at a dose of 
75–150 mg daily is as effective as higher doses. Doses 
below 75 mg daily may be as effective, but this remains 
somewhat uncertain.

Risks of different doses of aspirin
A meta‐analysis of trials in which participants were rand-
omized to aspirin or control treatment found that aspirin 

produced a small increased risk of intracranial hemor-
rhage of about one per 1000 patients treated for 3 years 
(i.e. similar to the risk of antiplatelet treatment in general; 
Section 17.5.1). There was no clear variation in risk with 
the dose [216]. In RCTs directly comparing different daily 
doses, there were no significant differences in the risk of 
intracranial hemorrhage but the numbers of events were 
very small and the confidence intervals wide [138]. In 
contrast, observational studies have suggested that the 
risk may be dose‐related, but their methodological limita-
tions prevent firm conclusions being drawn [217, 218].

In the ATT overview, aspirin produced a small 
increased risk of major extracranial hemorrhage, similar 
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to the risk for antiplatelet treatment in general 
(Section  17.5.1). Both indirect and direct comparisons 
found similar risks of major extracranial hemorrhage 
with different daily doses [183]. Another meta‐analysis 
found the relative excess risk of gastrointestinal bleeding 
with aspirin to be about 70%, with no definite variation 
in risk between doses or different formulations [219]. On 
the other hand, RCTs directly comparing different doses 
showed a trend toward more gastrointestinal hemor-
rhages with high (500–1500 mg) versus medium (75–325 
mg) daily doses, but no difference between 283 mg and 
30 mg daily (Table 17.6) [183]. An overview of 15 obser-
vational studies, including over 10 000 cases of upper 
gastrointestinal bleeding or perforation requiring hospi-
tal admission, found the relative risk with aspirin to be 
almost twofold, similar to that found in the RCTs. Studies 
that examined the effects of different doses of aspirin 
found greater risks for daily doses >300 mg than for lower 
doses. The studies that reported data on aspirin formula-
tion found similar relative risks for enteric coated and 
plain preparations [220].

Randomized trials directly comparing different 
 aspirin doses indicate that high‐dose (500–1500 mg 
daily) aspirin significantly increases the odds of upper 
gastrointestinal symptoms compared with medium‐
dose (75–325 mg daily), and that medium‐dose (283 mg 
daily) is associated with a trend toward an increased 
odds of these symptoms compared with low‐dose (30 mg 
daily) (see Table 17.6) [183].

17.5.4 What to do with aspirin treatment 
“failures”

Because aspirin only prevents about one‐quarter of vas-
cular events that would otherwise occur, inevitably 
some patients will have events despite taking aspirin 

Table 17.6(a) Direct randomized comparisons between the effects of different daily doses 
of aspirin on gastrointestinal hemorrhage.

Events/patients Higher vs. lower dose

Higher dose (%) Lower dose (%) Odds ratio (95% CI) 2P

High vs. medium
2a 58/2224 (2.6%) 41/2201 (1.9%) 1.4 (0.9–2.1) 0.09
Medium vs. low
1b 30/1576 (1.9%) 25/1555 (1.6%) 1.2 (0.7–2.0) NS

Table 17.6(b) Direct randomized comparisons between the effects of different daily doses 
of aspirin on upper gastrointestinal symptoms.

Events/patients Higher vs. lower dose

Higher dose (%) Lower dose (%) Odds ratio (95% CI) 2P

High vs. medium
2a 583/2224 (26.2%) 483/2201 (21.8%) 1.3 (1.1–1.5) 0.0007
Medium vs. low
1b 179/1576 (11.4%) 164/1555 (10.6%) 1.1 (0.9–1.4) NS

a UK‐TIA Study Group, 1991 [221]; Taylor et al. 1999 [213] (ACE trial).
b Dutch TIA Trial Study Group 1991 [214].
High‐dose aspirin = 500–1500 mg daily (1200 mg in UK‐TIA trial [221]; 650 mg or 1300 mg in ACE trial).
Medium‐dose aspirin = 75–325 mg daily (300 mg in UK‐TIA trial [221]; 81 mg or 325 mg in ACE trial 
[213]; 283 mg in Dutch TIA trial [214]).
Low‐dose aspirin = <75 mg daily (30 mg in Dutch TIA trial [214]).
NS, not significant (P  >  0.1). CI, confidence interval.

Aspirin 75–150 mg daily is probably the most appropri-
ate dose for long‐term secondary prevention of serious 
vascular events to maximize benefits and to minimize 
adverse effects.
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with or without other secondary preventive treatments. 
This may not necessarily represent a “failure” of treat-
ment, since patients who do have further events while 
on aspirin might have had more or earlier events with-
out  aspirin. Nonetheless, there is increasing interest 
in  the possibility of interindividual variation in the 
response to aspirin, and a large number of laboratory 
measures of so‐called “aspirin resistance” are now avail-
able. These tests are not currently useful in clinical 
 practice, since they have not been standardized and, 
although several studies have suggested an association 
between aspirin resistance and risk of subsequent 
 vascular events, methodological problems limit the 
 reliability of their results [222]. Nonplatelet sources of 
thromboxane A2 (particularly in inflammatory states) or 
altered thromboxane metabolism (e.g. in smokers) can 
alter thromboxane measurements in laboratory tests 
of  aspirin resistance. Furthermore, although these 
 laboratory measures may predict an increased risk of 
vascular events, it is not clear whether or not aspirin can 
still reduce this risk.

There are a number of potential reasons why patients 
may continue to have events while taking aspirin [222]:

 ● Poor adherence: Up to 40% of patients with vascular 
disease do not adhere to their aspirin treatment, mak-
ing this a common and often neglected reason for aspi-
rin “failure” [222]. Poor adherence may be as much of 
an issue with other secondary preventive medication, 
and this needs to be discussed with the patient [223].

 ● Incorrect clinical diagnosis: In patients with repeated 
events despite the implementation of all reasonable 
secondary preventive measures, including regular 
aspirin, it is always worth revisiting the diagnosis. 
Sometimes the actual cause of recurrent events (e.g. 
focal seizures, migraine) only comes to light with fol-
low‐up, the occurrence of further episodes, and the 
emergence of additional pieces of key information 
from the patient or others (atrial fibrillation detection) 
(Section 3.4).

 ● Non‐atherothromboembolic pathology, such as arteri-
tis or infective endocarditis. Not all vascular events are 
due to atherothromboembolism (Section  6.2 and 
Chapter 7) [224] and furthermore the complex patho-
physiology of atherothrombotic and embolic processes 
means that we would not expect aspirin to prevent all 
ischemic events.

 ● Genetically determined reduced effect of aspirin: 
Polymorphisms in the genes encoding cyclooxygenase 
and other proteins that are involved in platelet path-
ways can modify the antiplatelet effects of aspirin, and 
may account for interindividual differences in labora-
tory measures of aspirin resistance, and possibly in 
clinically evident aspirin treatment “failures.”

 ● Increased turnover of platelets, for example in infec-
tion, inflammation, or following surgery, may reduce 
the effectiveness of aspirin.

Strategies used by some clinicians are to add another 
antiplatelet drug, such as modified‐release dipyridamole, 
or even to replace aspirin with an alternative such as 
clopidogrel (the evidence for alternative regimens is dis-
cussed in Section 17.5.5). However, there have been no 
RCTs of alternative antiplatelet strategies among the spe-
cific group of patients who have events while taking aspi-
rin. Neither is there evidence that, for patients without 
atrial fibrillation, oral anticoagulants alone, or in combi-
nation with aspirin, offer any definite net advantage over 
aspirin alone (Section 17.6.1). We would, however, con-
sider transitioning aspirin to clopidogrel, or the substitu-
tion of antiplatelet treatment with anticoagulation in 
patients who are having frequent cerebral ischemic events 
on aspirin alone, taking into consideration their sus-
pected stroke etiology (Sections 17.5.5 and 17.6.2).

17.5.5 Alternative antiplatelet regimens 
to aspirin

Aspirin acts on only one of numerous pathways leading 
to platelet activation and thrombosis. Antiplatelet drugs 
acting through different pathways might therefore be 
more effective than aspirin if given as alternatives to, or 
combined with, aspirin (see Figure 17.23). However, any 
differences in effects on clinical outcomes between two 
antiplatelet regimens are likely to be small and so to 
detect such differences reliably, randomized compari-
sons would need to include very large numbers (i.e. tens 
of thousands) of patients.

Thienopyridines versus aspirin
The thienopyridine antiplatelet drugs (ticlopidine and 
clopidogrel) prevent adenosine diphosphate (ADP) bind-
ing to its receptor on platelets, so reducing ADP‐depend-
ent activation of the glycoprotein IIb–IIIa complex, 
which is the major receptor for fibrinogen on the platelet 
surface (see Figure 17.23) [212].

A systematic review of RCTs of a thienopyridine versus 
aspirin in high‐risk patients identified 10 relevant trials 

In patients who have an ischemic event while taking 
aspirin it is important to check that the patient is having 
atherothromboembolic episodes and, if so, that they are 
actually taking their aspirin, along with other secondary 
preventive strategies. It is reasonable to consider switch-
ing to clopidogrel 75 mg daily or dipyridamole 200 mg 
twice daily. There is no randomized evidence to support 
increasing the aspirin dose.
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in 26 865 patients. Aspirin was compared with clopi-
dogrel in one trial of 19 185 patients with ischemic stroke, 
myocardial infarction or peripheral arterial disease, and 
with ticlopidine in the remaining nine trials in a total of 
7633 patients, most of whom had a recent TIA or mild 
ischemic stroke. The thienopyridines modestly and just 
significantly reduced the odds of a serious vascular event 
compared with aspirin (OR 0.92; 95% CI 0.85–0.99; 10 
events avoided per 1000 patients treated, 95% CI 0–20 
events per 1000), but the wide confidence interval 
included the possibility of no additional benefit. The 
result was similar, although not statistically significant, 
when only trials that randomized patients on the basis of 
their history of ischemic stroke or TIA were considered 
[225]. The CAPRIE trial randomized 19 000 patients 
with stroke, myocardial infarction, or vascular disease 
to clopidogrel versus aspirin. The outcome of annual rate 
of ischemic event was 5.32% in the clopidogrel group 
compared to 5.83% in the aspirin group (95% CI, 0.3–
16.5%, P = 0.043), thus the number need to treat is quite 
large at 196 [226].

In terms of adverse effects, the systematic review 
found no significant difference between the thienopyri-
dines and aspirin in intracranial or major extracranial 
hemorrhage. On the other hand, compared with aspirin, 
the thienopyridines were associated with a lower risk of 
gastrointestinal upset and hemorrhage. However, ticlo-
pidine approximately doubled and clopidogrel increased 
by about one‐third the risks of both skin rash and diar-
rhea compared with aspirin. Ticlopidine, but not clopi-
dogrel, was associated with an excess of neutropenia 
compared with aspirin, but there was no significant dif-
ference between the thienopyridines and aspirin in the 
risk of thrombocytopenia [225]. Ticlopidine has been 
associated with thrombocytopenia in observational 
studies, and both ticlopidine and clopidogrel have also 
been associated in postmarketing surveillance studies 
with thrombotic thrombocytopenic purpura, although 
this is very rare [227–229]. The few trials that have 
 compared the two thienopyridines directly have sug-
gested better safety and tolerability with clopidogrel 
 versus ticlopidine [230–232], which makes clopidogrel 
the thienopyridine of choice on safety grounds.

Although the thienopyridines had a significantly lower 
rate of gastrointestinal upset and hemorrhage compared 
with aspirin in the systematic review, the most com-
monly used dose of aspirin in the trials of 325 mg was 
higher than the currently recommended daily dose of 
75–150 mg, which is associated with less gastrointestinal 
adverse effects, and may compare more favorably with 
the thienopyridines [225].

Perhaps most importantly, patients who carry loss‐of‐
function alleles of CYP2C19 (*2 and *3), the cytochrome 
P450 system that metabolizes clopidogrel to its active 

metabolite, are likely nonresponders to clopidogrel. 
The  loss‐of‐function alleles are highly prevalent in the 
Asian population (over 50%), and they are also prevalent 
in Mexican and African American populations (18% 
and  33%, respectively). Direct evidence for the impact 
of  loss‐of‐function carrier status comes from studying 
a subset of CHANCE (Clopidogrel in High‐Risk Patients 
with Acute Nondisabling Cerebrovascular Events) trial 
patients (see later), generating an argument for geno-
typing, especially if clopidogrel will provide an optimal 
risk/benefit ratio for a particular patient or patient 
 population [233].

In summary, clopidogrel appears to be slightly more 
effective than aspirin in preventing an ischemic event 
and is probably as safe as aspirin. The large number 
needed to treat to see a difference in vascular outcomes 
when comparing aspirin to clopidogrel suggest that aspi-
rin remains the first‐choice antiplatelet drug for all 
patients at high vascular risk. It has been suggested that 
clopidogrel should be an alternative to aspirin in patients 
who are intolerant of or are allergic to aspirin. However, 
we have no direct evidence of the relative effectiveness 
of  thienopyridines compared with aspirin in this 
 particular subgroup of patients as they were excluded 
from the RCTs.

Thienopyridines versus aspirin plus dipyridamole
The PRoFESS study group [234] set out to determine the 
noninferiority of aspirin plus extended‐release dipyrida-
mole versus clopidogrel, followed by determination of 
superiority if the noninferiority criteria were met. The 
original study design intended to study aspirin plus 
extended‐release dipyridamole versus aspirin plus clopi-
dogrel but this was adjusted based on results from the 
MATCH trial indicating significant increased risk of 
bleeding with aspirin and clopidogrel together. Over 
20,000 patients were randomized to each arm; primary 
outcome was recurrent stroke of any type, and secondary 
outcome was a composite of stroke, myocardial infarc-
tion, or death from a vascular cause. Mean follow‐up was 
2.5 years. Because patients within the PRoFESS study 
were also randomized to telmisartan versus placebo, 

Clopidogrel appears to be effective and as safe as aspirin. 
It is a reasonable alternative antiplatelet drug for patients 
with a history of ischemic stroke or transient ischemic 
attack, or for others at high risk of vascular events, who 
are genuinely allergic to aspirin. For patients unable to 
tolerate aspirin because of upper gastrointestinal symp-
toms, the addition of an H2‐blocker is probably safer than 
changing to clopidogrel. Some patients may be loss‐of‐
function carriers for CYP2C19 (*2, *3).
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tests of interaction were performed and no interactions 
were detected. The primary outcome of recurrent stroke 
occurred in 9.0% of aspirin plus extended‐release dipy-
ridamole patients and 8.8% of clopidogrel patients with a 
hazard ratio of 1.01 and a 95% CI of 0.92–1.11. The trial’s 
prespecified noninferiority margin was set to 1.075, thus 
criteria for noninferiority was not met. Thirty‐eight 
more hemorrhagic strokes occurred in the aspirin plus 
extended‐release dipyridamole group, but the number of 
fatal or disabling strokes remained similar in both groups 
(4.1% vs. 3.9%). The secondary composite outcome was 
equal in both groups (13.1% aspirin plus extended‐
release dipyridamole vs. 13.1% clopidogrel). With regard 
to safety, the aspirin plus extended‐release dipyridamole 
group had more major hemorrhagic events compared to 
clopidogrel (4.1% vs. 3.6%, HR 1.42; 95% CI 1.00–1.32). 
Noninferiority of aspirin plus dipyridamole compared 
with clopidogrel was not established based on the crite-
ria set forth by the investigators; therefore, a superiority 
analysis was not performed. Interestingly, in tertiary 
analyses, the aspirin plus extended‐release dipyridamole 
group led to a risk reduction in new or worsening cases 
of heart failure. However, subgroup analysis results 
should be interpreted cautiously. Therefore, aspirin 
plus extended‐release dipyridamole was similar to clopi-
dogrel in the prevention of recurrent stroke with a 
 tendency toward more complications.

Thienopyridines plus aspirin versus aspirin
Because the thienopyridines act through a different 
mechanism to that of aspirin, their effects might be 
expected to be additive, making the combination of aspi-
rin with a thienopyridine a theoretically attractive one, 
so long as any excess bleeding risks do not outweigh 
additional benefit. Several RCTs have assessed adding 
clopidogrel to aspirin, and the combination has shown 
definite reductions in serious vascular events compared 
with aspirin alone in cardiac disease, although this is at 
the expense of a small increased risk of major (but not 
intracranial or life‐threatening) hemorrhage [235–238].

However, the same benefits of the combination of 
clopidogrel and aspirin have not been seen in long‐term 
secondary stroke prevention. The Clopidogrel for High 
Atherothrombotic Risk and Ischemic Stabilization, 
Management and Avoidance (CHARISMA) randomized 
trial recruited over 15 000 patients with symptoms of 
ischemic heart disease, ischemic stroke, TIA, or periph-
eral arterial disease within the previous 5 years, or 
 multiple atherothrombotic risk factors. There was no 
statistically significant difference between treatment 
groups in the rate of serious vascular events, but the risk 
of moderate to severe bleeding was increased with com-
bination treatment. There was a suggestion that in a sub-
group of patients with previous symptoms of vascular 

disease combination treatment might achieve net bene-
fit, whereas asymptomatic patients with multiple risk 
factors might be harmed [239]. Another RCT, the 
Management of AtheroThrombosis with Clopidogrel in 
High‐risk patients (MATCH) trial, compared clopidogrel 
plus aspirin with clopidogrel alone in over 7000 high‐risk 
patients with a recent (within three months) ischemic 
stroke or TIA and found no significant effect on the 
combined outcome of ischemic stroke, myocardial 
infarction, vascular death, or rehospitalization for acute 
ischemia at 3.5 years, but there was a 1.3% absolute 
increased risk of life‐threatening bleeding with the com-
bination compared with clopidogrel alone [240]. Based 
on these trials, there is no clear evidence to support the 
long‐term use of clopidogrel plus aspirin (rather than 
single antiplatelet therapy) in patients with a prior 
ischemic stroke or TIA, or other patients with stable, 
previously symptomatic vascular disease.

There were, however, some indications that the combi-
nation of clopidogrel and aspirin may ultimately prove to 
be of net benefit very early after ischemic stroke or TIA, 
when the risk of recurrence is highest. In the MATCH 
trial, subgroup analyses suggested the possibility of net 
benefit from combination treatment in patients rand-
omized within a week of symptom onset, and the overall 
negative result of MATCH may reflect the inclusion of a 
large proportion of patients with lacunar ischemic 
events, who may benefit less from intensive antiplatelet 
treatment but be at higher risk of intracerebral bleeding 
compared to those with large‐artery disease [240]. In 
addition, an RCT of clopidogrel plus aspirin versus aspi-
rin alone in patients with recently symptomatic carotid 
stenosis and ongoing asymptomatic emboli detected by 
transcranial Doppler ultrasound found that the combi-
nation was more effective than aspirin alone in reducing 
asymptomatic emboli [43, 241].

The SAMMPRIS (Stenting and Aggressive Medical 
Management for Preventing Recurrent Stroke in 
Intracranial Stenosis) trial studied stenting versus 
aggressive medical therapy for symptomatic arterial ste-
nosis (>70%) in 451 patients randomized within 30 days 
of index event. Patients in the medical arm were treated 
with aspirin at 325 mg daily with clopidogrel 75 mg for 90 
days along with risk factor management in total. Patients 
in the medical arm had a stroke and death rate of 5.8% 
within 30 days compared to 14%, thus the trial was 
stopped early [242]. Because the stroke and death rate 
was lower than in historical cohorts, it is reasonable to 
treat patients with symptomatic intracranial stenosis 
with dual antiplatelets for 90 days, followed by mono-
therapy beyond 90 days.

More recently, the CHANCE investigators hypothe-
sized that patients with TIA or minor ischemic stroke 
would have a reduced risk of recurrence if treated with 
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clopidogrel plus aspirin compared with aspirin alone in 
the acute period [243]. They enrolled over 5000 patients 
across 114 centers in China to an RCT with two arms. 
Patients were randomized within 24 hours of minor 
ischemic stroke (NIH Stroke Scale [NIHSS] <4) or high‐
risk TIA (defined as ABCD2 > 3). One group of patients 
would receive dual antiplatelet therapy with clopidogrel 
for 90 days plus aspirin for 21 days subsequently followed 
by placebo through day 90. The other group received 
placebo in place of clopidogrel and aspirin for 90 days. 
The primary efficacy outcome was any new stroke within 
90 days, and the secondary efficacy outcome was a com-
posite of any stroke, myocardial infarction, or vascular 
death. The primary safety outcome was moderate to 
severe intra‐ or extracranial bleeding. There was a statis-
tically significant reduction in stroke recurrence in the 
dual treatment group; 8.2% suffered stroke compared 
with 11.7% in the aspirin only group. Fatal or disabling 
stroke occurred in 5.2% of the patients in the dual treat-
ment group and in 6.8% of patients in the aspirin only 
group. Similarly, composite vascular events occurred in 
8.4% in the dual treatment group compared with 11.9% 
in the aspirin only group. With regard to safety out-
comes, both treatment groups yielded a nonsignificant 
0.3% rate of moderate or severe hemorrhage. However, 
there was a trend toward increased rate of bleeding in 
the dual treatment group for any bleeding (2.3% vs. 1.6%, 
95% CI 0.95–2.10; P = 0.09). The novel finding in this 
trial, compared to previous trials, was that dual therapy 
with aspirin plus clopidogrel within 24 hours of minor 
stroke or high risk for 21 days (followed by clopidogrel 
monotherapy through day 90) significantly reduced the 
rate of recurrence compared to aspirin monotherapy. 
During the phase of dual therapy, there was a trend 
toward increased bleeding, though overall intracranial 
hemorrhages, moderate or severe hemorrhages of any 
kind, and other adverse events occurred at similar rates. 
Risk reduction in the early phase after TIA with more 
aggressive treatment with dual antiplatelet therapy as in 
the CHANCE trial complements the now substantial 
body of evidence that the risk of event recurrence after a 
TIA or minor stroke is high within the first few months, 
and highest in the first 1–2 days.

The Platelet‐Oriented Inhibition in New TIA and 
Minor Ischemic Stroke (POINT) trial (ClinicalTrials.gov 
NCT00991029) is a National Institutes of Health spon-
sored RCT currently enrolling patients in the United 
States in the hyperacute stage after TIA or minor stroke 
(within 12 hours of index event) and investigating dual 
antiplatelet therapy versus monotherapy with a higher 
loading dose of clopidogrel (600 mg vs. 75 mg in 
CHANCE). The POINT trial will help determine whether 
such early and aggressive antiplatelet therapy will pro-
duce similarly significant reductions in recurrence with 

a larger, demographically different population. The 
CHANCE investigators subsequently performed a pre-
planned substudy on nearly 3000 patients to determine 
the impact of CYP2C19 loss‐of‐function carrier status 
on  subsequent stroke risk reduction. Dual antiplatelet 
therapy reduced the rate of stroke recurrence in noncar-
riers (6.7% vs. 12.4%) but not in carriers (nonsignificant 
difference of 9.4% vs. 10.8%).

A meta‐analysis supported findings from CHANCE 
for benefits of early treatment with dual antiplatelet 
therapy [244]. Over 20 000 patients enrolled in eight 
 trials investigating dual antiplatelet treatment with 
 clopidogrel and aspirin versus monotherapy with either 
clopidogrel or aspirin were available for analysis. The 
authors sought to specifically address efficacy and 
safety of dual antiplatelet treatment during short‐term 
(<3 months), middle‐term (3–12 months), and long‐term 
(>12 months) time periods. No middle‐term studies were 
available for analysis. When all the data were analyzed 
together, dual antiplatelet treatment reduced the risk 
of stroke recurrence by 18%, and that of major vascular 
events by 16%. Increased relative risk of hemorrhagic 
stroke and any major bleeding (59% and 83%, respec-
tively), were significant. Data for patients treated on a 
short‐term basis again confirmed that dual antiplatelet 
therapy reduced relative risk of stroke recurrence by 31% 
and any major vascular event by 30% without an increase 
in hemorrhagic stroke or major bleeding events in gen-
eral. Interestingly, once the data were stratified to study 
long‐term dual antiplatelet therapy versus monotherapy, 
risks of stroke recurrence or major vascular events were 
not reduced, and the relative risks of hemorrhagic stroke 
and major bleeding in general were increased (67% and 
90%, respectively). The results of this meta‐analysis, con-
sidered together with the results of the CHANCE trial, 
suggest that short‐term therapy with dual antiplatelet 
therapy (21 days in CHANCE, up to three months in the 
meta‐analysis) can significantly reduce the risk of stroke 
recurrence safely without an increased risk of intra‐ or 
extracranial hemorrhage. However, given the heteroge-
neity of clinical and demographic characteristics between 
the trials included in the meta‐analysis, dual antiplatelet 
therapy should be considered cautiously in patients with 
TIA or minor stroke, taking into account a potential 
increased risk of bleeding. As discussed earlier, results 
from the POINT trial will hopefully clarify ideal patient 
profiles likely to benefit from early dual antiplatelet ther-
apy, and those who may not (e.g. hypertensive patients 
with lacunar strokes). In addition, more information 
is  needed about the CYP2C19 loss‐of‐function allele 
 carrier state in ongoing and future studies given its 
high  prevalence in certain populations. Data from the 
CHANCE substudy showing stroke recurrence risk reduc-
tion in noncarriers of the CYP2C19 loss‐of‐function 
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alleles but not in carriers highlights the significance of 
incorporating genetic and other biomarker data into 
 randomized trials.

Dipyridamole versus aspirin
Dipyridamole is a pyrimidopyridine derivative with 
both antiplatelet and vasodilator properties, whose 
mechanism of action on platelets remains a subject of 
controversy. Several possible antiplatelet actions have 
been observed in vitro, including inhibition of platelet 
phosphodiesterase, direct stimulation of the release of 
prostacyclin from endothelial cells, and inhibition of 
adenosine uptake by platelets. All of these putative 
mechanisms increase intraplatelet cyclic AMP, which 
inhibits the mobilization of free calcium, central to 
platelet activation (see Figure 17.23). However, although 
dipyridamole is widely accepted to be an antiplatelet 
drug, none of these actions has been demonstrated in 
vivo at the doses used in clinical practice [212]. It is also 
a vasodilator, which is why during rapid intravenous 
administration in these procedures it tends to cause 
hypotension [245]. However, in a randomized compari-
son of aspirin versus aspirin plus 400 mg of oral dipy-
ridamole daily in about 600 patients with recent cerebral 
ischemia it did not appear to affect the blood pressure 
over the long term [246].

The ATT meta‐analysis of direct randomized compar-
isons between dipyridamole alone and aspirin alone in a 
total of about 3500 high‐risk patients found no signifi-
cant difference in the effect on serious vascular events 
(OR dipyridamole vs. aspirin 1.02; 95% CI 0.85–1.21) 
[183]. Since the largest body of evidence for the use 
of  any single antiplatelet drug is for aspirin (see 
Figure 17.24b), and the wide confidence interval includes 
the possibility that dipyridamole is less effective than 
aspirin, this implies that dipyridamole alone should not 
generally be considered as an alternative to aspirin.

Dipyridamole plus aspirin versus aspirin
Dipyridamole plus aspirin was compared with aspirin 
alone in 25 RCTs in high‐risk patients in the ATT over-
view. Overall, the combination produced a nonsignifi-
cant reduction in serious vascular events. When the 
separate components of the composite outcome were 
assessed, the combination appeared to be particularly 
effective in reducing nonfatal stroke, but not nonfatal 
myocardial infarction or vascular death [183].

This nonfatal stroke result was derived mainly from 
one large study, the second European Stroke Prevention 
Study (ESPS‐2), in which about 6000 patients with a 
 previous ischemic stroke or TIA were randomly assigned 
in a factorial design to aspirin 50 mg daily, modified‐
release dipyridamole 400 mg daily, both, or neither [247]. 
Dipyridamole plus aspirin significantly reduced the rela-
tive risk of vascular events by about one‐fifth compared 
with aspirin alone, due to a significant reduction in 
stroke, with no detectable effect on either myocardial 
infarction or vascular death (although numbers of non-
stroke outcomes were small) (Figure  17.25) [183, 248]. 
Analyses that included only trials with ischemic stroke 
and TIA patients, or that considered only ESPS‐2, sug-
gested that the combination reduced vascular events 
compared with aspirin alone [247, 249].

A further RCT, the European/Australasian Stroke 
Prevention in Reversible Ischemia Trial (ESPRIT) 
 compared aspirin (median daily dose 75 mg) plus dipy-
ridamole (mainly modified‐release, 200 mg twice daily) 
versus aspirin alone in around 3000 patients with a 
prior ischemic stroke or TIA of presumed arterial origin 
(patients with atrial fibrillation were excluded) [248]. 
Like ESPS‐2, the combination produced a statistically 
significant one‐fifth relative reduction in vascular events, 
arising from reductions in each of ischemic stroke, car-
diac events, and vascular death (although none of these 
separate outcomes was independently statistically sig-
nificant) (see Figure  17.25). ESPRIT also showed that 
benefits continued to accrue for up to 5 years, and there 
were no significant differences in the relative effects of 
treatment according to several characteristics, including 
age, gender, history of ischemic heart disease, and 
 aspirin dose [248].

A meta‐analysis of all RCTs comparing the combina-
tion of aspirin plus dipyridamole with aspirin alone in 
patients with a prior ischemic stroke or TIA largely 
reflects the results of ESPS‐2, and ESPRIT shows a 

There is evidence from randomized trials to suggest a 
benefit from early combination treatment with clopi-
dogrel plus aspirin to prevent ischemic vascular events in 
patients with minor ischemic stroke or high‐risk transient 
ischemic attacks for up to three months without a con-
comitant increased risk of hemorrhage. Similarly, it is rea-
sonable to treat patients with symptomatic intracranial 
stenosis with dual antiplatelet therapy for three months. 
Beneficial stroke or other major vascular event risk reduc-
tion is not apparent beyond three months and there is 
evidence of increased risk of hemorrhage. Moreover, 
select patient populations may not be clopidogrel 
responders and will thus warrant alternative treatment 
strategies until genotyping is more widely available.

Dipyridamole alone should not generally be considered 
as an alternative to aspirin for secondary prevention of 
serious vascular events in high‐risk patients, including 
those with a history of ischemic stroke or transient 
ischemic attack.
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 significant one‐fifth relative reduction in vascular events 
(see Figure 17.25). In ESPRIT, the annual risk of vascular 
events in the aspirin‐only arm was 5%, falling to 4% in 
the aspirin plus dipyridamole arm, and so adding modi-
fied‐release dipyridamole 200 mg twice daily to aspirin 
at this level of risk should prevent about 10 vascular 
events per 1000 patients treated per year (i.e. 100 
patients would have to be treated for 1 year to prevent 
one event) [248].

Neither ESPS‐2 nor ESPRIT found any excess major 
bleeding in patients allocated the combination compared 
with aspirin alone. However, both reported an excess of 
premature cessations of treatment in the combination 
treatment arm, mainly due to adverse effects, particu-
larly dipyridamole‐induced headache, which may occur 
in up to one‐third of people receiving dipyridamole [247, 
248, 250].

Since rapid intravenous injection of dipyridamole 
reduces blood pressure (see earlier), there have been 
anxieties about its use in patients with ischemic heart 
disease [245]. However, in ESPRIT, long‐term oral 
dipyridamole did not affect blood pressure, and the ben-
efits of adding dipyridamole to aspirin were similar in 
those with and without ischemic heart disease [246, 248].
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Figure 17.25 Meta‐analysis of randomized trials of aspirin + dipyridamole versus aspirin alone in patients with a prior ischemic stroke or 
TIA. Outcome = vascular events (stroke, myocardial infarction or vascular death). Purple squares represent trial specific risk ratios with the 
area of each square proportional to the statistical weight of that study, and horizontal lines denoting 95% confidence intervals (CI). 
Pooled risk ratios are shown as diamonds whose width denotes the 95% CI. ESPS 2, Second European Stroke Prevention Study; ESPRIT, 
European/Australian Stroke Prevention in Reversible Ischaemia Trial. Source: The ESPRIT Study Group et al. 2006 [248]. Reproduced with 
permission of Elsevier.

The addition of dipyridamole (modified‐release formula-
tion, 200 mg twice daily) to aspirin produces about a 
one‐fifth reduction in the relative risk of vascular events 
in patients with a prior ischemic stroke or transient 
ischemic attack, corresponding to an average absolute 
reduction of about one event per 100 treated per year (in 
patients already receiving other proven secondary pre-
vention treatments).

Patients should be warned of the risk of dipyridamole‐
related headache, which may occur in up to one‐third of 
people receiving dipyridamole.
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Ticagrelor versus aspirin
Ticagelor is a potent platelet P2Y12 receptor antagonist. 
Compared to clopidogrel it is not subject to  variable 
metabolism or genetic variation of enzyme activation. 
Therefore the SOCRATES (Acute Stroke or Transient 
Ischemic Attack Treated With Aspirin or Ticagrelor and 
Patient Outcomes) randomized double‐blinded clinical 
control trial was performed to compare aspirin to 
ticagelor to prevent recurrent stroke and  cardiovascular 
events. The multinational trial enrolled 13 199 subjects 
with mild to moderate ischemic stroke or high‐risk TIA, 
without cardioembolic source, within 24 hours of symp-
tom onset. Ticagelor was given with a loading dose of 
180 mg then 90 mg twice daily for 90 days compared to 
aspirin 300 mg loading dose and  100 mg daily. There 
was  no significant difference between the event rates 
between the treatments, 6.7% with ticagelor and 7.5% 
with aspirin (HR 0.89; 95% CI  0.78–1.01). Also there 
were no significant differences in risk of major bleeding 
or intracranial hemorrhages. Ticagrelor is not a stand-
ard therapy for stroke or TIA patients [251].

17.5.6 How long should antiplatelet 
treatment continue?

It is difficult to determine from the available RCTs how 
long treatment should continue, because there are no 
large directly randomized comparisons between differ-
ent durations of treatment, few trials have assessed the 
effects of antiplatelet treatment for longer than 2 or 3 
years, and none have assessed the effects of stopping 
treatment after a period of freedom from vascular events. 
In their earlier analyses, the ATT (then the Antiplatelet 
Trialists’ Collaboration) made indirect comparisons 
between the effects of treatment during sequential years 
of follow‐up. Although there was an apparent pattern 
of  greater effect during the earlier years, this may be 
explained by decreasing adherence to treatment over 
time, as well as bias in the comparisons in later years pro-
duced by the longer delay of vascular events in high‐risk 
patients in the active treatment group. Therefore, with-
out direct evidence to the contrary, it seems sensible to 
continue treatment indefinitely in patients who remain 
at high risk of a serious vascular event, unless some 
 contraindication develops [186]. Notably, over 15 700 
patients were pooled from 12 trials to query the impact 
of  aspirin on ischemic stroke recurrence and the most 
significant risk reduction was found at 0–6 weeks, with 
minimal risk reduction beyond the 12‐week period [252].

17.6  Anticoagulants

Both platelets and fibrin are important components of 
thrombi. Thus, inhibitors of the coagulation cascade, 
whose final step is the conversion of fibrinogen to fibrin, 

should reduce thrombotic and thromboembolic events. 
Anticoagulants first became available for clinical use in 
the 1950s and have been extensively used in patients 
with ischemic stroke and TIA ever since. A great advance 
in management of atrial fibrillation for primary and sec-
ondary prevention of stroke is the development of nonvi-
tamin K antagonists, direct oral anticoagulants (DOACs), 
also known as novel oral anticoagulants (NOACs), which 
have been compared to the traditional oral anticoagu-
lant, warfarin, in terms of efficacy and safety. As for anti-
platelet drugs, the main risk of anticoagulation is major 
hemorrhage. Thus, as for antiplatelet treatment, the 
most appropriate outcome for assessing the balance of 
benefits and risks of anticoagulants is usually the combi-
nation of serious vascular events: stroke, myocardial 
infarction, or vascular death.

17.6.1 Anticoagulants for long‐term 
prevention of vascular events in patients 
with a prior noncardioembolic ischemic 
stroke or transient ischemic attack

Anticoagulants versus control
A meta‐analysis of 29 RCTs [253] demonstrated that 
warfarin reduced risk of stroke by 60% versus placebo, 
40% more than aspirin versus placebo in patients with 
atrial fibrillation, against a small increase in absolute 
risk of major hemorrhage (≤0.3% per year). The trials 
included in this study were fairly heterogeneous. 
Warfarin is widely used in patients with atrial fibrilla-
tion, hypercoagulable states such as antiphospholipid 
antibody syndrome, or deep venous thrombosis given its 
proven ability to prevent ischemic stroke (see later for 
additional discussion).

Anticoagulants versus antiplatelet treatment
Six RCTs have compared various different intensities of 
oral anticoagulation (mainly warfarin) with antiplatelet 
treatment (mainly aspirin) in over 5000 patients with 
noncardioembolic ischemic stroke or TIA followed 
for  1–2 years [254–256]. Over 90% of these patients 
were included in one of the four largest trials, and the 
results  for outcomes that were recorded are shown in 
Figure  17.26. The target INRs in the warfarin arms of 
the three trials were low (INR 1.4–2.8), medium (INR 
2.0–3.0), and high (INR 3.0–4.5) [255–258]. In none of 
the  trials was there any evidence of net benefit from 
anticoagulants, but there was a statistically significantly 
increased risk of major hemorrhage and of death with 
both moderate‐ and high‐intensity anticoagulants. The 
excess risk of major hemorrhage appeared to be dose‐
related (see Figure 17.26). Although the Warfarin Aspirin 
Recurrent Stroke Study (WARSS) trial of low‐intensity 
anticoagulation versus aspirin found no significant dif-
ference between treatments in major hemorrhage, there 
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Figure 17.26 Meta‐analysis showing various outcomes from large randomized trials of warfarin versus aspirin in patients with a prior 
presumed noncardioembolic ischemic stroke or transient ischemic attack. Odds ratios (OR) for each outcome are shown for the individual 
trials as squares, whose size is proportional to the statistical weight of the trial for the outcome, with horizontal lines denoting 95% 
confidence intervals (CI). INR, international normalized ratio. WARSS, Warfarin Aspirin Recurrent Stroke Study; WASID, Warfarin–Aspirin 
Symptomatic Intracranial Disease trial; ESPRIT, European/Australasian Stroke Prevention in Reversible Ischaemia Trial; SPIRIT, Stroke 
Prevention In Reversible Ischemia Trial. Source: Data from The Stroke Prevention in Reversible Ischemia Trial (SPIRIT) Study Group 1997 
[257]; Mohr et al. 2001 [258]; Chimowitz et al. 2005 [255]; The ESPRIT Study Group 2007 [256].
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was a significant 60% increase in the relative odds of 
minor hemorrhage [258]. Further analyses of data from 
patients in the Stroke Prevention in Reversible Ischemia 
Trial (SPIRIT) and patients with nondisabling cerebral 
ischemia with atrial fibrillation in the European Atrial 
Fibrillation Trial (EAFT) found that intensity of antico-
agulation, cerebral ischemia of arterial rather than 
 cardioembolic origin, presence of leukoaraiosis on the 
pretreatment brain scan, and age over 65 years were inde-
pendent predictors of increased risk of anticoagulant‐
related major hemorrhage [259].

There is therefore no intensity of anticoagulation at 
which the beneficial effect of reducing ischemic events 
suggested by some of the trials exceeds the increased risk 
of major hemorrhage in patients with noncardioembolic 
ischemic stroke or TIA [256, 258].

17.6.2 Anticoagulants for long‐term 
prevention of vascular events in patients 
with a prior ischemic stroke or transient 
ischemic attack in atrial fibrillation

Atrial fibrillation is an important risk factor for stroke, 
mainly ischemic cardioembolic stroke, increasing risk 
about fivefold (Section  6.5.1) [260, 261]. However, the 
absolute risk of stroke varies 20‐fold among patients with 
atrial fibrillation depending on their age, risk factors, and 
history of vascular disease. The CHA2DS2‐VASc score 
(scaled 0–9 points) allows patients with atrial fibrillation 
to be stratified into those with low (0 score), moderate (1), 
or high risk (2 or more) of subsequent stroke (Table 17.7). 
Along with the evidence from RCTs (see later and 
Section 17.5.1), and an assessment of the patient’s likely 
risk of hemorrhage (HAS‐BLED score, see Table 17.7), 
these help to inform the best choice of antithrombotic 
treatment for individual patients [262, 263].

The recommendations for treatment of patients with 
atrial fibrillation apply also to patients with paroxysmal 
atrial fibrillation or atrial flutter, because the available 
evidence suggests that they have similarly increased risks 
of stroke [266].

Oral anticoagulants versus control
Systematic reviews of RCTs of adjusted‐dose warfarin 
(with an average achieved INR of around 2.5) versus con-
trol in almost 3000 patients with atrial fibrillation have 

shown that warfarin produces a clear and consistent 
reduction in the risk of stroke of around two‐thirds, and 
of all serious vascular events of around one‐half 
(Figure  17.27). The relative reductions were similar in 
those with and without a previous history of ischemic 
stroke or TIA. However, control group patients with a 
history of ischemic stroke or TIA had an absolute stroke 
risk of 12% per year, compared with <5% per year in 
those without such a history, so the absolute reduction in 
stroke risk in the secondary prevention trials was much 
higher than in the primary prevention trials (>8% vs. 
about 3% per year). Excess risks of major hemorrhage 
were small, about 2 per thousand per year for intracra-
nial hemorrhage and about 3 per thousand per year for 
major extracranial hemorrhage [189, 250, 267].

Because the RCTs excluded large numbers of patients 
with a variety of contraindications to anticoagulants (e.g. 
those with a history of gastrointestinal bleeding, at risk 
of falls, likely poor adherence to treatment, alcoholism, 
etc.), concerns have persisted about the generalizability 
of the results to everyday clinical practice. Reassuringly, 
observational studies of patients with atrial fibrillation in 
nontrial clinical settings have confirmed their relative 
effectiveness, and have generally shown rates of major 
hemorrhage similar to the RCTs [269–271]. The HAS‐
BLED score is helpful in evaluating the 1‐year risk of 
hemorrhage in patients on anticoagulation with warfarin 

Patients with noncardioembolic ischemic stroke or tran-
sient ischemic attack should not use anticoagulants for 
long‐term prevention of recurrent stroke and other vas-
cular events because they increase the risk of hemor-
rhage compared with either control or aspirin without 
any clear evidence of net benefit.

Table 17.7 CHADS2‐VASc Score [264, 265].

CHA2DS2‐VASc Score HAS‐BLED Score

Congestive heart 
failure

1 Hypertension 
(>160 mmHg)

1

Hypertension 1 Abnormal renal 
function

1

Age ≥ 75 years old 2 Abnormal liver 
function

1

Diabetes mellitus 1 Stroke 1
Stroke/TIA 2 Bleeding tendency 1
Vascular disease 
(MI, PAD)

1 Labile INR 1

Age 65–74 yr 1 Elderly, age >65 yr 1
Female sex 1 Drugs or alcohol 1 each

TIA, transient ischemic attack; INR, international normalized ratio; 
MI, myocardial infarction; PAD, peripheral artery disease.
Abnormal renal function is chronic dialysis, renal transplantation, or 
serum creatinine ≥200 mmol/L. Abnormal liver function is chronic 
hepatic disease like cirrhosis, bilirubin 2 times normal with aspartate 
aminotransferase, alanine aminotransferase/alkaline phosphatase 3 
times normal. Bleeding tendency is history of bleeding or anemia. 
Labile INR is <60% of time within therapeutic range. Drugs are 
concomitant antiplatelet or nonsteroidal anti‐inflammatory drugs or 
excessive alcohol.
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Figure 17.27 Meta‐analysis showing effects on (a) serious vascular events and (b) all stroke (ischemic and hemorrhagic) in randomized 
trials of adjusted‐dose warfarin versus control in patients with nonrheumatic atrial fibrillation, with and without a history of ischemic 
stroke or transient ischemic attack (TIA). Odds ratios (OR) for each trial are shown as squares, whose size is proportional to the statistical 
weight of the trial for the relevant outcome, with horizontal lines denoting 95% confidence intervals (CI). Pooled results for subgroups and 
overall are shown as diamonds (with 95% CI). AFASAK, Copenhagen Atrial Fibrillation, Aspirin and Anticoagulation Study; BAATAF, Boston 
Area Anticoagulation Trial for Atrial Fibrillation; CAFA, Canadian Atrial Fibrillation Anticoagulation Study; SPAF, Stroke Prevention in Atrial 
Fibrillation Study; SPINAF, Stroke Prevention in Nonrheumatic Atrial Fibrillation; EAFT, European Atrial Fibrillation Trial. Source: Data from 
Hart et al. 1999 [263]; Aguilar and Hart 2005 [268]; Saxena and Koudstaal 2004 [269].
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(see Table 17.7) [265]. If the patient has a score of 3 or 
more one should be cautious of anticoagulation. 
However, high‐quality monitoring and management of 
anticoagulation with warfarin is required to maintain the 
net benefit and low rate of adverse effects, particularly 
since patients are therapeutically anticoagulated around 
only 65% of the time on average.

Oral anticoagulants versus antiplatelet treatment
Adjusted‐dose warfarin (with an average achieved INR 
of around 2.5) has been directly compared with aspirin, 
one of them among patients with a prior ischemic stroke 
or TIA. A meta‐analysis of 29 trials (including the Atrial 
Fibrillation Clopidogrel Trial with Irbesartan for preven-
tion of Vascular Events‐W [ACTIVE‐W]) with more 
than 28 000 patients in order to determine efficacy and 
safety of then‐used or available antithrombotic agents 
found that warfarin substantially reduced the risk of 
stroke compared with antiplatelets (relative risk reduc-
tion 3% per year, number needed to treat of 81 in pri-
mary prevention) in patients with atrial fibrillation and 
secondary prevention found a 10% per year relative risk 
reduction and number need to treat of 24 (Table 17.8) 
[253]. Because of their substantially higher risk of stroke 
on aspirin, the absolute reduction in stroke risk with 
adjusted‐dose warfarin versus aspirin was much higher 
for patients with a history of prior ischemic stroke or 
TIA compared to those without such a history. The 
absolute increase in extracranial hemorrhages was mini-
mal, with only 0.3% per year.

The superiority of adjusted‐dose warfarin over anti-
platelet treatment was strengthened by the results of the 
ACTIVE‐W trial. This trial randomized 6700 patients 
with atrial fibrillation and one other risk factor to either 
warfarin with a target INR of 2–3 or the combination of 
clopidogrel and aspirin. About 1000 participants had a 
history of stroke or TIA. The trial was stopped early 
when an interim analysis showed clear superiority of 
adjusted‐dose warfarin, with highly significant relative 
reductions of one‐third in stroke and in the primary out-
come of stroke, systemic embolism, myocardial infarc-
tion, or vascular death [272].

The subsequent ACTIVE‐A trial [273] randomized 
over 7500 patients with atrial fibrillation plus at least one 
stroke risk factor into two arms each containing aspirin, 
with the addition of clopidogrel in the treatment arm. 
Patients were unable to use vitamin K antagonists for a 
variety of reasons, such as history of major hemorrhage, 
drug interactions, or patient preference. Patients were 
followed for a mean of 3.6 years, and the combination 
treatment group had a lower yearly rate of major vascu-
lar events compared to aspirin alone, largely driven by a 
reduction in stroke (6.8% vs. 7.6%). However, there was a 
significantly increased risk of major hemorrhage in the 
combination treatment group (2.0% vs. 1.3% for aspirin 
only). The combined outcomes of stroke prevention and 
hemorrhagic events showed no difference between the 
combination of aspirin with clopidogrel compared to 
aspirin alone.

In the types of patients who were randomized in 
these trials and in the trials of anticoagulants versus 
control (see earlier), it is clear that the benefits of 
adjusted‐dose warfarin with a target INR of around 2.5 
far outweigh the risks in patients with a history of an 
ischemic stroke or TIA, so long as there are no con-
traindications to anticoagulants. Unfortunately, many 
patients do have such contraindications; factors that 
may make clinicians reluctant to prescribe long‐term 
anticoagulants include recent gastrointestinal bleed-
ing,  alcoholic liver disease, confusion or dementia, 
 tendency to falls, difficulties with access to an antico-
agulant clinic, and extensive leukoaraiosis on the brain 
scan [274]. These factors and known cerebral amyloid 
angiopathy increase the likelihood of overanticoagula-
tion and major bleeding [275]. For these patients, aspi-
rin historically was a reasonable alternative, albeit less 
effective, antithrombotic treatment (Section  17.5.3) 
and dual antiplatelet therapy is not indicated for 
stroke prevention. The development of DOACs offers 
additional options since these medications do not 
require frequent monitoring and many have a reduced 
risk of hemorrhage, especially intracranial hemor-
rhage.  Table  17.9 shows the estimated annual risks of 
hemorrhage compared among the various anticoagu-
lant choices approved for stroke prevention in patients 
with atrial fibrillation.

Data from observational studies support those from 
the RCTs, and suggest that a target INR of about 2.5 is 
optimal. Below about 2.0, the risk of ischemic stroke 
increases and strokes that do occur are more likely to be 
severe or fatal, while above about 3.0 there is an increased 
risk of major bleeding. Patients over 75 years old are at 
greater risk of major bleeding on oral anticoagulants, but 
are also at increased risk of stroke, and there is currently 
no evidence to suggest that the target INR should be 
lower in them [266, 275–277].

Table 17.8 A meta‐analysis of primary and secondary stroke 
prevention in atrial fibrillation patients comparing either 
antiplatelets, placebo or warfarin.

Active agents
NNT primary 
prevention

NNT secondary 
prevention

Warfarin vs. control 40 14
Antiplatelet vs. control 111 34
Warfarin vs. antiplatelet 81 24

NNT, number needed to treat.
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The addition of antiplatelet treatment 
to anticoagulants
A systematic review of six RCTs comparing aspirin com-
bined with warfarin versus the same intensity of warfarin 
alone in almost 4000 patients with ischemic heart dis-
ease or prosthetic heart valves found that the addition 
of aspirin approximately doubled the risk of intracranial 
hemorrhage [278]. For most categories of patients, and 
especially those already at high risk of bleeding with anti-
coagulants, the combination should ideally be avoided. 
However, in some categories of patients at particularly 
high risk of thromboembolism (e.g. those with mechani-
cal prosthetic valves), the greater antithrombotic benefit 
of the combination may outweigh the extra bleeding risk 
[183, 194, 279].

Patients with nonvalvular atrial fibrillation and con-
comitant cardiac disease are a special consideration 
for dual or triple therapy (antiplatelet(s) plus warfarin) 
particularly in the context of ACS and percutaneous 
intervention with stent placement. Data are limited with 

respect to head‐to‐head comparisons of various treat-
ment options. For example, an open‐label, 15‐center ran-
domized trial investigated the safety and efficacy of 
adding either clopidogrel or clopidogrel and aspirin to 
the regimen of patients in need of anticoagulation but 
also percutaneous coronary intervention. There was a 
significantly lower rate of bleeding (19.4% compared to 
44.4%) in the clopidogrel only (double therapy) group 
compared to the aspirin plus clopidogrel (triple therapy) 
group. More patients suffered multiple bleeds in the tri-
ple therapy group (12.0% vs. 2.2% in the dual therapy 
group). Intracranial hemorrhage was the same in both 
groups (1.1%), and there was no increase in thrombotic 
events in the dual therapy group, though interestingly 
there was a trend for increased ischemic stroke in the 
triple therapy group [280, 281]. Rates of bleeding in 
this  study were notably higher than in other reports 
because the authors were assessing any bleeding as a 
 primary endpoint, and because of the patient population 
being studied (patients requiring drug‐eluting stents, 
for example).

Most international guidelines use the available data to 
make recommendations for patients who have comor-
bidities that necessitate anticoagulation and antiplatelet 
therapy to optimize risk and benefit ratios in the context 
of other factors such as cost, availability, and patient 
preference. The relatively recent addition of DOACs to 
anticoagulation treatment options allow potential future 
study directions that could increase our understanding 
of how to safely manage patients at high risk for numer-
ous disabling or fatal outcomes.

Alternative anticoagulants to warfarin
Warfarin and other vitamin K antagonists are associated 
with an increased risk of major bleeding, and require 
regular, careful monitoring of anticoagulation intensity 
(through measurement of the INR) with appropriate 
adjustment of the dose as required. This represents a sig-
nificant burden of cost and time, both for health services 
and for patients. Another disadvantage of warfarin is 
that most patients spend approximately 60% of the time 
in a therapeutic range. Almost 50% of patient who have 
atrial fibrillation with elevated stroke risk are not even 
taking an anticoagulant medication, presumably because 

Patients with a prior ischemic stroke or transient ischemic 
attack and atrial fibrillation are at very high risk of subse-
quent stroke. They should generally be treated with oral 
anticoagulants. Based on accumulating data, direct oral 
anticoagulants are often preferred therapies, especially 
for patients who cannot take vitamin K antagonists. If 
anticoagulation is contraindicated, aspirin is a less effec-
tive alternative while dual antiplatelet therapy increases 
the risk of major hemorrhage. The risks of stroke and of 
anticoagulant‐related bleeding should be assessed for 
individuals with atrial fibrillation. In the absence of con-
traindications, anticoagulants are appropriate for those 
with a CHA2D2‐VASc score of 2 or more. Either anticoag-
ulants or aspirin may be appropriate for low‐risk individ-
uals (CHA2D2‐VASc score of 1), depending on the 
balance of risks and benefits, and patient preference.

The combination of oral anticoagulation (target INR 2.5) 
with aspirin or another antiplatelet drug should gener-
ally be avoided because of the increased risk of major 
bleeding. However, the greater benefit of the combina-
tion may outweigh the bleeding risk in some patients at 
particularly high risk of thromboembolism or thrombo-
sis (e.g. drug‐eluting stents, acute coronary syndromes).

Table 17.9 Potential incidence of major bleeding on oral 
anticoagulants.

Anticoagulant
Annual rate of 
major bleeding

Potential number of 
patients >65 with major 
bleeding/year (×1000)

Dabigatran 150 mg 
twice daily

3.32% 60.4

Rivaroxaban 20 mg 
daily

3.6% 65.6

Apixaban 5 mg 
twice daily

2.13% 38.8

Warfarin 3.09–3.57% 56.2–65.0
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their physicians felt they were at too high a risk of hem-
orrhage or the burden of monitoring was too high [281].

The development of nonvitamin K antagonist antico-
agulants (DOACs) has been a significant advance in the 
management of nonvalvular atrial fibrillation. The two 
catagories of approved DOAC medications are direct 
thrombin inhibitors and factor Xa inhibitors.

Direct thrombin inhibitors
Dabigatran
Dabigatran etexilate is a direct thrombin inhibitor and is 
ingested in its prodrug form and subsequently rapidly 
metabolized by a serum esterase into its active form, 
dabigatran. Eighty percent of the drug is excreted renally. 
The half‐life is 12–17 hours and there is no need for 
monitoring. The RE‐LY (Randomized Evaluation of 
Long‐Term Anticoagulation Therapy) trial was a phase 
3  noninferiority trial investigating safety and efficacy 
outcomes for dabigatran versus warfarin [282]. The 
study was conducted in 44 countries across 951 clinical 
centers and over 18 000 patients were enrolled. Eligibility 
included nonvalvular atrial fibrillation plus at least one 
other stroke risk factor. Important exclusion criteria 
included creatinine clearance less than 30 mL/min. 
Aspirin less than 100 mg per day was permitted (approxi-
mately 20% of participants roughly evenly distributed 
among study groups). The comparison group included 
patients and providers unblinded to warfarin use and 
standard monitoring. The intervention groups included 
blinded assignment to dabigatran 110 mg b.i.d. or to 
dabigatran 150 mg b.i.d. Primary outcome was stroke or 
systemic embolism. Patients taking warfarin spent 64% 
of their study time in the therapeutic INR range.

Dabigatran at the lower dose yielded an outcome rate 
of 1.53% compared to 1.69% and was deemed noninfe-
rior to warfarin in preventing stroke or systemic embo-
lism. Dabigatran at the full dose yielded an event rate of 
1.11% and was deemed superior to warfarin. Major 
bleeding occurred at a rate of 3.36% per year for warfa-
rin, 2.71% for 110 mg b.i.d. dabigatran, which was a sta-
tistically significant decreased risk. In the full dose, 
150 mg b.i.d. dabigatran, the bleeding risk was 3.11% and 
was not different from warfarin. However, hemorrhagic 
stroke was reduced for both doses of dabigatran com-
pared to warfarin (warfarin 0.38% per year, low‐dose 
dabigatran 0.12% per year, full‐dose dabigatran 0.1% per 
year). Patients in the warfarin group had a mortality rate 
of 4.13% per year. Low‐dose dabigatran had a mortality 
rate of 3.75% that was not significantly reduced com-
pared to warfarin. However, the full‐dose dabigatran had 
a mortality rate of 3.65%, which demonstrated a trend 
toward significance.

Notably, there was an increased rate of myocardial 
infarction in the dabigatran groups; suggested reasons 

for this increased rate is either the potential paradoxical 
platelet‐activating features of dabigatran or improved 
ability of warfarin to mitigate coronary artery disease. 
There was an increased rate of gastrointestinal bleeding 
in the high‐dose dabigatran dose (potentially due to a 
tartaric acid core within the medication to provide nec-
essary acidity for absorption in the stomach). Some con-
cerns of the study included higher rates of bleeding than 
in previously reported studies, which the authors attrib-
uted to a more broad definition of major bleeding as well 
as the sizeable proportion of patients using aspirin. Since 
the time of the initial studies an antidote for dabigatran 
was approved to treat patients with hemorrhagic compli-
cations. Importantly, there was no evidence of hepato-
toxicity as was experienced with ximelagatran, another 
direct thrombin inhibitor. Dabigatran was at least as safe 
as warfarin, and the 150 mg b.i.d. regimen was superior 
to warfarin in preventing stroke or systemic embolism.

Factor Xa inhibitors
Apixaban
Apixaban is an oral factor Xa inhibitor with good 
 bioavailability, rapid absorption, and a half‐life of 
12 hours. Thirty percent of the drug is excreted renally. 
As with the other DOACs, there is no need for monitor-
ing. The ARISTOTLE (Apixaban for Reduction in Stroke 
and Other Thromboembolic Events in Atrial Fibrillation) 
trial [283] was designed to determine apixaban nonin-
feriority, subsequently superiority, over warfarin. The 
study was conducted in 39 countries across 1034 clinical 
centers, and over 18 000 patients were enrolled. Eligibility 
included nonvalvular atrial fibrillation plus at least one 
other stroke risk factor. Important exclusion criteria 
included creatinine clearance less than 25 mL/min (lower 
limit than RE‐LY) and ineligibility if stroke occurred in 
the preceding seven days. Aspirin less than 165 mg 
per day was permitted (higher upper limit than RE‐LY). 
The study design was double‐blind, double‐placebo. The 
comparison group received dose‐adjusted warfarin to 
keep INR between 2–3. The intervention group received 
apixaban 5 mg b.i.d. A lower dose of 2.5 mg b.i.d. was 
administered for patients over 80 years old, patients 
with  serum creatinine greater than 1.5, or patients not 
meeting a certain weight threshold. Primary outcome 
was stroke or systemic embolism. Patients taking warfa-
rin spent 62–66% of the time in therapeutic INR range.

Apixaban reduced the rate of stroke and systemic 
embolization by 21% compared to warfarin and met 
superiority criteria. It also significantly reduced the rate 
of major bleeding by 31% compared to warfarin. Rates of 
death and hemorrhagic stroke were also reduced com-
pared to warfarin. The overall rate of fatal or disabling 
strokes was 0.5% in the apixaban group and 0.71% in 
the warfarin group, though the difference did not meet 
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significance. Notably, there was a greater reduction in 
stroke for patients without diabetes and for patients with 
moderate to severe renal impairment.

Rivaroxaban
Rivaroxaban is an oral factor Xa inhibitor with a half‐life 
of 5–13 hours. Sixty‐six percent of the drug is renally 
excreted. As with the other DOACs, there is no routine 
monitoring. The ROCKET AF trial [284] was designed 
to determine whether rivaroxaban was noninferior to 
warfarin. The study was conducted in 45 countries across 
1178 clinical centers, and over 14 000 patients were 
enrolled. Eligibility included nonvalvular atrial fibrilla-
tion plus at moderate to high risk of stroke by other 
factors. Important exclusion criteria included creatinine 
clearance less than 30 mL/min (same as RE‐LY). About 
30% of patients in the study were on aspirin at various 
times. The study design was double‐blind, double‐ 
placebo. The comparison group received dose‐adjusted 
warfarin to keep INR between 2 and 3. The intervention 
group received rivaroxaban 20 mg daily. A lower dose of 
15 mg daily was administered for creatinine clearance 
of  30–49 mL/min. Primary outcome was stroke or 
 systemic embolism. Patients taking warfarin spent 55% 
of the time in therapeutic INR range, lower than most 
reports of warfarin therapeutic range and the RE‐LY and 
ARISTOTLE study ranges.

Rivaroxaban was noninferior to warfarin in preventing 
the primary endpoint. The annual rate of stroke or sys-
temic embolization was 1.7% in the rivaroxaban group 
versus 2.2% in the warfarin group. There was no differ-
ence in the rate of hemorrhage (major and clinically rel-
evant) was 14.9% yearly for rivaroxaban versus 14.5% per 
year for warfarin. However, rates of ICH were signifi-
cantly lower with rivaroxaban compared to warfarin 
(0.5% per year vs. 0.7% per year, respectively). Rates of 
fatal hemorrhage were also significantly lower with rivar-
oxaban compared to warfarin (0.2% vs. 0.5%, respec-
tively). Overall, rivaroxaban was noninferior to warfarin 
in preventing strokes and systemic embolization but 
offered similar risk of bleeding, though ICH and fatal 
hemorrhage were lower. Notably, data from one clinical 
site was not included in the analyses. In addition, the 
lower time spent in therapeutic range in the study popu-
lation may suggest the need for caution in interpreting 
study results.

Edoxaban
Edoxaban is a reversible oral factor Xa inhibitor with a 
62% oral bioavailability and half‐life of 10–14 hours. Fifty 
percent of the drug is renally excreted. The ENGAGE 
AF‐TIMI 48 trial [285] was designed to determine non-
inferiority of two doses of edoxaban to dose‐adjusted 
warfarin. The study was conducted in 46 countries across 

1393 clinical centers, and over 21 000 patients were 
enrolled. Eligibility included patients 21 years or older 
with nonvalvular atrial fibrillation plus at moderate to 
high risk of stroke by other factors. Important exclusion 
criteria included creatinine clearance less than 30 mL/
min and stroke within preceding 30 days. The study 
design was blinded and placebo controlled. The compar-
ison group received dose‐adjusted warfarin to keep INR 
between 2 and 3. The high‐dose intervention group 
received edoxaban 60 mg daily and the low‐dose inter-
vention group received edoxaban 30 mg daily, though 
both doses could be halved if creatinine clearance was 
between 30 and 50 mL/min or a patient required vera-
pamil, quinidine, or dronaderone. Patients taking warfa-
rin were in the therapeutic INR range 68% of the time.

Edoxaban was noninferior to warfarin in preventing 
the primary endpoint. The annual rate of stroke or sys-
temic embolization in the intention‐to‐treat analysis 
was 1.57% in the high‐dose edoxaban group, 2.04% in 
the low‐dose edoxaban group, and 1.80% in the warfa-
rin group. There was a significant decrease in the rate 
of hemorrhagic stroke with high‐dose (0.26%) and low‐
dose edoxaban (0.16%), compared with warfarin 
(0.47%). Rate of ischemic stroke compared to warfarin 
(1.25%) was not different with high‐dose edoxaban 
(1.25%), and was statistically higher with low‐dose 
edoxaban, (1.77%). Rates of bleeding in general were 
lower in the edoxaban group and was also dose‐related, 
with the exception of gastrointestinal hemorrhage with 
high‐dose edoxaban.

In a meta‐analysis [286] including patients from RE‐
LY, ROCKET AF, ARISTOTLE, and ENGAGE AF‐TIMI 
48, over 42 000 patients received DOACs and over 29 000 
patients received warfarin. The DOACs significantly 
reduced stroke or systolic embolic events by 19% com-
pared to warfarin, mostly due to a reduction in hemor-
rhagic strokes. The DOACs also reduced all‐cause 
mortality and any intracranial hemorrhage but did 
increase gastrointestinal bleeding. Low‐dose DOAC reg-
imens offered similar reduction in stroke or systemic 
embolic events and lower rates of gastrointestinal bleed-
ing compared to warfarin, albeit at the cost of higher 
rates of ischemic strokes (Figure 17.28) [286].

Warfarin is highly successful at reducing rates of stroke 
due to atrial fibrillation in at‐risk individuals at the cost 
of numerous diet and drug interactions, frequent moni-
toring, and reduced time in therapeutic range. However, 
it is a widely used and well‐studied drug with simple‐to‐
interpret blood test parameters and drug reversal agents. 
In contrast, existing and emerging data suggest that the 
DOACs offer similar if not improved stroke risk reduc-
tion with less intracranial hemorrhage (though increased 
gastrointestinal hemorrhage in some cases), easier 
dosing options and no need for monitoring. There is a 
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reversal agent for dabigatran and promising develop-
ments for factor Xa inhibitors are progressing through 
phase 2 trials. Patients with acute renal failure should 
discontinue DOACs since they are commonly renally 
excreted. Clinicians and patients should be aware of the 
relatively short half‐life of DOACs as the risk of stroke 
upon discontinuation or transition between drugs may 
be increased. Patients who start these DOAC medica-
tions are also considered anticoagulated after their first 
dose since there is no titration time, as with warfarin.

Embolic stroke of unknown source, formally 
termed cryptogenic stroke
Embolic stroke of unknown source (ESUS) is defined as 
an ischemic stroke not attributable to small‐vessel dis-
ease, stenosis of large vessels, known cardiac thrombus/
vegetation, or atrial fibrillation [287]. ESUS is estimated 
to account for 20–25% of all ischemic strokes, about 
300 000 strokes annually in the United States and Europe 
[5]. It is known the ESUS represents a high‐risk popula-
tion with a 3–4% annual recurrence rate of ischemic 
stroke. In the subgroup analysis of the WARSS trial there 
appeared to be a trend toward benefit in subjects taking 
warfarin compared to aspirin who had stroke of unknown 
cause [288]. However, the hemorrhagic risk of warfarin 
may have mitigated the possible benefit. Since the DOACs 
were shown to carry less hemorrhagic stroke risk, two 

randomized control trials are enrolling ESUS subjects 
to  either DOAC or aspirin. The RESPECT‐ESUS trial 
compared dabigatran to aspirin and results are not yet 
available. NAVIGATE ESUS evaluated rivaroxaban ver-
sus aspirin, but did not find a significant difference in pre-
venting recurrent stroke and was associated with more 
hemorrhagic events [289]. The ARCADIA study is being 
formed to study apixaban in the ESUS patient population 
with evidence of left atrial enlargement.

17.6.3 Anticoagulants for patients 
with mechanical prosthetic heart valves

Patients with mechanical prosthetic heart valves are at 
very high risk of embolism, and require anticoagulation 
whether or not they have a history of ischemic stroke or 
other embolic problems. For some types of mechanical 
prosthetic valve, and in patients who have additional risk 
factors, such as a history of embolism, atrial fibrillation, 
or cardiac failure, a higher target INR of 3 (range 2.5–3.5) 
combined with low‐dose aspirin is warranted [194]. The 
management of acute stroke in patients with prosthetic 
mechanical valves already on anticoagulants has been 
discussed in Section 13.4.8.

The management of ischemic stroke and other throm-
boembolic events among pregnant women with mechan-
ical prosthetic heart valves is controversial because 
evidence is limited, and this is discussed in detail else-
where [290]. In brief, since oral anticoagulants increase 
the risk of fetal abnormalities, they should be avoided 
during the first trimester. Also, because they increase the 
risk of fetal bleeding during delivery, they should also 
be avoided in the weeks before delivery. Options for anti-
coagulation in these patients during pregnancy include 
low molecular weight heparin throughout pregnancy, 
very carefully monitored adjusted‐dose unfractionated 
 heparin throughout pregnancy, or unfractionated or low 
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Figure 17.28 New oral anticoagulant (NOAC) secondary outcomes of safety and efficacy compared to warfarin in combined meta‐analysis 
of randomized trials. Source: Ruff et al. 2014 [286]. © 2014 Elsevier.

For patients at risk of stroke due to nonvalvular atrial 
fibrillation with a creatinine clearance greater than 25 
mL/min, we suggest initiating apixaban 5 mg twice daily 
or dabigatran 150 mg twice daily. It is reasonable to initi-
ate treatment within several days of an index ischemic 
stroke if the lesion is stable and not at high risk of hemor-
rhagic conversion.
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molecular weight heparin until the 13th week and then 
change to warfarin until the middle of the third trimester 
before restarting heparin for the later weeks of pregnancy 
until after delivery. In very high‐risk cases, the addition of 
low‐dose aspirin may be warranted [290]. More data are 
needed with the DOAC‐type medications, but dabi-
gatran, rivaroxaban, and edoxaban are rated as pregnancy 
category C (chance of fetal harm) whereas apixaban is 
pregnancy category B (no evidence of increase risk of 
fetal abnormalities, but a remote possibility of fetal harm).

17.6.4 Low molecular weight heparin

Pregnancy
If a woman has a history of stroke or medical condition 
that requires antithrombotic and becomes pregnant it is 
recommended that low molecular weight heparin 
weight‐based dosing twice a day is used for stroke pre-
vention. As the patient’s weight changes throughout 
pregnancy the dose of low molecular weight heparin 
must be adjusted to achieve anti‐factor Xa levels of 0.35–
0.70 U/mL. After the first trimester aspirin could be used 
instead if secondary stroke prevention does not require 
full anticoagulation (e.g. mechanical heart valve). There 
does not seem to be increased risk of using low‐dose 
aspirin and hemorrhage or fetal development [291]. 
However, aspirin carries a pregnancy category D, mean-
ing evidence of fetal risk, thought to be highest in the 
first trimester. The highest risk period for stroke is post-
partum [292]. Since the risk is relatively low, about 2%, of 
a recurrent stroke during pregnancy, it is reasonable to 
use unfractionated heparin, low molecular weight hepa-
rin, or no treatment [293]. If low molecular weight hepa-
rin is used then it should be discontinued 24 hours before 
delivery is planned to avoid hemorrhagic complications.

It is uncommon for patients to have a stroke caused by 
cerebral venous sinus thrombosis and often patients pre-
sent with cerebral hemorrhage. This etiology of stroke is 
treated with anticoagulation using heparin bridging to 
warfarin for three months unless a procoagulant disor-
der is discovered, then long‐term anticoagulation is indi-
cated. A meta‐analysis of only two trials showed weak 
evidence for anticoagulation therapy compared to pla-
cebo to prevent death (RR 0.33; 95% CI 0.08–1.21) or 
dependency (RR 0.46; 95% CI 0.16–1.31) [294]. After this 
initial 3–12 months of anticoagulation, it is common for 
patients to start antiplatelet therapy only. The duration 
of anticoagulation is unclear since there is 5.8% rate of 
recurrent venous thromboembolic event and 2.2% recur-
rence of cerebral vein thrombosis at 1 year [295].

Cancer
Patients with cancer frequently have strokes and, at the 
time of autopsy, 15% have evidence of a stroke [296]. 

Patients who have a stroke and have cancer have worse 
clinical outcomes. The majority of stroke risk in cancer 
patients can be attributable to traditional risk factors. 
However, malignancies such as adenocarcinomas are 
associated with an increased risk of thromboembolic 
complications. This stroke potential can arise from a 
cancer secreting a molecule such as mucin, tumor embo-
lism, or forming a nonbacterial thrombotic endocarditis 
on cardiac valves. The CLOT (Comparison of Low 
Molecular Weight Heparin Versus Oral Anticoagulant 
Therapy for Long Term Anticoagulation in Cancer 
Patients With Venous Thromboembolism) study used a 
low molecular weight heparin, dalteparin, compared to 
warfarin to prevent recurrent venous thromboembolism 
and showed significant difference at six months [297]. 
The specific comparison of low molecular weight hepa-
rin to warfarin to prevent recurrent stroke is not ade-
quately studied. The DOACs offer promise as well, but 
there is no significant evidence to support their use in 
these patients yet.

17.6.5 Who not to treat

In general, the main contraindication to oral anticoagu-
lation is a high risk of bleeding (Section 17.6.4). However, 
many of the characteristics (e.g. age) that increase the 
risk of bleeding also increase the risk of thromboembo-
lism and there has to be a trade‐off between risks and 
benefits in individual patients. So for patients with 
known cerebral amyloid angiopathy anticoagulation 
should be avoided. Patients with active infective endo-
carditis have a high risk of ICH, and should not be treated 
with anticoagulants even though they have a serious 
embolic risk [298].

If possible, we always obtain a brain CT (or MR) scan 
to exclude intracranial hemorrhage before starting anti-
coagulants, because anticoagulation of patients with 
intracranial bleeding is presumably unwise, at least in the 
short term, if not in the long term. Brain CT needs to be 
performed within the first few days of stroke before any 
evidence of intracranial hemorrhage has disappeared, 
but for patients presenting later, MR scanning with 
appropriate sequences is necessary to detect previous 
ICH (Section  5A.3). As was discussed earlier for anti-
platelet treatment (Section 17.5.2), there are sometimes 
compelling reasons for long‐term anticoagulants in 
patients with a history of intracranial hemorrhage, and 
in such cases the potential benefits and hazards have to 
be considered on an individual basis. For example, 
patients with atrial fibrillation, particularly those with 
rheumatic valve disease or a mechanical heart valve at 
high risk of subsequent ischemic events, may warrant 
long‐term anticoagulants despite a prior history of 
intracranial hemorrhage [207].
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It is not clear whether or not the presence of hemor-
rhagic transformation of a cerebral infarct is an absolute 
contraindication to the use of anticoagulants. If the 
patient had a clear indication for immediate anticoagula-
tion, one should not delay if the scan showed a minor 
degree of hemorrhagic transformation (e.g. a few pete-
chiae). On the other hand, if there were confluent hem-
orrhage or a parenchymatous hematoma, waiting a week 
or two is reasonable.

17.6.6 Practicalities of long‐term 
anticoagulation

Starting anticoagulants
If oral anticoagulants are to be used for long‐term 
 secondary prevention, a baseline full blood count, plate-
let count, INR, serum chemistries, creatinine level, 
 creatinine clearance, and liver function tests should 
be  done – and the results known – before treatment is 
started.

On the rare occasions when there is an urgent need for 
immediate anticoagulation, intravenous unfractionated 
heparin or low molecular weight heparin can be given. 
Most hospitals have their own local guidelines for the 
administration (and monitoring in the case of intrave-
nous unfractionated heparin) of these drugs, and these 
should be followed.

There is room for flexibility in selecting a starting dose 
of warfarin. A starting dose of 5 mg or less may be used 
in the elderly, or patients with liver disease, congestive 
heart failure, or at increased risk of bleeding. The start-
ing dose generally needs to be given daily for 2–5 days 
until the INR is in the therapeutic range, with subsequent 
dosing based on the INR response. Suitable dosing 
schedules are available for guiding this process [299]. 
Similarly, apixaban may be adjusted to 2.5 mg b.i.d., and 
edoxaban may be adjusted to 30 mg daily.

Monitoring anticoagulants
In hospitalized patients, daily monitoring is appropriate 
if warfarin is initiated until a therapeutic INR has been 
achieved and maintained for at least two consecutive 
days, followed by two to three times weekly for 1–2 
weeks, and then less often, depending on the stability of 
the INR. Once the INR is stable, the frequency of moni-
toring can be reduced to once every few weeks. The 
American College of Chest Physicians suggests no more 
than four weeks between tests, while the British Society 
for Haematology’s guidelines suggest 12 weeks, although 
more frequent monitoring may be required in patients 
with an unstable INR, for whatever reason [299, 300]. 
No serologic monitoring is necessary for the DOACs at 
this time.

Different models of anticoagulation management
Since the risk of bleeding and of embolic complications 
is increased by instability in the anticoagulation inten-
sity, careful management of anticoagulation is crucial 
to maintain the benefits and reduce the risks. The key 
principles are that management of anticoagulation 
should be well organized and coordinated, incorporat-
ing patient education, systematic INR testing as needed, 
tracking, follow‐up, and effective communication of 
results and dosing decisions to the patient. There are a 
number of different ways of achieving this, some of 
which may be effectively combined, including antico-
agulation clinics based in hospitals or in the commu-
nity, INR testing in general practice with dosing advice 
from specialist departments in the hospital, patient 
self‐testing with dosing advice from the hospital or 
patient self‐management of dosing decisions, and com-
puter software programs to aid in dose adjustment 
[299]. There is evidence from a systematic review of 
RCTs that, compared with standard monitoring, patient 
self‐monitoring or self‐management improves out-
comes, with fewer thromboembolic events, lower mor-
tality, and a higher proportion of INR values in range, 
although no clear reduction in hemorrhage risk. 
However, self‐management is only feasible for patients 
who are capable of self‐monitoring and self‐adjusting 
therapy, and so requires their identification and educa-
tion [301]. Otherwise there is little clear evidence from 
RCTs to suggest the superiority of one method of man-
aging anticoagulation over another [299]. The best 
choice is likely to depend on the patient, their doctor, 
and local health services.

17.6.7 How long should 
treatment continue?

As with antiplatelet treatment (Section  17.5.6), most of 
the trials have tested only a few years of anticoagulants 
and none have directly compared different treatment 
durations. Thus, it is not known whether the balance of 
risk and benefit alters with prolonged therapy, particu-
larly as the patient becomes older and so at higher risk of 
bleeding. If a patient has a serious hemorrhage, not due to 
over‐anticoagulation, then the reason for giving antico-
agulants should be reviewed, and the risk of thrombo-
embolism reassessed. Since occult pathological lesions in 
the gastrointestinal tract and genitourinary system often 
present with bleeding, investigation of such patients 
(even if apparently over‐anticoagulated) is usually justi-
fied [275]. In the meantime, if we consider that a patient 
remains at high risk (whatever their age), no bleeding 
events have occurred, and no factors that might increase 
the risk of bleeding have developed (e.g. tendency to falls 
or dementia), most of us would keep the patient on anti-
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coagulants indefinitely. As more patients use DOACs, 
long‐term data will become available regarding bleeding 
risk with longer duration of treatment.

17.7  Lifestyle modification

17.7.1 Smoking cessation

Risks of smoking
Smoking (active and passive, or secondhand) is a known 
risk factor for first ischemic stroke (Section 6.6.4) and for 
subarachnoid hemorrhage (Section 9.1.1).

Benefits of stopping
Because of the clearly established adverse effects of all 
forms of tobacco consumption (cigarettes, pipes, cigars, 
and chewing tobacco) and the overwhelming indications 
for stopping, there have been no successful RCTs of 
“continue smoking” versus “stop smoking” for secondary 
prevention of stroke. However, observational studies 
show substantial early and long‐term health benefits of 
stopping smoking for smokers of all ages. The excess 

mortality falls soon after stopping and continues to do so 
for at least 10–15 years. Smoking cessation before the 
age of about 35 years leads to the avoidance of almost all 
the subsequent excess mortality, but stopping later in life 
still confers substantial benefit [302]. Stopping smoking 
halves the risk of mortality due to ischemic heart disease 
within a year, and the risk of stroke declines substantially 
within 2–5 years [303–306].

Best methods to aid smoking cessation
Systematic reviews have demonstrated the effectiveness 
of a variety of interventions to help people stop smoking, 
and in general these increase quit rates by about 1.5‐ to 
2‐fold (Figure  17.29). Advice from doctors, structured 
interventions from nurses, and individual and group 
counseling are all effective, but to varying degrees [307–
310]. A 2012 Cochrane review performed a review and 
meta‐analysis of randomized and quasi‐randomized 
 trials of hospitalized current smokers or recent quit-
ters  (defined as having quit at least one month before 
 hospitalization) to determine effective smoking cessa-
tion strategies. Interventions were initiated during 
 hospitalization and incorporated various behavioral, 
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Figure 17.29 Meta‐analyses of randomized trials of various interventions for smoking cessation showing effects on abstinence from 
smoking. Squares represent summary odds ratios (OR) for the various interventions shown, with the size of each square proportional to 
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pharmacological, or multifactorial strategies [311]. Fifty 
studies with at least six months of follow‐up data were 
included. Intensive counseling initiated during the hos-
pitalization and continued for at least one month post 
discharge improved cessation rates by 37% compared 
to  less intensive counseling at 6–12 month follow‐up 
points. Moreover, the addition of nicotine replacement 
therapy improved cessation rates by 54% over intensive 
counseling alone (demonstrated in six trials), whereas 
varenicline or buproprion did not have any significant 
benefits (trend for varenicline only).

Additional investigations have found that secondhand 
smoke or environmental tobacco smoke can also increase 
the risk of stroke. In a meta‐analysis of 20 studies that 
included 885 307 subjects 0.7% experienced a stroke 
with an estimated risk of 1.25 (95% CI 1.12–1.38). The 
risk remained elevated for both 5 and 40 cigarettes a 
day exposure [312].

17.7.2 Avoiding excess alcohol

Observational studies suggest that, compared with no 
alcohol consumption, light to moderate alcohol con-
sumption (about 1–3 units per day) reduces the risk of 
death, ischemic heart disease, and stroke, whereas exces-
sive alcohol consumption increases the risk of these out-
comes, giving rise to J‐shaped associations (Sections 
6.6.13 and 8.5.4) [56, 313–315]. Several studies have 
compared the effects of beer, wine, and spirits, and, in 
general, the effects of different types of alcohol are very 
similar [316–319]. A 2011 review and meta‐analysis of 
prospective cohort studies of patients with cardiovascu-
lar disease concurred with prior data regarding potential 
net benefit of a small amount of alcohol per day 1–2 
drinks per day for coronary disease and ≤1 drink per day 
for stroke. Overall cardiovascular mortality was 0.75 
(0.70–0.80) relative risk and stroke was 0.98 (0.91–1.06) 
using 17 studies [320].

On the basis of the observational evidence, it is there-
fore sensible to advise avoiding heavy alcohol intake for 
everyone, including patients who have had a stroke or 
TIA, but it is conceivable that a couple of drinks a day 
may provide net protection against further vascular 

events. However, since it is difficult to completely exclude 
residual confounding in the observational studies, and 
since there is an association between the mean level of 
alcohol consumption and the prevalence of heavy drink-
ing at the population level, alcohol use should not be rec-
ommended for vascular prevention as a public health 
measure [321–323].

17.7.3 Dietary modification

Dietary advice to reduce blood pressure by 
modifying salt intake
Observational data suggest an association between die-
tary salt (sodium) consumption and blood pressure, and 
public health recommendations in most developed 
countries are to reduce salt intake to less than 5 g/day, 
though American guidelines recommend intake to less 
than 2.4 g/day or even less for people at high risk [324]. 
Modest reductions of this size can be achieved with rela-
tively simple dietary modifications (not adding salt at the 
table or in cooking, and avoiding salty foods). A recent 
meta‐analysis included 13 studies and over 177 000 
patients to determine impact on salt intake and inci-
dence of stroke or cardiovascular disease. A higher salt 
intake was associated with a 23% increased risk of stroke 
and a 14% increased risk of cardiovascular disease. The 
difference between “high” and “low” salt intake was 5 g 
per day. Stroke risk and salt intake is likely related to 
blood pressure, though other long‐term effects of chron-
ically elevated sodium intake cannot be excluded [325].

Observational epidemiological studies have shown an 
association between increased potassium and reductions 
in blood pressure and in stroke risk [326]. A systematic 
review of RCTs of increased dietary potassium found that 
short‐term increases equivalent to about five bananas per 

All smokers, including those with a history of stroke or 
transient ischemic attack, should be advised to stop and 
referred to an intensive smoking cessation program with 
parallel use of nicotine replacement. Hospitalization for 
stroke (or any smoking‐related illness) should be lever-
aged as an opportunity to initiate intensive counseling, 
nicotine replacement therapy, and enrollment in a pro-
gram with follow‐up.

Everyone, including those who have had a stroke or tran-
sient ischemic attack, should avoid heavy drinking. One 
drink for women or two drinks of alcohol per day for men 
is not associated with increased risk. However, drinking 
alcohol is not encouraged as a preventive measure for 
stroke risk reduction.

Reducing dietary salt intake reduces blood pressure, par-
ticularly in older people with high blood pressure, per-
haps resulting in long‐term reduction in vascular events. 
It may also help those on antihypertensive medication to 
stop their treatment without a rise in blood pressure. 
However, it is difficult for people to stick to a low‐salt diet.
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day reduced blood pressure by about 3 mmHg sys-
tolic/2 mmHg diastolic, and appeared more effective in 
those with higher sodium intake, suggesting that potas-
sium supplementation may be helpful for blood pressure 
reduction in people who are unable to reduce their intake 
of sodium [327]. A more recent systematic review and 
meta‐analysis also concluded that higher potassium 
intake lowered the risk of stroke by 24% [328]. The best 
way to increase dietary potassium is to increase con-
sumption of fresh fruit and vegetables [326].

Dietary advice to reduce cholesterol
A meta‐analysis of metabolic ward studies of diets 
designed to reduce cholesterol levels in healthy volunteers 
found that dietary change could reduce blood cholesterol 
concentrations by about 0.8 mmol/L (i.e. by 10–15%). 
Achieving this involved replacing 60% of saturated fats 
with other fats and avoiding about 60% of dietary choles-
terol in a typical British diet [329]. In the real world, rather 
than under carefully controlled conditions, reductions of 
this size are not achievable. Several systematic reviews of 
RCTs in free‐living subjects found that dietary advice 
produced total cholesterol reductions of only around 
5%  (about 0.3 mmol/L with a baseline cholesterol of 6.3 
mmol/L), and more intensive diets were somewhat more 
effective than less intensive ones. Difficulties in complying 
with the prescribed dietary change explain the difference 
between the real world and ward‐based studies [330].

Thus, although some useful reduction in cholesterol 
levels can be achieved with dietary advice, it is important 
to be realistic about the reductions in vascular events that 
are likely to result. A systematic review of the effects on 
vascular outcomes found 27 trials in which the dietary 
interventions included provision of the majority of food 
for trial participants over several years, advice about diets 
with dietary fat restriction or modification, and provision 
of a combination of dietary advice and supplementation. 
Meta‐analysis showed a trend toward a reduction in vas-
cular mortality, and a marginally significant reduction in 
fatal and nonfatal vascular events (including myocardial 
infarction, angina, stroke, heart failure, peripheral vascu-
lar events, and unplanned cardiovascular interventions) 
(rate ratio 0.84; 95% CI 0.72–0.99) [331]. No significant 
harms are likely to result from dietary advice, however, so 
despite small effects at the individual level, it seems rea-
sonable to recommend cholesterol‐lowering dietary 
advice for all stroke and TIA patients.

Weight reduction
In observational studies, increasing body mass index 
(BMI) above 21–22 is associated with an increased risk of 
ischemic heart disease, hypertension, stroke, diabetes, 
cancer, and osteoarthritis (Section 6.6.10). The effects on 
ischemic heart disease and stroke are mediated mainly 
through effects on blood pressure, diabetes, and changes 
in lipid profile rather than raised BMI per se [332, 333]. 
However, studies have shown a 5% increased risk of stroke 
for each 1 kg/mm2 increase in BMI, starting as low as a 
normal BMI of 21 kg/mm2, and that the risk is higher for 
middle age than it is for older age, and for ischemic stroke 
than it is for hemorrhagic stroke [334]. A systematic 
review of RCTs of various nonsurgical interventions for 
weight loss in overweight and obese people found that 
both dietary and drug interventions led to modest reduc-
tions in weight and, as anticipated, favorable effects on 
vascular risk factors. The most widely studied dietary 
intervention was a low‐fat or reduced calorie diet, produc-
ing reductions at 1 year of about 5 kg in weight, along with 
small reductions in total cholesterol, diastolic and systolic 
blood pressure, and fasting plasma glucose. Exercise pro-
grams and behavior therapy produced additional weight 
loss when combined with dietary interventions, but there 
was no clear evidence to suggest that individual therapy 
was more effective than group or family therapy. However, 
limited sample sizes and follow‐up duration mean that 
there is no reliable evidence about the effects of any of 
these interventions on vascular outcomes or mortality 
[335]. Another systematic review of RCTs in morbidly 
obese people (BMI >40) found that surgical interventions, 
compared with conventional treatment, led to long‐term 
weight loss of 23–37 kg, as well as improved quality of life 
and reduced comorbidity, and that gastric bypass was the 
most effective surgical procedure [336].

The Mediterranean diet
Observational epidemiological studies have shown that 
increased consumption of fruit and vegetables, increased 
fish consumption (particularly oily fish, which is rich in 
omega 3 fatty acids), and increased dietary fiber are all 
associated with a reduced risk of stroke and ischemic 
heart disease [337–343]. These apparently protective 
dietary components are combined with low saturated fat 
intake in the so‐called “Mediterranean diet,” which is 
characterized by a high intake of fruit, vegetables, and 
cereals, a moderate to high intake of fish, a low intake of 
saturated lipids but high intake of unsaturated lipids 
(particularly olive oil), a low to moderate intake of dairy 
products, a low intake of meat and a modest intake of 
alcohol, mainly as wine. This Mediterranean diet is asso-
ciated in observational studies with reduced mortality 
from all causes, vascular disease, and cancer [344, 345]. 
However, there is no evidence from either observational 

It seems sensible to advise all patients with a prior stroke 
or transient ischemic attack to reduce their dietary intake 
of saturated fat, since this produces moderate reductions 
in cholesterol levels, which are probably associated with 
small reductions in subsequent vascular events.
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studies or from RCTs that dietary or supplemental 
omega 3 fats alter total mortality, combined vascular 
events, stroke, or cancer in people with, or at high risk of, 
vascular disease or in the general population [346, 347]. 
One small RCT of the Mediterranean diet in 605 ischemic 
heart disease patients did find that all‐cause mortality, 
myocardial infarction, and cancer risks were more than 
halved but the small numbers of outcome events and 
early stopping of the study mean that these results may 
well be overoptimistic [348].

One RCT based in Spain randomized patients to a 
low‐fat diet, a Mediterranean diet supplemented with 
1 liter of extra virgin olive oil per week, or a Mediterranean 
diet supplemented with nuts. Patients were at high risk 
of cardiovascular disease. The diet supplemented with 
olive oil reduced the risk of myocardial infarction, stroke, 
and cardiovascular death combined by 30%, while the 
diet supplemented with nuts reduced the risk of myocar-
dial infarction, stroke, and cardiovascular death by 28% 
[349]. Both Mediterranean diets significantly reduced 
risk of stroke by 33% (olive oil group) and 46% (nut 
group), but not other components of the composite out-
come. Various concerns related to the study include 
modification of the control group partway through the 
study to match intensity of follow‐up to the intervention 
groups, differences in baseline group characteristics, 
small outcome numbers, and likelihood that the inter-
vention diets impacted known cardiovascular risk fac-
tors such as LDL and hypertension.

A systematic review of RCTs of dietary advice (encour-
aging reduced consumption of at least one of fat, satu-
rated fatty acids, cholesterol, or sodium, or increased 
consumption of at least one of fruit, vegetables, polyun-
saturated fatty acids, monounsaturated fatty acids, fish, 
fiber, or potassium) found modest benefits on dietary 
intake and several vascular risk factors, but longer term 
effects on vascular outcomes are unknown [350].

17.7.4 Exercise

Observational studies have shown that physical activity is 
associated with a lower risk of myocardial infarction and 
stroke, but most were done in middle‐aged people without 

a history of vascular disease, limiting their applicability to 
other groups (Section 6.6.9) [351, 352]. A systematic review 
of RCTs found that aerobic exercise reduces blood pres-
sure, but any effects on vascular outcomes are uncertain 
[352]. Cardiac rehabilitation programs (of which exercise is 
just a part) reduce the frequency of death and major car-
diac events after myocardial infarction [353]. However, the 
effects of exercise programs alone after myocardial infarc-
tion or stroke on the occurrence of further vascular events 
are unknown. It is recommended that capable stroke 
patients exercise to a moderate–vigorous intensity for 3–4 
sessions per week of about 40 minutes on average each ses-
sion. Exercise may bring other benefits; for example, a pro-
gram of muscle strengthening and balance retraining 
reduces the risk of falls in elderly people [354]. Since advice 
alone is typically insufficient to change a patient’s physical 
exercise patterns, an organized exercise program is likely 
more effective and reasonable to recommend.

17.8  Dietary supplements: 
B vitamins and antioxidants

17.8.1 Folic acid and other B vitamins

Systematic reviews of observational studies have sug-
gested an association between raised plasma homocyst-
eine concentrations and both ischemic heart disease and 
stroke [355, 356]. Although this does not necessarily imply 
a cause‐and‐effect relationship, these findings are sup-
ported by the association with ischemic heart disease and 
stroke of the common functional polymorphism C677T in 
the gene encoding methyltetrahydrofolate reductase 
(MTHFR), an enzyme involved in homocysteine metabo-
lism, showing that the observed increases in risk of both 
stroke and ischemic heart disease in individuals with the 
TT genotype is close to that predicted from the increase in 
homocysteine concentration conferred by this variant 
[356–358]. However, the apparent association could be 
due to another nearby gene in linkage disequilibrium with 
the MTHFR gene, to confounding by different ethnic 
composition of cases and controls (population stratifica-
tion), or to publication bias (positive studies are more 
likely to be published and so included in systematic 
reviews than negative ones) (Section 6.6.8) [359, 360].

If the association between homocysteine concentra-
tions and vascular disease is causal, then lowering homo-
cysteine concentrations should reduce the risk of stroke 
and ischemic heart disease. Such lowering is relatively 
easy to achieve, and RCTs of 0.5–5 mg folic acid daily (with 
about 0.5 mg vitamin B12 to minimize the potential for 
neurological complications due to B12 deficiency) do 
lower homocysteine concentrations by about one‐quarter 
to one‐third (e.g. from about 12 to 8–9 µmol/L) [361]. 

Stroke patients should be evaluated for obesity. Obese 
individuals should be encouraged to lose weight using 
dietary, or if necessary surgical interventions. All patients 
should receive general advice about a healthy diet, low 
in saturated fat, and salt, with plenty of fish, fiber, fruit, 
and vegetables (Mediterranean diet). These interven-
tions have beneficial effects on vascular risk factors, and 
seem likely to produce small reductions in vascular out-
comes, although there is no clear evidence that they do.
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The primary outcome of the Vitamin Intervention for 
Stroke Prevention (VISP) study, which randomized 
patients with an ischemic stroke to high‐ or low‐dose 
folate, B6, or B12 supplementation, did not find a reduc-
tion in stroke rates in the high‐dose subjects [362]. 
However, in a subgroup analysis that excluded subjects 
who would be unlikely to benefit from vitamin supple-
mentation there was a significant benefit of 21% reduction 
of ischemic event or death in the unadjusted analysis 
(P = 0.049), but not in the adjusted analysis (P = 0.056) 
[363]. This finding should be interpreted cautiously 
because it was not a primary studied outcome but rather a 
subgroup analysis.

A meta‐analysis of RCTs of folic acid supplementation 
for a total of 17 000 participants with preexisting vascular 
disease found no evidence of a reduction in all‐cause 
mortality or vascular outcomes [364]. A 2010 RCT from 
the VITAmins TO Prevent Stroke (VITATOPS) study 
group randomized over 8000 patients with a history of 
stroke or TIA within seven months of enrollment to B 
vitamins (2 mg folic acid, 25 mg vitamin B6, 0.5 mg vita-
min B12) versus placebo to determine the impact of B 
vitamins on a composite outcome of nonfatal stroke or 
myocardial infarction or death. The B vitamins did not 
appreciably reduce the risk of stroke compared to placebo 
[365]. A subsequent meta‐analysis [366] used data from 
15 RCTs with over 55 700 patients to determine impact of 
folic acid supplementation on primary prevention of 
stroke. Overall, folic acid supplementation was associated 
with an 8% relative risk reduction in stroke; the effect was 
11% reduction in stroke when folic acid supplementation 
was compared to nonsupplementation in patient popula-
tions receiving partial or no fortification through regional 
diet. Interestingly, there was a more prominent effect of 
folic acid supplementation in groups receiving less statin 
therapy. Up to 0.8 mg of folic acid was sufficient to pro-
duce the above effects and higher doses did not confer 
additional benefit. Impact on stroke subtypes was not 
evaluated. Homocysteine levels pre‐ and post‐interven-
tion or net change of homocysteine level were not evalu-
ated. Clarification of the former two points may lead to 
targeted supplementation in select patient populations.

17.8.2 Antioxidants

Laboratory studies suggest that antioxidants protect 
against atherosclerosis by limiting the oxidation of LDL 
in the arterial wall [367, 368]. In keeping with this, obser-
vational epidemiological studies have found an associa-
tion between low intake and low levels of antioxidants 
(mainly beta‐carotene, vitamin C, and vitamin E) and risk 
of stroke and ischemic heart disease (Section 6.6.12) [342, 
369]. This suggests that dietary antioxidant supplements 
might reduce the risk of ischemic stroke and other vascu-
lar outcomes. A number of dietary constituents have 
antioxidant properties, including certain minerals (e.g. 
selenium, copper, zinc, manganese), vitamins (C, E), pro‐
vitamins (beta‐carotene), and flavonoids. However, tens 
of thousands of individuals have now been randomized in 
several trials assessing the effects of antioxidant supple-
ments (mainly vitamins E and C and beta‐carotene) on 
vascular outcomes, both in primary and secondary pre-
vention settings. Systematic reviews have found no evi-
dence of benefit, even with follow‐up for over 7 years 
[370, 371]. In fact, beta‐carotene appeared to be associ-
ated with increased vascular mortality [371]. Thus, there 
is no indication to use antioxidant supplements for sec-
ondary prevention after stroke.

17.9  Management of diabetes 
mellitus and glucose intolerance

Diabetes mellitus (HbA1c ≥6.5% or fasting glucose 
≥126 mg/dL), impaired glucose tolerance (2‐hour 
post 75 g oral glucose load results in ≥140–199 mg/
dL) and impaired fasting glucose (100–125 mg/dL) 
are important risk factors for ischemic stroke and 
other vascular diseases. About 60–70% of stroke 
patients have a dysglcyemic state [372]. In patients 
with diabetes and stroke, surveys have found more 
prevalence in younger populations, those with history 
of myocardial infarction or hypertension, and those 
identifying as black [373].

Patients with type 2 diabetes have an annual risk of 
stroke, myocardial infarction, or vascular death of 
about 6% (Section 6.6.5) [374–377]. There is good evi-
dence that blood pressure‐lowering drugs, statins to 
reduce cholesterol, and antiplatelet treatment produce 
similar relative benefits in people with and without dia-
betes, so it is clearly appropriate to use these treatments 
after stroke, regardless of whether or not the patient 
has diabetes [156, 186, 378]. There is good evidence 

At present there is conflicting evidence from randomized 
trials to support the routine use of homocysteine lower-
ing with folate and B12 supplements to prevent vascular 
events, either in primary prevention or after a stroke or 
transient ischemic attack. However, it is reasonable to 
use folic acid and vitamin B12 supplementation for pri-
mary or secondary prevention in regions with no or par-
tial dietary fortification. Future studies are needed to 
determine optimal target population and homocysteine 
levels, and association with MTHFR genotype.

Randomized trials do not support the use of antioxidant 
supplements after a stroke or transient ischemic attack.
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that treatment of hypertension in patients with  diabetes 
should begin with an ACE inhibitor or ARB type medi-
cation [379, 380].

Randomized trials have found that blood glucose 
control with metformin in overweight patients reduced 
microvascular complications, as well as reducing risk 
of death, myocardial infarction, and stroke (the latter 
nonsignificantly), with less excess risk of weight gain 
and hypoglycemia than with sulfonylureas or insulin 
[381]. A subsequent randomized placebo‐controlled 
trial of the hypoglycemic drug pioglitazone, including 
over 5000 patients with type 2 diabetes and a history 
of stroke, ischemic heart disease, or peripheral arterial 
disease, found that treatment reduced the risk of 
death,  myocardial infarction, or stroke, such that 
 treatment of 1000 subjects like those in the trial for 
3  years would result in the avoidance or delay of 21 
myocardial infarctions, strokes, or deaths. Active 
 treatment also reduced the need to start insulin. 
However, this benefit was at the expense of an increased 
risk of hypoglycemic episodes, weight gain, and heart 
failure, although there was no overall difference in the 
risk of serious adverse events between treatment 
groups [382]. The Insulin Resistance Intervention after 
Stroke (IRIS) trial [383] was an RCT studying the 
effects of pioglitazone versus placebo in over 3800 
patients with insulin resistance with recent stroke 
or  TIA (within six months of randomization). The 
 primary composite outcome was fatal or nonfatal 
 myocardial infarction or stroke. After 4.8 years, piogl-
itazone reduced relative risk of primary outcome 
by 24% compared to placebo (9% compared to 11.8%, 
respectively). There was no difference in all‐cause 
mortality. However, pioglitazone also increased the 
risk of weight gain, edema, and fractures.

Since careful control of glycemia in diabetes improves 
outcome in terms of vascular complications, detecting 
and treating undiagnosed diabetes and ensuring ade-
quate treatment for known diabetes in patients who 
have had a stroke or TIA is appropriate. In overweight 
patients, metformin is probably the most appropriate 
first choice, but otherwise there remain some uncer-
tainties about the best way of achieving glycemic 
 control. Management of diabetes is probably best coor-
dinated in a dedicated diabetes clinic, where one is 
available. The management of hyperglycemia and dia-
betes in the acute phase of stroke is discussed in 
Section 11.18.3.

17.10  Treatment of specific 
underlying causes

Specific treatment of rare causes of stroke has been 
 discussed in Chapter  7. Here, we outline the specific 
treatment of some of the commoner causes of stroke.

17.10.1 Atrial fibrillation: rate control 
versus attempted cardioversion 
to sinus rhythm

Patients in atrial fibrillation can. in theory. be managed 
either by attempted electrical or pharmacological cardi-
oversion to sinus rhythm or by rate control along with 
long‐term antithrombotic (anticoagulant or antiplatelet) 
treatment to reduce the risk of embolism. The advan-
tages of cardioversion are that successful restoration of 
sinus rhythm should improve left ventricular ejection 
fraction and maximal exercise capacity, and it may 
reduce the risk of embolic complications so obviating the 
need for long‐term anticoagulation with its attendant 
inconvenience and risks. However, it is not certain that 
restoration of sinus rhythm does reduce embolic risk. In 
addition, about three‐quarters of patients spontaneously 
revert to atrial fibrillation within 1 year of electrical car-
dioversion, and this occurs in one‐quarter to one‐half 
of  those initially restored to sinus rhythm using drugs. 
Finally, neither the procedure of electrical cardioversion 
nor the drugs used for pharmacological cardioversion 
are free of risk [384, 385].

A systematic review of electrical cardioversion fol-
lowed by antiarrhythmic drugs to maintain sinus rhythm, 
generally with oral anticoagulants for a few weeks before 
and after the electrical cardioversion, versus rate control 
with digoxin, a beta‐blocker or a calcium channel antag-
onist, plus oral long‐term anticoagulants, identified 
three RCTs. There was no significant difference in death, 
stroke, and TIA, or peripheral embolism. Physical 
aspects of quality of life were significantly better in the 
rhythm control group, perhaps because of the larger pro-
portion in sinus rhythm, but since quality of life was only 
reported for a little over half of the total number of 
patients, this result may not be reliable [385]. Another 
systematic review of pharmacological cardioversion ver-
sus rate control identified two RCTs that had been pub-
lished in full, between them including about 4300 
subjects with a mean age of 70 years, with almost 95% of 
the subjects included in just one trial [384]. In this trial, 
the rhythm control group received the treating physi-
cian’s drug of choice (most often amiodarone or sotalol, 
with over half receiving digoxin, a beta‐blocker or a cal-
cium channel antagonist as initial therapy), electrical 
cardioversion as necessary (this occurred in about one‐
third of subjects), and anticoagulation was encouraged 

Good glycemic control in patients with dysglycemia 
reduces the risk of microvascular – and perhaps 
macrovascular – complications.
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(and received by 70% throughout the course of the trial). 
The rate control group received digoxin, beta‐blockers, 
or calcium channel antagonists, and anticoagulation 
was  mandatory (and received by 85% throughout the 
course of the trial). Follow‐up was for a mean of 3.5 years. 
Again there was no significant difference between 
 treatment groups in death, ischemic stroke, systemic 
embolism, intracranial hemorrhage, or extracranial 
hemorrhage. More patients needed hospitalization, and 
a slight excess  of malignant dysrhythmias occurred 
 during  follow‐up in the rhythm control compared with 
the rate control group [386].

Therefore, the available evidence does not suggest any 
definite advantage of either electrical or pharmacologi-
cal cardioversion over rate control with long‐term 
 anticoagulation, and suggests some excess risks of phar-
macological rhythm control. However, these results 
only apply to patients eligible for anticoagulants, and do 
not guide us in choosing the most appropriate treatment 
strategy for patients in whom anticoagulants are clearly 
contraindicated. At present, we tend to opt for a policy of 
rate control plus antiplatelet treatment (usually aspirin) 
in patients who have a contraindication for anticoagu-
lation. However surgical techniques of left atrial append-
age closure could be reasonable alternatives to prevent 
embolic stroke. Furthermore, the results cannot be 
 generalized to younger patients with new‐onset atrial 
fibrillation.

17.10.2 Obstructive sleep apnea

Obstructive sleep apnea (OSA) is the most common 
sleep‐related breathing disorder and occurs in approxi-
mately 60% of stroke patients (at least twice the preva-
lence of the general population). Specific stroke subtypes 
may also lead to other or concomitant sleep‐related 
breathing disorders, such as central sleep apnea and 
Cheyne–Stokes breathing, but OSA remains the most 
prevalent and the most studied with regard to cardiovas-
cular risk. OSA is most widely defined as mild to severe 
based on the number of apnea events per hour of sleep 
(Apnea–Hypopnea Index [AHI]). An AHI less than 5 is 
normal, 5–14 is mild, 15–30 is moderate, and greater 
than 30 is severe.

OSA occurs due to collapse of the upper airway during 
inspiration, leading to a physical seal and subsequent 
negative intrathoracic pressure. Transient structural, 
chemical, and hemodynamic changes include distension 

of the atrial cavity leading to arrhythmogenic potential, 
initiation of the sympathetic nervous system with subse-
quent rebound parasympathetic effects, pH shifts from 
hypoxemia and hypercapnia, and hypertension [387]. 
Chronic changes include sustained atrial cavity remod-
eling with propensity for arrhythmias, sustained 
hypertension, and states of chronic inflammation and 
hypercoagulability. OSA may impede usual electrophysi-
ologic or pharmacologic interventions for atrial fibrilla-
tion, hypertension, and metabolic syndrome [388].

A growing body of evidence has suggested that OSA 
is  linked to first and recurrent cardiovascular events, 
including stroke, and that there may be a dose response 
to elevated risk (severity of OSA corresponds to higher 
risk) [389, 390]. Although OSA is interrelated with other 
vascular risk factors such as arrhythmias and hyperten-
sion, it has emerged as an independent predictor of first 
and recurrent events in some studies, yielding another 
modifiable risk factor for primary and secondary preven-
tion [391]. Moreover, OSA may not manifest in stroke 
patients (before or after an event) with the classic clinical 
features such as excessive daytime somnolence, fatigue, 
and nonrestorative sleep, thus necessitating a more 
active approach to evaluating at‐risk patients.

The intervention for OSA is continuous positive airway 
pressure (CPAP). In addition to minimizing the triggered 
transient and chronic changes described above, CPAP 
reduces blood pressure, which also reduces risk of stroke 
[392]. Historically, there have not been many studies 
detailing the impact of CPAP on stroke recurrence. 
Moreover, risk factor reduction has been promising in 
the short‐term but equivocal for longer term changes and 
it is unclear if this is due to CPAP adherence over time.

Most recently, an RCT was designed to assess the 
impact of nightly CPAP on a composite outcome of 
 cardiovascular events, including stroke. Randomized 
patients had a history of coronary vascular disease or 
cerebrovascular disease and received usual care or usual 
care plus CPAP. Patients were followed up for a mean of 
3.7 years. In the CPAP group, there was a significant 
reduction in the AHI from moderate/severe range to nor-
mal range with a mean CPAP adherence of 3.3 hours per 
night. Outcome events occurred in 17% of participants in 
the CPAP group and 15.4% in the control group without 
statistical significance. There was no statistically signifi-
cant benefit of CPAP on individual components of the 
composite outcome, either, although secondary analyses 
revealed improved daytime sleepiness, quality of life, and 
mood. Other studies have used a standard of 4 hours 
to  determine good adherence to and benefits of CPAP. 
When the authors performed analyses with patients 
adherent to CPAP at least 4 hours per night matched 
with similar controls, outcome events reflected a similar 
nonstatistically significant pattern as above [388].

In older patients with atrial fibrillation, a strategy of rate 
control (plus anticoagulation if possible, and antiplatelet 
treatment if not) is a highly acceptable primary strategy.
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Overall, there is a growing body of literature supporting 
the role of OSA in incident and recurrent cardiovascular 
and cerebrovascular events as an independent risk factor 
[393]. The classic clinical manifestations of OSA may not 
be present in patients at risk for first or recurrent stroke, 
necessitating a more active approach to  evaluation and 
intervention in select patients. More randomized con-
trolled studies are needed to determine if reduction of 
AHI by CPAP adds additional risk reduction in patients 
adherent to therapy at least 4 hours per night beyond 
known risk reduction strategies.

17.11  Endarterectomy 
for symptomatic carotid stenosis

17.11.1 Introduction

Soon after the introduction of catheter angiography and 
the rediscovery that atherothrombotic stenosis at the 
origin of the internal carotid artery (ICA) could cause 
ischemic stroke, surgeons began to devise methods to 
remove or bypass the arterial lesion [394]. After early 
surgical attempts in China and Argentina, the first suc-
cessful endarterectomy was done by DeBakey in 1953, 
but not reported until more than 20 years later [395–
397]. However, it was really the report of Felix Eastcott’s 
successful carotid reconstruction in a patient with fre-
quent “low‐flow” TIAs at St Mary’s Hospital in London 
that gave the impetus to what was to become, in North 
America at least, an epidemic of carotid endarterecto-
mies for asymptomatic as well as symptomatic stenosis 
[398–400]. ICA occlusion generally came to be regarded 
as inoperable and surgical attempts to correct carotid 
coils, kinks, and fibromuscular dysplasia are not sup-
ported by any good evidence.

Innumerable surgical case series were soon published 
and two early RCTs were inconclusive [401, 402]. Not 
surprisingly, in view of the lack of reliable data, there 
were soon huge variations in surgery rates between 
countries, and even within the same country [403, 404]. 
Physicians therefore began to question publicly the 
utility of carotid endarterectomy, inappropriate use 
of surgery was documented, and the number of opera-
tions – perhaps as a consequence – began to fall [400, 
401, 403, 405, 406]. Eventually, in the early 1980s, these 
pressures persuaded surgeons and physicians to mount 
RCTs large enough to be conclusive, and the first results 
in patients with symptomatic stenosis began to appear in 
the early 1990s [407–409]. Surgery clearly did prevent 
stroke in patients with recently symptomatic severe 
ICA  stenosis, but at a price: the risk of stroke as a 
 consequence of surgery, the risk of other complications 
of surgery, the cost of surgery, and the risk and cost of the 

investigations to select suitable patients (Sections 17.11.3, 
17.11.4, 6.8.5, and 6.8.13). By then carotid endarterec-
tomy was rapidly becoming one of the most studied 
surgical procedures ever, leading to economic analyses 
(Section 17.11.6), an estimate of the public health impact 
of surgery (Section  20.4.1), and comparisons of risk 
between institutions and even individual surgeons 
(Section 17.11.3). After the RCTs, not surprisingly, sur-
gery rates started rising again and there is now concern 
in North America that much of this rise is to do with 
operating on asymptomatic stenosis and on patients 
with nonspecific symptoms (Section  17.12) [400, 410, 
411]. Paradoxically, there is also concern at unmet needs, 
at least in the United Kingdom [412, 413]. Nowadays, the 
challenge has become to decide exactly which individu-
als should be offered surgery (Sections 17.11.6–17.11.8).

17.11.2 The carotid endarterectomy 
operation

The carotid bifurcation is exposed, gently mobilized, and 
slings placed around the internal, external, and common 
carotid arteries (Figure  17.30). During this exposure, 
embolic material may be inadvertently dislodged from 
the arterial lumen, and nerves that lie close to the artery 
can be damaged (Section 17.11.4). After applying clamps 
to these three arteries, away from any atheromatous 
plaque as far as possible, the bifurcation is opened 
through a longitudinal incision, the entire stenotic lesion 
cored out, the distal intimal margin secured, the arteri-
otomy closed and the clamps released to restore blood 
flow to the brain. Most patients should already be on 
antiplatelet drugs before surgery and these should be 
continued afterwards because the patients are still at 
high risk of ischemic stroke in the territory of other 
arteries, and of coronary events (Section 17.2). In addi-
tion, most surgeons heparinize patients during the pro-
cedure itself. Controlling systemic blood pressure before, 
during, and after surgery is crucial to avoid hypotension, 
which will make any cerebral ischemia worse, and hyper-
tension which may cause cerebral edema or even ICH 
(Section 17.11.3). Operative damage to the nerve to the 
carotid sinus, or changes in the carotid sinus itself, may 
make control of postoperative blood pressure more of a 
problem, but in the long term has little if any effect [415]. 
This then is the operation at its simplest, and for over 50 
years surgeons have been attempting to make it safer by 
using various modifications on the basic technique.

One particular variation, eversion endarterectomy, is 
becoming increasingly popular [416–420]. A systematic 
review of five RCTs compared eversion versus conven-
tional endarterectomy either with primary closure or 
with patch angioplasty [419]. Overall, there were no sig-
nificant differences in the risks of perioperative stroke, 



17 Preventing recurrent stroke808

stroke, or death, or local complication rates, but the 
absolute risks were rather low (risk of stroke or death 
was 1.7% with eversion versus 2.6% with conventional 
endarterectomy).

A post‐hoc analysis of data from the Stent‐Protected 
Angioplasty Versus Carotid Endarterectomy (SPACE‐1) 
trial evaluated the outcome of 563 patients within the 
surgical randomization arm by surgical technique sub-
groups: eversion versus conventional endarterectomy 
[421]. Conventional carotid endarterectomy was associ-
ated with better periprocedural neurological outcomes 

and eversion carotid endarterectomy was more effective 
for long‐term prevention of ipsilateral stroke.

Cerebral protection (shunting)
In theory, it should be possible to prevent low cerebral 
blood flow during carotid clamping, and so perhaps an 
ischemic stroke, by inserting a temporary intraluminal 
shunt from the common carotid artery (CCA) to the ICA 
distal to the operation site. Some surgeons routinely 
shunt for this reason, and to allow more time to teach 
trainees, but there are problems:

(a)

(b)

(c)

(d)

Proximal

Plaque

lEL
Media
EEL
Adventitia

Proximal Distal

Figure 17.30 Illustration of a standard 
carotid endarterectomy. At A the 
atherothrombotic plaque is being cored 
out, the plane of dissection usually being 
between the media and external elastic 
lamina (EEL) at B. At C the artery is being 
closed with particular attention to tacking 
down the distal intimal flap at D. IEL, 
internal elastic lamina. Source: Zarins and 
Gewertz 1987 [414]. Reproduced with 
permission of Elsevier.
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 ● Insertion may be difficult, particularly with small‐
caliber arteries, and the shunt can dissect the arterial 
wall or dislodge atherothrombotic material which 
embolizes to the brain.

 ● Clot may form in the shunt and embolize, or even 
occlude the shunt completely.

 ● The shunt may kink and then obstruct, or obstruct if 
the end abuts against the arterial wall.

 ● The shunt can transmit emboli from thrombus in the 
CCA damaged during shunt insertion.

 ● The shunt itself may make the operation technically 
more difficult and longer, and the more extensive sur-
gical exposure required increases the chance of nerve 
damage, postoperative hematoma, and infection.

A compromise is to selectively shunt only patients likely 
to develop, or who actually are experiencing, cerebral 
ischemia as a result of low flow. However, numerous 
efforts to identify the patients who need shunting have 
been inconclusive and there is considerable variation in 
routine practice [422–428]. Some believe that a shunt 
should be used if there is contralateral ICA occlusion, or 
if the patient has had a recent ischemic stroke. Others 
shunt patients who have a low ICA “stump” pressure 
(measured distal to the ICA clamp), perhaps indicating 
poor collateral blood flow to the ipsilateral cerebral hem-
isphere. Collateralization itself can possibly be predicted 
preoperatively with transcranial Doppler techniques 
[429]. Intraoperative monitoring of the electroencepha-
logram, sensory evoked potentials, regional cerebral 
blood flow, middle cerebral artery (MCA) blood flow, 
and emboli detection with transcranial Doppler, jugular 
venous oxygen saturation, cerebrovascular hemoglobin 
oxygen saturation with near‐infrared spectroscopy, and 
the neurological state of the patient if operated under 
regional anesthesia, may all provide early warning that 
cerebral ischemia is occurring. Inserting a shunt may 
then prevent a stroke due to low flow, but presumably 
not due to embolism. However, there is no good evidence 
that any of these approaches helps to reduce the opera-
tive risk, and randomized trials of different shunting 
policies have been too small and too few to provide reli-
able answers [430]. As a result, there is no standard pol-
icy for either operative monitoring or the use of shunts, 
and surgeons rely on their own experience, common 
sense and whatever monitoring technique they have 
available and are comfortable with.

Restenosis and patch angioplasty
After carotid endarterectomy, the long‐term risk of 
ischemic stroke ipsilateral to the operated artery is 
so  low  that recurrent stenosis cannot be of any great 
 clinical  concern, at least in the sense of causing stroke 
(Section 17.11.5) [431]. This is fortunate because if steno-
sis does recur then a second endarterectomy is more dif-
ficult and more risky [432], and angioplasty or stenting 
may be preferable, although there is no randomized evi-
dence for either procedure in symptomatic or asympto-
matic restenosis [433]. In fact, the reported frequency of 
restenosis has varied enormously depending on whether 
the study was prospective or retrospective, the complete-
ness and length of follow‐up, the sensitivity and speci-
ficity of the imaging method used, and the definition of 
restenosis [434]. Sometimes, a restenosis is not even a 
restenosis at all but a residual stenosis from a technically 
inadequate carotid endarterectomy. Certainly, recurrent 
atherothrombotic stenosis can occur, but usually not for 
some years, whereas early restenosis (within a year or so) 
is more likely to be due to neointimal hyperplasia [435]. 
On balance, therefore, there is no point in repeated clini-
cal or ultrasonographic follow‐up just to detect asymp-
tomatic restenosis, but if the operated artery becomes 
symptomatic again, and the stenosis has recurred, then 
repeat endarterectomy or stenting is probably reasonable.

Many surgeons routinely use a patch of autologous 
vein, or synthetic material, to close the artery, enlarge the 
lumen and to reduce the risk of restenosis and, more 
importantly, of stroke. Patching increases the surgery 
time, there are two suture lines rather than one, and 
there are complications, albeit rarely. For example, the 
center of a vein patch can become necrotic and rupture 
to cause a life‐threatening neck hematoma, perhaps less 
often if the vein is harvested from the thigh than the 
ankle; aneurysmal bulging and dilatation of the carotid 
bifurcation may occur; and synthetic grafts can become 
infected. Also, it may be impossible to find enough leg 
vein left over after any earlier coronary artery surgery, 
and removing what vein there is can cause local hema-
toma, infection, ulceration, and discomfort. Randomized 
trials are necessary to determine the balance of risk and 
benefit.

The most recent meta‐analysis of RCTs of primary clo-
sure, vein patch, or synthetic patch included data from 
2157 operations in several relatively poor‐quality trials 
[436]. Follow‐up varied from as early as hospital dis-
charge to 5 years. Carotid patch angioplasty was associ-
ated with a reduction in the risk of ipsilateral stroke 
during the perioperative period (OR 0.31, 95% CI 0.15–
0.63, P = 0.001) and long‐term follow‐up (OR 0.32, 95% 
CI 0.16–0.63, P = 0.001). It was also associated with a 
reduced risk of perioperative arterial occlusion (OR 0.18, 
95% CI 0.08–0.41, P < 0.0001), and decreased restenosis 

There is no standard method to predict reliably which 
patients will have an ischemic stroke during carotid 
clamping. It is therefore difficult to select patients who 
should have a shunt during carotid endarterectomy, 
which is why there is so much variation in practice.
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during long‐term follow‐up in eight trials (OR 0.24, 95% 
CI 0.17–0.34, P < 0.00001). However, the sample sizes 
were relatively small, data were not available from all tri-
als, and there was significant loss to follow‐up. Very few 
arterial complications, including hemorrhage, infection, 
cranial nerve palsies, and pseudo‐aneurysm formation 
were recorded with either patch or primary closure. 
Nevertheless, the evidence suggests that carotid patch 
angioplasty does more good than harm.

Some surgeons who use carotid patching favor a patch 
made from an autologous vein, whereas others prefer to 
use synthetic materials. A recent meta‐analysis of 13 
RCTs of different types of patches included data on 2083 
operations and concluded that the number of outcome 
events was too small to allow reliable conclusions to be 
drawn. More data will be required to establish whether 
there are any real differences [437].

General versus regional anesthesia
Current evidence suggests that the choice of anesthesia 
has no significant impact on clinically important out-
comes after carotid endarterectomy. Surgery has tradi-
tionally been performed most often under general 
anesthesia, but regional anesthesia is becoming more 
widespread. Both approaches have their supporters and 
detractors. With general anesthesia, the patient lies per-
fectly still and there is good control over the cardiovas-
cular system, but there are likely to be more cardiac and 
pulmonary complications. With regional anesthesia, 
there is much less shunt use because it is immediately 
obvious when a shunt is needed to restore blood flow 
distal to the carotid clamps, elaborate intraoperative 
monitoring is unnecessary, and hospital stay may be 
shorter. On the other hand, some patients will not toler-
ate the procedure and a quick change to general anesthe-
sia may be required. A recent systematic review of 14 
randomized trials comparing the use of local anesthetic 
to general anesthetic for carotid endarterectomy 
included 4596 operations, of which 3526 were from the 
GALA (General Anaesthesia versus Local Anaesthesia 
for carotid surgery) trial [438], and revealed no differ-
ence in the incidence of stroke within 30 days of surgery 
between the local anesthesia group (3.2%) and the gen-
eral anesthesia group (3.5%) [439]. There was also no sig-
nificant difference in the proportion of patients who had 
a stroke or died within 30 days of surgery, although the 
analysis may not have been adequately powered to relia-
bly detect an effect on mortality.

Early technical failure
Occasionally, the carotid artery occludes immediately or 
a few days after surgery, as a result of thrombosis, dissec-
tion of the arterial wall, or excessive kinking at the opera-
tion site. This does not necessarily cause stroke if the 

collateral blood supply to the brain is sufficient. Both 
thrombosis and dissection are thought to be largely due 
to poor operative technique, particularly if the distal inti-
mal flap has been left unsecured or there is a ridge of 
arterial tissue due to faulty suturing. Residual disease is 
another cause of thrombosis. Therefore, before closing 
the skin, some surgeons check the endarterectomy site 
with conventional ultrasonography, angiography, angi-
oscopy, or intravascular ultrasound and, if necessary, 
reopen the artery to improve the anatomical result. 
Whether this has much effect on surgical or later stroke 
risk is unknown.

17.11.3 Perioperative stroke

The most feared complication of carotid endarterectomy 
is stroke, the very thing the operation is designed to pre-
vent (Table 17.10) [440, 441]. Recent estimates of the over-
all perioperative incidence of stroke complicating carotid 
endarterectomy are approximately 2–4% [442–444]. 
However, prior reported risk ranges from an implausibly 
low 1% or less, to an unacceptably high 20% or more [445]. 
This variation may be explained by differences in numer-
ous factors, including the definition of stroke, whether all 
or only some strokes are included, the accuracy of stroke 
diagnosis, whether the study was retrospective or pro-
spective, whether the diagnosis of stroke was based on 
patient observation or just medical record review, varia-
tion in case mix, surgical, and anesthetic skills, whether 
the rate is per patient or per operated artery, chance and 
random variation, and publication bias [446]. No more 
than 20% of perioperative strokes are likely to be fatal, 
being mostly either total or partial anterior circulation 
infarcts with 30‐day case fatalities of about 40% and 5%, 
respectively (see Table  10.3). Therefore, reports of less 
than four times as many nonfatal as fatal strokes are almost 
certainly undercounting mild strokes [447].

Despite the obvious implications for service planning, 
it has been all but impossible to sort out whether there is 
any systematic difference in risk between surgeons or 
institutions. This is largely due to the problems of adjust-
ing for case mix, as well as chance effects due to the inev-
itably rather small numbers operated on by each surgeon 
or even in each institution [448]. One might anticipate 
that “practice makes perfect” and there is at least some 
case‐mix‐adjusted evidence that high‐volume surgeons 
have lower operative risks than low‐volume surgeons 
[449, 450]. But, whatever anyone claims, and even though 
the size of any stroke risk depends on the study quoted, 
there is no doubt that there is a risk of stroke and death, 
realistically somewhere between 3% and 10%, depending 
on various factors (Section 17.11.7).

There are several causes for perioperative stroke but 
these are difficult to identify when it occurs during 
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 general anesthesia, or even afterwards. In an emergency 
situation on a surgical ward, it may be impossible to get 
one or more of a neurologist, brain CT scan, carotid 
ultrasound, and angiogram quickly enough to allow any 
useful corrective action (see later). Clinical details are 
often so poorly recorded that, in retrospect, it can be 
impossible to establish a cause. Also, despite attempts to 

do so, it is difficult to be sure whether any stroke, let alone 
a perioperative stroke, is due to embolism or low flow 
(Section 6.7.5) [451–454].

Embolism from the operation site
This is probably the most common cause of stroke dur-
ing surgery. Atherothrombotic debris may be released 
while the carotid bifurcation is being mobilized, as the 
carotid clamps are applied, when any shunt is inserted, 
and when the clamps are removed. Indeed, air bubbles 
or particulate emboli during surgery are very commonly 
detected by transcranial Doppler ultrasound, although 
most seem to be of little clinical consequence [455, 456]. 
Postoperative ischemic stroke is usually due to embo-
lism from residual but disrupted atheromatous plaque, 
thrombus forming on the endarterectomized surface or 
on suture lines, or more probably on a loose distal inti-
mal flap where the lesion has been carelessly snapped 
off, thrombus complicating damaged arterial wall as a 
result of the clamps, and thrombus complicating arterial 
dissection starting at a loose intimal flap of the ICA or 
as a result of shunt damage to the arterial wall. A high 
rate of postoperative microembolic signals on transcra-
nial Doppler monitoring may predict ischemic stroke, 
but the number of strokes is very small so it is difficult to 
be sure [457].

Acute internal carotid artery occlusion
Acute ICA occlusion is caused by occlusive thrombosis 
or dissection, and is usually a result of technical failure 
during surgery (see earlier). It may not cause stroke if the 
collateral blood supply is adequate.

Low‐flow ischemic stroke
Temporary reduction in ICA blood flow during carotid 
clamping may cause ipsilateral ischemic stroke if the col-
lateral supply from the contralateral ICA and vertebrobasi-
lar system, through the circle of Willis, is inadequate, 
particularly if there is already maximal cerebral vasodilata-
tion (i.e. cerebrovascular reserve is exhausted). Rarely, sys-
temic hypotension may cause ischemic stroke and low‐flow 
infarction contralateral to surgery, but probably only if the 
contralateral ICA is occluded.

Hemorrhagic stroke and cerebral hyperperfusion
Intracranial hemorrhage accounts for about 5% of perio-
perative strokes [441, 458]. This can occur during surgery 
or up to about one week later, almost always ipsilateral to 
the operated artery. It may be due to the increase in per-
fusion pressure and cerebral blood flow that occurs after 
removal of a severe ICA stenosis, particularly if cerebral 
autoregulation is defective as a consequence of a recent 
cerebral infarct [459]. Antithrombotic drugs and uncon-
trolled hypertension may also play a part [458, 460–463].

Table 17.10 Complications of carotid endarterectomy.

Ischemic stroke or transient ischemic attack (almost always 
ipsilateral to the operated artery) due to:

 ● Embolism from the operation site during surgery
 ● Embolism from the operation site after surgery
 ● Carotid dissection
 ● Perioperative internal carotid artery occlusion
 ● Low cerebral blood flow during surgery
 ● Perioperative systemic hypotension

Hemorrhagic stroke (almost always ipsilateral to the operated 
artery) due to:

 ● Perioperative hypertension
 ● Postendarterectomy cerebral hyperperfusion
 ● Antithrombotic drugs

Death due to:
 ● Stroke
 ● Myocardial infarction
 ● Pulmonary embolism
 ● Rupture of arterial operation site

Cardiovascular and respiratory complications:
 ● Myocardial infarction
 ● Angina
 ● Hypotension/hypertension
 ● Cardiac arrhythmia
 ● Cardiac failure
 ● Chest infection

Local complications:
 ● Cranial and peripheral nerve injury (recurrent and superior 

laryngeal, vagal, hypoglossal, marginal mandibular branch of 
facial, spinal accessory, greater auricular, transverse cervical 
nerves)

 ● Wound infection
 ● Neck hematoma
 ● Aneurysmal dilatation at operation site
 ● Patch disruption and hemorrhage
 ● Malignant tumor in the scar
 ● Chyle fistula

Others:
 ● Deep venous thrombosis and pulmonary embolism
 ● Transhemispheric cerebral edema
 ● Headache
 ● Focal epileptic seizures
 ● Facial (parotid) pain
 ● Pain at vein donor site after vein patch angioplasty
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Interestingly, transient cerebral hyperperfusion, 
 ipsilateral but sometimes bilateral, lasting some days 
is  quite common after carotid endarterectomy, 
 particularly if the lesion was severely stenosing and 
 cerebrovascular reserve is already poor with impaired 
autoregulation [464]. This may be the cause of the 
occasional case of ipsilateral transhemispheric cerebral 
edema, ICH, focal epileptic seizures, and headache, 
which can all occur a few days after surgery. This syn-
drome is different from ischemic stroke due to low flow 
or embolism, and is distinguished by the slower onset, 
as well as by brain and arterial imaging [464–470]. To 
complicate matters, a very similar clinical  syndrome 
has been described as a result of cerebral vasoconstric-
tion [470].

Management of perioperative stroke
Unless the operation was performed under regional 
anesthesia, or cerebral ischemia was not already sus-
pected by intraoperative monitoring, the first clue that a 
patient has had an intraoperative stroke is usually delay 
or failure to awaken from general anesthesia. It is then 
vital to determine, within minutes if possible, whether 
the cause is thrombosis at the operation site, because this 
is amenable to correction. If transcranial Doppler moni-
toring had been used during the operation, a change in 
the MCA velocity signal may have suggested a problem 
at the endarterectomy site (any confusion with ICH dis-
torting the Doppler signal is most unlikely). Ideally, a 
rapid bedside duplex scan should be done and the neck 
immediately reopened if ICA occlusion is suspected, 
even taking the very low risk that there is actually an 
ICH. Passage of a Fogarty catheter, restoration of flow, 
and correction of any technical fault that caused the 
thrombosis can, in some circumstances, be followed by 
complete neurological recovery. The later after opera-
tion a stroke occurs the less likely that return to the oper-
ating theater is either practical or effective, but how late 
is too late is a guess. If the operated ICA is still patent, 
then the next question is whether the stroke is due to 
ICH. A brain CT scan is therefore needed and further 
management is the same as for spontaneous stroke, and 
it would help to involve a neurologist or stroke physician 
at the earliest possible stage.

17.11.4 Other complications

Carotid endarterectomy is associated with a wide variety 
of potential complications other than stroke (see 
Table 17.10) [441].

Death within a few days of surgery occurs in about 1–2% 
of patients and is generally due to stroke, myocardial 
infarction, or some other complication of the frequently 
associated coronary heart disease or, rarely, to pulmonary 
embolism [446]. Higher risks can be found in “administra-
tive data sets,” which may be a more realistic reflection of 
routine practice than large RCTs, but any comparisons are 
confounded by variation in case mix, particularly the pro-
portion of patients with asymptomatic stenosis, who have 
a lower case fatality [432, 471, 472].

Cardiovascular and respiratory complications
Myocardial infarction during or in the early days after sur-
gery occurs in 1–2% of patients, more often if there is 
symptomatic coronary heart disease, and particularly if 
myocardial infarction has occurred in the previous few 
months or if the patient has unstable angina [441]. 
Perioperative myocardial infarction can be painless so 
clues to the diagnosis are unexplained hypotension, tachy-
cardia, and dysrhythmias. Congestive cardiac failure, 
angina, and cardiac dysrhythmias are also occasional con-
cerns [408, 441, 473, 474]. Postoperative hypertension and 
hypotension may be a problem, perhaps due to operative 
interference with the carotid baroreceptors, but it is tran-
sient. Postoperative chest infection occurs in less than 1%.

Cranial and peripheral nerve injuries as a result of 
traction, pressure, or transection occur in up to 20% of 
cases, the frequency partly depending on how hard one 
looks (Figure 17.31). Fortunately, these injuries are not 
necessarily symptomatic, and are seldom of any long‐
term consequence [476].

 ● Damage to the recurrent and superior laryngeal 
branches of the vagus nerve, or more likely the vagus 
itself, causes change of voice quality, hoarseness, diffi-
culty coughing, and sometimes dyspnea on exertion 
due to vocal cord paralysis. If a simultaneous or staged 
bilateral carotid endarterectomy is done, and causes 
bilateral vocal cord paralysis, then airway obstruction 
can occur.

 ● Hypoglossal nerve injury causes ipsilateral weakness 
of the tongue, which can lead to temporary or even 
permanent dysarthria, difficulty with mastication or 
dysphagia. Again, bilateral damage causes much more 
serious speech and swallowing problems, and some-
times even upper airway obstruction.

 ● Damage to the marginal mandibular branch of the 
facial nerve causes rather trivial weakness at the cor-
ner of the mouth.

Stroke complicating carotid endarterectomy is most 
commonly due to embolism from the operation site 
during or soon after surgery. Ischemic stroke due 
to  interruption of carotid blood flow during surgery 
is  less common and intracerebral hemorrhage is 
very rare.
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 ● Spinal accessory nerve injury is rare and causes 
pain  and stiffness in the shoulder and neck, along 
with weakness of the sternomastoid and trapezius 
muscles.

 ● A high incision can cut the greater auricular nerve 
to  cause numbness over the ear lobe and angle of 
the  jaw, which may persist and be irritating for the 
patient.

 ● Damage to the transverse cervical nerves is almost 
inevitable and causes numbness around the scar area, 
which is seldom a problem.

Permanent disability from a nerve injury can be as det-
rimental as mild stroke and needs to be taken into 

account when considering the risks and benefits of sur-
gery [476–479].

If a patient has symptoms referable to both severely 
stenosed carotid arteries requiring bilateral carotid 
endarterectomy, it is probably safer to do the operations 
a few weeks apart rather than under the same anesthetic, 

Spinal accessory (XI)

Internal carotid artery

Glossopharyngeal (IX)

Pharyngeal branch of IX and X

Superior laryngeal branch of X

Hypoglossal (XII)

External carotid artery

Anomalous course of
recurrent laryngeal

Common carotid artery

Vagus (X)

Ansa cervicalis (XII)

Carotid sinus branch
of IX and X

Figure 17.31 Diagram of the nerves in the neck which may be damaged during carotid endarterectomy. Source: Schroeder and Levi 1999 
[475]. Reproduced with permission of Elsevier.

Permanent disability from surgical injury to a nerve in 
the neck is very rare but can be as bad or worse than 
many operative strokes, and must be taken into account 
when assessing the risk of surgery.
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mostly because of the  dangers of bilateral hypoglossal or 
vagal nerve damage.

Local wound complications include: infection, hema-
toma or, rarely, major hemorrhage, due to leakage or 
rupture of the arteriotomy or patch which can be life 
threatening if it causes tracheal compression, aneurysm 
formation weeks or years later, and malignant tumor in 
the scar. These complications are all rare [441, 480–482]. 
Although surgeons often notice the hemostatic defect 
caused by preoperative aspirin, this probably does not 
increase the need for reoperation for bleeding [482]. 
Very rarely, the thoracic duct can be damaged and cause 
a chyle fistula.

Headache ipsilateral to the operation may herald cere-
bral hyperperfusion but may also be due to something 
akin to cluster headache because of subtle damage to the 
sympathetic plexus around the carotid artery [464, 469, 
483, 484]. Very rarely, focal epileptic seizures occur as 
well as headache [485, 486]. Of course, seizures may 
occasionally complicate perioperative stroke, just like 
any other stroke (Sections 6.7.6 and 11.8).

Facial pain ipsilateral to surgery and related to eating is 
most unusual and may in some way be due to disturbed 
innervation of the parotid gland [487].

17.11.5 Evidence of benefit

As a result of the large RCTs, it is now quite clear that 
endarterectomy of recently symptomatic severe carotid 
stenosis almost completely abolishes the high risk of 
ischemic stroke ipsilateral to the operated artery over 
the subsequent 2 or 3 years. Moreover, this effect 
is  durable over at least 10 years [407–409, 488–490]. 
Indeed, the ipsilateral stroke risk becomes so low 
that  presumably both embolic and low‐flow strokes 
are  being prevented (Figure  17.32b). Because so few 
strokes in these patients are anything other than ipsi-
lateral and ischemic (see Figure  17.32c), and taking 
account of the early risk of surgical death or stroke (see 
Figure  17.32a), the balance of surgical risk and long‐
term benefit is – on average – in favor of surgery com-
bined with best medical treatment compared with 
best medical treatment alone (i.e. treatment of hyper-
tension, statins, stopping smoking, antithrombotic 
drugs, etc.) (see Figure 17.32d).

On average, there is clearly an advantage to surgery 
when the symptomatic stenosis exceeds 80% diameter 
reduction of the arterial lumen using the European 
Carotid Surgery Trial (ECST) method, which is about 
the same as 70% using the North American Symptomatic 
Carotid Endarterectomy Trial (NASCET) method (see 
Figure 6.28). The risk of surgery is much the same at all 
degrees of stenosis and so, because the unoperated risk 
of stroke in patients with less than 60% (ECST) stenosis 
is so low, the risk of surgery is not worthwhile for them 
(see Figure  17.34); presumably, most of these patients 
who have had TIAs and some will go on to have strokes 
in the future, due not just to embolism from the mildly 
diseased carotid bifurcation but to undiscovered (by 
imaging) atherothrombosis elsewhere, or cardiac sources 
of embolism, or to intracranial small‐vessel disease. For 
patients with between 60% and 80% (ECST) or 50–70% 
NASCET stenosis there is still some uncertainty left 
because there may be a few patients at high enough risk 
of stroke who would gain from surgery, if only we knew 
who they were (Section 17.11.8).

The high risk of stroke with unoperated severe stenosis 
rapidly attenuates in the first 2 years after presentation, 
and within 3 years it is the same as in patients with mild 
stenosis (Figure  17.33). This can also be inferred from 
inspection of the survival curves of unoperated and 
operated patients which become parallel after about 2 
years (Figure 17.34). Where the curves cross at about six 
months, the risk of stroke is equal in surgical and non-
surgical patients but, because the surgical strokes have 
occurred earlier and may have caused persisting disabil-
ity, the surgery group is not advantaged until six months 
after this point when the two groups have a similar num-
ber of “stroke‐disability” years.

Because the risk of stroke in moderate stenosis 
patients remains low for several years (see Figure 17.33), 
there is no point in duplex follow‐up in case the stenosis 
becomes more severe. No doubt severe stenosis does 
sometimes develop but, unless there are further symp-
toms, the stenosis by this time is essentially asympto-
matic and carries such a low risk of stroke that there is 
no overall advantage for surgery (Section  17.12). It is 
preferable to ask the patient to return if there are any 

Before a staged second carotid endarterectomy it is 
always wise to inspect the tongue and vocal cords to 
ensure there has been no subclinical unilateral nerve 
damage from the first operation. If damage has occurred, 
the second operation should be postponed.

After successful surgery for recently symptomatic severe 
carotid stenosis, the high risk of ischemic stroke 
 ipsilateral to the operated artery is almost completely 
removed. For patients with recently symptomatic mild 
and moderate stenosis the unoperated risk of stroke is 
not high enough to make the immediate risk of surgery 
worthwhile.
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further cerebrovascular symptoms and, if the stenosis is 
then 80% (ECST) or 70% by NASCET, it is reasonable to 
consider carotid endarterectomy.

Cognitive performance
Carotid endarterectomy may improve cognitive perfor-
mance, perhaps by increasing cerebral blood flow or 
by  reducing the frequency of subclinical emboli which 
declines after surgery [491, 492]. On the other hand, sub-
tle cognitive difficulties short of an obvious stroke may 
complicate the procedure itself, and there is some evi-
dence that previous carotid endarterectomy is associated 
with more rapid cognitive decline in the longer term 
[493–496]. Unfortunately, studies addressing this issue 
have been beset with such methodological difficulties 
that no conclusions can be drawn [497]. Indeed, it is dif-
ficult to imagine that this balance of cognitive benefit 
and risk will ever be resolved because further RCTs 
will probably never be done, at least not in symptomatic 
stenosis patients.

Cerebral reactivity
It is conceivable that patients with impaired cerebral 
reactivity and raised oxygen extraction fraction are at 
particular risk of stroke without surgery, and that this 
impairment can be corrected by carotid endarterectomy, 
but the studies have been too small to be sure [498–505]. 
Also, we do not know what proportion of strokes in 
patients with recently symptomatic severe carotid steno-
sis are actually due to impaired cerebral reactivity, either 
as a direct result of low flow or perhaps indirectly as a 
result of an inadequate collateral circulation to compen-
sate for acute arterial occlusion if it should occur. Nor do 
we know whether the risk of surgery is higher in these 
patients and so whether, on balance, carotid endarterec-
tomy will indeed reduce stroke risk any more than in 
those without impaired reactivity. Finally, there is a great 
variety of techniques for measuring cerebrovascular 
reactivity which do not necessarily correlate with each 
other (Section 6.8.9).

17.11.6 Selection of patients for carotid 
endarterectomy

Patients find carotid endarterectomy not only inconven-
ient and frightening, but there are a number of usually 
trivial and temporary problems such as nerve palsies, 
and there is always some risk of stroke and occasionally 
of death. On average, patients even with severe stenosis 
are unlikely to gain more than a year or two of stroke‐
free life [488]. Clearly, therefore, several essential condi-
tions must be fulfilled (Table 17.11) before recommending 
surgery.

If the surgical risk of stroke is, say, 7% in routine clini-
cal practice rather than the more optimistic estimates of 
some surgeons, if the unoperated risk of stroke is 20% 
after 2 years which is on average the case for severe ste-
nosis, and if successful surgery reduces this risk of stroke 
to zero, which is not far from the truth, then doing about 
15 operations would cause one stroke and avoid three. 
The net gain would be two strokes avoided. If one only 
considers disabling strokes, comprising about half the 
total number, then the “number‐needed‐to‐operate” 
doubles. Clearly, to reduce this number of patients that 
have to be operated on to prevent one having a stroke, 
and therefore to maximize cost‐effectiveness and the 
chance of an individual patient being benefited, we need 
to know more exactly who is at highest risk of surgical 
stroke, and who will survive to be at highest risk of ipsi-
lateral ischemic stroke if surgery is not done.

It is essential that safe surgery is offered to those 
patients who have most to gain (i.e. those at highest risk 
of ipsilateral ischemic stroke without surgery) and who 
are most likely to survive for a number of years to enjoy 
that gain. Ideally we must focus surgery on the small 
number of patients who will have a stroke without it, not 
on the larger number of patients who might have a 
stroke, because in the latter group there would be a lot of 
unnecessary operations. After all, even with more than 
90% stenosis, 7 out of 10 patients will not have a stroke in 
3 years (see Figure 17.32b).

Table 17.11 Conditions to be fulfilled before recommending 
patients for carotid endarterectomy.

 ● A patient with one or more carotid distributiona transient 
ischemic attacks or nondisabling ischemic strokes in the 
previous few months and who has, therefore, everything or 
almost everything to lose from a major hemisphere stroke. 
Vascular risk factors should be under control and most 
patients should be taking antiplatelet drugs.

 ● Duplex sonography shows severe carotid bifurcation disease 
of the symptomatic artery (likely to be at least 70% stenosis 
by European Carotid Surgery Trial measurement on catheter 
angiography).

 ● The patient is prepared to consider and accept the early risk 
and inconvenience of surgery for long‐term benefit.

 ● The patient is fit for surgery: no recent myocardial 
infarction; angina controlled; no cardiac failure; 
hypertension controlled; reasonable lung function; and 
biologically not too aged.

 ● If catheter angiography is still being used, the institution has 
an experienced neuroradiology team with a low 
complication rate, preferably kept under prospective and 
independent audit.

 ● The institution has an experienced surgical and anesthetic 
team with a low surgical complication rate, preferably kept 
under prospective and independent audit.

a For distinction between carotid and vertebrobasilar distribution 
attacks, see Table 4.3.
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Furthermore, the cost of identifying suitable patients 
for carotid surgery is high, with more than 30% of the 
cost attributed to the initial consultation at the neuro-
vascular clinics. Even excluding the cost of working up 
the very large number of TIA and stroke patients to find 
the 5–10% or so suitable for surgery, surgery is still not 
cheap: about US$16 000.

17.11.7 Who is at high (or low) risk 
of surgery?

Perioperative stroke risk (and the risk of the few non-
stroke deaths that are usually cardiac in origin) is pre-
sumably related to the skill of the surgeon; the skill of the 
anesthetist; aspects of the surgical technique; patient’s 
age and sex; the nature of the presenting event, coexist-
ing pathology, such as coronary heart disease; the state of 
the brain and any ischemic damage; and the state of the 
arterial supply to the brain.

Surgeon and surgical factors
Although surgical and anesthetic skill must be impor-
tant, the risk of surgery is not necessarily related to the 
number of operations done by each surgeon. In any 
event, the risk is difficult to quantify accurately, particu-
larly when the risk of surgical stroke is so low and when 
most surgeons operate on a relatively small number of 
patients every year [448]. A surgeon doing as many as 
one operation per week might not expect to have more 
than five stroke complications in 2 years (i.e. 5%, but with 
a 95% confidence interval of about 2–11%). In the next 2 
years his or her complication rate might, just by chance 
alone, be as good as 2% or as bad as 11%. Variation in 
surgical technique – the use of shunts, patches, etc. – is 
mostly of uncertain benefit with respect to perioperative 
stroke risk (Section 17.11.2). Interestingly, although con-
siderable effort has been made to improve surgical and 
anesthetic techniques over the years, there has been no 
evidence of any systematic reduction in the operative 
risks of stroke or death in recent years [506].

The presenting event
The operative risk of stroke and death is not only lower 
for patients with asymptomatic stenosis than for those 
with symptomatic stenosis, but the risk also depends on 
the nature of the presenting symptoms (Table  17.12) 
[432, 471]. For example, the operative risk in patients 
with ocular events is about the same as for patients with 
asymptomatic stenosis, less than those with stroke and 
cerebral TIA. Therefore, given that the operative risk of 
stroke depends so much on the clinical indication, audits 
of risk must be stratified by the nature of any presenting 
symptoms and patients should be informed of the risk 
that relates to their own presenting event.

Sex and age
In the RCTs for both symptomatic and asymptomatic 
carotid stenosis the benefit was less in women than in 
men, due partly to a higher operative risk in women, 
and there was little effect of increasing age [507, 508]. 
Although these trial‐based observations might not be 
generalizable to routine clinical practice, in a system-
atic review of all publications reporting relevant data 
females had a higher risk of operative stroke and even-
tual death than males (OR 1.31; 95% CI 1.17–1.47), but 
no increase in operative mortality (OR 1.05; 95% CI 
0.81–0.86) [509].

In the same systematic review, compared with younger 
patients, operative mortality was higher in older people, 
for example at ≥75 years the odds ratio was 1.36 (95% CI 
1.07–1.68). In contrast, however, operative risk of non-
fatal stroke alone was not increased. Consequently, the 
overall perioperative risk of stroke and death was only 
slightly increased at age ≥75 years (OR 1.18; 95% CI 
0.94–1.44).

Thus, the effects of age and sex on the operative risk in 
published case series are broadly consistent with those 
observed in the trials. Operative risk of stroke is increased 
in women, and operative mortality but not the risk of 
stroke is increased in patients aged ≥75 years.

Other patient factors
Very few serious attempts have been made to sort out 
which other patient‐related factors affect perioperative 
stroke risk, and then which factors are independent 
from each other so they can be used in combination to 
predict surgical risk in individuals [440, 449, 453, 510–
513]. Risk factors almost certainly include hyperten-
sion, peripheral vascular disease, contralateral internal 
carotid occlusion, and stenosis of the ipsilateral exter-
nal carotid artery and carotid siphon [514]. Operating 
on the left carotid artery appears to be associated 
with  higher postoperative complications than the 
right. A recent meta‐analysis using data from five 
carotid endarterectomy trials estimated a risk‐adjusted 
rate ratio for stroke or death for left‐ versus right‐sided 
surgery of 1.36 (1.18–1.56) [515]. This might be to do 
with the easier detection of verbal than nonverbal 
 cognitive deficits, or with the surgical feeling that it is 
more difficult operating on the left side [440, 449, 489]. 
Further research into potential mechanisms is required 
to address this finding.

The independent surgical risk factors for patients in 
the pooled analysis of data from ECST and NASCET 
were female sex, presenting event, diabetes, ulcerated 
plaque, and previous stroke [508]. Other predictors in 
the ECST that were not available from NASCET 
included systolic blood pressure and peripheral vascular 
disease [441].
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Timing of surgery
The optimal timing of surgery has been a highly contro-
versial topic [516, 517]. However, it is increasingly clear 
that surgery should be performed as soon as it is reason-
ably safe to do so, given the very high early risk of stroke 
during the first few days and weeks after the presenting 
TIA or stroke in patients with symptomatic carotid ste-
nosis [41, 518]. Of course any increased operative risk of 
early surgery must be balanced against the substantial 
risk of stroke prior to delayed surgery [518, 519]. If the 

operative risk were unrelated to the timing of surgery 
then urgent surgery would be indicated. In fact, the 
pooled analyses of data from the RCTs of endarterec-
tomy for symptomatic carotid stenosis showed that ben-
efit from surgery was greatest in patients randomized 
early after their last ischemic event and fell rapidly with 
increasing delay [508]; for patients with 50% stenosis, the 
number‐needed‐to‐operate to prevent one ipsilateral 
stroke in 5 years was only five for patients randomized 
within two weeks versus 125 for patients randomized at 
more than 12 weeks. This trend was due, in part, to the 
fact that the operative risk in the trials was not increased 
in patients operated on within one week of their last 
event [507, 508]. A systematic review of all published 
surgical case series also found that there was no differ-
ence between early (first 3–4 weeks) and later surgery in 
stable patients (OR 1.13; 95% CI 0.79–1.62) [432]. Thus, 
for neurologically stable patients with TIA and minor 

Table 17.12 A systematic review of the studies reporting the operative risks of stroke or death due to carotid 
endarterectomy according to the nature of the presenting event and stratified according to year of publication.

Presenting Time period
Number 
of studies

Number of 
operations

Absolute risk of stroke 
or death (%) (95% CI)

Symptomatic <1995 57 17 597 5.0 (4.4–5.5)
≥1995 38 18 885 5.1 (4.7–5.6)
Total 95 36 482 5.1 (4.6–5.6)

Urgent <1995 9 143 16.8 (8.0–25.5)
≥1995 4 65 24.6 (17.6–31.6)
Total 12 208 19.2 (10.7–27.8)

Stroke <1995 27 3 071 7.3 (6.1–8.5)
≥1995 23 4 563 7.0 (6.2–7.9)
Total 50 7 634 7.1 (6.1–8.1)

Cerebral TIA <1995 11 4 279 4.6 (3.9–5.2)
≥1995 13 3 648 6.9 (6.2–7.5)
Total 24 8 138 5.5 (4.7–6.3)

Ocular event <1995 9 1 050 3.0 (2.5–3.4)
≥1995 9 734 2.7 (1.9–3.3)
Total 18 1 784 2.8 (2.2–3.4)

Nonspecific <1995 16 1 275 4.2 (3.2–5.3)
≥1995 8 476 4.3 (3.4–5.2)
Total 24 1 751 4.2 (3.2–5.2)

Asymptomatic <1995 29 3 197 3.4 (2.5–4.4)
≥1995 28 10 088 3.0 (2.5–3.5)
Total 60 14 399 2.8 (2.4–3.2)

Redo surgery <1995 3 215 3.8 (2.7–4.9)
≥1995 9 699 4.4 (3.1–5.8)
Total 12 914 4.4 (2.4–6.4)

Source: Bond et al. 2003 [432].

Perioperative stroke risk depends not just on the skill of 
the surgeon and anesthetist, but also on various patient‐
related factors such as age, female sex, the nature of the 
presenting event, peripheral vascular disease, contralat-
eral internal carotid artery occlusion, and hypertension.
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stroke, benefit from endarterectomy is greatest if per-
formed within one week of the event.

However, in the same systematic review, emergency 
carotid endarterectomy for patients with evolving 
symptoms (stroke in evolution, crescendo TIAs, “urgent 
cases”) had a high operative risk of stroke and death 
(19%) which was much greater than that for surgery in 
patients with stable symptoms in the same studies (OR 
3.9; 95% CI 2.7–5.7) [432, 520].

A recent study shed further light into this issue and 
performed a secondary data analysis of 56 336 elective 
carotid endarterectomy procedures performed for 
symptomatic carotid stenosis in Germany between 2009 
and 2014. The patient cohort was divided into four 
groups according to time interval between neurological 
index event and surgery (0–2, 3–7, 8–14, and 14–180 
days) and found that the time interval between the index 
event and carotid endarterectomy was not associated 
with the risk of any in‐hospital stroke or death, which 
was overall 2.5% [521].

Therefore there is still some uncertainty about the 
balance of risk and benefit of surgery within perhaps 
24–72 hours of the presenting event, particularly in 
patients with stroke, and an RCT of early versus delayed 
surgery during this time scale would be ethical [518, 
522, 523].

Current expert consensus guidelines recommend that 
when carotid revascularization is indicated for patients 
with TIA or stroke and there are no contraindications to 
early revascularization, intervention within two weeks 
of  the index event is reasonable rather than delaying 
 surgery [524]. Recommendations from the 2007 UK 
National Stroke Strategy go even further by recommend-
ing that symptomatic carotid stenosis in neurologically 
stable patients should be ideally performed within 48 
hours after a TIA or minor stroke.

Unfortunately, delays to surgery in routine clinical 
practice in many countries can currently be measured in 
months and so the question of by how many hours should 
surgery be delayed is of somewhat theoretical interest in 
these healthcare systems [518, 525–527].

Audit and monitoring of surgical results
It is completely impossible to compare surgical morbid-
ity between surgeons or institutions, or in the same place 
at different times, or before and after the introduction of 
a particular change in the technique, without adjusting 
adequately for case mix – in other words, for the patient’s 
inherent surgical risk. In addition, large enough numbers 
have to be collected to avoid random error [448]. This 
level of sophistication has never been achieved, and nor, 
probably, have adequate methods of routine data collec-
tion to support it in normal clinical practice. It is clearly 
important, however, to have some idea of the risk of 

surgery in one’s own hospital (and of any preceding cath-
eter angiography, Section  6.8.5) in the sort of patients 
that are usually operated on.

17.11.8 Who benefits most from surgery 
for symptomatic carotid stenosis?

Not all patients with even extremely severe symptomatic 
stenosis go on to have an ipsilateral ischemic stroke, far 
from it. In the ECST, although about 30% with 90–99% 
stenosis had a stroke in 3 years, 70% did not and these 
70% could only have been harmed by surgery, never 
helped (see Figure 17.32b). Both the ECST and NASCET 
have shown very clearly the importance of increasing 
severity of carotid stenosis ipsilateral to the cerebral or 
ocular symptoms in the prediction of ischemic stroke in 
the same arterial distribution, although even this rela-
tionship is not straightforward in that if the ICA “col-
lapses” distal to an extreme stenosis the risk of stroke is 
substantially reduced [521, 529]. Angiographically dem-
onstrated “ulceration” or “irregularity” increases the 
stroke risk even more [530, 531]. These and other deter-
minants of benefit are discussed below. To complicate 
matters further, one also must avoid offering surgery to 
patients unlikely to survive long enough to enjoy any 
benefit of stroke prevention and so for whom the imme-
diate surgical risks would not be worthwhile; these 
include the very elderly and patients with advanced can-
cer. It would also seem sensible to avoid surgery in 
patients with severe symptomatic cardiac disease who 
are likely to die a cardiac death within a year or two.

Valid comparison of surgical stroke risk between differ-
ent surgeons or institutions, or in the same place at dif-
ferent times, is impossible without both adjustment for 
case mix and many hundreds of patients in each com-
parison group. Such a worthy ideal has never been, and 
may never be, achieved.

The risk of ischemic stroke ipsilateral to symptomatic 
carotid stenosis increases as the stenosis becomes more 
severe, particularly when it is more than about 80% 
(ECST method) of the vessel diameter. On the other hand, 
the risk of perioperative stroke is largely independent of 
the amount of stenosis. Therefore, on average, the more 
severe the stenosis, the more a patient has to gain from 
successful carotid endarterectomy. In practice, the risk of 
surgery is unacceptable if the stenosis is less than about 
70–80% (ECST), but the exact break‐even point must 
depend on other factors which predict stroke without 
surgery, such as ischemia in the brain rather than the eye.
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Which range of stenosis?
To target carotid endarterectomy appropriately, it is first 
necessary to determine as precisely as possible how the 
overall average benefit from surgery relates to the degree 
of carotid stenosis. Although the analyses of each of the 
main trials of endarterectomy for symptomatic carotid 
stenosis were stratified by the severity of stenosis of the 
symptomatic carotid artery, different methods of meas-
urement on the prerandomization angiograms were used; 
the NASCET method underestimates stenosis as com-
pared with the ECST method [532]. Stenoses of 70–99% 
in the NASCET were equivalent to 82–99% in the ECST, 
and stenoses of 70–99% in the ECST were 55–99% in the 
NASCET [533]. Not surprisingly, the reported results of 
the two trials for each grade of stenosis were quantita-
tively different. Given this apparent disparity, the ECST 
group remeasured their angiograms so they were compa-
rable with the NASCET [533]. This then allowed a pooled 
analysis of data from the ECST, NASCET, and VA#309 
trials, which included over 95% of patients with sympto-
matic carotid stenosis ever randomized to endarterec-
tomy versus medical treatment [490].

This pooled analysis showed that there was no statisti-
cally significant heterogeneity between the trials in the 
effect of the randomized treatment allocation on the 
relative risks of any of the main outcomes in any of the 
stenosis groups. Data were therefore merged on 6092 
patients with 35 000 patient‐years of follow‐up [490]. 
The overall operative mortality was 1.1% (95% CI 0.8–
1.5), and the operative risk of stroke or death was 7.1% 

(95% CI 6.3–8.1). The effect of surgery on the main trial 
outcomes is shown by stenosis group in Figure  17.35 
[490]. Endarterectomy reduced the 5‐year absolute risk 
of any stroke or death in patients with NASCET 50–69% 
stenosis (absolute risk reduction of 7.8%; 95% CI 3.1–
12.5) and was highly beneficial in patients with NASCET 
70–99% stenosis (absolute risk reduction of 15.3%; 95% 
CI 9.8–20.7), but was of no benefit in patients with near‐
occlusion. The confidence intervals around the estimates 
of treatment effect in the near‐occlusions were wide, but 
the difference in the effect of surgery between this group 
and patients with ≥70% stenosis without near‐occlusion 
was statistically highly significant for each of the out-
comes. Qualitatively similar results were seen for disa-
bling stroke.

These results show that with the exception of near‐
occlusions, the degree of stenosis above which surgery is 
beneficial is NASCET 50% (equivalent to about ECST 
65% stenosis). Given the confusion generated by the use 
of different methods of measurement of stenosis in the 
original trials, it has been suggested that the NASCET 
method be adopted as the standard in future [490]. 
Although there are some arguments in favor of the con-
tinued use of catheter angiography in the selection of 
patients for endarterectomy [534, 535], if noninvasive 
techniques are used to select patients for surgery, then 
they must be properly validated against catheter angiog-
raphy within individual centers [536]. More work is also 
required to assess the accuracy of noninvasive methods 
of carotid imaging in detecting near‐occlusion [537, 538].
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Figure 17.35 The effect of carotid endarterectomy on the 5‐year absolute risks of each of the main trial outcomes by severity of stenosis, 
in an analysis of pooled data from the three main randomized trials of endarterectomy versus medical treatment alone for recently 
symptomatic carotid stenosis. Source: Rothwell et al. 2003 [490]. Reproduced with permission of Elsevier.
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What about near‐occlusions?
Near‐occlusions (Figure  17.36) were identified in the 
NASCET, because it is not possible to measure the 
degree of stenosis using the NASCET method when the 
post‐stenotic ICA is narrowed or collapsed due to mark-
edly reduced post‐stenotic blood flow. Patients with 
“abnormal post‐stenotic narrowing” of the ICA were 
also identified in the ECST [528]. In both trials, these 
patients had a paradoxically low risk of stroke on medical 
treatment, most likely due to the presence of a good 

 collateral circulation, which is visible on catheter angiog-
raphy in the vast majority of the patients with narrowing 
of the ICA distal to a severe stenosis (see Figure 17.36). 
The benefit from surgery in near‐occlusions in the 
NASCET had been minimal, and both the reanalysis of 
the ECST and the pooled analysis suggested no benefit at 
all in this group in terms of preventing stroke (see 
Figure 17.35) [490, 533]. However, in the reanalysis of the 
ECST, endarterectomy did reduce the risk of recurrent 
TIA and so some patients may wish to undergo surgery, 

ICAICA

Figure 17.36 Selective catheter 
angiograms of both carotid circulations in 
a patient with a recently symptomatic 
carotid “near‐occlusion” (left), and a mild 
stenosis at the contralateral carotid 
bifurcation (right). The near‐occluded 
internal carotid artery (ICA) is markedly 
narrowed, and flow of contrast into the 
distal ICA is delayed. After selective 
injection of contrast into the contralateral 
carotid artery significant collateral flow 
can be seen across the anterior 
communicating artery with filling of the 
middle cerebral artery of the symptomatic 
hemisphere (top).
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particularly if they experience recurrent TIAs, even 
though endarterectomy does not prevent stroke [533].

Which subgroups benefit most?
The overall trial results are of only limited help to 
patients and clinicians in making decisions about sur-
gery. Although endarterectomy reduces the relative risk 
of stroke by about 30% over the next 3 years in patients 
with a recently symptomatic severe stenosis, only 20% of 
such patients have a stroke on medical treatment alone. 
The operation is of no value in the other 80% who, 
despite having a symptomatic stenosis, are destined to 
remain stroke‐free without surgery and can only be 
harmed by surgery. It would, therefore, be useful to be 
able to identify in advance, and operate on, only those 
patients with a high risk of stroke on medical treatment 
alone, but a relatively low operative risk. The degree of 
stenosis is a major determinant of benefit from endarter-
ectomy, but there are several other clinical and angio-
graphic characteristics that might influence the risks and 
benefits of surgery as discussed above.

NASCET published 11 reports of different univariate 
subgroup analyses, which are summarized elsewhere [1]. 
Although interesting, the results are difficult to interpret 
because several of the subgroups contained only a few 
tens of patients, with some of the estimates of the effect 
of surgery based on only one or two outcome events in 
each treatment group, the 95% confidence intervals 
around the absolute risk reductions in each subgroup 
have generally not been given, and there were no formal 
tests of the interaction between the subgroup variable 
and the treatment effect. It is, therefore, impossible to be 
certain whether differences in the effect of surgery 
between subgroups were real or due to chance. Subgroup 
analyses of pooled data from ECST and NASCET have 
greater power to determine subgroup–treatment inter-
actions reliably and there are several clinically important 
interactions: sex, age, and time from the last sympto-
matic event to randomization all modified the effective-
ness of surgery (Figure  17.37) [508]. For patients with 
≥50% stenosis, the number‐needed‐to‐operate to pre-
vent one ipsilateral stroke in 5 years was:

Surgical Medical Surgical Medical

Sex
Male
Female

65/546
36/262

89/489
21/205

8.0
–2.7 –8.8–3.5

47/467
27/199

95/384
39/166

15.0
9.9

9.8–20.2
1.8–18.0

Age
< 65 years
65–74 years
>75 years

44/375
43/329
14/104

33/270
55/324
22/100

1.3
5.4

10.7

–4.0–6.7
–0.4–11.2

42/356
31/272

1/38

60/280
54/218
20/52

9.8
13.5
37.2 22.9–51.5

Time since last event
< 2 weeks
2–4 weeks
4–12 weeks
> 12 weeks

17/158
21/135
36/312
27/203

34/150
20/110
40/280
16/154

14.8
3.3
4.0

–2.9
  –1.7–9.7
–10.2–4.3

–6.3–13.0
6.2–23.4 23/167

10/133
27/248
14/118

54/149
24/105
41/218
15/78

23.0
15.9

7.9
7.4 –3.3–18.1

1.3–14.4
6.6–25.2

13.6–32.4

Primary symptomatic event
Ocular only
TIA
Stroke

17/170
40/295
44/343

17/155
38/238
55/301

1.5
3.8
7.5

–5.5–8.4
–2.6–10.1
1.6–13.5

18/214
25/207
31/245

22/156
53/199
59/195

5.5
15.4
17.7

–1.2–12.1
7.7–23.1
9.9–25.5

Diabetes
Yes
No

29/143
72/665

32/136
78/558

6.2
4.3

–4.1–16.5
0.4–8.2

 8/92
66/574

24/96
110/454

16.7
12.9

6.0–27.4
8.1–17.7

Symptomatic plaque surface
Smooth
Irreg/ulcerated

40/296
71/512

35/266
75/428

3.3
5.7

–2.2–8.9
0.7–10.6

34/257
40/409

44/207
90/343

7.8
17.1

0.8–14.8
11.6–22.6

Contralateral carotid occlusion
Yes
No

9/31
92/777

  5/45
105/649

–16.0
5.7

–34.8–2.8
1.9–9.5

 5/32
69/634

14/37
120/513

23.6
12.7

3.2–44.0
8.3–17.1

TOTAL 101/808 110/694 4.7 1.0–8.4 74/666 134/550 13.5 9.1–17.9

 ≥ 70% stenosis group50–69% stenosis group

Events/Patients
ARR (%) 95% CI

Events/Patients
ARR (%) 95% CI

–10 0 10 20 30

% Absolute risk reduction (95% CI)

–10 0 10 20 30 40 50

% Absolute risk reduction (95% CI)

3.4–12.5

–0.2–21.6

3.8–15.7
6.5–20.5

Figure 17.37 Absolute reduction with surgery in the 5‐year risk of ipsilateral carotid territory ischemic stroke and any stroke or death 
within 30 days after surgery according to predefined subgroup variables in: patients with 50–69% stenosis; patients with ≥70% stenosis. 
The size of the purple boxes is proportional to the amount of data represented by each box and the horizontal lines represent 95% 
confidence intervals. CI, confidence interval; ARR, absolute risk reduction. Source: Derived from Rothwell et al. 2004 [508]. Reproduced 
with permission of Elsevier.



17.11 Endarterectomy for symptomatic carotid stenosis 823

 ● 9 for men versus 36 for women;
 ● 5 for age ≥75 versus 18 for age <65 years;
 ● 5 for patients randomized within two weeks after their 

last ischemic event versus 125 for patients randomized 
after >12 weeks.

These observations were consistent across the 50–69% 
and ≥70% stenosis groups and similar trends were pre-
sent in both ECST and NASCET. The fall‐off in the abso-
lute benefit of surgery with time since last event 
(Figure 17.38) is particularly important in terms of audit-
ing the performance of stroke prevention services in rou-
tine clinical practice.

Women had a lower risk of ipsilateral ischemic stroke 
on medical treatment and a higher operative risk in com-
parison to men. For recently symptomatic carotid steno-
sis, surgery is very clearly beneficial in women with ≥70% 
stenosis, but not in women with 50–69% stenosis (see 
Figure  17.37). In contrast, surgery reduced the 5‐year 
absolute risk of stroke by 8.0% in men with 50–69% ste-
nosis. These same patterns were also shown in large pub-
lished trials of endarterectomy for asymptomatic carotid 
stenosis [539].

Benefit from surgery increased with age in the pooled 
analysis, particularly in patients aged over 75 years (see 
Figure  17.37). Although patients randomized in trials 
generally have a good prognosis and there is some evi-
dence of an increased operative mortality in elderly 
patients in routine clinical practice, as discussed above, 
there is no increase in the operative risk of stroke and 
death in older age groups. There is therefore no justifica-
tion for withholding surgery in patients aged over 75 
years who are deemed to be medically fit. The evidence 

suggests that benefit is likely to be greatest in this group 
because of their high risk of stroke without surgery.

Finally, benefit from surgery is probably greatest in 
patients with stroke, intermediate in those with cerebral 
TIA and lowest in those with ocular events (see 
Figure 17.37). There was also a trend in the trials toward 
greater benefit in patients with irregular plaque than a 
smooth plaque.

Which individuals benefit most?
Although there are some clinically useful subgroup 
observations in the pooled analysis of the trials, univari-
ate subgroup analysis is often of only limited use in clini-
cal practice. Individual patients frequently have several 
important risk factors, each of which interacts in a way 
that cannot be described using univariate subgroup anal-
ysis, and all of which should be taken into account to 
determine the likely balance of risk and benefit from sur-
gery [540]. For example, what would be the likely benefit 
from surgery in a 78‐year‐old (increased benefit) female 
(reduced benefit) with 70% stenosis who presented within 
two weeks (increased benefit) of an ocular ischemic event 
(reduced benefit) and who was found to have an ulcerated 
carotid plaque (increased benefit)? One way to weigh the 
often‐conflicting effects of the important characteristics 
of an individual patient on the likely benefit from treat-
ment is to base decisions on the predicted absolute risks 
of a poor outcome with each treatment option, using 
prognostic models.

One such model for prediction of the risk of stroke 
on medical treatment in patients with recently sympto-
matic carotid stenosis has been derived from the ECST 
(Table 17.13) [1, 540]. The model was validated using data 
from the NASCET and showed very good agreement 
between predicted and observed medical risk, reliably 
distinguishing between individuals with a 10% risk of 
ipsilateral ischemic stroke after 5 years of follow‐up and 
those with a risk of over 40% (Figure 17.39). Importantly, 
Figure 17.39 also shows that the operative risk of stroke or 
death in patients who were randomized to surgery in 
NASCET was unrelated to the medical risk. Thus, when 
the operative risk and the small additional residual risk of 
stroke following successful endarterectomy were taken 
into account, benefit from endarterectomy at 5 years var-
ied significantly across the quintiles, with no benefit in 
patients in the lower three quintiles of predicted medical 
risk (absolute risk reduction 0–2%), moderate benefit in 
the fourth quintile (absolute risk reduction 12%), and 
substantial benefit in the highest quintile (absolute risk 
reduction 32%).

Prediction of risk using models requires a computer, a 
pocket calculator with an exponential function, or inter-
net access (the ECST model is at www.stroke.ox.ac.uk). 
As an alternative, a simplified risk score based on the 
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Figure 17.38 Absolute risk reduction (ARR) with surgery in the 
5‐year risk of ipsilateral carotid territory ischemic stroke and any 
stroke or death within 30 days after surgery in patients with 
50–69% stenosis (light purple bars) and ≥70% stenosis (purple bars) 
without near‐occlusion, stratified by the time from last 
symptomatic event to randomization [508]. The numbers above 
the bars indicate the actual absolute risk reduction. CI, confidence 
interval.
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Table 17.13 A predictive model for the 5‐year risk of ipsilateral ischemic stroke on medical treatment in patients with recently 
symptomatic carotid stenosis [1]. Hazard ratios derived from the model are used for the scoring system. The score for the 5‐year risk 
of stroke is the product of the individual scores for each of the risk factors present. The score is converted into a risk using the graphic 
in Figure 17.40. An example is shown.

Model Scoring system

Risk factor Hazard ratio (95% CI) P‐value Risk factor Score Example

Stenosis (per 10%) 1.18 (1.10–1.25) <0.0001 Stenosis (%)
50–59 2.4 2.4
60–69 2.8
70–79 3.3
80–89 3.9
90–99 4.6

Near‐occlusion 0.49 (0.19–1.24) 0.1309 Near‐occlusion 0.5 No
Male sex 1.19 (0.81–1.75) 0.3687 Male sex 1.2 No
Age (per 10 yr) 1.12 (0.89–1.39) 0.3343 Age (yr)

31–40 1.1
41–50 1.2
51–60 1.3
61–70 1.5 1.5
71–80 1.6
81–90 1.8

Time since last event (per 7 days) 0.96 (0.93–0.99) 0.0039 Time since last event (days)
0–13 8.7 8.7
14–28 8.0
29–89 6.3
90–365 2.3

Presenting event 0.0067 Presenting event
Ocular 1.000 Ocular 1.0
Single TIA 1.41 (0.75–2.66) Single TIA 1.4
Multiple TIAs 2.05 (1.16–3.60) Multiple TIAs 2.0
Minor stroke 1.82 (0.99–3.34) Minor stroke 1.8
Major stroke 2.54 (1.48–4.35) Major stroke 2.5 2.5
Diabetes 1.35 (0.86–2.11) 0.1881 Diabetes 1.4 1.4
Previous myocardial infarction 1.57 (1.01–2.45) 0.0471 Previous myocardial infarction 1.6 No
Peripheral vascular disease 1.18 (0.78–1.77) 0.4368 Peripheral vascular disease 1.2 No
Treated hypertension 1.24 (0.88–1.75) 0.2137 Treated hypertension 1.2 1.2
Irregular/ulcerated plaque 2.03 (1.31–3.14) 0.0015 Irregular/ulcerated plaque 2.0 2.0
Total risk score 263
Predicted medical risk using 
nomogram (Figure 17.40)

37%

In cases of near‐occlusion, enter degree of stenosis as 85%. Presenting event is coded as the most severe ipsilateral symptomatic event in the last 
six months (severity is as ordered above, i.e. ocular events are least severe and major stroke is most severe). Major stroke is defined as stroke with 
symptoms persisting for at least 7 days. Treated hypertension includes previously treated or newly diagnosed.
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hazard ratios derived from the relevant risk model can be 
derived (see Table 17.13). As is shown in the example, the 
total risk score is the product of the scores for each risk 
factor. Figure 17.40 shows a plot of the total risk score 
against the 5‐year predicted risk of ipsilateral carotid ter-
ritory ischemic stroke derived from the full model, and is 
used as a nomogram for the conversion of the score into 
a risk prediction.

Alternatively, risk tables allow a relatively small number 
of important variables to be considered and have the 
major advantage that they do not require the calculation 
of any score by the clinician or patient. Figure 17.41 shows 
a risk table for the 5‐year risk of ipsilateral ischemic stroke 
in patients with recently symptomatic carotid stenosis on 
medical treatment derived from the ECST model.

One potential problem with the ECST risk model is 
that it might overestimate risk in current patients 
because of improvements in medical treatment, such as 
the increased use of statins. However, this poses more 
problems for generalizability of the overall trial results 
than for the risk‐modeling approach. For example, it 
would take only a relatively modest improvement in the 
effectiveness of medical treatment to erode the overall 
benefit of endarterectomy in patients with 50–69% ste-
nosis. In contrast, very major improvements in medical 
treatment would be required to significantly reduce the 

benefit from surgery in patients in the high predicted 
risk quintile in Figure  17.39. Thus, the likelihood that 
ancillary treatments have improved, and are likely to 
continue to improve, is an argument in favor of a risk‐
based approach to targeting treatment. However, it 
would be reasonable in a patient on treatment with a sta-
tin, for example, to reduce the risks derived from the risk 
model by 20% in relative terms (Figure 17.42).

Other prognostic tools, such as measurements of cer-
ebral reactivity and emboli load on transcranial Doppler 
(Section  6.8.9) are not widely used in clinical practice 
and it is unclear to what extent they are likely to add to 
the predictive value of the ECST model [43, 542, 543].

17.11.9 Management of patients with other 
potential causes of stroke as well as carotid 
stenosis

An occasional patient with a lacunar ischemic stroke 
or  TIA may have ipsilateral severe carotid stenosis 
(Section  6.4). The question then arises whether the 
 stenosis is “symptomatic” (i.e. a small deep lacunar 
infarct has, unusually, been caused by artery‐to‐artery 
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Figure 17.39 Validation of the European Carotid Surgery Trial 
(ECST) model (see Table 17.13) for the 5‐year risk of stroke on 
medical treatment in patients with 50–99% stenosis in North 
American Symptomatic Carotid Endarterectomy Trial (NASCET) 
[1]. Predicted medical risk is plotted against observed risk of 
stroke in patients randomized to medical treatment in NASCET 
(squares) and against the observed operative risk of stroke or 
death in patients randomized to surgical treatment (diamonds). 
Groups are quintiles of predicted risk. Error bars represent 95% 
confidence intervals. Source: Rothwell et al. 2005 [1]. Reproduced 
with permission of Elsevier.
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Figure 17.40 A plot of the total risk score derived from 
Table 17.13 against the 5‐year predicted risk of ipsilateral carotid 
territory ischemic stroke derived from the full model in the table 
in patients in the European Carotid Surgery Trial (ECST) (thick line). 
This should be used as a nomogram for the conversion of the 
score into a prediction of the percentage risk [1]. The thin line 
represents a 20% reduction in risk as might be seen with more 
intensive medical treatment than was available in the ECST in the 
late 1980s and 1990s. Source: Rothwell et al. 2005 [1]. Reproduced 
with permission of Elsevier.
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embolism or low flow) or “asymptomatic” (i.e. the steno-
sis is a coincidental bystander and the infarct was really 
due to intracranial small‐vessel disease). The observa-
tional studies mostly show that severe stenosis is about 
equally rare in the symptomatic and contralateral carotid 
arteries of patients with lacunar stroke, which rather 

supports the notion of the stenosis being coincidental 
[544], but this does not mean that surgery would not still 
be beneficial. In fact, the published data from RCTs show 
that endarterectomy is beneficial for patients with severe 
stenosis ipsilateral to a lacunar TIA or stroke, although 
not for patients with moderate stenosis [545].
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Figure 17.41 A table of the 5‐year predicted absolute risk of ipsilateral carotid territory ischemic stroke on medical treatment in ECST 
patients with recently symptomatic carotid stenosis derived from a Cox model based on six clinically important patient characteristics. 
TIA, transient ischemic attack. Source: Rothwell et al. 2005 [1]. Reproduced with permission of Elsevier.
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The same arguments probably apply if there is also a 
major coexisting source of embolism from the heart 
(such as nonrheumatic atrial fibrillation), in which case 
the patient may reasonably be offered surgery as well as 
anticoagulation (Section  17.6.2). With the widespread 
use of MR DWI it is possible now to infer the likely etiol-
ogy of stroke from the distribution of acute ischemic 
lesions.

17.12  Endarterectomy 
for asymptomatic carotid stenosis

17.12.1 Introduction

About 20% of ischemic stroke patients have had any pre-
ceding TIAs, even when the stroke is likely to have been 
due to the embolic or low‐flow consequences of severe 
carotid stenosis. Until the moment of stroke, any stenosis 
in the other 80% of the patients had been “asymptomatic.” 
It follows that if these asymptomatic stenoses could be 
detected before the stroke, then stroke might be prevent-
able by carotid endarterectomy, particularly as surgery is 
beneficial in patients whose stenosis has revealed itself by 
becoming “symptomatic” (Section 17.11).

When asymptomatic carotid stenosis does come to 
attention, four questions arise: What is the risk of oper-
ating on it? What is the risk (of stroke) if the stenosis is 
left unoperated? Does surgery reduce the risk of stroke? 
What is the balance of immediate surgical risk versus 
long‐term benefit?

17.12.2 Evidence of benefit

Whether the benefits of carotid endarterectomy in 
patients with asymptomatic stenosis justify the risks and 
cost is still unclear, particularly in an era of improved 
medical treatments [546, 547]. Early guidelines were 
largely based on the results of the Asymptomatic Carotid 
Atherosclerosis Study (ACAS) and a few other smaller 
trials [547, 548]. ACAS reported a 47% relative reduction 
in the risk of ipsilateral stroke or perioperative death in 
the surgical arm, but a 5‐year risk of ipsilateral stroke 
without the operation of only 11%, even though the 
patients had moderate or severe stenosis. Therefore, even 
in this optimal trial environment, the absolute reduction 
in risk of stroke with endarterectomy was only about 1% 
per year before the widespread use of statin medications, 
which likely would have improved the  outcomes of the 
medical group. Also it is important to acknowledge that 
the low operative risks in ACAS may not be matched in 
routine clinical practice because ACAS only accepted 
surgeons with an excellent safety record [549].

Before joining the later and more pragmatic 
Asymptomatic Carotid Surgery Trial (ACST), the sur-
geons had to provide evidence of an operative risk of 6% 
or less for their last 50 patients having an endarterec-
tomy for asymptomatic stenosis, but none were excluded 
on the basis of his or her operative risk during the trial 
[550]. Selection of patients was based on the “uncertainty 
principle,” with very few exclusion criteria.

Despite the differences in their methods, the absolute 
reductions in 5‐year risk of stroke with surgery were 
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Figure 17.42 Kaplan–Meier 3‐year 
estimates (with 95% confidence intervals) 
of the risk of stroke lasting more than 7 
days in the distribution of the 
asymptomatic carotid artery in patients in 
the European Carotid Surgery Trial by 
deciles of diameter carotid stenosis. The 
number above each error bar refers to the 
number of patients in each stenosis group. 
Source: European Carotid Surgery Trialists’ 
Collaborative Group 1995 [541]. 
Reproduced with permission of Elsevier.
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 similar in the two trials: 5.3% (95% CI 3.0–7.8%) in ACST 
versus 5.1% (95% CI 0.9–9.1%) in ACAS. In addition, 
whereas ACAS had reported only a nonsignificant 2.7% 
reduction in the absolute risk of disabling or fatal stroke 
with surgery, ACST reported a significant 2.5% (95% CI 
0.8–4.3%) absolute reduction, although the number‐
needed‐to‐operate to prevent one disabling or fatal 
stroke after 5 years remains about 40. The main differ-
ence between the trials was in the 30‐day operative risks 
of death of 0.14% in ACAS versus 1.11% in ACST, and in 
the combined operative risk of stroke and death of 1.5% 
in ACAS versus 3.0% in ACST.

17.12.3 Selection of patients for carotid 
endarterectomy

As discussed earlier, the decision to perform carotid 
endarterectomy should not be taken lightly, given the 
inevitable anxiety and risks faced by patients undergoing 
surgery. Applying the same arithmetical approach used 
for symptomatic stenosis (Section 17.11.6), if the surgical 
risk of stroke is say 4% in routine clinical practice, if the 
unoperated risk of stroke is 10% after 5 years on intensive 
medical treatment, and if successful surgery reduces this 
risk of stroke to almost zero, then doing about 100 opera-
tions would cause four strokes and avoid up to 10, the 
numbers‐needed‐to‐operate to prevent one stroke would 
be 17, about 34 for disabling stroke. Therefore to reduce 
the number‐needed‐to‐operate and increase the chance 
of an individual patient being benefited, it is essential 
that we know who is at highest risk of surgical stroke, 
and who will survive to be at highest risk of ipsilateral 
ischemic stroke without surgery. Furthermore, given 
the high cost of surgery even for symptomatic carotid 
stenosis, we need to be aware of the health‐economic 
and public health issues related to surgery for asymp-
tomatic stenosis [551, 552].

17.12.4 Risk of carotid endarterectomy 
for asymptomatic carotid stenosis

There are a large number of case series with very different 
reported surgical stroke risks for the same reasons as in 
symptomatic carotid stenosis (Section 17.11.3). Although 
the risk is about half that for symptomatic carotid steno-
sis, there is still some risk [432, 471]. Indeed, the risk may 
not necessarily be very low in, for example, patients with 
angina whose carotid stenosis was discovered during 
preparation for coronary artery surgery, or in patients 
who have already had an endarterectomy on one side and 
are at risk of bilateral vagal or hypoglossal nerve palsies 
if both sides are operated on (Section 17.11.4).

As for symptomatic stenosis, the risk of surgery 
 cannot be generalized from the literature to one’s own 

institution, that risk should be known locally. Even 
 judging from the literature, a systematic review found 
much higher risks than in ACAS [432]. The overall risk 
of stroke and death was 3.0% in 28 studies published 
post‐ACAS. The risk in 12 studies in which outcome 
was assessed by a neurologist (4.6%) was three times 
higher than in ACAS. Operative mortality (1.1%) was 
eight times higher than in ACAS. In studies that 
reported outcome after endarterectomy for sympto-
matic and asymptomatic stenosis in the same institu-
tion, operative mortality was no lower for asymptomatic 
stenosis (OR 0.80; 95% CI 0.6–1.1). Thus, published 
risks of stroke and death due to surgery for asympto-
matic stenosis are  considerably higher than in ACAS, 
particularly if outcome had been assessed by a 
 neurologist. And even after community‐wide perfor-
mance measurement and feedback, the overall risk for 
stroke or death after endarterectomy for asymptomatic 
stenosis in 10 US states was still 3.8% [553].

17.12.5 Who benefits most from surgery 
for asymptomatic carotid stenosis?

Given the surgical risk (which to some extent must 
depend on the type of patient under consideration as 
well as surgical skill) and what appears to be a remarka-
bly low risk of stroke in unoperated patients (even when 
they have major surgery below the neck), there is clearly 
no reason to recommend routine carotid endarterec-
tomy for asymptomatic stenosis. It follows that deliber-
ately screening apparently healthy people for carotid 
stenosis is also unwise. What is needed is a prognostic 
model to pick out those very few patients whose asymp-
tomatic stenosis is particularly likely to cause stroke, and 
then operate only on them.

Which range of stenosis?
Although the risk of ipsilateral ischemic stroke on medi-
cal treatment increases with degree of carotid stenosis 
(see Figure 17.42), in contrast to trials of endarterectomy 
in patients with symptomatic carotid stenosis, neither 
ACST nor ACAS showed increasing benefit from sur-
gery with increasing stenosis within the 60–99% range. 
There are several possible explanations for this:

 ● First, ultrasound may be less accurate than catheter 
angiography in measuring the degree of stenosis. 
In  ACAS, only patients randomized to surgery 

Although carotid endarterectomy may even halve the 
risk of stroke in patients with asymptomatic severe ste-
nosis, the absolute unoperated risk of stroke is usually so 
low in these patients that surgery is rarely worthwhile.
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 underwent catheter angiography, and in ACST all 
imaging was by ultrasound without any centralized 
audit [554]. The importance of the precise method 
used to measure stenosis was highlighted in a study of 
patients in the no‐surgery arm of the ECST which 
demonstrated that angiographic measures of stenosis 
were most reliable in predicting recurrent stroke when 
selective carotid contrast injections had been given, 
biplane views were available, and when the mean of 
measurements made by two independent observers 
was used [555].

 ● Second, patients with carotid near‐occlusion, which is 
not readily detectable on ultrasound, were not identi-
fied in the asymptomatic stenosis trials. In the ECST, 
for example, only when near‐occlusions were removed 
was the increased benefit of surgery with increasing 
stenosis between 70% and 99% clearly apparent [490]. 
This issue is further complicated by the findings of 
recent study in which increasing asymptomatic steno-
sis on ultrasound was positively associated with the 
risk of ipsilateral hemispheric ischemic events when 
stenosis was measured using the ECST criteria, but 
not when NASCET criteria were used [556].

 ● Third, the rate of stenosis progression may determine 
the risk of stroke in patients with asymptomatic steno-
sis, which is potentially important considering the 
longer time frame over which strokes occur compared 
with symptomatic stenosis. In the ECST, there was a 
strong association between the risk of ipsilateral stroke 
and the degree of carotid stenosis only for strokes that 
occurred during the first year after randomization, and 
no relationship was seen between initial stenosis and 
strokes occurring more than 2 years later [488, 528]. 

While this could have been partly due to plaque “heal-
ing,” it is conceivable that in some patients the stenosis 
had progressed and the rate of this progression, rather 
than the degree of stenosis at baseline, was the impor-
tant determinant of stroke risk.

Which subgroups benefit most?
Although some subgroup analyses were reported in 
ACAS, the trial had insufficient power to reliably analyze 
subgroup–treatment effect interactions. Because of its 
larger sample size, ACST had greater power, although 
no  analyses were prespecified in the protocol, and the 
reduction in risk of nonperioperative stroke (i.e. the 
benefit) and the perioperative risk (i.e. the harm) were 
reported separately [550]. The overall balance of hazard 
and benefit, which is of most importance to patients 
and  clinicians, was not reported. In a meta‐analysis of 
the effect of endarterectomy on the 5‐year risk of any 
stroke and perioperative death in ACAS and ACST 
(Figure  17.43) the benefit from surgery was greater in 
men than in women. Benefit gain was demonstrated in 
women up to 75 years old after 10 years of follow‐up in 
ACST but inferior to that seen in men of similar ages 
[557]. In patients with symptomatic 70–99% stenosis, 
the surgical complication risk is higher in the presence of 
contralateral occlusion, although the evidence still favors 
endarterectomy in these patients [508]. However, a post‐
hoc analysis from ACAS found that patients with con-
tralateral occlusion derived no long‐term benefit from 
endarterectomy, largely due to a lower long‐term risk on 
medical treatment but this analysis was underpowered 
(163 patients) and there was no confirmation of this 
effect in ACST [550].

Subgroup Surgical Medical OR 95% CI

Males
ACST
ACAS

51/1021
18/544

97/1023
38/547

0.50
0.46

0.35–0.72
0.26–0.81

TOTAL 69/1565 135/1570 0.49 0.36–0.66

Females
ACST
ACAS

31/539
15/281

34/537
14/287

0.90
1.10

0.55–1.49
0.52–1.82

TOTAL 46/820 48/824 0.96 0.63–1.45

Events/Patients

0 0.5 1 1.5
Odds ratio (95% CI)

Figure 17.43 The effect of endarterectomy for asymptomatic carotid stenosis on the risk of any stroke or operative death by sex in the 
Asymptomatic Carotid Surgery Trial (ACST) and the Asymptomatic Carotid Atherosclerosis Study (ACAS). Each trial result is represented 
by a purple box whose size is proportional to the statistical weight for that outcome, and horizontal lines representing 95% confidence 
intervals (CI). The pooled results are represented by diamonds whose widths represent the 95% CI. Source: Rothwell 2004 [539]. 
Reproduced with permission of Elsevier.
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Which individuals benefit most?
Given the small absolute reductions in the risk of stroke in 
ACST and ACAS, and the lack of a clear effect in women, 
there is an urgent need to identify exactly which individual 
patients are at highest risk of stroke and which individuals 
are at such low risk that the risks of surgery cannot be justi-
fied. At present, it does not seem justifiable to operate on 
patients “just because they have asymptomatic severe ste-
nosis,” the number‐needed‐to‐operate to prevent one 
stroke is far too high, and the advantage for any individual 
patient is far too low. A risk‐modeling approach similar to 
that used in symptomatic carotid stenosis is required, per-
haps combining patient clinical features with the results of 
potentially prognostic investigations, such as transcranial 
Doppler‐detected emboli, impaired cerebral reactivity, the 
morphology of the stenotic plaque on imaging, the rate of 
plaque progression, and the presence of silent embolic 
infarcts on neuroimaging. There is increasing evidence 
that embolic signals detected on transcranial Doppler 
ultrasound scanning provide prognostically useful infor-
mation [43, 558–560]. Recent data from the Asymptomatic 
Carotid Emboli Study (ACES) with an incorporated meta‐
analysis of similar prior studies showed that patients with 
asymptomatic carotid stenosis and embolic signals had a 
sevenfold increase in the risk of ipsilateral stroke (HR 6.6, 
95% CI 2.9–15.4) [560]. Interestingly, in a prospective study 
of 468 patients with 60–99% carotid stenosis, marked 
decreased in microemboli detection and cardiovascular 
events after the institution of intensive medical therapy has 
been reported [561], providing further evidence of tran-
scranial Doppler as a potential tool to monitor efficacy of 
medical therapy and identification of high‐risk patients.

Several observational studies have suggested that 
increased plaque echolucency (a marker of plaque lipid 
and hemorrhage content) on ultrasound or MRI is associ-
ated with higher risks of stroke and TIA distal to a carotid 
stenosis [562]. In a recent study of 435 patients with 
asymptomatic carotid stenosis, plaque echolucency at 
baseline was associated with an increased risk of ipsilat-
eral stroke (HR 6.43, 95% CI 1.36–30.44) [563]. In the 
same study, a combination of microemboli detection and 
plaque morphology identified a high‐risk group with an 
annual stroke risk of 8%, and a low‐risk group with a risk 
of <1% per annum. Other methods of plaque imaging 
might also turn out to be of prognostic value. In a study of 
154 patients with asymptomatic carotid stenosis imaged 
with multi‐contrast‐weighted MRI, thin or ruptured 
fibrous cap, intraplaque hemorrhage, and large lipid core 
were all associated with ipsilateral TIA and stroke on fol-
low‐up [564]. In another study of 75 men with 98 carotid 
arteries with moderate stenosis, intraplaque hemorrhage 
by MRI was associated with an increased risk of cere-
brovascular events (HR 3.59, 95% CI 2.48–4.71) [565]. 
However, large prospective studies are required to deter-
mine whether any of these imaging characteristics 

 predict the risk of stroke well enough to help select 
asymptomatic stenosis patients for endarterectomy.

Neuroimaging findings consistent with infarcts ipsilat-
eral to the asymptomatic carotid stenosis that were pre-
sumably clinically “silent” may be predictive of patients 
at higher risk of stroke. In the prospective multicenter 
ACSRS study, 462 patients with 60–99% asymptomatic 
carotid stenosis who had CT brain scans at enrollment 
were monitored every six months for a maximum of 8 
years. The annual rate of ipsilateral stroke was signifi-
cantly higher in those with evidence of silent embolic 
infarcts at enrollment (1.0% vs. 3.6%, P = 0.002) [556]. 
The presence or absence of ipsilateral silent infarcts 
could help in identifying high‐risk patients but more 
data are needed to confirm the utility of this approach.

Further information about the utility of endarterectomy 
in asymptomatic patients with severe stenosis of ≥70% will 
be obtained by the ongoing CREST2 trial in the United 
States and Canada. This trial will randomize patients to 
either uniform intensive medical management or endar-
terectomy. The carotid revascularization group will be 
randomized to either carotid stenting with embolic pro-
tection or endarterectomy. The study will follow patients 
for approximately 4 years to assess stroke and death (clini-
caltrials.gov/ct2/show/NCT02089217) [566]. In Europe 
the ECST2 trial is randomizing patients with recent stroke 
or TIA to either optimal medical therapy or medical ther-
apy and carotid revascularization (carotid endarterectomy 
or carotid angioplasty/stenting) if >50% stenosis to pre-
vent future stroke or death with 30–day and 2‐year out-
comes in patients (http://s489637516.websitehome.co.uk/
ECST2/protocolsummary.htm) [567]. Also in Europe the 
ACST‐2 trial is enrolling,  specifically to compare severe 
asymptomatic carotid  stenosis to either carotid angio-
plasty/stenting or carotid endarterectomy. The ACAS 
trial excluded patients >80 years of age and therefore  limits 
evidence‐based  recommendations in this age group. The 
CREST2, ACST2, and ECST2 will help determine the risk 
and benefit for this elderly population and in patients 
in  general using various risk models and radiographic 
 features of the plaques in subgroup analysis.

17.13  Carotid angioplasty 
and stenting

Endovascular treatment was first used for the limb arter-
ies in the 1960s, and subsequently in the renal and coro-
nary arteries [568], but was introduced more cautiously 
for treatment of carotid stenosis in the early 1990s 
because of the likely high risk of stroke due to emboliza-
tion of atheromatous debris during the procedure. 
However, the argument goes that if carotid endarterec-
tomy of a recently symptomatic severe carotid stenosis 
more or less abolishes the risk of ipsilateral ischemic 
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stroke, then percutaneous transluminal balloon angio-
plasty (Figure  17.44), particularly with stenting 
(Figure  17.45) to maintain arterial patency, could do 
so  as well [569]. Indeed, carotid angioplasty/stenting 
has now become widely used, particularly when carotid 
pathology makes endarterectomy difficult (e.g. high 
bifurcation or postradiation stenosis), although it is not 
always feasible because of contrast allergy, difficult 
 vascular anatomy, or lumen thrombus.

Of course, carotid angioplasty/stenting is typically less 
invasive than carotid endarterectomy, and generally 

more convenient and quicker. It is unlikely to cause nerve 
injuries, wound infection, venous thromboembolism, or 
myocardial infarction, and hospital stay may be shorter. 
However, there are potential disadvantages of ischemic 
stroke from periprocedural embolization, dissection of 
the vessel, restenosis of the stent, and groin hematoma 
complications.

Increasing data from RCTs comparing carotid angio-
plasty/stenting and carotid endarterectomy in groups of 
patients with symptomatic and asymptomatic carotid 
stenosis have become available. Based on these studies, 

(a)

(b)

i ii iii iv

Figure 17.44 Percutaneous transluminal balloon angioplasty of the carotid artery. (a) Diagram to show the principle of angioplasty: 
(i) the carotid bifurcation with a severe atherothrombotic stenosis; (ii) the guidewire (small short arrow) with the deflated (short thick 
arrow) balloon catheter (long arrows) is passed across the stenosis; (iii) the balloon is inflated (in some systems the guidewire may 
be withdrawn prior to inflation, in others it is left in) and the plaque is pushed outwards, so stretching the arterial wall and cracking 
the plaque; (iv) after the balloon is deflated and removed, the lumen has been widened, the arterial wall remains stretched and the 
plaque remains. (b) Catheter carotid angiogram to show stenosis: (i) before (arrow) and (ii) after (arrow) angioplasty. The tight 
stenosis has been converted to a more normal (looking) lumen.
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carotid angioplasty/stenting appears to have a higher 
risk of periprocedural (typically 30 days) risk of death 
and stroke, particularly in older individuals, but appears 
to have similar long‐term risk for ipsilateral stroke.

One of the earlier studies, the Stent‐Protected 
Angioplasty versus Carotid Endarterectomy (SPACE) 
Trial was intended to study 1900 patients with 50–99% 
recently symptomatic carotid stenosis, but randomiza-
tion was stopped early, partly due to limited funding and 
recruitment. The procedural 30‐day risk of stroke or 
death was nonsignificantly higher in the angioplasty/
stenting group with 37 (6.3%) strokes and deaths among 
584 patients randomized to surgery versus 41 (6.8%) in 
599 patients randomized to stenting [570]. At the 2‐year 
follow‐up, the rate of recurrent ipsilateral ischemic 
strokes reported was similar for both treatment groups 
but recurrent carotid stenosis of ≥70% was significantly 
higher after carotid angioplasty/stenting [571].

The Endarterectomy versus Angioplasty in Patients 
With Symptomatic Severe carotid Stenosis (EVA‐3S) also 
evaluated carotid angioplasty/stenting versus carotid 
endarterectomy for 60–99% recently symptomatic 
carotid stenosis [572]. The 30‐day incidence of any stroke 
or death was 3.9% after endarterectomy and 9.6% after 
stenting, giving a relative risk of any stroke or death after 
stenting compared with endarterectomy of 2.5 (95% CI 

1.2–5.1). The trial stopped early after a high 30‐day pro-
cedural risk was found after carotid angioplasty/stent-
ing. The cumulative probability of periprocedural stroke 
or death and nonprocedural ipsilateral stroke after 4 
years of follow‐up was higher with carotid angioplasty/
stenting than with carotid endarterectomy (11.1% vs. 
6.2%, HR 1.97, 95% CI 1.06–3.67). Importantly, a hazard 
function analysis showed the 4‐year differences in the 
cumulative probabilities of outcomes between stenting 
and endarterectomy were largely accounted for by the 
higher periprocedural risk of stenting compared with 
endarterectomy. After the periprocedural period, the 
risk of ipsilateral stroke was low and similar in both 
treatment groups [573].

The more recent International Carotid Stenting Study 
(ICSS) trial enrolled 1713 adults with recently sympto-
matic carotid stenosis of >50% who were randomly 
assigned to treatment with carotid angioplasty/stenting 
or carotid endarterectomy. Interim analysis at three 
months showed a higher incidence of stroke, death, or 
procedural myocardial infarction (8.5%) in the carotid 
angioplasty/stenting group compared with (5.2%) in the 
carotid endarterectomy group (HR 1.69, 95% CI 1.16–
2.45) [574]. However, the number of fatal or disabling 
strokes (52 vs. 49) and cumulative 5‐year risk did not dif-
fer significantly between the stenting and endarterectomy 

(a) (b)

Figure 17.45 Selective catheter angiogram 
before (a) and after (b) stenting. Before stenting 
there is severe stenosis of the internal carotid 
artery (arrow) and afterwards the mesh of the 
stainless steel stent can be seen spanning the 
carotid bifurcation (modern stents are not so 
easily seen). Source: Courtesy of Professor 
Martin Brown, London.
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groups (6.4% vs. 6.5%; HR 1.06, 95% CI 0.72–1.57). The 
distribution of modified Rankin scale scores at 1 year, 5 
years, or final follow‐up did not differ significantly 
between treatment groups either [575].

Finally, the largest and most recent RCT, the Carotid 
Revascularization Endarterectomy versus Stenting Trial 
(CREST) randomized 2502 patients with symptomatic 
and asymptomatic disease to carotid angioplasty/stenting 
or carotid endarterectomy and followed them up to 10 
years [576]. During the periprocedural period, there was 
a higher risk of stroke (4.1% vs. 2.3%, P = 0.01) but a lower 
risk of myocardial infarction (1.1% vs. 2.3%, P = 0.03) in 
the stenting group. There was no significant difference in 
the rate of the primary endpoint, a composite of any 
stroke, myocardial infarction, or death within 30 days fol-
lowing treatment plus any ipsilateral stroke during 10‐
year follow‐up between the stenting group (11.8%) and 
the endarterectomy group (9.9%) (HR 1.10; 95% CI 0.83–
1.44). Postprocedural ipsilateral stroke over the 10‐year 
follow‐up was not significantly different between the 
stenting and endarterectomy group (6.9% vs. 5.6%). No 
significant between‐group differences with respect to 
either endpoint were detected when symptomatic and 
asymptomatic patients were analyzed separately.

Taking all the currently available randomized evidence 
from the trials comparing carotid endarterectomy with 
angioplasty/stenting, the endovascular approach appears 
to have a higher procedural risk of stroke, but while less 
definitive, accumulating data seem to suggest that long‐
term risk for ipsilateral stroke is similar between the two 
approaches. A further important point highlighted by a 
recent meta‐analysis of the above four trials is that older 
adults had worse outcomes with carotid angioplasty/
stenting than carotid endarterectomy [577]. This study 
reported a periprocedural HR for stroke and death in 
patients aged 65–69 years treated with carotid angio-
plasty/stenting compared with patients younger than 60 
years of 2.16 and HRs of roughly 4 for patients aged 70 
years or older. There was no evidence of an increased 
periprocedural risk by age group in the carotid endarter-
ectomy group (Figure 17.46). This effect resulted in an 
estimated twofold increase in risk for stroke or death in 
patients older than 70 undergoing carotid angioplasty/
stenting as compared to carotid endarterectomy. Age 
was not associated with increased risk of postprocedural 
stroke within or between groups.

In current practice, carotid endarterectomy remains 
the preferred choice for treatment of carotid stenosis 
when revascularization is indicated. Carotid angioplasty/
stenting has become an alternative to those without con-
traindication to endovascular interventions and deemed 
at high risk for complications from anesthesia and sur-
gery such as those with severe pulmonary or cardiac dis-
ease. Other patients that have been reported to tolerate 

carotid angioplasty/stenting better than carotid endar-
terectomy include those with prior neck surgery or radi-
ation, previous ipsilateral carotid endarterectomy, 
bilateral stenosis, or contralateral carotid occlusion, but 
high‐quality data to support this are limited. In older 
patients, particularly those above age 70, carotid endar-
terectomy should be favored over carotid angioplasty/
stenting when revascularization is indicated. Importantly, 
whichever procedure is used, early intervention and 
selection of patients based on predicted risk of stroke 
without the intervention remain essential to effective 
stroke prevention.

17.14  Carotid endarterectomy 
before, during, or after coronary 
artery surgery?

Patients undergoing coronary artery bypass grafting 
(CABG) and other cardiac surgeries are commonly 
screened for carotid disease and revascularization 
undertaken if carotid stenosis is found. However, this 
practice is controversial and accumulating data and 
expert consensuses have emerged that provide more 
detailed guidance [578–582]. Major considerations 
include which patients to screen for carotid stenosis and 
determining whether the carotid stenosis is sympto-
matic. If revascularization is planned, what choice of 
therapy, either carotid endarterectomy or carotid angio-
plasty/stenting and the timing of therapy (before, simul-
taneously, or after CABG) should also be considered.

The prevalence of carotid stenosis of more than 50% in 
patients undergoing CABG ranges from 2% to 20% [583]. 
According to current guidelines carotid artery ultrasound 
screening before cardiac surgery is reasonable in patients 
with high‐risk features such as age >65 years, left main 
coronary stenosis, peripheral artery disease, history of 
TIA or stroke, or atherosclerotic risk factors such as 
hypertension, smoking, and diabetes mellitus [578, 579].

Although endarterectomy or stenting for asympto-
matic carotid stenosis are commonly recommended 
before cardiac surgery, there is little evidence to support 
this practice. A systematic review of published case 
series found that the risk of stroke during the first few 
weeks after CABG was about 2% and had remained 
unchanged from 1970 to 2000; nine out of ten screened 
CABG patients had no significant carotid disease. Stroke 
risk was about 3% in predominantly asymptomatic 
patients with unilateral 50–99% carotid stenosis, 5% in 
those with bilateral 50–99% stenosis, and 7–11% in those 
with carotid occlusion. Significant predictive factors for 
post‐CABG stroke included carotid bruit, prior stroke/
TIA, and severe carotid stenosis/occlusion. However, 
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Figure 17.46 The predicted event rates based on age compared in carotid endarterectomy (a) to carotid angioplasty/stenting (b). CEA, 
carotid endartectomy; CAS, carotid artery stenting. Source: Howard et al. 2016 [577]. © 2016 Elsevier.
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half those who had a perioperative stroke did not have 
significant carotid disease, and 60% of territorial infarc-
tions on CT scan/autopsy could not be attributed to 
carotid disease alone [584]. Thus, although carotid dis-
ease is one important etiological factor in post‐CABG 
stroke, even assuming that prophylactic carotid endar-
terectomy carried no additional risk, it could only ever 
prevent about 40% of procedural strokes at most. 
Moreover, recent studies have even suggested that there 
is no direct causal relationship between significant 
carotid stenosis and postoperative stroke in patients 
undergoing cardiac operations [585]. Current expert 
consensus guidelines do not support routine carotid 
revascularization of patients undergoing cardiac surgery 
with asymptomatic carotid stenosis, even if severe, 
although consideration is recommended for those with 
bilateral severe carotid stenoses or a unilateral severe 
carotid stenosis with a contralateral occlusion [578, 579].

In patients with recently symptomatic carotid stenosis 
who also have symptomatic coronary artery disease 
requiring surgery, little evidence exists as to whether 
CABG should be done before carotid endarterectomy 
(and risk a stroke during the procedure), after carotid 
endarterectomy (and risk cardiac complications during 
carotid endarterectomy), or simultaneously (and risk 
both stroke and cardiac complications all at once) [39, 
586, 587]. A recent randomized trial examining the above 
timings in 185 patients with asymptomatic severe carotid 
artery stenosis undergoing CABG. In group A, 94 patients 
received a CABG with previous or simultaneous carotid 
endarterectomy. In group B, 91 patients underwent 
CABG, followed by carotid endarterectomy. The 90‐day 
stroke and death rate was 1.0% in group A and 8.8% in 
group B (OR 0.11; 95% CI 0.01–0.91; P = 0.02). Logistic 
regression analysis showed that delayed carotid endarter-
ectomy significantly predicted stroke and death at 90 days 
(OR 14.2; 95% CI 1.32–152.0). The investigators con-
cluded that carotid endarterectomy before or simultane-
ously with CABG lowered the risk of stroke as compared 
with delayed carotid endarterectomy. No clear expert 
consensus exists for the sequence and timing of carotid 
intervention and CABG. Some experts have suggested it 
should be determined by the patient’s relative magnitudes 
of cerebral and cardiac dysfunction [579], while others 
have suggested doing carotid revascularization either 
before or concurrent with cardiac surgery [578].

The optimal modality of carotid revascularization for 
patients undergoing cardiac surgery has not been estab-
lished. A recent study using the Nationwide Inpatient 
Sample evaluated 27 084 patients discharged after con-
current carotid and coronary revascularization proce-
dures from 2000 to 2004. Of these, 96.7% underwent 
carotid endarterectomy–CABG, whereas only 3.3% 
had  carotid angioplasty/stenting–CABG. Patients 

undergoing carotid angioplasty/stenting–CABG had a 
lower incidence of postoperative stroke (2.4% vs. 3.9%), 
and combined stroke and death (6.9% vs. 8.6%) than the 
combined carotid endarterectomy–CABG group 
(P < 0.001), although in‐hospital death rates were similar 
(5.2% vs. 5.4%). After risk stratification, carotid endar-
terectomy–CABG patients had a 62% increased risk of 
postoperative stroke compared with patients undergo-
ing carotid angioplasty/stenting before CABG (OR 1.62; 
95% CI 1.1–2.5; P = 0.02). No differences in the risk of 
combined stroke and death were observed. Whether 
carotid angioplasty/stenting offers a reduced rate of 
stroke in the subpopulation of patients requiring CABG, 
as noted in the nonrandomized study mentioned earlier, 
remains to be further tested in a prospective RCT. 
Current expert consensus recommendations are that 
either carotid angioplasty/stenting or carotid endarter-
ectomy are reasonable [578]. One consideration to have 
is the use of dual antiplatelet commonly required after 
carotid angioplasty/stenting, which increases risk of 
major bleeding during cardiac surgery.

In summary, the available data suggest that only a 
minority of strokes complicating CABG can be attribut-
able to carotid artery disease. Screening for carotid steno-
sis before cardiac surgery is reasonable in patients with 
high‐risk features. There is no clear evidence that routine 
revascularization of patients with unilateral asympto-
matic carotid stenosis reduces risk of stroke in patients 
undergoing cardiac surgery. Based on current guidelines 
and available data, it appears reasonable to recommend 
carotid revascularization for patients undergoing CABG 
who have symptomatic severe carotid stenosis, bilateral 
asymptomatic severe carotid stenosis, or unilateral 
asymptomatic severe stenosis and contralateral carotid 
occlusion. Although there is no strong evidence for the 
choice and timing of carotid intervention in patients 
undergoing cardiac surgery, it appears to favor either 
carotid endarterectomy or carotid angioplasty/stenting 
before or concurrent with cardiac surgery.

17.15  Extracranial‐to‐intracranial 
bypass surgery

About 10% of patients with minor carotid ischemic 
events have occlusion or stenosis of the ICA, in the 
intracranial segment, distal to the bifurcation, or MCA 
occlusion or stenosis. These locations are not amenable 
to traditional carotid endarterectomy techniques of vas-
cular surgery. These lesions can be bypassed by anasto-
mosing a branch of the external carotid artery (usually 
the superficial temporal) via a skull burr hole to a cortical 
branch of the MCA. It was anticipated that this “surgical 
collateral” would improve the blood supply in the distal 
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MCA bed and so reduce the risk of stroke, and reduce 
the severity of any stroke that did occur. The benefit of 
this procedure may depend on the patient’s collateral 
supply and whether the resting blood flow or cerebral 
reactivity are depressed. The risk of stroke is likely less in 
complete occlusions compared to high‐grade stenosis 
(≥70%) [588–592].

The risk–benefit relationship has been evaluated in 
only one completed randomized trial and this failed to 
show any benefit from routine surgery [593]. However, it 
has been argued that patients with impaired cerebrovas-
cular reactivity, or with maximal oxygen extraction, were 
not identified and perhaps it is these patients who might 
be benefited by surgery [594, 595]. The Carotid Occlusion 
Surgery Study (COSS) was performed to investigate 
whether patients with a recent TIA or ischemic stroke in 
the last 120 days and had a depressed oxygen extraction 
fraction (OEF) in the ipsilateral hemisphere to the 
carotid occlusion improved with superficial temporal 
artery to MCA bypass. The 2‐year outcome found excel-
lent patency of the bypass and improved OEF, but no 
difference in the primary outcome of stroke prevention, 
21% for surgery and 22.7% for medical treatment 
(P = 0.78). Currently, routine extracranial‐to‐intracranial 
bypass surgery cannot be recommended.

For symptomatic severe intracranial stenosis, which is a 
major cause of stroke worldwide and carries a high risk of 
recurrence, angioplasty and stenting was investigated as 
an alternative to medical management [596]. In the 
Warfarin–Aspirin Symptomatic Intracranial Disease 
(WASID) trial patients with TIA or stroke with 50–99% 
intracranial stenosis were randomized to aspirin 1300 mg 
or warfarin (INR 2–3), but it was stopped early because of 
higher adverse events in the anticoagulation group [255]. 
The rate of stroke in the subgroup of patients with ≥70% 
stenosis at 1 year was 18% compared to about 8% in 
50–69% stenosis [597]. The SAMMPRIS trial investigated 
whether intracranial angioplasty with stenting using the 
Wingspan system was superior to medical management 
with aspirin 325 mg/day, clopidogrel, intensive LDL 
 cholesterol management with statin medications to 
achieve <70 mg/dL, systolic blood pressure of <140 mmHg 
(<130 mmHg in patients with diabetes mellitus), and a 
lifestyle modification program. The study was stopped 
early because of higher rates of stroke and death within 
30 days of treatment in the stenting group (14.7% vs. 5.8%, 
P = 0.002) [598]. Long‐term follow‐up of the SAMMPRIS 
trial found that medical management had a durable 
 benefit over stenting [599]. Based on the best evidence, 
stenting and angioplasty is not recommended for severe 
intracranial stenosis. In practice, the SAMMPRIS study 
has led to aggressive medical management practice for 

patients with intracranial stenosis based on the medical 
arm of the trial.

17.16  Surgery and angioplasty 
for vertebrobasilar ischemia

There is no good evidence that surgery improves the 
prognosis for patients with vertebrobasilar ischemia. 
There are no RCTs of surgical procedures for posterior 
circulation disease; data are only available from case 
series. For proximal vertebral reconstruction, periopera-
tive mortality is 0–4%, and the risk of stroke or death 
2.5–25% [600]. For distal vertebral reconstruction 2–8% 
mortality has been reported.

Proximal vertebrobasilar stenosis is the second most 
common location for extracranial stenosis and may 
account for a significant proportion of posterior circula-
tion infarcts. However, the vertebrobasilar system is 
 anatomically different from the carotids since the con-
tralateral vertebral artery can often compensate for 
the  stenotic vessel. However, individual variations of 
 vertebral artery terminating at the posterior inferior 
 cerebellar artery may present unique considerations 
for patient‐specific treatment options if symptomatic. A 
meta‐analysis of 27 studies that evaluated stenting for 
proximal vertebral artery stenosis found that the peripro-
cedural risk of stroke (1.1%) and TIA (0.8%) was low. The 
technical success was high (99.3%), and lower restenosis 
was found in drug‐eluting compared to bare metal stents 
(11.2% vs. 30% at 2 years) [601]. However, the compari-
son of stenting compared to optimal medical manage-
ment has yet to be adequately evaluated and therefore 
stenting is not recommended routinely.

Subclavian (and innominate) steal (Section  6.8.6), 
although commonly detected with ultrasonography, 
very rarely causes neurological symptoms. However, 
frequent vertebrobasilar TIAs in the presence of dem-
onstrated unilateral or bilateral retrograde vertebral 
artery flow distal to severe subclavian or innominate 
disease may sometimes be relieved by: endarterectomy 
or angioplasty of the subclavian artery; carotid‐to‐sub-
clavian or femoral‐to‐subclavian bypass; transposition 
of the subclavian artery to the CCA; transposition of the 
vertebral artery to the CCA; and axillary‐to‐axillary 
artery bypass grafting. All these procedures carry a risk 
and it is not clear which is the most sensible. Irrespective 
of the neurological situation, some kind of vascular 
 surgical procedure may be needed if the hand and arm 
become ischemic distal to subclavian or innominate 
artery disease.
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17.17  Other surgical procedures

17.17.1 Patent foramen ovale closure 
in cryptogenic stroke

A patent foramen ovale (PFO) is present in about one‐
third of the general population and is associated with 
an atrial septal aneurysm (ASA) in about 20% of cases 
[602]. A meta‐analysis of case–control studies found 
that, among younger (<55 years approx.) subjects, having 
a PFO was associated with an approximately threefold 
excess risk of ischemic stroke, having an ASA was associ-
ated with about a sixfold risk, and having both was asso-
ciated with about a 16‐fold risk. The relative risks were 
higher when only cryptogenic ischemic stroke was con-
sidered, but there was no definite excess risk of ischemic 
stroke in older subjects with a PFO, ASA, or both [603]. 
It is uncertain, however, whether these associations are 
causal. If they are, the mechanism could be paradoxical 
embolism of thrombus from the venous to the arterial 
circulation, embolization of thrombi formed locally 
within the PFO, or an associated ASA, or atrial fibrilla-
tion associated with the PFO, ASA, or both. And even if 
there is a causal link in some cases, because of its high 
background prevalence, PFO must coexist by chance in 
many young adults with ischemic stroke, and may well be 
an “innocent bystander” in most older patients in whom 
it is detected (Section 6.5.10) [602, 604].

The risk of recurrent stroke in patients with versus 
without a PFO and/or ASA has been previously evalu-
ated. One study recruited almost 600 consecutive adult 
patients ≤55 years old with a recent cryptogenic ischemic 
stroke. Of these, 24 patients had a stroke during a mean 
follow‐up of about 3 years, and there was about a four-
fold increased risk of recurrent stroke among those with 
both PFO and ASA: the average annual rates of stroke 
were 1.1% in those with no septal disorder, 0.6% in those 
with an isolated PFO, and 4% in those with both PFO 
and ASA [605]. Another study (the Patent foramen ovale 
In Cryptogenic Stroke Study [PICSS]) followed 601 
patients with a recent ischemic stroke who had been 
randomized in the WARSS trial. The patients had a 
mean age of 59, 250 had cryptogenic stroke, and 203 had 
a PFO. During about 2 years of follow‐up there were 71 
recurrent strokes and 21 deaths. There was no apparent 
increase in the risk of recurrent stroke or death with a 
PFO, regardless of its size or association with ASA, in 
either the whole study population or in the cryptogenic 
subgroup. However, this may have been because of the 
older age of the subjects and the addition of “noise” to 
the outcome measure by including deaths as well as 
recurrent strokes [606].

The optimal treatment strategy for secondary preven-
tion in stroke patients with PFO and/or ASA remains 
uncertain. Therapeutic options include antiplatelet 
treatment, oral anticoagulants, or closure of the fora-
men, generally percutaneously with one of several pos-
sible devices (Figure  17.47 [607]) or occasionally with 
open heart surgery [607]. Although percutaneous clo-
sure may appear an attractive, definitive treatment, it is 
not without its risks of course, which include early device 
migration (requiring surgical intervention) and peripro-
cedural cardiac tamponade and, in the longer term, 
device malalignment and significant shunt [608]. The 
RESPECT, PC Trial, and CLOSURE trials have investi-
gated whether closure of the PFO is superior to medical 
therapy to prevent recurrent ischemic events [609–611]. 
The trials used different devices and some included TIA 
as an ischemic event. Medical therapy could vary with 
antiplatelet or anticoagulation. The combined analysis of 
these trials did not find a statistical difference between 
medical management (antiplatelet or anticoagulation) 
compared to transcatheter device closure in the inten-
tion‐to‐treat analysis (RR 0.73; 95% CI 0.45–1.17). The 
lack of difference was also found for the outcome of 
stroke prevention and in the Amplatzer device only 
group. The risk of new‐onset atrial fibrillation was 
increased in the pooled analysis (RR 3.50; 95% CI 1.47–
8.35) [612].

A meta‐analysis of 14 prospective studies that included 
4251 patients evaluated the risk of recurrent cerebrovas-
cular events in patients with prior cryptogenic stroke or 
TIA and PFO on medical treatment without PFO clo-
sure. Patients with stroke with PFO did not have a higher 
risk of the combined outcome of recurrent stroke or TIA 
(RR 1.18; 95% CI 0.78–1.79; P = 0.43) or in the incidence 
of recurrent strokes (RR 0.85; 95% CI 0.59–1.22; P = 0.37) 
in comparison with stroke patients without PFO [613].

There are limited data evaluating the effectiveness of 
different antithrombotic therapies for the prevention of 
recurrent stroke in patients with PFO and cryptogenic 
ischemic stroke. In the PICSS, there was no significant 
difference in the effects of warfarin compared with 
aspirin on the primary outcome of stroke or death 
among patients with a PFO, but there was a trend 
toward a benefit from warfarin over aspirin in those 
with or without a PFO in the cryptogenic subgroup, 
albeit at the expense of a significantly higher risk of 
minor hemorrhage. A meta‐analysis of multiple obser-
vational studies estimated the comparative effective-
ness of oral anticoagulation to that of antiplatelet 
therapy for secondary prevention of stroke in patients 
with cryptogenic stroke and PFO. The analysis included 
804 patients on oral anticoagulation and 1581 on anti-
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platelet therapy and found no statistically significant 
difference for the primary composite outcome of stroke, 
TIA, or death (HR 0.76, 95% CI 0.52–1.12) or for the 
secondary outcome of stroke alone (HR 0.75, 95% CI 
0.44–1.27) [614].

Three studies in 2017 found a benefit in closing PFO, 
which may change future professional recommendation. 
The CLOSE trial randomized patients 16–60 years of age 
to transcatheter PFO closure with long‐term antiplatelets 
compared to antiplatelet alone or oral anticoagulation alone. 
The patients had a recent stroke with PFO‐associated 
ASA or large inter‐atrial shunt. The results of 663 patients 
showed benefit to closure in this patient population over 
antiplatelet‐only therapy (HR 0.03, 95%, CI 0–0.26; 
P < 0.001). The rate of complications was 5.9% and rate of 
atrial fibrillation was higher in the PFO closure group 
(4.6%, P = 0.02) [615]. The long‐term outcomes of the 
RESPECT trial mentioned earlier also showed benefit 
in cryptogenic stroke patients (18–60 years of age) with 
PFO closure (HR 0.55, 95% CI 0.31–0.999; P = 0.046). The 
rate of venous thromboembolism (pulmonary embolism 
and deep‐vein thrombosis) was more common with 
PFO closure (HR 3.48; 95% CI 0.98–12.34; P = 0.04). 

The  subgroup analysis in the trial showed benefit with 
ASA compared to when absent (HR 0.20, 95% CI 0.06–0.7; 
P = 0.005). Substantial shunt size also showed benefit 
 compare to none, trace, or moderate size (HR 0.96, 95% 
CI 0.44–2.11; P = 0.04) [616]. Similarly the REDUCE trial, 
which enrolled cryptogenic stroke patients with predomi-
nately moderate or large inter‐atrial shunts and a mean 
age of 45 years of age, showed significant benefit of PFO 
closure in preventing recurrent stroke compared to anti-
platelet therapy (HR 0.23, 95% CI 0.09–0.62; P = 0.002). 
Device‐related complications were 1.4% and atrial fibrilla-
tion occurred in 6.6% after PFO closure [617].

In conclusion, PFO closure can be considered for 
young patients with cryptogenic stroke who do not have 
an indication for anticoagulation. Considering the enroll-
ment criteria and subgroup analysis of the most recent 
trials the benefit is more likely in those patients with 
a  large shunt or ASA. Anticoagulation should be 
reserved  for patients with both a PFO and a venous 
source of embolism or hypercoagulability condition 
[614]. If a PFO is found then evaluation for deep venous 
thrombosis is recommended since it would likely 
result in anticoagulation rather than antiplatelet therapy. 

Amplatzer PFO Occluder STARFlex Helex Septal Occluder

PFO Star Buttoned Device Angel-Wings

Figure 17.47 Various devices used for percutaneous catheter‐based patent foramen ovale closure. Source: Meier 2005 [607]. Reproduced 
with permission of BMJ Publishing.
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The risk of device complications, venous thrombosis, 
and the possibility of developing atrial fibrillation should 
be discussed.

17.17.2 Left atrial occlusion to prevent atrial 
fibrillation‐related embolic events

As mentioned earlier, perhaps 50% of patient with atrial 
fibrillation who should be anticoagulated based on risk 
stratification are not. This may be because of patient 
preference or long‐term risk of hemorrhage on antico-
agulation. Nearly 90% of all clots that dislodge from the 
heart and travel to the brain arise from the left atrial 
appendage [618, 619]. Clots form in this vestigial, unnec-
essary chamber of the atrium typically because of stasis 
of blood flow from progressive enlargement of the left 
atrium with age, hypertension, and valvular disease 
[620]. Removal of the atrial appendage may therefore 
reduce stroke risk. Surgeons can remove the appendage 
during heart surgery, and endovascular surgeons can 
close the appendage using a variety of transvenous/
transseptal techniques. The PROTECT atrial fibrillation 
trial compared the WATCHMAN device, which is placed 
using an endovascular procedure across the os of the left 
atrial appendage, to warfarin. The device group received 
periprocedure anticoagulation, but was discontinued 
after 45 days. The device was found to be noninferior 
to  coumadin with 3 per 100 patient‐years versus 4.9, 
respectively (RR 0.62; 95% CI 0.35–1.25) [621].

Left atrial occlusion would be ideal for patients who 
cannot be anticoagulated for atrial fibrillation as a stroke 
prevention strategy; however, the PROTECT atrial fibril-
lation trial did not specifically address this type of 
patient. There are two alternative methods used to close 
the left atrial appendage: direct surgery (via thoracot-
omy) or endovascular occlusion (LARIAT procedure – a 
percutaneous combined endovascular procedure) [622]. 
Direct occlusion of the appendage by closed‐heart, 
open‐chest approach can be done with suture or stapler 
and is accepted practice among cardiothoracic surgeons. 
A newer device (Atria‐clip, AtriCure, Inc.) can be used 
during closed‐heart, open‐chest surgery to occlude the 
appendage rather than using a stapler or simple suture. 
The LARIAT endovascular technique closes the append-
age percutaneously using a snare fed over the appendage 
by direct subxyphoid puncture with combined endovas-
cular transseptal catheter access to the appendage, and is 
undergoing investigation as an adjuvant technique for 
atrial fibrillation ablation (AMAZE study, NCT02513797) 
[623]. The most information about the efficacy of the 
LARIAT technique is from a multicenter observational 
study of 135 patients with atrial fibrillation at high risk 
for cardioembolic events, but with contraindications 
to  oral anticoagulation who underwent the LARIAT 

 procedure [624]. In this study there was a 1% patient‐
year event rate for stroke of any cause and systemic 
embolism without any oral anticoagulation therapy after 
the procedure. The mean follow‐up period was 2.9 ± 
1.1 years with 405 patient‐years of follow‐up. This rate of 
recurrent stroke is low and suggests a benefit from the 
LARIAT procedure. However, none of these procedures 
has been investigated to determine if they prevent 
ischemic stroke in a population of non‐anticoagulated 
patients with atrial fibrillation. There is also no informa-
tion about the relative effectiveness of the procedures 
compared to each other.

17.18  Putting secondary 
prevention into practice

17.18.1 Involving patients and caregivers 
in treatment decisions

What influences adherence to treatment?
Involving patients and caregivers in decisions about their 
treatment is an important part of healthcare. Patients 
need to understand what has happened to them, and why 
various treatment options are being recommended for 
them. Adherence to medication, especially long‐term 
preventive treatments, is known to be poor outside the 
setting of a clinical trial [625–627], but seems likely to be 
improved if patients understand what each treatment is 
for, and how they will personally benefit. However, a 
study of patients who had survived a myocardial infarc-
tion and of subjects free of cardiovascular disease sug-
gested that patients’ expectations of the absolute benefits 
of medications are usually higher than the actual benefit, 
so that giving accurate information about the likely ben-
efits of a particular treatment, although clearly impor-
tant, may not necessarily increase uptake and long‐term 
adherence [628].

Over 20% of all ischemic strokes in the United States 
each year are from recurrent strokes. This chapter has 
focused on secondary stroke prevention strategies to 
prevent these events from occurring. However, limiting 
the effectiveness of these strategies is poor medication or 
therapy adherence. At 1 year, 65.9% of stroke patients 
continued all their secondary prevention medications, 
and 86.6% had discontinued one or more medications 
based on a healthcare provider’s advice [629]. Multiple 
potential reasons exist to explain this observation, such 
as side effects, poor communication between providers 
or to the patient, post‐stroke depression, medication 
cost, and provider deficits of knowledge. A Cochrane 
review evaluated 26 RCTs (15 organizational interven-
tions and 11 educational/behavioral for patients) to 
determine effect on adherence and implementation of 
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secondary stroke prevention strategies. The behavioral 
interventions were not associated with significant 
 differences in control of modifiable risk factors. 
However, the organizational interventions likely had 
improvements in risk factors such as blood pressure 
and BMI, but the pooled estimates were imprecise and 
inconclusive. These interventions had no effect on lipid 
profile, diabetes management, or medication adherence 
[630]. The emphasis on prevention in accountable care 
organizations will likely lead to more efforts to better 
reduce avoidable stroke reoccurrences through discover-
ing effective long‐term stroke prevention management 
strategies.

Communicating benefits and risks
Communicating with patients who have had a stroke or 
TIA can be particularly challenging. Disability resulting 
from a stroke may directly (e.g. due to dysphasia) or indi-
rectly (e.g. due to pain, visual field defects, incontinence, 
inattention or neglect, cognitive deficits, etc.) affect the 
process of communication with the patient, as may the 
hearing and visual impairment and other age‐related 
problems that frequently affect elderly patients. It is 
usually helpful if a relative, friend, or caregivers can 
also be present during any discussions with doctors or 
other health professionals. Information leaflets using 
simple language are often helpful, and give the patient or 

Clinically
diagnosed stroke
or TIA (not SAH)

(Chapter 3)

Ischemic

Brain
imaging as
appropriate
(Chapter 5)

ICH

Con�rm diagnosis of stroke or TIA

Statin to reduce
cholesterol if baseline
total chol ≥ 3.5 mmol/l

or LDL-chol ≤ 2.6 mmol/l
(simvastatin 40 mg daily or
atorvastatin 80 mg daily or

equivalent)
(Section 17.4)

Atrial
�brillation
or other
high risk

cardioembolic
source

No atrial
�brillation
or other
high risk

cardioembolic
source

Oral anticoagulant
(warfarin)

(Section 17.6)

Drug(s) to reduce BP to
around 120–130/70 mmHg
if persistently raised above
that level by a week or two

post event.
Avoid lowering BP below
about 140 mmHg systolic
in those with >1 severely
stenosed extracranial neck

artery (Section 17.3)

Anterior
circulation
territory

Posterior
circulation
territory

Fit enough for
and willing to

consider carotid
endarterectomy

Carotid imaging

Stenosis 50–99%
(NASCET criteria)

Refer for urgent carotid
endarterectomy if patient willing and

estimated bene�ts outweigh risks
(Section 17.11)

Anticoagulant
contraindicated

Antiplatelet therapy: aspirin
300 mg immediately, then

75 mg per day + dipyridamole
MR 200 mg bd.

Consider proton-pump
inhibitor +/- Helicobacter

pylori eradication, especially
if upper gastrointestinal

symptoms. Substitute
clopidogrel 75 mg daily
if unable to take aspirin

(Section 17.5)

Lifestyle modi�cation
Stop smoking

Avoid excess alcohol
Healthy diet
Encourage
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(Section 17.7)

Diabetes management
Optimize glycemic control in

patients with previous or newly
diagnosed diabetes

(Section 17.9)

Check FBC, ESR, Cr, U&E,
lipids, glucose ECG +/– echo.
Further treatment for less

common causes as
indicated
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(Chapter 7,
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Figure 17.48 Summary of long‐term preventive interventions to be considered after a stroke or transient ischemic attack. NB: Statins to 
reduce cholesterol, and antithrombotic treatment, may occasionally be appropriate for patients with intracerebral hemorrhage at 
particularly high risk of future ischemic events (Sections 17.4.5, 17.5.2, and 17.6.5). TIA, transient ischemic attack; SAH, subarachnoid 
hemorrhage; ICH, intracerebral hemorrhage; MR, modified‐release; FBC, full blood count; ESR, erythrocyte sedimentation rate; Cr, 
creatinine; U&E, urea and electrolytes; ECG, electrocardiogram; echo, echocardiogram; NASCET, North American Symptomatic Carotid 
Endarterectomy Trial.
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caregivers something to refer to later. Guidance about 
websites that provide the most helpful, accurate, and up‐
to‐date information for patients and caregivers can also 
be important. Making sure that other health profession-
als involved know what has been said is also crucial, to 
ensure consistency and avoid confusion.

Because doctors’ treatment recommendations should 
be based on weighing up the estimated absolute benefits 
and harms of any treatment (Section  17.1.3), we must 
also attempt to communicate the same type of informa-
tion about treatment options to patients and/or caregiv-
ers. We should be aware that we may inappropriately 
influence patients’ decisions or behavior by providing 
information about treatment benefits in terms of relative 
risk reductions (e.g. “Adding this new tablet dipyrida-
mole to your aspirin will reduce your risk of another 
stroke, a heart attack or dying by 20%”) rather than abso-
lute risk reductions (e.g. “If 100 people like you took this 
new tablet dipyridamole as well as their aspirin, then 
each year one less of these people would have a stroke, a 
heart attack or die”). We should always try to tailor our 
means of presenting information on benefits and harms 
to the level of understanding, needs and wishes of the 
patient or caregivers. Quoting benefits and risks in terms 
of natural frequencies rather than percentages (e.g. “one 
in ten people will develop x,” rather than “10% of people 
will develop x” or “the risk of x is 10%”) and using 
 diagrams or pictures can make the concepts easier to 
understand [628, 631, 632]. Finally, we must be aware 

that patients’ and caregivers’ interpretation of and 
response to this sort of information depends on how 
much they trust the doctor or other healthcare profes-
sional imparting it, other sources of information they 
may have access to (other healthcare professionals, 
friends, the media, and so on), their background knowl-
edge about health‐related matters, and a host of social 
and psychological factors [633, 634].

17.18.2 Which interventions for which 
patients?

Many preventive interventions have been discussed in this 
chapter and an overall summary of which interventions 
should be considered for which patients is given in 
Figure 17.48. Clearly, the introduction of each treatment 
should be considered in terms of both the balance of 
benefit and risk as well as the individual preferences of 
the  particular patient, taking into account their age, 
comorbidities, and – for medications – all drugs already 
being taken and the possible effects of any medication 
changes on adherence, drug interactions, and adverse 
effects [635]. Treatments after stroke presentation should 
be understood in terms of stroke‐free survival and preven-
tion of mortality with years of follow‐up after interven-
tion. The improvements in acute stroke care treatments 
can only be  truly meaningful if long‐term prevention is 
achieved with choosing the correct patient‐specific thera-
pies and maintaining adherence to those interventions.
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18.1  What is rehabilitation and why 
is it important?

Rehabilitation is an essential part of the continuum 
of care, along with prevention, promotion, treat-
ment and palliation, and should therefore be consid-
ered an essential component of integrated health 
services [1].

Although advances in thrombolysis and endovascular 
clot retrieval have led to reduced mortality and disability 
after stroke, global estimates of the proportion of people 
with stroke left with persistent disability are between 
45% and 65% [2, 3].

18.1.1 Definitions of rehabilitation and recovery

The World Health Organization call to action [1] defines 
rehabilitation as “(supporting) those with health conditions 
to remain as independent as possible, to participate in edu-
cation, to be economically productive, and fulfil meaning-
ful life roles.” But what is rehabilitation and what is recovery 
after stroke? The Stroke Rehabilitation and Recovery 
Roundtable group [4] present the following definitions:

 ● Rehabilitation is “a process of active change by which 
a  person who has become disabled acquires the 

 knowledge and skills needed for optimum physical, 
psychological and social function [5]”

 ● Recovery is “the extent to which body structures and 
function, as well as activities, return to their pre‐stroke 
state.”

The process of rehabilitation involves harnessing and 
optimizing the recovery processes, and enabling people 
with stroke to lead active, independent lives in the com-
munity. In cases of devastating stroke where return to 
independent living arrangements is unlikely, rehabilita-
tion is about optimizing function for the best quality of 
life for people with stroke and to minimize ongoing care 
burdens. Stroke recovery is an ongoing process that may 
continue for months or years, generally well beyond the 
period of any formal rehabilitation service. Longer term 
rehabilitation is important to support people to live well 
after stroke, minimize complications, reduce the risk of 
recurrent events and minimize the burden of care.

18.1.2 State of the evidence for stroke  
rehabilitation

The field of stroke rehabilitation research is growing 
very rapidly. We have had robust evidence for many years 
that treatment in specialist stroke units that include 
a    multidisciplinary team of skilled health professionals 
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significantly improves outcomes for people after stroke 
[6], and that physical rehabilitation aimed at promoting 
recovery of function and mobility is effective [7]. The 
number of large, multicenter, and international trials in 
the field is rapidly increasing, and the quality of stroke 
rehabilitation clinical trials continues to improve. Better 
reporting guidelines and consensus statements such as 
those published by the Stroke Rehabilitation and Recovery 
Roundtable group on essential aspects of intervention 
development and reporting [8], common outcome meas-
ures [9], and calls for greater collaboration across the con-
tinuum from basic science to clinical trials [10] means that 
the future is bright for rehabilitation research.

18.1.3 Updated clinical guidelines for stroke 
rehabilitation

Given the huge amount of research evidence available, 
high‐quality Clinical Guidelines developed with meth-
odological rigor enable clinicians to stay abreast of the 
current evidence for interventions. In the past 2 years, 
Australia, the United Kingdom, Canada, and the United 
States have all updated their Clinical Guidelines for 
stroke rehabilitation (Table 18.1).

Clinical Guidelines provide recommendations of what 
interventions should be provided, but because of the 
limited reporting of the details of interventions in some 
trials [8] they cannot always provide detailed informa-
tion about how to deliver these recommendations in 
clinical practice. There are some examples of implemen-
tation protocols for specific interventions that have been 
tested for effectiveness (for example the GRASP protocol 
for self‐directed upper limb exercises [16, 17]), but more 
of these are needed.

This chapter draws on the most recent international 
Clinical Guidelines for stroke rehabilitation to present an 
overview of the current evidence for effective rehabilita-
tion interventions. Space does not permit a comprehensive 
review of all aspects of rehabilitation, and instead we high-
light a few key areas, focusing on physical rehabilitation. 

Readers are urged to refer to published Clinical Guidelines 
for more details about specific interventions and for guid-
ance in areas not covered by this chapter, in particular for 
the rehabilitation of communication, neuropsychological 
functions, fatigue, sex, driving, and return to work, Finally, 
it is important to acknowledge the impact of stroke beyond 
the individual. Caregivers, families, and friends often have 
adverse health outcomes and a raft of unmet needs as con-
sequence of a loved one having a stroke.

18.2  Key examples of stroke 
rehabilitation

18.2.1 When does rehabilitation start?

Just as terminology is important, so too is consensus 
around the important time frames after stroke. The 
Stroke Rehabilitation and Recovery Roundtable group 
considered the biology of recovery and produced a 
framework and agreed terminology of critical time 
points after stroke (Figure  18.1) [4]. This chapter 
 considers examples of key aspects of rehabilitation 
across these time periods, with a focus on the first 
three months.

18.2.2 Rehabilitation in the hyperacute 
phase (0–24 hours post stroke)

Very early mobilization
One example of rehabilitation in the hyperacute phase is 
very early mobilization – that is getting people out of bed 
and active within 24 hours of stroke onset [18]. The results 
of the first, large international trial AVERT (A Very Early 
Rehabilitation Trial) surprised many, finding that inten-
sive, frequent out‐of‐bed activities commenced within 
24  hours of stroke onset reduced the odds of a good 
 outcome (i.e. having no or little disability by three months 
post stroke) [19]. Further preplanned exploratory analy-
ses  suggested different effects on outcome associated 

Table 18.1 Summary of updated Clinical Guidelines for rehabilitation after stroke.

Country Year of release Reference

Australia 2017 Stroke Foundation. Clinical Guidelines for Stroke Management 2017. Melbourne Australia [11]
Canada 2015 Heart and Stroke Foundation Canada: Canadian stroke best practice recommendations: stroke 

rehabilitation practice guidelines [12]
United States 2016 Guidelines for adult stroke rehabilitation and recovery. a guideline for healthcare professionals 

from the American Heart Association/American Stroke Association [13]
United Kingdoma 2016 Intercollegiate Stroke Working Party, National clinical guideline for stroke, 5th edn. Royal 

College of Physicians, London [14]
a Excluding Scotland which has its own national stroke rehabilitation guideline [15] last updated 2010.
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with  the frequency and amount of intervention [20]. 
Interpretation of the evidence from the AVERT trial was 
difficult for developers of Clinical Guidelines [21], but 
ultimately recommendations across international Clinical 
Guidelines are similar (Table 18.2).

There is some indication that patients with more severe 
stroke and/or intracranial hemorrhage may need a more 
cautious approach to early‐onset mobilization. The 
 prespecified dose–response analysis of the AVERT trial 
provides insights suggesting that shorter, more frequent 
sessions are associated with better odds of good outcome 
[20]. Further work to define the best treatment approach 
for different patient groups is ongoing. The recent Head 
Positioning in Acute Stroke Trial (HeadPoST) compared 
protocols involving lying flat for the first 24 hours versus 
sitting up with the head elevated at least 30 degrees, and 
found no difference in outcome at 90 days [23]. For now, 
the evidence suggests we should start some out‐of‐bed 
training early, but not intensive training in the first days 
after stroke.

18.2.3 Rehabilitation in the acute phase 
(1–7 days post stroke)

By day 2 after stroke, unless medically contraindicated, 
people with stroke should have commenced out‐of‐bed 
activity and other interventions to promote and optimize 

their recovery. In many cases this first week after stroke 
is a time when the healthcare team are determining what 
the next phase of care should look like, and whether for-
mal inpatient rehabilitation is the best approach for that 
person. For some, this first week in acute care is the only 
time they will have exposure to the full interdisciplinary 
team and it is important that a comprehensive assess-
ment of rehabilitation needs is conducted at this time, 
and that rehabilitation interventions for specific deficits 
begins as soon as possible.

Comprehensive assessment of rehabilitation needs
Early, comprehensive assessment of rehabilitation needs 
should be conducted as soon as is reasonably possible 
[13, 14], and ideally within 48 hours of admission to 
 hospital [11]. There is no evidence that any particular 
subgroup of people after stroke, including those with 
severe stroke and/or cognitive deficits, do not benefit 
from rehabilitation, yet there is considerable inequity in 
access to rehabilitation internationally [24]. There are 
not always rehabilitation services available for everyone, 
and unfortunately the decision to assess someone for 
rehabilitation can be driven by a perception of availabil-
ity of services rather than patient need [25]. A compre-
hensive assessment of rehabilitation needs for all people 
with stroke is essential to be able to highlight where ser-
vices are lacking. Tools such as the Australian Assessment 
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Figure 18.1 Critical time points post stroke mapped to current understanding of biology. 1, Hemorrhagic stroke specific. 2, Extends to 
24 hours to accommodate options for anterior and posterior circulation, as well as basilar occlusion. Source: Bernhardt et al. 2017 [4]. 
Reproduced with permission of SAGE.

Table 18.2 Key recommendations for very early mobilization.

Key recommendations Australia [11] Canada [12] UK [14] USA [22]

Frequent, intensive, out‐of‐bed activities within 24 h of stroke onset is not 
recommended

• • • •

All stroke patients should commence out‐of‐bed activities within 48 h of stroke 
onset unless otherwise contraindicated

• • •

For patients with difficulty moving, daily frequent short sessions of out‐of‐bed 
activity should commence between 24 and 48 h post stroke

• • •

• Symbol denotes which Guidelines include this recommendation.
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for  Rehabilitation Tool [26] can be useful in reducing 
duplication of assessments from different members of 
the multidisciplinary team.

Commencement of specific rehabilitation 
interventions
The next section outlines specific evidence‐based 
 rehabilitation interventions for some of the sequelae of 
stroke. When these interventions should commence 
(timing) and how much should be provided (dose) is 
 discussed in Section 18.2.6.

18.2.4 Rehabilitation in the early subacute phase 
(seven days to three months post stroke)

For those people with ongoing rehabilitation needs, a 
range of different models for rehabilitation are possi-
ble. A 2012 Cochrane review [27] found that properly 
resourced and staffed Early Supported Discharge 
 services, where patients are discharged home from the 
acute hospital and receive in‐home rehabilitation 
 services, led to more favorable outcomes compared 
with conventional services. Regardless of whether a 
rehabilitation service is delivered in hospital or in the 
community, key elements include an appropriately 
skilled multidisciplinary team that includes nursing 
(preferably with specialist rehabilitation training), 
occupational therapy, speech and language therapy, 
physiotherapy, and social work. Table 18.3  summarizes 
the key recommendations for stroke rehabilitation 
services.

18.2.5 General principles

The key general principles underlying effective stroke 
rehabilitation across the spectrum from the hyperacute 
to chronic phase, are patient‐centered goal setting and 
repetitive task‐specific training. Aligning patient goals 
and health professionals’ expectations of what can 
be achieved is a challenge not easily met [29]. A number 
of small, mostly observational trials have found that 
using deliberate processes to set patient‐centered goals 
can lead to improved psychological outcomes [30]. 
The SMART principles for goal setting provide a useful 
framework [31].

There is strong evidence [32, 33] that task‐specific 
training of functional tasks improves a person’s ability 
to perform that task after stroke. Simply put, this means 
practicing tasks that are difficult, as much as possible 
and in as many varied contexts as possible. This holds 
true for retraining sitting balance [32], moving from 
sitting to  standing [7, 33], standing balance [33, 34], 
and walking [33, 35]. Therefore, repetitive task‐specific 
training is a core principle underlying rehabilitation 
after stroke [11–14].

It is important to consider the experience of rehabilita-
tion from the perspective of both the patient and family. 
Key themes arising from two recent qualitative system-
atic reviews include: the need for staff to foster auton-
omy, control and motivation, the frequent experience of 
patient boredom, frustration and fatigue, and from the 
family’s perspective, a desire to become more actively 
involved in the rehabilitation process, and the need to be 
kept informed and listened to [36, 37].

Table 18.3 Key recommendations for specialist stroke rehabilitation services.

Key recommendations Australia [28] Canada [12] UK [14] USA [13]

The rehabilitation team should include: physicians with training in stroke 
rehabilitation, occupational therapists, physical therapists, speech and language 
pathologists, nurses, social workers, dietitians, psychologists, and orthoptistsa

• • • •

Members of the stroke rehabilitation team should have specialized training in 
stroke care and recovery and follow evidence‐based best practices

• • • •

All professional team members should be trained in supported conversation to 
be able to interact with patients with communication limitations such as aphasia

• •

Ideally patients should be treated on a specialized stroke unit or clustered or 
grouped on a treatment unit

• • •

There should be mechanisms for smooth transfer of care between acute care, 
rehabilitation services, and community care

• • • •

Assessments of impairment, functional activity limitations, role participation 
restrictions, and environmental factors should be conducted using standardized, 
valid assessment tools

• • • •

Goals set by the team should be patient‐centered with early involvement of the 
patient, family and caregivers

• • •

a Orthoptists mentioned only in UK Guidelines.
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18.2.6 Issues with timing and dose

Studies of recovery trajectories suggest that most 
 recovery occurs during the first 14–30 days after stroke 
[38, 39]. This fits with known biology of stroke recovery, 
including reduction of inflammation and endogenous 
plasticity [4], and suggests that certain rehabilitation 
interventions are likely to be most effective for enhanc-
ing recovery when commenced early after stroke. 
However, direct evidence of optimal timing is lacking. 
Biology is, however, only one factor in responsiveness to 
rehabilitation and interventions should continue to be 
provided throughout the subacute (3–6 months) and 
chronic (>6 months) phases post stroke.

Evidence from systematic reviews [40] and meta‐regres-
sion papers [41] suggest that more therapy time is better. 
However, the majority of trials within these reviews are 
small, and conducted in people in the early or late subacute 
phase after stroke when the biological recovery processes 
are fundamentally different to the hyperacute and acute 

phases. This makes interpretation of the evidence difficult.
Table 18.4 summarizes the amount of therapy recom-

mendations from international Clinical Guidelines. 
Differences between the Guidelines with regards to the 
specific amounts of therapy recommended reflect the 
degree of uncertainty in the evidence base. It is also 
important to differentiate between time spent with a 
therapist, and time spent engaged in active, meaningful 
task practice. One does not necessarily correlate with the 
other, with estimates of at least 30% of all therapy ses-
sions spent not engaged in active task practice [42].

18.2.7 Improving mobility (walking ability,  
transfers) and balance

The principle of task‐specific training holds true for 
improving walking ability after stroke (Table  18.5). 
Specific modalities including circuit class therapy [35] 
and treadmill training with or without bodyweight 

Table 18.4 Key recommendations about amount of therapy.

Key recommendations Australia [11] Canada [12] UK [14] USA [13]

At least 3 h a day of therapy (inclusive of physical therapy, occupational therapy 
and speech and language therapy), 5 days a week should be provided in 
specialized rehabilitation facilities, ensuring at least 2 h of active task practice 
occurs during this timea

• • •

At least 45 min of treatment should be accumulated for each appropriate therapy 
every day at a frequency that enables them to meet their rehabilitation goals

•

Patients should be given opportunity to practice skills during nontherapy times 
with all members of the healthcare team to ensure opportunity for repetition 
and transfer of skills into their daily routine

• • •

Intensity and duration of therapies should be determined by the needs and 
tolerance of the individual patient and graded accordingly to achieve 
maximum benefit

• • •

a The specification of 2 h of active task practice appears only in the Australian Guidelines.

Table 18.5 Key recommendations for improving mobility.

Key recommendations Australia [11] Canada [12] UK [14] USA [13]

Task‐specific training should be used to improve mobility‐related goals for 
stroke patients

• • • •

Treadmill training, with or without body support should be used to improve 
walking speed and distancea

• • • •

Virtual reality training, mechanically assisted (e.g. robotic) gait training, 
rhythmic auditory stimulation,b and biofeedbackb can be considered as adjunct 
interventions for lower limb function and gait training

• • •

Ankle–foot orthoses and functional electrical stimulationc should be considered 
for patients with foot‐drop

• • • •

a US and UK Guidelines are more guarded, suggesting treadmill training “may be used” (US Guidelines) as an “adjunct for certain people” 
(UK Guideline)
b Only recommended in Australian and Canadian Guidelines.
c Functional electrical stimulation only recommended in US and UK Guidelines.
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 support [43] may be of particular use. Virtual reality 
training for walking is a relatively new concept and 
involves use of technology that simulates and allows 
patient interaction with real‐world environments [44]. 
For walking training this typically involves incorporating 
either a video screen or a head‐worn device that provides 
visual input while walking on a treadmill or standing on 
a balance‐board [44, 45]. Recent systematic reviews have 
reported benefits for this approach when it is used to 
either replace standard therapy or add additional therapy 
time [44, 45]. It is not clear whether the benefits of tread-
mill and virtual reality training are due to the effects of 
increasing time practicing the act of walking alone, or 
some intrinsic characteristic of the intervention itself.

Where muscle weakness limits function and there is at 
least some preserved volitional movement, strength train-
ing following the principles of progressive overload may 
be useful, and does not affect tone or spasticity [11–14].

18.2.8 Aerobic training and physical activity

Cardiorespiratory levels of people with stroke are very 
low, even when they have been measured within six 
weeks of stroke [46]. This means that people with stroke 
are often working at the limits of their aerobic capacity 
to  perform everyday activities of daily living. Routine 
 physiotherapy sessions, even those aimed at improving 
walking function are insufficient to promote improve-
ments in cardiorespiratory fitness [47]. Therefore, com-
mencing specific aerobic training as early as possible 
after stroke is recommended (Table  18.6). Given that 
inadequate physical activity is one of the highest risk 
 factors for stroke [48], people with stroke should also 
be  supported to engage in regular physical activity in 
the  long term. Comprehensive, specific guidelines for 
exercise after stroke are available [49].

18.2.9 Improving upper limb function

As with improving mobility and walking, the corner-
stone of therapy to improve functional use of the arm is 
repetitive, task‐specific practice of functional tasks [33]. 
Use of commercial or custom‐built video‐games that 

require specific arm movements and also hold a person’s 
interest through the immersive qualities of gaming, 
holds promise as a novel therapy. It is possible that the 
combination of the repetitive task practice and engaging 
nature of gaming may be of particular benefit to enhanc-
ing both brain recovery and improvement of function.

Where some volitional movement is preserved, strength 
training following the principles of overload and progres-
sion may be beneficial [50]. Electrical stimulation set to 
parameters that allow people with stroke to volitionally 
assist with a movement can be useful for people with very 
weak muscles [51]. For patients with reduced sensation, 
specific retraining of sensory awareness can improve both 
sensation and function of the hand [52].

A range of specific modalities for providing both 
strength training and repetitive task‐specific training 
can be used, and are summarized in Table 18.7. Of these, 
the use of constraint‐induced movement therapy has the 
most robust evidence base. This intervention is appro-
priate only for people with some preserved volitional 
wrist and finger extension, and involves constraining the 
nonhemiparetic arm in a sling for the majority of waking 
hours, and engaging in a large amount (6 hours a day for 
at least two weeks) of task‐specific therapy.

Severe arm paralysis leaves the shoulder and arm vul-
nerable to pain and other complications, including gle-
nohumeral joint subluxation. Use of electrical stimulation 
that produces muscular contraction applied several 
hours a day may help to prevent or reduce subluxation 
[53]. Careful arm positioning, including firm supportive 
devices under the elbow during sitting, slings to support 
the arm while upright, and education of staff and family 
about handling the arm, are recommended to protect the 
shoulder joint [11–14].

18.2.10 Improving communication deficits

Communication deficits after stroke can include motor 
speech disorders (dysarthria, apraxia of speech) and lan-
guage impairments (receptive and/or expressive aphasia). 
Communication difficulties, particularly aphasia, can affect 
mood, self‐image, wellbeing, relationships, employment, 
leisure, and social opportunities [14]. Table 18.8  summarizes 

Table 18.6 Key recommendations for aerobic training and physical activity.

Key recommendations Australia [11] Canada [12] UK [14] USA [13]

Individually designed aerobic training should be utilized in patients who are 
deemed medically stable and have no contraindications to improve 
cardiovascular fitness and muscle for ambulatory and wheelchair‐based mobility

• • • •

People with stroke should be advised and supported to undertake appropriate, 
regular physical activity

• • • •
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key recommendations for improving speech and language 
function. Detailed descriptions of interventions and 
 evidence appraisal are in the Guidelines and Cochrane 
 systematic reviews [54, 55].

18.2.11 Spasticity and contracture

Where severe spasticity is interfering with function or 
hygiene, targeted injection of botulinum toxin A reduces 
spasticity but does not improve motor function [11–14], 
and therefore should be combined with active motor train-
ing where possible. Interventions including custom splints, 
stretching, and passive movements are not effective in 
 preventing or reducing contracture (loss of joint range) for 
people with neurological conditions, including stroke [56].

18.2.12 Fatigue

Fatigue that goes beyond tired muscles or sleepiness and 
interferes with quality of life occurs in an estimated 50% 
of all people with stroke [57]. To date we have little 

 evidence of either the pathophysiology of, or effective 
interventions to combat, poststroke fatigue [58]. Pilot 
and feasibility studies have found some potential benefit 
from the drug modafinal [59], aerobic exercise [60], and 
tailored psychological interventions [61] but these all 
require further evaluation in robust clinical trials [58].

18.2.13 Management of psychological 
and psychosocial impacts of stroke

Stroke is a devastating life event, and for many the 
impacts are long‐lasting. Up to 87% of people with 
stroke report ongoing unmet rehabilitation needs such as 
 cognition, mobility, fatigue, depression, and support for 
secondary prevention [62, 63]. These unmet needs 
impact negatively on quality of life of people with stroke 
and their caregivers [64]. Self‐management interven-
tions, peer‐support groups, and psychological support 
can offer significant benefits [65]. Psychotherapy inter-
ventions, including problem solving and motivational 
 interviewing, may reduce emotional distress and the 

Table 18.7 Key recommendations for improving upper limb function.

Key recommendations Australia [11] Canada [12] UK [14] USA [13]

Patients will benefit most from goal‐oriented, repetitive, task‐specific training • • • •
Constraint‐induced movement therapy should be considered for patients who 
have 20 degrees of active wrist extension and 10 degrees of active finger 
extension in the affected hand

• • • •

Mechanically assisted arm training (e.g. robotics), virtual reality,a functional 
electrical stimulation,a mental practice, and mirror therapyb may be considered 
as potential adjunct interventions

• • • •

For those with sensory loss, sensory training may be considered • • •
a Only recommended in Australian, Canadian, and US Guidelines.
b Only recommended in Australian and Canadian Guidelines.

Table 18.8 Key recommendations for improving communication function

Key recommendations Australia [11] Canada [12] UK [14] USA [13]

People with stroke with communication deficits should be assessed and treated 
by a speech–language pathologista

• • • •

Treatment of aphasia and dysarthria should include education of 
communication partners, and supported conversational techniques and 
functional interventions

• • • •

Constraint‐induced language therapy,b augmentative and alternative 
communication and computerized language therapy may also be considered for 
treatment of aphasia

• • • •

For people with stroke with motor speech disorders, individually tailored 
interventions may be used, such as modeling and visual cueing, computer 
games, augmented and alternative communication modalitiesc

• • • •

a UK Guideline stresses the role of alternative communication partners in providing intervention early after aphasia onset.
b Only recommended in Australian and Canadian Guidelines.
c Canadian and US Guidelines only recommended use of augmented and alternative communication.
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odds of developing depression [66]. Referral to psycho-
logical support services and peer support groups should 
be considered early, and at different points in the  recovery 
pathway. For an excellent resource on managing the psy-
chological impacts of stroke, see Lincoln et al. 2012 [67].

Return to work rates for working age people with 
stroke are low [62, 68] with physical impairments, fatigue, 
 concentration, and communication difficulties cited as 
the  main barriers [69]. Tailored vocational retraining 
 programs and ongoing support for workplace retention 
can assist [70] and should be provided.

18.3  Key evidence gaps and 
emerging evidence

There is much we still need to understand about the 
 process of recovery after stroke and how we can best 
harness and optimize this process with our rehabilitation 
therapies. There are several promising pharmacological 
targets for enhancing poststroke recovery (see Cramer 
2015 [71] for comprehensive review), however to date, 
clinical trial evidence is insufficient to recommend their 
routine use in clinical practice [11, 13]. The field of stem 
cell research for stroke recovery is in its infancy but may 
hold future promise [72].

The role of brain stimulation, including transcranial 
magnetic stimulation and direct current stimulation, has 
received significant attention in the research literature as 
a potential adjunctive therapy for stroke rehabilitation. 
However, despite some promising results in small trials, 
other trials have shown limited benefit and the optimal 

stimulation parameters are largely unknown [73, 74]. 
Therefore, brain stimulation is not currently recom-
mended for use in routine practice [11, 13, 14], although 
Canadian Guidelines suggest it may be used as adjunc-
tive therapy for upper limb rehabilitation [12].

Environmental enrichment is a concept that has been 
shown to provide enhanced recovery in animal models 
of stroke [75], and hospital rehabilitation environments 
have often been described as environmentally deprived. 
There is emerging evidence from small trials that 
 environment enrichment may increase activity levels in 
hospital settings [76, 77].

18.4  Future directions 
and aspirational goals

Efforts by international consortia such as the Stroke 
Rehabilitation and Recovery Roundtable group [4] and 
others, including a focus on rehabilitation from the 
World Health Organization Call to Action [1], mean 
that the future holds promise for breakthroughs in the 
field of stroke recovery and rehabilitation. We need to 
further our understanding of the biological and behav-
ioral drivers of stroke recovery in order to develop and 
test promising interventions to harness and optimize 
this process. Together with better understanding of 
phenotypes of people who are more or less likely to 
respond to interventions, we can be hopeful that in the 
future we will be able to recommend and deliver the 
best (most effective) interventions at the right dose to 
the right person at the right time.
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19.1  Introduction

19.1.1 The impact of stroke

Governments, and in particular those responsible for pro
viding healthcare, have become increasingly aware of 
the impact that stroke has on the health of the population 
and the cost to the community in general. In the United 
Kingdom, stroke patients account for about 6% of hospital 
costs and almost 5% of National Health Service costs [1] 
(www.nao.org.uk/stroke). Studies from other countries 
(e.g. Sweden, the United States, Canada, the Netherlands, 
and Japan) suggest that the financial burden may be 
even greater than in the UK, possibly because of greater 
expenditure on all health services [2–10]. Moreover, 
demographic changes are likely to cause increasing 
 mortality and  morbidity in the developing world [11, 12].

Relatively little attention was paid to stroke in the UK 
until the publication of the King’s Fund Consensus 
Conference [13] in 1988. This highlighted the many 
 deficiencies in the services provided for stroke patients, 
concluding that “services were often haphazard and 
poorly tailored to the patient’s needs.” Since then, stroke 
has moved up the political agenda, and was identified as 
a key area for improvement in England (www.nao.org.
uk/stroke) and Scotland (http://www.scotland.gov.uk/
Topics/Health/Services/Long‐Term‐Conditions/Stroke). 
There has been a similar and continuing emphasis on 
stroke in many other countries. These changes have led 
to a tremendous surge of interest in stroke in general, 
and in stroke services in particular. Over the last two 
decades, an increasing amount of research has been 
done to determine the best and most cost‐effective ways 
of providing care for stroke patients.
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This chapter will cover the organization of services for 
people who have had a transient ischemic attack (TIA) 
or stroke. Inevitably, the discussion will tend to reflect 
the UK – and to some extent other North European and 
Australian – models of care, but we hope it will have rel
evance for services elsewhere.

19.1.2 Aims of stroke services

The overall aim of stroke services is to deliver the care 
required by patients and their families in the most 
efficient, effective, equitable, and humane manner 
possible. Such services may not necessarily be stroke‐
specific; they could be part of those for internal 
 medicine, care of the elderly, neurology, rehabilita
tion, or continuing care.

Good organization is probably the most important 
factor in determining service effectiveness. When con
sidering exactly how stroke services should best be 
organized, it is useful to consider the main objectives 
when caring for patients with stroke and TIA (Table 19.1, 
Figure 19.1). In addition, given the lack of evidence for 
many of our interventions, services should facilitate 
research and education. We have not included primary 
prevention among the components of care, although 
this is potentially the most effective method of reducing 
stroke‐related death, disability, and handicap, at least in 
the long term. Primary stroke prevention has so much 
in common with the prevention of other vascular dis
eases that it makes more sense to link these preventive 
services together, especially as their success is likely to 
depend more on political and social change than on 
health services.

19.1.3 Establishing the effectiveness 
of stroke services

In an ideal world our decisions about the delivery of 
stroke services would always be informed by robust 
evidence from randomized trials and priority given to 
those aspects of care that have been proven to be 
effective. However, carrying out randomized trials of 
complex interventions such as stroke services is chal
lenging [14] and these trials are often few in number 
and difficult to interpret. There is no reason why most 
of the important methodological principles (www.
cochrane.org/resources/handbook) of robust clinical 
trials (random treatment allocation, concealment 
of  treatment allocation, blinding of follow‐up, inten
tion‐to‐treat analyses) should not apply to those of 
stroke services. However, randomized trials of com
plex interventions such as stroke services offer some 
unique challenges. In particular it is often difficult to 
develop and describe the intervention adequately, 
to blind the trial participants to their treatment and to 
rule out confounding from other aspects of care. 
Therefore even if a service is shown to work well in 
one setting, specific local factors may have influenced 
the results. For these reasons we have approached the 
evaluation of stroke services by asking the following 
questions:

 ● Has the service component been shown to work in a 
specific circumstance (in one randomized trial)?

 ● Has it been shown to work in several settings (system
atic review of clinical trials)?

 ● Do we know if the benefits justify the costs (economic 
analyses)?

The Stroke Review Group of the Cochrane Collabora
tion is an excellent source of this type of information, 
providing an increasing number of systematic reviews 
(http://www.dcn.ed.ac.uk/csrg).

It is important that those who are responsible for 
 planning services should be aware of all the available 
evidence concerning the effectiveness of interventions, 
and the methods of delivering these interventions to 
the appropriate patients. However, often we will not 
have any reliable evidence from randomized trials to 
guide our decisions simply because of the methodologi
cal challenges outlined above. Planners should be aware 
that lack of evidence of benefit is not the same as 
 evidence of lack of benefit. If there are reliable data 
concerning the cost of interventions, and various 
other aspects of the service, this may allow healthcare 
 planners to make more informed choices about which 
services should be provided. At the same time, they 
should not deny patients services that are generally 
accepted as being effective and safe just because of lack 
of randomized trial evidence.

Table 19.1 Key components for managing stroke and transient 
ischemic attack.

 ●  Public awareness to recognize warning signs and seek help 
promptly (Section 19.5)

 ● Prompt and accurate assessment and diagnosis (including 
transportation)

 ● Specific acute medical and surgical treatment
 ● Identification and assessment of patients’ problems
 ● Secondary prevention of further vascular events
 ● General care, including interventions to resolve problems 

(includes many aspects of rehabilitation)
 ● Provision of information and advice (Section 19.10)
 ● Terminal care for patients who are unlikely to survive
 ● Hospital discharge and reintegration into the community 

(Section 19.7)
 ● Continuing or long‐term care for severely disabled patients 

(Section 19.8)
 ● Follow‐up to detect and manage late‐onset problems 

(Section 19.9)
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19.1.4 Pressures that may shape stroke services

Several factors other than evidence of effectiveness or 
cost‐effectiveness may shape stroke service delivery and 
constrain the options available to clinicians and service 
planners. These can include the following:

 ● Local healthcare culture and economy: The traditional 
approach to providing healthcare, and the way it is 

funded or reimbursed, will influence the way services 
are delivered. Developing a stroke service in the United 
States or Germany would present different challenges 
from doing so in Scandinavia, the Netherlands, or the 
UK. There are likely to be particular challenges in the 
low‐ and middle‐income countries where many basic 
assumptions about the availability of healthcare 
resources may simply not apply.

 ● Needs of different patient groups: Stroke presents a 
complex challenge to service planners in that most 
patients require a similar general service but a small 
number (for instance those with subarachnoid hemor
rhage or those eligible for intravenous thrombolysis) 

Patient develops symptoms

Seeks help
Public education program

Assess urgency and 
appropriateness

Specialist assessment / triage 

Diagnosis / assessment,
secondary prevention

Diagnosis / assessment,
emergency treatment *

Rapid access neurovascular clinic ** Acute stroke assessment area **

Diagnosis /assessment
Medical management
Nursing management

Multidisciplinary rehabilitation
Prevention of complications

Secondary prevention
Discharge planning

Comprehensive stroke unit

Discharge planning
Multidisciplinary 

rehabilitation

Continuing 
multidisciplinary team 

rehabilitation
Early supported 

discharge
Rehabilitation 

stroke unit

Continuing rehabilitation / community reintegration
Therapy-based rehabilitation / Stroke Liaison Worker services

Re-assessment of needs / further rehabilitation
Primary care / chronic disease management

Transient 
symptoms & low 
risk of recurrence

Persisting 
symptoms and/or 

high risk of  
recurrence

Figure 19.1 A diagram illustrating the components, functions and interrelationships of a hospital‐based stroke service that is integrated 
with community services. The upper box indicates the objectives of the services and the lower boxes (in italics) a proposed solution. We 
believe that elements of the rehabilitation process are important even on the day of the stroke onset. *Could be in stroke unit or stroke 
center. **Could continue in comprehensive stroke unit.

Clinical trials of services can be complex and challenging – 
remember that lack of evidence of benefit is not the same as 
evidence of lack of benefit.
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may require more specialist services. There is fre
quently a tension between the need to centralize spe
cialist services for the few and the need to devolve 
more general services for the majority to local hospi
tals and communities.

 ● Views of patients and families: One of the common 
complaints from patients and carers is the discontinu
ity of services they receive (http://www.chss.org.uk/
pdf/research/Improving_services_patients_and_
carers_views.pdf), resulting in fragmentation of care 
and dissatisfaction with services.

 ● Resources available: It is easier to organize or reorgan
ize a stroke service if the basic staffing levels and inves
tigation services are already available, albeit distributed 
around the hospital or community. For this reason 
much of our discussion will be relevant mainly to well‐
resourced services in developed countries. However we 
will address the more global challenges in Section 19.6.8.

19.2  Planning and developing 
a stroke service

The way in which a service is best provided will depend 
on local history, geography, needs, resources, people, and 
politics. Any stroke service must therefore be tailored to 
the local conditions to achieve maximum effectiveness. 
For this reason, it is difficult to be dogmatic about exactly 
how services should be organized. In this chapter we 
will attempt to provide general guidance about the princi
ples that should be of use to the clinician, public health 
 physician, or health service manager (administrator) in 
planning a service.

When planning or reviewing stroke services, it is use
ful to start by addressing several questions:

 ● Where do we want to be (Sections 19.5–19.8)? What 
is  the evidence for the effectiveness (and cost‐ 
effectiveness) of the components of both the existing 
and planned stroke service?

 ● Where are we now (Sections 19.11)? What are the 
needs of the population to be served by the stroke ser
vice and what are the current resources, people and 
facilities committed to the management of patients 
with TIAs and stroke?

 ● How will we get to where we want to be (Section 19.12)? 
What are the major gaps in the present provision of ser
vices (i.e. unmet needs and failure to provide  effective 
interventions)? What resources, people and facilities 

will be required to meet the needs of the population? 
Assuming that resources are limited, to what extent can 
the needs of the population realistically be met? How 
should these resources best be organized?

 ● How do we know if we have succeeded (Section 19.12)? 
How can the performance of the stroke services be 
monitored and maintained?

In this chapter we will begin (Sections 19.3–19.10) 
with a review of the effectiveness (and where possible 
cost‐effectiveness) of components of stroke services. In 
the second part (Sections 19.11–19.16) we will discuss 
practical approaches to planning, developing, monitor
ing, and maintaining a stroke service.

19.3  Comprehensive stroke service

We have used the term “comprehensive stroke service” 
to mean a stroke service that covers most of the needs of 
patients with stroke or TIA and which is integrated in a 
way that provides a continuous patient journey – “a 
seamless service” (Table  19.2; see also Figure  19.1). In 
doing so it should provide all of the functions outlined in 
Table  19.1. Figure  19.1 outlines what we believe to be 
important components of a comprehensive stroke ser
vice, and in this chapter we will discuss the evidence and 
rationale for some of those suggestions.

19.4  General principles when discussing 
a comprehensive stroke service

When proposing various approaches to service 
 delivery – and suggesting particular components of a 
comprehensive stroke service – we have tried to employ 
some general principles:

 ● Basic needs first: Stroke services should first ensure they 
provide essential basic care (from medical, nursing, and 
therapy staff) for all stroke patients and their families.

 ● Evidence‐based options: Priority should be given to 
those aspects of care that are generally accepted as 
being, or have been proven to be, effective. The Stroke 
Review Group of the Cochrane Collaboration is a good 
example of this type of information (http://www.dcn.
ed.ac.uk/csrg).

 ● Patient and carer views: Surveys of the views of patients 
and carers have frequently highlighted a wish that care is 
coordinated and provided by expert staff who are aware 

Local stroke services must be tailored to local conditions; 
there is no perfect blueprint that can be applied 
everywhere.

A comprehensive stroke service should provide for most 
of the needs of most patients and do so within a “ seamless 
service.”
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of the challenges faced by stroke patients and their carers 
(http://www.nhssurveys.org/Filestore/CQC/2004_
stroke_key_findings.pdf).

 ● Awareness of alternatives: Where possible, we have 
tried to acknowledge that there may be valid alterna
tive approaches to achieving the same objective. 
However, frequently there is no research evidence to 
help make such decisions about the best service option.

 ● Level of development: Most of our discussion reflects 
experience from developed western economies. It is 
at  present difficult to give specific advice for other 

healthcare settings although many of the general prin
ciples above will apply. We discuss some of these chal
lenges in Section 19.6.8.

19.4.1 Why refer stroke and transient ischemic 
attack patients to hospital?

Before discussing each service component in turn we 
also need to consider why we have emphasized a system 
of hospital‐based rather than community‐based services 
(at least during the earlier phase of the illness).

Table 19.2 Key objectives and service solutions for managing patients with stroke and transient ischemic attack (TIA).

Objectives Proposed service options

Public awareness to recognize warning 
symptoms and seek help promptly

Public education campaigns Section 19.5.1

Prompt and accurate assessment and 
diagnosis

Transport (ambulance and helicopter) protocols Sections 19.5.2, 19.5.3, 19.5.4

Emergency department and hospital protocols Section 19.5.6, 19.5.7
Designated stroke centers
Telemedicine networks
Rapid‐access TIA clinics

Specific acute medical and surgical 
treatment

Designated stroke centers Sections 19.5.5, 19.5.6, 19.6

Telemedicine networks
Stroke units (sometimes focused in hyperacute 
stroke units)

Identification and assessment of 
patients’ problems

Designated stroke centers Sections 19.5.5, 19.5.6, 19.6

Telemedicine networks
Stroke units (sometimes focused in hyperacute 
stroke units)

Secondary prevention of further 
vascular events

Stroke units Sections 19.5.5, 19.5.6, 19.6

Designated stroke centers
Rapid‐access TIA clinics

General care, including interventions 
to resolve problems (includes many 
aspects of rehabilitation)

Stroke units Section 19.6

Terminal care for patients who are 
unlikely to survive

Stroke units Section 19.6
Section 19.4

Hospital discharge and reintegration 
into the community

Early supported discharge services Section 19.7

Discharge planning
Continuing or long‐term care for 
severely disabled patients

Therapy‐based rehabilitation and related 
services

Section 19.8

Follow‐up to detect and manage 
late‐onset problems

Chronic disease management Section 19.9

Outpatient clinics



19 The organization of stroke services884

The vast majority of patients who have a stroke or TIA 
have it in the community and not in hospital. Community‐
based incidence studies have shown wide variations in 
hospital admission rates for stroke, varying from 55% in 
the UK, in the 1980s to over 95% in Sweden and Germany 
in the 1990s [15–17]. The main reason for admission to 
hospital in the past was for nursing care rather than diag
nosis and treatment [15]. However, the need for early 
imaging to establish whether a stroke is ischemic or 
hemorrhagic has now become accepted and immediate 
imaging appears to be the most cost‐effective option 
[18]. The potential for early intervention to limit brain 
damage and prevent stroke recurrence [19–21] is 
increasingly being recognized (Chapters 13 and 17). 
Finally there are a small number of comparisons (in clini
cal trials) of a conventional policy of admitting most 
patients to hospital with a policy of avoiding admission 
by providing a rapid‐response service in the community 
to support patients in their own homes. Although the 
evidence is limited [22–24] major practical problems 
were identified with the policy of hospital avoidance [23, 
24] and clinical outcomes were best in those admitted 
directly to a stroke unit.

Transient events, TIAs, and episodes that may be con
fused with them (Table  19.3) are less reliably diagnosed 
than strokes and more often require input from a specialist, 
especially when the diagnosis is crucial to future decision‐
making – for example, in distinguishing between carotid 
and posterior circulation TIAs in a patient with severe 
carotid stenosis (Chapters 4 and 5). Thus, referral to hospi
tal for assessment, even if only as an outpatient, is the 
accepted norm for such patients.

19.4.2 Who may not need hospital admission?

In view of the above discussions, can we identify a group 
of individuals who do not need hospital admission after 
stroke or TIA? In the absence of direct evidence from 
randomized trials comparing different policies of care, 
we can only base our decisions on a logical rationale. 
Hospital admission appears to be valuable for rapid diag
nosis and assessment, prompt acute treatment, and sec
ondary prevention plus effective early multidisciplinary 
rehabilitation [23]. We would therefore suggest that the 
following groups may be able to be managed without 
hospital admission:

 ● People with a TIA who are at low risk of early recurrence: 
Early assessment at a one‐stop neurovascular outpa
tient clinic [25–29] could be justified providing we can 
reliably identify these people (Chapter 17).

 ● People with a stroke who are at low risk of early 
 recurrence or other complications such as neurological 

deterioration (Chapters 10 and 17): Once again this 
requires accurate identification of low‐risk individuals. 
In practice, predicting neurological deterioration and 
other complications is difficult so this group is likely to 
include only those individuals who have delayed referral 
for several days and so are past the higher risk period 
for developing problems.

 ● People who refuse hospital admission: Rapid assessment 
at a one‐stop neurovascular clinic may be appropriate 
for this group.

Table 19.3 Some of the noncerebrovascular problems referred 
to one of our neurovascular clinics by general practitioners over 
a period of 5 years. There were, of course, countless patients 
with transient symptoms in whom no definite diagnosis could 
be made.

General medical problems
 ● Cardiac syncope (dysrhythmias, aortic stenosis)
 ● Vasovagal syncope
 ● Cough syncope
 ● Postural hypotension
 ● Hyperventilation
 ● Sleep apnea
 ● Hypoglycemia

Neurological problems
 ● Migraine (both with and without headache)
 ● Epilepsy
 ● Transient global amnesia
 ● Glioma
 ● Meningioma
 ● Cerebral metastases
 ● Subdural hematoma
 ● Lymphocytic meningitis
 ● Peripheral neuropathy
 ● Guillain–Barré syndrome
 ● Cervical myelopathy
 ● Brachial neuritis
 ● Mononeuropathies
 ● Herpes zoster neuropathy
 ● Bell’s palsy
 ● Syringobulbia
 ● Myasthenia gravis
 ● Multiple sclerosis
 ● Motor neuron disease
 ● Creutzfeldt–Jakob disease

Psychiatric problems
 ● Somatization disorder

Ophthalmic problems
 ● Retinal vein occlusion
 ● Glaucoma
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19.4.3 Why is rapid specialist assessment 
and treatment necessary?

Rapid specialist assessment of patients experiencing 
symptoms of acute stroke or TIA can only really be justi
fied if that assessment improves patient outcomes 
(including “softer” outcomes such as reassurance and 
advice). The arguments in favor of rapid assessment have 
been made for both acute stroke and TIA patients:

 ● Thrombolysis for acute stroke has been licensed for 
several years in the US and has had a restricted license 
in Europe since 2003. However, thrombolysis has not 
had the impact many would have expected. First, it is a 
complex intervention requiring intensive use of 
resources and personnel with a narrow therapeutic 
window. Current product licenses restrict its use to 
within 4.5 hours of symptom onset. This requires very 
rapid specialist assessment ensuring accurate diagno
sis of ischemic stroke prior to the initiation of treat
ment. In doing so, one needs to demonstrate the 
absence of hemorrhage on brain scanning, good blood 
pressure control, National Institute of Health Stroke 
Scale (NIHSS) score of greater than 4, and an exclusion 
of patients at high risk of bleeding with thrombolytic 
therapy. Treatment must be given within 4.5 hours of 
symptom onset and the earlier that treatment is given 
the better the outcome (Section 12.5). Initial enthusi
asm in the US resulted in a large number of centers 
commencing acute treatment with recombinant tissue 
plasminogen activator (rt‐PA). However, this demon
strated some significant hazards of thrombolysis when 
implementation is poorly controlled. Hemorrhage 
rates as high as 16% were experienced and this high 
risk was closely correlated with violations of treatment 
protocols [30]. The implementation of a stroke quality 
improvement program was associated with a reduced 
rate of protocol deviation and symptomatic intracra
nial hemorrhage. As a result of these experiences, 
pressure groups such as the Brain Attack Coalition 
proposed criteria for designation of stroke centers that 
are permitted to provide treatment with rt‐PA [31].

 ● There is now substantial evidence that mechanical 
thrombectomy (mechanical clot retrieval) can rescue 
ischemic penumbra after major ischemic stroke and 
improve functional outcomes [32]. This benefit can 
be in addition to that of intravenous thrombolysis. 
Some patients with intracerebral hemorrhage may 
benefit from early surgical intervention, although, at 
the time of writing the trial evidence is inconclusive 
(Chapter 14).

 ● Epidemiological studies suggest that similar issues 
may arise with the rapid diagnosis and treatment 
of patients with TIA or minor stroke [33, 34]. The risk 

of very early recurrence of cerebrovascular events 
appears to be much greater than was previously 
thought (approximately 10% in the first week and up 
to 20% in the first month; Chapter  17) emphasizing 
the importance of very early diagnostic assessment 
and prevention. More recently, systems of identifying 
very high‐risk individuals have been reported based 
on the presenting clinical features [21, 34] or MRI 
findings [35]. The underlying assumption that identi
fying individuals at high risk of recurrent stroke or 
TIA will lead to effective prevention of these recur
rent events, was borne out by the EXPRESS study of 
rapid‐access TIA clinics [36]. There is also good evi
dence that very early carotid endarterectomy (within 
two weeks) is not associated with an increased opera
tive risk and results in improved stroke prevention 
(Chapter  17) [37, 38]. Furthermore there is no con
vincing argument for delaying the implementation of 
other secondary prevention treatments beyond the 
first few days post stroke. Randomized trials of very 
early secondary prevention are currently under way.

19.4.4 Barriers to rapid assessment and treatment

If we accept that rapid specialist assessment and treat
ment is worthwhile – at least for a proportion of patients 
with stroke or TIA – we then need to consider how best 
to achieve this (Table  19.4). A systematic review of 54 
observational studies examining the barriers to delivery 
of thrombolysis in acute stroke is also relevant when 
considering the barriers to more comprehensive stroke 
assessment and treatment, including TIAs [39].

Barriers included:

 ● failure of the patient or family to recognize symptoms 
of stroke or to seek urgent help;

 ● initially seeking help from the primary care physician 
rather than calling an ambulance;

 ● paramedical and emergency department staff triaging 
stroke as nonurgent;

 ● delays in obtaining brain imaging;
 ● inefficient processes of in‐hospital emergency 

stroke care;
 ● difficulties in obtaining consent for treatment 

(thrombolysis);
 ● physician uncertainty in administering treatment 

(thrombolysis);
 ● lack of availability of interventional neurology service 

for thrombectomy (mechanical thrombectomy) [32].

These potential barriers operate right across the initial 
patient pathway and a range of solutions is likely to be 
required if acute treatments are to be provided efficiently 
and equitably.
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19.5  Interventions to improve access 
to early specialist assessment 
and treatment

When considering the necessary components to over
come the barriers to early assessment and treatment, 
researchers have developed a checklist (based on the 
“five Rs”) to describe the key stages:

 ● recognition of symptoms;
 ● reaction to the acute illness;
 ● response of emergency services;
 ● revealing the diagnosis;
 ● reperfusion therapy.

We can use this scheme to consider the potential 
 solutions to these barriers. When you take this approach 
(see Table 19.4), it is striking that there is often no really 
reliable evidence for particular components of the early 
patient journey, and that many of the interventions that 
have been tested have overlapping roles.

19.5.1 Public education programs

One of the most consistently reported prehospital barriers 
to acute stroke assessment and treatment is that patients 
or families have a poor knowledge of stroke. Poor aware
ness of stroke symptoms [40] and a failure to recognize 

their seriousness [41] often delays the request for urgent 
medical help [42]. Even with adequate  knowledge the pub
lic may have to be convinced that it is appropriate to call 
emergency services, not primary care services which so 
often leads to delays in management. A number of sugges
tions have been made for public education programs to 
increase the knowledge of stroke symptoms [43, 44] in the 
hope that they would reduce delays and so improve treat
ment rates with thrombolysis, and any other new emerg
ing acute stroke treatments. However, experience in acute 
myocardial infarction has raised concerns about the 
 effectiveness of  media campaigns [45] and there is little 
empirical  evidence that improved knowledge will change 
behavior in stroke [46]. Also, the symptoms transmitted to 
the  public in education campaigns are relatively nonspe
cific and identification and immediate action by the public 
could result in a large increase in the number of nonstroke 
patients reporting to emergency departments. For this 
reason campaigns have aimed to provide  relatively specific 
advice (e.g. http://www.nhs.uk/actfast/Pages/stroke.aspx).

Only a small number of controlled studies have evalu
ated community education programs targeted at “at risk” 
members of the public, emergency medical services, 
emergency department physicians, neurologists, or 
 primary care providers [47]. Results have been mixed 
and while campaigns aimed at the public may raise 
awareness of the symptoms and signs of stroke they may 
have limited impact on behavior. It seems likely that 

Table 19.4 Potential barriers to rapid specialist assessment and treatment, and interventions aiming to overcome them.

Potential barriers
Proposed solutions which have been associated with some improvements 
in observational studies

Recognition Failure of the patient or family to 
recognize symptoms of stroke or 
to seek urgent help

Public education programs (Section 19.5.1) Centralized Brain
Attack Center 
initiatives 
(designated 
stroke centers) 
(Section 19.5.5)

Reaction Failure of public and primary 
care medical services to 
recognize stroke as an 
emergency

Education programs for the public and primary care 
services (Section 19.5.1)

Response Failure of ambulance and 
emergency medical services to 
treat stroke as a medical 
emergency

Training of paramedics and emergency medical 
services; rapid transport systems (Section 19.5.2)

Revealing Delays in diagnostic assessment 
(particularly brain imaging)

Training of emergency 
department staff and 
redesign of hospital 
systems (Section 19.5.3)
Centralization of expertise 
(designated stroke center) 
(Section 19.5.5)

Telemedicine networks 
(to facilitate remote 
specialist assessment 
and management) 
(Section 19.5.6)

Reperfusion Delays in delivery of acute drug 
therapy (where appropriate) 
including physician’s uncertainty

Lack of availability of an 
interventional neurology service

Need for training of neurointerventionists and support 
staff; centralization of services for endovascular 
intervention
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campaigns aimed at both public and professionals may 
have more impact on professionals alone.

19.5.2 Transport protocols (prehospital 
assessment and transport)

The next stage in the chain of referral is the rapid 
response of ambulance and emergency medical services 
to treat stroke as a medical emergency. Observational 
studies have described the use of rapid recognition 
instruments [48, 49] to allow paramedical staff to triage 
patients with suspected stroke. These instruments 
appear to have acceptable diagnostic accuracy but their 
impact on patient outcomes is less clear. Furthermore, 
the implementation and evaluation of ambulance proto
cols has often been included in an assessment of wider 
service changes (e.g. implementation of public education 
programs and establishment of stroke centers).

Helicopter transport appears to be a feasible transport 
option (Table 19.5) and there are claims that it can be cost‐
effective. However, it is notable that even in reports of heli
copter transport of highly selected patients only a minority 
transported this way actually received thrombolysis.

19.5.3 Emergency service protocols and treatment

Many enthusiasts have advocated hospital acute “stroke 
teams” to increase the proportion of patients who are 
 eligible to receive thrombolytic therapy. Once again, 
we  lack randomized trials of such strategies, although 
several observational studies have been described (see 
Table  19.5). In general, these studies indicate that the 

protocols were associated with reduced time delays 
within the emergency department, particularly if backed 
up with educational programs and rapid access to 
 appropriate expert advice. However, it is also clear that 
these are complex systems and frequently other changes 
were  also made (e.g. moving CT scanning and near‐
patient biochemistry testing to within the emergency 
 department) that may have influenced the outcome. In 
recent times, in attempts to reduce door‐to‐needle time, 
in‐ambulance CT scans have been used in places such as 
Houston and Germany. In studies in Helsinki and 
Melbourne, a series of interventions to reduce treatment 
delays (A. ambulance prenotification with patient details 
alerting the stroke team to meet the patient on arrival; B. 
patients transferred directly from triage onto the CT 
table on the ambulance stretcher; and C. tissue plasmi
nogen activator delivered in CT immediately after imag
ing) were implemented which reduced door‐to‐needle 
times [59]. Thus, better organization of in‐hospital 
stroke services can reduce delays in thrombolysis.

19.5.4 Coordination of services

One of the major challenges with any of the initiatives out
lined above is how to coordinate them within the broader 
picture of delivering stroke care, in particular, the need to 
be able to access expert advice and diagnostic imaging 
within a very short time. In general, two approaches appear 
to have been applied to try to tackle this problem:

 ● designated stroke centers, a centralized approach where 
patients are transported to a single center (“hub” model);

Table 19.5 Interventions aiming to facilitate rapid access to specialist assessment and treatment in acute stroke.

Intervention:

Education programs 
for the public and 
primary care services

Training of paramedics 
and emergency 
medical services; rapid 
transport systems

Training of 
emergency service 
staff and redesign 
of hospital systems 
(including CT 
scans housed in 
ambulances)

Designated stroke 
centers (public 
education, rapid 
transport, emergency 
department training, 
hospital system 
redesign)

Telemedicine 
networks (networks 
between sites 
including local staff 
training)

Country: USA, Canada, 
Germany

UK, USA, Austria USA, Germany USA, Canada, 
Germany, Finland

USA, Germany

Main 
observations:

Campaigns aimed 
at the public can 
raise awareness of 
symptoms/signs of 
stroke, but have 
limited impact on 
behavior

Acceptable diagnostic 
accuracy of 
ambulance staff in 
identifying stroke 
patients

Reduction in 
hospital delays 
and door‐to‐
needle times

Reduced delays both 
prehospital and 
within hospital. 
Improved outcome 
in some studies

Telemedicine 
approach feasible 
and acceptable
Modest increases in 
consultation time

References: 47 49–51 52, 53 53–55 56–58

Summary of the findings of a range of studies describing changes in the chain of referral and treatment of acute stroke patients. None of these 
were randomized controlled trials.
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 ● telemedicine networks emphasizing a network of 
expert advice usually delivered from some form of spe
cialized center using teleconferencing technology 
(“hub and spoke” model).

We shall consider in turn the rationale and evidence for 
these different approaches.

19.5.5 Designated stroke centers

Following reports from the United States that without 
careful control of thrombolytic management, there is a 
high risk of protocol violations and treatment complica
tions [30] stroke quality improvement programs were 
developed. These were associated with a fall in protocol 
deviations from 50% to 19% and in symptomatic hemor
rhage from 16% to 6%. As a result of this and other expe
rience, the Brain Attack Coalition (a group with 
representatives from major professional and advocacy 
organizations involved in stroke care in the United 
States) suggested the following criteria for the designa
tion of stroke centers [31, 60]:

 ● acute stroke teams;
 ● stroke units or teams;
 ● written care protocols;
 ● integrated emergency response systems;
 ● support services (in particular, the availability and inter

pretation of CT scans and rapid laboratory testing).

However, critics [61] commented that the establishment 
of stroke units was not given emphasis in the Brain Attack 
Coalition recommendations. Stroke units, for which 
there exists substantial randomized trial evidence and 
which are seen as central to the Helsingborg Declaration, 
were not considered an absolute requirement for primary 
stroke centers. By contrast, acute stroke teams, which 
lack evidence of effectiveness [62] were included among 
the key elements. In hospital surveys in the United States 
[63], stroke units were established in only a minority of 
centers as was also seen in Canada [64]. Because stroke 
unit care is applicable to all patients, the overall impact 
on outcome is likely to be considerably greater than that 
of there is much more to acute stroke care than throm
bolysis and thrombectomy.

There are no randomized or controlled clinical trials 
evaluating designated stroke centers. However, prospec
tive observational studies (see Table 19.5) have reported 
improvements associated with establishing a stroke 
center. The establishment of such centers was complex 
but included:

 ● forming a “brain attack” team;
 ● establishing a care pathway (based on the “five 

Rs” – recognition, reaction, response, revealing, and 
reperfusion; see Table 19.4);

 ● establishing a protected bed in a stroke unit;
 ● establishing public education campaigns;
 ● raising the priority of stroke with emergency medical 

services;
 ● ambulances bypassing other hospitals to get to a stroke 

center.

Limited data are available on whether patient out
comes were improved by such changes but across these 
studies there was a reduction in symptom onset to treat
ment time and a modest increase in the delivery of rt‐PA 
(see Table 19.5). Research from Finland [54] and the UK 
[65] indicates improved patient outcomes but it is 
unclear to what extent this was due to the establishment 
of stroke units. There is little analysis of the impact of 
such changes on other aspects of stroke care such as 
access to rehabilitation services and number of patient 
transfers.

In summary, designated stroke centers have gained 
ground in North America, Germany, Finland, and parts 
of the UK. There is a danger that stroke centers result in 
more fragmented care pathways (different providers 
delivering acute care and rehabilitation) with relatively 
short lengths of stay. There are also concerns about the 
unnecessary transfer of unstable patients to stroke cent
ers since the majority will not receive the intended treat
ment (thrombolysis) and the stroke center model has not 
always emphasized the best evidence for service delivery 
through stroke units [60]. More recent guidance from 
the European Stroke Organisation [56] tries to clarify 
some of these concerns. This, among other pressures, 
has raised interest in alternative ways of delivering expert 
assessment and diagnosis. The most prevalent of these 
appears to be telemedicine services.

In the United States, the American Stroke Association 
(ASA) Task Force 2005 recommended a three‐tiered 
acute stroke system:

(i) acute stroke–capable hospitals: having limited 
resources but possessing the means to deliver 
emergent stroke therapies, (ii) primary stroke 
center (PSC) hospitals: having the additional 
capacity to care for patients with stroke after the 
acute period, and (iii) comprehensive stroke 
center hospitals: having specialized resources and 
personnel to provide stroke treatment and reha
bilitation that surpass those expected at PSCs [66].

Because stroke unit care is applicable to all patients, the 
overall impact on outcome is likely to be considerably 
greater than that of tissue plasminogen activator – there 
is much more to acute stroke care than thrombolysis and 
thrombectomy.
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19.5.6 Telemedicine services (networks)

Telemedicine has been broadly defined as “the use of 
 telecommunication technology to provide medical infor
mation and services” [57, 66]. In relation to stroke it can 
be defined as “the process by which electronic visual and 
audio communications are used to provide diagnostic and 
consultation support to practitioners at distant sites, to 
assist in or directly deliver medical care to patients, and to 
enhance the skills and knowledge of distant medical care 
providers.” Telemedicine consultation has been incorpo
rated into a variety of aspects of modern  healthcare but 
only relatively recently into acute stroke services. Some of 
the stated advantages [66] of such systems over traditional 
telephone consultations are as follows:

 ● They assist in neurological assessment.
 ● Identification of neurological deterioration and provi

sion of immediate feedback on treatment is possible.
 ● Patients who do not require rt‐PA are identified.
 ● Risk and benefit questions can be assessed directly 

with the family without time delay.
 ● There is direct supervision of specialist procedures 

such as delivery of rt‐PA.
 ● Hemodynamic status and neurological examination 

can be monitored prior to transport to a stroke center.
 ● The stroke specialist can direct advice to the transport 

team on the therapeutic needs of the patient.

Proponents of telemedicine for acute stroke have pointed 
out that over half of hospitals in the United States are located 
in rural areas and there is currently a shortage of neurolo
gists and radiologists to provide expert advice across the 
whole country [66]. In addition, surveys of neurologists in 
the United States have shown less than half felt comfortable 
about giving intravenous rt‐PA [66]. Telemedicine also fits 
well within the concept of establishing primary and com
prehensive stroke centers that provide a network of cover
age to related sites. Lastly,  telemedicine may allow other 
sites within a network to participate in clinical trials; from 
consenting to follow‐up, all the components for a quality 
stroke trial can potentially be achieved through telemedi
cine. Many of the reported barriers are essentially man‐
made (for example, reimbursement for services and the 
availability of suitable equipment).

There are no completed randomized trials of telemedi
cine services in acute stroke to provide any reliable evi
dence about their impact on patient outcomes. However, 
several key questions have been addressed using other 
study designs [57, 66]. These indicate (see Table  19.5) 
that telemedicine services in acute stroke have the fol
lowing qualities:

 ● Practical: Experience from the United States and 
Germany [57, 66, 67] has demonstrated the feasibility 
of establishing telemedicine networks. These systems 

usually used some form of teleconferencing facility 
linked to a stroke center. Technical failures were 
uncommon (0–4% of consultations).

 ● Reliable: If telemedicine services are to be useful they 
must offer reliable diagnostic evaluation of both clini
cal features and brain imaging. The interrater reliability 
of assessing neurological status (using the NIHSS, the 
Scandinavian Stroke Scale, or the European Stroke 
Scale) was as good as with face‐to‐face assessment [57]. 
Two studies [67, 68] reported complete agreement 
between telemedicine assessment of CT scan and con
ventional neuroradiology from the point of view of eli
gibility for thrombolysis and major exclusions.

 ● Feasible and acceptable: On average, telemedicine con
sultations were about 10 minutes longer than conven
tional bedside consultations. Although this appears to 
be more than offset by reductions in the need for trans
fers to other hospitals, there were no explicit compari
sons. Patient and clinician satisfaction with the 
telemedicine service was reported to be good [57, 66].

 ● Associated with improved delivery of rt‐PA: The pro
portion of patients receiving rt‐PA increased in asso
ciation with telemedicine services.

Telemedicine (teleconsultation) services appear to 
offer a promising approach to improve access to acute 
assessment and treatment, particularly where the health
care economy does not favor stroke centers, where pop
ulations are dispersed, and where local hospital stroke 
services can provide good post‐acute stroke care (but 
not rapid assessment and treatment). A final point is that 
telemedicine services may allow workable medical on‐
call rotas to be developed by allowing a large group of 
experienced stroke specialists – who may be based in dif
ferent hospitals – to cover a region.

A comprehensive review of strategies to improve pre
hospital management [69] concluded that all links in the 
prehospital stroke chain must be optimized using:

 ● continuous public awareness campaigns;
 ● education of emergency medicine personnel;
 ● standard validated scales for early recognition and tri

aging of people with stroke symptoms;
 ● advance notification to the receiving hospital.

Future options to instigate treatment to within 60 min
utes include:

 ● telemedicine technologies for interaction between the 
emergency medical services and hospital and

 ● strategies for treating directly at the emergency site.

19.5.7 Transient ischemic attack services

Most of the discussion has focused on services for 
patients with stroke. However, substantial numbers of 
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patients have a TIA and have made a full clinical recov
ery before they seek help. The risk of stroke after a TIA, 
or of recurrent stroke after a first stroke, is very high in 
the early period and tails off later (Chapter  17). Thus, 
one has most to gain from starting secondary prevention 
as early as possible. Also, since the accurate diagnosis of 
TIA depends on a good history, it makes sense to assess 
patients as soon after the event as possible. Traditionally, 
services have varied between countries.

In the United States it is relatively common for TIA 
patients to be seen in the emergency room. In Scandinavia 
and Germany they are often admitted to hospital. In the 
UK the move has been towards early specialist assessment 
in outpatient clinics, so‐called “one‐stop” neurovascular, 
TIA, or stroke clinics which are characterized by:

 ● rapid access to a specialist opinion on TIAs, minor 
strokes, and episodes that may mimic them;

 ● streamlined access to the necessary investigations (which 
requires close liaison with the radiology department);

 ● close links with surgeons who can offer timely carotid 
endarterectomy.

These clinics ought to minimize unnecessary hospital 
admission and delay in accessing specialist opinion, 
investigation, and treatment. However, they attract 
patients with a wide range of other neurological condi
tions (see Table 19.3), so the clinician must have neuro
logical training, or at least easy access to sound 
neurological advice [25, 26].

However, the recognition that TIA patients may have a 
20% risk of early stroke occurrence within the first two 
weeks, with the majority in the first day [34] has raised 
concerns about delays in assessment and diagnosis even 
where rapid‐access clinics are available. In addition, the 
effectiveness of carotid endarterectomy is greatest if car
ried out within two weeks of symptom onset [38]. These 
developments challenge us to diagnose and treat TIA and 
minor stroke far more quickly. In general, three approaches 
appear feasible (although not tested in clinical trials).

 ● Outpatient management: With a daily stroke clinic, it 
is possible to see most TIA and minor stroke patients 
within 48 hours of symptom onset [38]. However, this 
is resource‐intensive [27] and presents challenges for 
the organization of investigations. An observational 
study in the UK [36] indicated that this approach could 
greatly reduce the risk of recurrent stroke.

 ● Assessment within emergency departments: If the emer
gency departments have rapid access to investigations, 
including ultrasound and CT scanning, then it may be 
possible to provide a rapid turnaround of investigation 
and early secondary prevention. This approach, which 
appears to be common in the US [27], carries the risk of 
inappropriate investigation and treatment if nonspe
cialist staff are planning patient care.

 ● Hospital admission: In some countries (e.g. Scandinavia) 
hospital admission for TIA is an established approach, 
however it has been less common elsewhere (including 
the UK). Scoring systems have been developed which 
may identify individuals at highest risk of early recur
rence [34, 35]. Guidance in the UK [19] now advises 
that individuals judged to be at high risk of early stroke 
recurrence should undergo specialist assessment and 
investigation within 24 hours of symptom onset. This 
will often involve a short period of hospital admission. 
Most would accept that a very high early risk of recur
rence (e.g. greater than 20% in the first week) would 
warrant hospital admission. Indeed, to deny admission 
to similar high‐risk individuals with an acute coronary 
syndrome would be considered unacceptable.

The last few years have seen a greatly increased move 
towards rapid assessment and treatment of TIA and 
minor stroke patients. The solutions adopted tend to 
vary depending on the region. However, it is crucial that 
we have good evidence about what forms of early assess
ment and treatment effectively reduce early recurrence.

19.6  Organized inpatient 
(stroke unit) care

The types of stroke services that hospitals traditionally 
provided have varied greatly depending on local interests 
and politics. However, there is now widespread accept
ance that hospital‐based stroke services should be organ
ized within stroke units [28, 29]. Much of the evidence 
for this comes from a systematic review of clinical trials 
that compared the outcome for stroke patients cared for 
in a specialist stroke unit with those cared for in general 
wards. Patients managed in stroke units are more likely 
to survive, return home, and regain independence 
(Table  19.6). Stroke units may also improve patients’ 
quality of life, and improvements in outcome may persist 
for many years [69].

Rapid‐access “one‐stop” neurovascular clinics provide 
rapid clinical assessment of patients who may have had a 
transient ischemic attack or minor stroke, with stream-
lined and cost‐effective investigations and early inter-
vention to reduce the risk of a serious vascular event.

Stroke patients managed in a stroke unit are more likely 
to survive, return home and regain independence than 
those managed in a general medical or general neurol-
ogy ward.
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These trials were testing much more heterogeneous 
interventions than is usual in drug trials, where the inter
vention is precisely defined in terms of the chemical, the 
dose, and the timing. Because of this heterogeneity of the 
intervention – but not of the results – it is sometimes dif
ficult to generalize from the stroke unit overview, and 
some important questions remain when applying the 
results to everyday clinical practice.

19.6.1 What is stroke unit care?

Although stroke unit care is a complex and multifaceted 
intervention, the key components are reasonably well 
described [70] (Table 19.7):

 ● Ward base: Effective stroke units have usually been 
based in a discrete ward with dedicated nursing staff. 
Mobile stroke teams do not appear to improve patient 
outcomes [62].

 ● Specialist staffing: They have been staffed by medical, 
nursing and therapy staff with a specialist interest and 
expertise in stroke and/or rehabilitation.

 ● Multidisciplinary team working: They have always 
included good multidisciplinary communication 
(defined as a formal meeting of all staff once per week 
to plan the management of individual patients).

 ● Education and training: They have incorporated pro
grams of education and training for staff and provision 
of information for patients and carers.

Although many stroke units were not described in detail, 
several consistent features of the process of care have been 
described [28, 69, 70] (see Table 19.7). This typically did 
not depend on high‐tech facilities but did implement a 
systematic approach to care that incorporated:

 ● careful assessment and monitoring – of medical, nurs
ing and therapy needs;

 ● early active management, incorporating  management 
of food and fluids, control of pyrexia, hypoxia, 
 hyperglycemia, early mobilization, careful position
ing and handling, and avoidance of urinary catheter
ization; and

 ● ongoing multidisciplinary rehabilitation, with early 
goal setting, early involvement of carers in rehabilita
tion, and provision of information to patients and 
 carers. This also included early planning of discharge 
needs [72].

Many of these processes of care will come as no surprise 
to those experienced in stroke care, but audits [73] support 
concerns that many are not routinely provided in a system
atic and comprehensive manner (http://www.rcplondon.
ac.uk/projects/sentinel‐stroke‐national‐audit‐programme).

Beyond describing the basic components of stroke 
unit care, it is difficult to determine whether the effec
tiveness of the stroke units is due to the total package of 
care or to particular components. Some of the individ
ual components can be evaluated in randomized trials 
(e.g. guidelines for prevention of deep venous throm
bosis, early mobilization, intensive physiotherapy). For 
example, recent trials, AVERT and HeadPoST, showed 
that very early and more intensive mobilization post 
stroke is harmful [74] but initial body positioning did 
not influence recovery [75]. Randomized trials can be 
reviewed systematically to provide reliable data. But 
some of the less well‐defined components of stroke 
unit care and any possible synergy between them is 
much less amenable to such assessment. For example, 
better communication between health professionals, 
stroke patients and their carers, which is so often inad
equate and a major source of dissatisfaction in nonspe
cialized wards, may in part explain the success of stroke 
units, but this would be difficult, if not impossible, to 
prove [74, 76].

Table 19.6 Summary of patient outcomes in the stroke unit trials.

Stroke unita General warda
Odds ratiob 
(95% CI)

Absolute risk differencec 
(95% CI)

Difference in number 
of outcomes per 1000 
admittedd

Home (independent) 44% 38% 1.28 (1.11, 1.47)  0.06. (0.02, 0.09)  60
Home (dependent) 20% 20% 1.06 (0.90, 1.25)  0.01 (–0.02, 0.04)  10
Institutional care 13% 15% 0.84 (0.68, 1.01) –0.02 (0.00, 0.05) –20
Dead 23% 27% 0.81 (0.69, 0.95) –0.04 (–0.01, –0.07) –40

a The proportion (%) of patients with various outcomes at the end of scheduled follow‐up (median 1 year) in the randomized trials of stroke unit 
care vs. general ward.
b The odds ratio for that outcome (95% confidence interval).
c The proportion of outcomes achieved (+) or avoided (–) with stroke unit care.
d The number of outcomes achieved (+) or avoided (–) for every 1000 patients cared for in a stroke unit, assuming the absolute risk of an outcome 
in the population is similar to that in the trials.
Results are based on unpublished data from 19 trials (3458 patients) that could provide comparable outcome data [69].
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19.6.2 Types of stroke unit

Although the basic principles of stroke unit care are rea
sonably well described they have been delivered in a vari
ety of ways, and the term “stroke unit” may mean different 
things to different people. So it is important to define our 
terms (Table 19.8). Inevitably, the question arises as to 
which type of unit is most effective. This is very difficult 
to answer with confidence and attempts to do so [71] are 
prone to bias. They do indicate (Table 19.9) that effective 
stroke units have usually provided organized multidisci
plinary care for a reasonable period of time. We shall 
 discuss this in more detail.

Acute stroke units
“Acute” refers to the policy of rapid admission of the stroke 
patient to the stroke unit. Admitting all acute stroke 
patients directly into a unit makes the introduction of 
assessment and treatment protocols easier, allows exper
tise to be focused, and facilitates the large randomized 
 trials of acute interventions that are needed to identify 
effective treatments [65, 77]. Acute units appear to have 
less of a culture of rehabilitation [78, 79]. However, they 
can facilitate policies of active early mobilization, hydra
tion, control of temperature, avoidance of hypoxia, and 
blood pressure management (Chapters 10 and 11). 
Although there are no reliable data from randomized trials 
demonstrating that any one of these interventions improves 
outcomes, they are supported by a reasonable theoretical 
rationale and some observational data [80–83].

In some centers, particularly in North America and 
Germany, there has been a tradition of admitting stroke 
patients to ward areas with facilities for intensive moni
toring of physiological functions (cardiac, respiratory, 
and neurological). Interventions are introduced to cor
rect these abnormalities (e.g. raised intracranial pres
sure, systemic hypertension), in the belief that this will 
improve outcome [84]. Broadly speaking, two approaches 
have been described:

 ● Intensive care units which can offer all monitoring 
(including intracranial monitoring) and life support 
options (e.g. respiratory support). There have been 
several nonrandomized studies of stroke intensive care 
units [85–88], but there is little evidence that these 
improve patient outcome. The approach has come 
under more scrutiny recently, presumably because it 
inevitably requires extra resources due to the high 
staffing levels and expensive equipment. Also, there is 
currently little evidence from randomized trials that 
the various individual interventions employed are 
effective. Thus, although stroke intensive care units 
may help, we need randomized trials to evaluate them.

 ● Semi‐intensive units (also now termed “hyperacute 
stroke units”) are similar to coronary care units, where 
monitoring and intervention focus on physiological 
variables but not life support. There have been two 
small randomized trials of semi‐intensive units that 
have rather inconclusive findings [69]. One indicated 
no benefit over care in a less intensive setting while the 
other indicated a potential benefit. As mentioned 
above, there is limited evidence for the individual 
 elements of monitoring and intervention although one 

Effective models of organized inpatient (stroke unit) care 
are able to provide specialist multidisciplinary care for 
most of the inpatient pathway of care.

Table 19.7 Outline of stroke unit care.

Structure
Geographically discrete ward
Medical staff with specialist interest in stroke and 
rehabilitation
Nursing staff with specialist interest in stroke and 
rehabilitation
Multidisciplinary staffing (nursing, medical, physiotherapy, 
occupational therapy, speech therapy, social work)
Coordination of care
Regular multidisciplinary team meetings (formal meeting of all 
staff once weekly, informal meetings 2–3 times per week)
Close linking of nursing and multidisciplinary team care
Educational programs for staff
Assessment and monitoring
Rapid admission to stroke unit
Medical history and examination
Routine investigations (biochemistry, hematology, ECG, CT 
scanning)
Further selective investigations (carotid ultrasound, 
echocardiogram, MR scanning)
Nursing assessments (vital signs, general care needs, swallow 
test, fluid balance, pressure areas, neurological monitoring)
Therapy assessments of impairments and disability
Early management
Careful management of food and fluids
Pyrexia management, paracetamol for pyrexia, antibiotic for 
suspected infection
Hypoxia management, oxygen if hypoxia, drowsiness or 
cardiorespiratory disease
Glycemic management, insulin for hyperglycemia
Early mobilization, up to sit, stand and walk as soon as possible
Careful positioning and handling
Pressure area care
Avoid urinary catheterization if possible
Ongoing multidisciplinary rehabilitation
Early goal setting
Early involvement of carers in rehabilitation
Provision of information to patients and carers
Discharge planning
Early assessment of discharge needs
Discharge plan involving patient and carers
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Table 19.8 A classification of organized inpatient (stroke unit) care.

Type Philosophy of care Patient group MDT base
Timing of 
admission

Timing of discharge 
from a stroke unit Type of care

Acute (intensive 
care) stroke unit

Acute care; life 
support

Stroke Ward Acute (hours) Early (3–7 days) Hyperacute medical & 
nursing care (with high 
staffing levels)

Acute (semi‐
intensive) stroke 
unit (also called 
“hyperacute unit”)

Acute care; close 
monitoring

Stroke Ward Acute (hours) Early (3–7 days) Hyperacute medical & 
nursing care (with high 
staffing levels)
Monitoring & 
management of 
physiological variables

Comprehensive 
stroke unit

Acute care and 
multidisciplinary 
rehabilitation

Stroke Ward Acute (hours) Later (days – weeks) 
some referral to 
specialist 
rehabilitation

Acute medical & 
nursing care
Non‐intensive 
management of 
physiological variables
Early active 
multidisciplinary 
rehabilitation

Rehabilitation 
stroke unit

Multidisciplinary 
rehabilitation

Stroke Ward Delayed (days) Later (weeks) Multidisciplinary 
rehabilitation

Mixed 
rehabilitation unit

Multidisciplinary 
rehabilitation

Stroke & other 
disabling illness

Ward Early 
(hours–days)

Later (weeks) Multidisciplinary 
rehabilitation

Mobile stroke 
team

Acute care and/or 
multidisciplinary 
rehabilitation

Stroke Mobile 
(no ward) 
base

Early 
(hours–days)

Later (weeks) Acute medical care 
and/or multidisciplinary 
rehabilitation; no 
specialist nursing input

This table summarizes, in broad terms, the characteristics of different types of stroke unit. MDT, multidisciplinary team.

Table 19.9 Effectiveness of different types of stroke unit: summary of direct and indirect comparisons of different models 
of stroke unit care.

Type of stroke comparisons
Number of trial 
comparisons Control service comparator

Estimated effectiveness 
in reducing case fatality

Acute (intensive) stroke unit None No data Unknown
Acute (semi‐intensive) stroke unit 3 Mixed rehabilitation unit, 

comprehensive stroke unit
Probably effective

Comprehensive stroke unit 14 General ward, mobile stroke team Probably effective
Rehabilitation stroke unit 9 General ward, mixed rehabilitation unit Effective
Mixed rehabilitation unit 11 General ward, rehabilitation stroke unit Uncertain
Mobile stroke team 5 General ward, comprehensive stroke 

unit
Probably not effective

General medical ward 24 All of the above Not effective

The results of a series of comparisons of different types of stroke unit care [71]. This approach attempts to provide a standard measure of stroke 
unit effect where trials have used different control groups. Data analysis used methods [53] of combining direct comparisons (trials that directly 
compare a stroke unit vs. general ward) with indirect comparisons (e.g. the effect of a stroke unit vs. general ward is inferred from trials of stroke 
unit vs. mobile team and mobile team vs. general ward). Please note that these estimates are based in part on indirect comparisons of treatments 
and are potentially subject to bias (e.g. from different patient groups being recruited into different trials).
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trial [83] has indicated that intensive monitoring can 
reduce early neurological deterioration after stroke.

Comprehensive stroke units
One of the most successfully implemented model has 
been the comprehensive stroke unit, which admits 
patients acutely and then provides at least a few weeks 
of rehabilitation. Such a model, which is widespread in 
Norway and Sweden, is supported by the largest group 

of  clinical trials included in the systematic review 
(Figure 19.2) and results from a national stroke register 
in Sweden [73, 89]. Although we believe that rehabilita
tion should start on the day of the stroke, such units do 
present some practical challenges. For example, very sick 
stroke patients might require care that would disrupt a 
rehabilitation unit, at a time when they are unlikely to 
benefit from a rehabilitation environment. However, 
models that separate acute assessment and rehabilitation 

Study or subgroup

Comprehensive stroke ward versus general medical ward

Treatment Control Odds ratio
95% CI

Athens 1995
Beijing 2004
Edinburgh 1980
Goteborg-Sahlgren 1994
Joinville 2003
Perth 1997

Dover 1984 (GMW)
Nottingham 1996 (GMW)

Orpington 1993 (GMW)

Orpington 1995

Manchester 2003
Montreal 1985
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Figure 19.2 The results of a systematic review of randomized trials testing the effectiveness of stroke unit care compared with a general 
medical ward. The result of each individual trial, expressed as the odds ratio, is represented by a purple box with a horizontal line indicating 
the 95% confidence interval. The block size is proportional to the amount of information in the trial. An odds ratio to the left of the vertical 
line indicates that the odds of the outcome (in this case events refer to death or dependency between 6 and 12 months after 
randomization) is less with stroke unit care than care in general wards. Estimates based on an overview of all the trials are represented by 
solid diamonds. Source: Stroke Unit Trialists’ Collaboration, Langhorne 1997 [69]. Reproduced with permission of BMJ Publishing.
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areas may disorientate some patients (and their families) 
and can compromise continuity of care. The comprehen
sive unit approach appears to be well suited to medium‐
sized hospitals where one team can manage most stroke 
patients within one unit. In practice, although these 
units provide most care for most patients, referral of 
some patients with ongoing complex rehabilitation 
needs to other rehabilitation services is common.

Rehabilitation stroke units
Several trials have indicated benefit from rehabilitation 
units that admit patients a few days after stroke onset 
and continue rehabilitation for several weeks. These tri
als have inevitably examined a more selected patient 
group who are stable enough for that environment and 
have ongoing rehabilitation needs.

Mixed rehabilitation units
The meta‐analysis of organized inpatient (stroke unit) 
care predominantly included trials comparing organized 
care within stroke‐specific units with care in general 
wards (general medicine or general neurology). However, 
some trials explored the impact of organizing stroke care 
within generic rehabilitation services (e.g. geriatric med
icine or neurological rehabilitation services); patients 
achieve  better outcomes in mixed rehabilitation units 
than in general wards without multidisciplinary team 
care [90]. Comparisons with stroke‐specific units indi
cate a trend towards better outcomes in stroke‐specific 
units (see Table 19.9) but there are insufficient data to 
determine whether stroke‐specific units are clearly more 
effective.

Mixed rehabilitation units may have a role in smaller 
hospitals or very specialized services (e.g. young adult 
rehabilitation) where there may be too few stroke patients 
to make stroke‐specific services viable. However, stroke‐
specific services certainly allow more specialization 
among the team members, which enhances the educa
tional and research potential of the service. Training of 
junior doctors and other staff, which might suffer if all 
the stroke patients were managed by a single team, can 
be protected and probably improved by organizing rota
tion of staff through the unit. Moreover, stroke special
ists are more likely to be enthusiastic about teaching 
students and staff about strokes than generalists or those 
with another specialist interest.

Mobile stroke teams
Overall the trials in the meta‐analysis indicated that a 
stroke team working across several general wards may 
improve aspects of the processes of care (e.g. access 
to  specialist assessments) but cannot achieve patient 
outcomes as good as those of a team based in a stroke 
unit [24, 61, 62]. Probably the most important advantage 

of having the patients in one location is that the nursing 
staff can play a greater role in the rehabilitation process. 
When patients are scattered, it is more difficult to incor
porate the essential role of nurses. Also, stroke patients 
managed in acute general areas have to compete for 
nursing time with patients who may be perceived to have 
more urgent needs (e.g. chest pain). Stroke patients may, 
for example, need regular toileting to maintain conti
nence and thus dignity. These aspects of care are very 
important, but can be seen as less urgent. A geographi
cally defined stroke unit removes this competition for 
nursing time, and allows the nurses to take on a new 
role – not just as carers, but also as facilitators of patient 
independence – and to continue therapy (directed by 
specialist therapists) throughout the 24‐hour period. 
The main role for stroke teams is probably to provide 
outreach care for those unable to get into the stroke unit, 
and to prioritize admission to the stroke unit.

19.6.3 Who should be admitted to the stroke unit?

Stratification of patients within the meta‐analysis by 
stroke severity showed that patients with mild, moder
ate, and severe strokes are all likely to benefit from stroke 
unit care [90, 91]. In terms of absolute outcomes, more 
severe patients have the greatest survival advantage from 
stroke unit care but milder patients gained more in terms 
of regaining independence. Data from nonrandomized, 
and thus potentially biased, comparisons of outcomes 
following admission to a stroke unit or general care sup
port the notion that stroke unit care benefits unselected 
stroke patients [73, 92–96]. Of course, bed shortages 
may force staff to make triage decisions. Many of the seri
ous early complications of stroke (including early neuro
logical deterioration) are more common with severe 
stroke and may respond to stroke unit care. Milder stroke 
patients (e.g. those who are mobile) probably have less to 
lose from not being admitted to a stroke unit.

There is little evidence that patients of particular ages 
gain more or less from care in a stroke unit [92, 97]. 
There are good reasons to believe that older stroke 
patients may be at higher risk of some complications, 
and therefore have more to gain from admission to a 
stroke unit. Although we think that needs rather than 
age should dictate where and by whom patients are man
aged, local conditions will often dictate which service is 
the best option. For example, where an age‐related geri
atric service (e.g. one that admits any patient who is over 
75 years old, whatever the problem) already provides 

The main advantage of caring for stroke patients in one 
place is that nurses can play a major role in the rehabilita-
tion process.
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effective stroke rehabilitation, there may be a case for 
adding a new rehabilitation service for younger stroke 
patients rather than dismantling the current service.

19.6.4 How long should patients remain 
in the unit?

Some units, particularly those that admit patients acutely, 
define maximum lengths of stay. The only reason to do 
this seems to be to allow admission of new cases. If the 
unit is of sufficient size for the population’s needs, works 
flexibly and is efficient in discharging patients, then a 
defined maximum length of stay should not be needed. If 
one does insist on a maximum length of stay, one must 
ensure that there are facilities and staff  elsewhere to 
deliver appropriate continuing care (e.g. “slower‐stream” 
rehabilitation facilities [97]), and that patients are not left 
to languish on an acute medical ward. One might argue 
that patients who are no longer improving, but have to 
wait for placement in the community or an institution, 
should not be kept in a stroke unit. However, for some 
individuals the unit may offer the best environment to 
maintain any functional improvement already gained. 
Moves under these circumstances should only be consid
ered where beds are limited and patients who are judged 
likely to gain more from the unit environment are wait
ing to be admitted.

19.6.5 How large should a stroke unit be?

Age‐specific and sex‐specific stroke incidence data and 
details of the hospital catchment population, along with 
hospital activity data, should allow an estimate of the 
 number of patients who are likely to require admission to 
hospital each year (Section 19.11.3). Unfortunately, there 
may be variations due simply to chance or the season of 
the year. Although consistent seasonal differences in the 
incidence of stroke have not been demonstrated in 
 community‐based studies, at least in temperate regions, 
there is an excess of hospital admissions and stroke deaths 
 during the winter [98, 99]. Whatever the explanation for 
any seasonal variation, it does cause difficulties when 
 planning stroke services. A survey in one medical unit 
demonstrated that stroke inpatient numbers could vary 
fourfold (9–35) throughout the year on any one day. 
Therefore, whatever organization one sets up to manage 
these patients, it must be flexible enough to cope with 
large  fluctuations in their numbers. The unit should be 
able to accommodate different proportions of men and 
women. The inevitable limit on the number of beds may 
be  managed by ensuring that the stroke unit is part of a 
larger area, into which it can expand with demand and 
then  contract again. Such arrangements also mean that, at 
times, nonstroke patients are cared for in the stroke unit. 

Inevitably, there are times when resources are not  ade
quate to meet all the needs of the patients, and it is then 
important for the team to support its members in the dif
ficult task of prioritizing – in other words rationing – care.

19.6.6 Who should staff and run the stroke unit?

The units included in the systematic review were run by 
geriatricians, neurologists, general (internal) physicians, 
and rehabilitationists. Indirect comparisons of the bene
fits of units run by different specialist groups did not show 
any significant differences [28, 92]. We believe that who
ever is responsible should have the necessary knowledge, 
training and above all enthusiasm to take on the task. The 
most appropriate professional group will vary from place 
to place. For example, in the Netherlands, practically 
all  acute stroke patients are managed by neurologists, 
while in the UK most are managed by general physicians 
and geriatricians [74, 100]. In the UK many services now 
incorporate a range of specialists to provide optimal care 
across the care pathway. Geriatricians are often in the best 
position to take a leading role, although most need extra 
training in neurology and the active  participation of their 
local neurologist – who can very usefully contribute to 
diagnosis and management of patients, especially those 
with unusual causes of stroke, patients with “funny turns,” 
and the many and varied neurological problems that arise 
in inpatient and outpatient stroke care (see Table  19.3). 
The advent of thrombolysis requires additional training, 
expertise, and support in assessment of the “brain attack” 
patient and interpreting acute imaging. In the UK training 
for stroke specialists has been implemented [100] and 
an  increasing number of hospitals are appointing spe
cialist stroke physicians (from a variety of specialist 
 backgrounds) to coordinate stroke services.

19.6.7 Planning stroke unit development

The good evidence for the effectiveness of stroke units 
means that in many countries their development is sup
ported by national initiatives. However, the development 
of such units is often resisted by those who perceive 
them as a threat. Some points are worth considering in 
local discussions.

 ● Stroke units generally make more efficient use of exist
ing staff and beds, and so may eventually even increase 
the resources available to other specialties.

A survey in one medical unit demonstrated that the 
number of stroke inpatients on any one day varied 
between 9 and 35 over a year. Therefore, stroke services 
must be flexible enough to cope with large fluctuations 
in the numbers and types of patients referred.
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 ● Deskilling of their junior medical, nursing, and para
medical staff can be overcome by rotating staff and 
students through the unit.

 ● Adopting an evolutionary approach to developing the 
service may encounter less resistance – for example, one 
might introduce a stroke assessment protocol before 
trying to set up an acute assessment area, or a stroke 
team working on the general medical wards before try
ing to set up a geographically defined stroke unit. Stroke 
units are not just a research intervention, they have 
been implemented across a wide range of settings with 
improvements in outcome [73, 89, 92, 94, 95].

 ● One can try to influence the local organizations that 
fund healthcare (i.e. health authorities and general or 
family practitioners in the UK; health insurers in other 
countries) to exert pressure for change, since they are 
generally keen to fund services for which there is sci
entific evidence of efficacy (curiously, and irritatingly 
for those of us concerned with stroke, neither coro
nary care units nor regional oncology services have 
been nearly as well evaluated as stroke units, and yet 
their utility is said to be “obvious” and they are widely 
encouraged).

There are likely to be significant pressures (other than 
evidence of effectiveness) that will influence local service 
delivery, since its structure must be tailored to local 
needs, resources, geography, people, and politics. One 
needs to consider what is the best way to deliver compre
hensive stroke care within the constraints of the local 
circumstances. We suggest three factors come into play:

 ● evidence that a particular model of stroke unit is 
 effective (see Table 19.9);

 ● the ability of the stroke unit model to deliver all aspects 
of care required;

 ● the ability of the stroke unit to provide for the broadest 
group of stroke patients (i.e. meet the needs of the 
stroke population).

The following list outlines some common solutions:

 ● Comprehensive stroke unit: Where possible, the com
prehensive stroke unit, which combines both acute 
care and rehabilitation for the majority of patients, is 
probably the preferred option. This could include the 
delivery of thrombolysis or take over the care of 
patients following thrombolysis in an emergency 
department setting. This option has a good evidence 
base to support it and would be most appropriate for 
small to medium‐sized hospitals (e.g. 100–500 stroke 
patients per year).

 ● Acute stroke unit and rehabilitation stroke unit: In 
larger hospitals it may be difficult to provide all stroke 
unit beds in one place. In this circumstance, a combina
tion of acute stroke unit and rehabilitation stroke unit 

has often been adopted [65]. In theory, this should pro
vide comprehensive stroke unit care but it is largely 
untested in clinical trials. If this model is adopted, we 
suggest that the components of comprehensive stroke 
unit care must be provided throughout the patient jour
ney (e.g. early mobilization and early multidisciplinary 
planning applies in the acute stroke unit, patients in the 
rehabilitation stroke unit should have access to acute 
medical care). In addition, the patient and family should 
experience a continuous process of care rather than dis
continuity between components of the service.

 ● Mixed rehabilitation unit: In smaller, remote hospitals 
with dispersed populations (e.g. less than 100 stroke 
admissions per year), it may be appropriate to have 
protocols of delivery of acute care in general wards and 
to provide rehabilitation services in a mixed rehabilita
tion setting. Telemedicine services (Section  19.5.6) 
may offer options for accessing expert advice and sup
port from larger stroke centers.

In a stroke unit development it is important to com
pare the characteristics of your planned service with 
those in the stroke unit trials to ensure you are delivering 
care that is, as far as possible, evidence‐based (see 
Tables 19.8 and 19.9).

19.6.8 Developing stroke unit care in lower 
income settings

Most of the preceding discussion has focused on research 
that has been carried out in high‐income countries that 
have access to well‐organized health services, larger 
 numbers of well‐trained staff, and expensive technology 
and medications. However, low‐ and middle‐income 
countries (LMICs) now account for over 85% of stroke 
mortality worldwide [12] and the greatest burden of 
stroke is now seen in those regions with more limited 
healthcare resources. It is important that we try to 
develop solutions that are relevant for these populations.

When addressing this challenge there are three basic 
questions to answer:

 ● Can we describe the essential components of a 
stroke unit?

 ● Is the potential health gain sufficient to justify invest
ing in service changes?

 ● How could we implement the existing evidence in 
lower resource settings?

Can we describe the essential components 
of a stroke unit?
Section 19.6 identified that the key component of a com
prehensive stroke unit, which can be defined as “an area 
within a hospital where stroke patients are managed by 
our coordinated multidisciplinary team specialising in 
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stroke management” [29, 69]. The following components 
are well described and potentially important: (i) a ward 
base, (ii) specialist staffing, (iii) education and training, 
and (iv) protocols of care. All of these components are 
likely to be applicable in LMICs.

Is the potential health gain sufficient to justify 
investing in service changes?
At least two previous analyses [101] that calculated the 
population impact of different interventions for stroke have 
suggested that a basic model of stroke unit care could pro
vide the most effective population intervention for promot
ing independent survival (see Table 19.25). There are major 
challenges in implementing this benefit. In low‐resource 
settings the key challenge is likely to be the cost of providing 
adequate skilled staff and basic infrastructure.

How could we implement the existing evidence 
in lower resource settings?
There are now several examples, based on observational 
studies of the impact of stroke unit developments in 
LMICs [101], suggesting that stroke units can reduce case 
fatality in hospital compared to conventional services. 
Individual examples from Cape Town, South Africa [90] 
and Punjab, India [91] provide specific examples.

When considering the challenges to implementing 
stroke unit care in low‐resource settings, we can spec
ulate as to how best to adapt to the local situation. 
Table 19.10 outlines the basic aspects of care in a stroke 
unit together with some potential ways of addressing 
these challenges in low‐income settings. When we 
addressed the subject of key multidisciplinary skills, 
training, and communication once again we find that 

Table 19.10 Specific considerations for stroke unit developments in low‐ and middle‐income countries.

Components of stroke unit care Considerations in low‐resource settings (where staffing levels may be limited)

Staffing levels
Nursing Supplement with training and involvement of family/carers in daily patient care
Medical Protocols of care to guide nursing staff and junior medical staff (under 

supervision)
Physiotherapy Supplement with training and involvement of family/carers in daily patient care
Occupational therapy and speech therapya Protocols of care to allow roles taken on by other staff (nursing, physiotherapy)
Social work staffing Protocols of care to allow roles taken on by other staff (nursing, physiotherapy)

Skills and training
Staff skills in stroke and rehabilitation Access existing training resources (including online materials)
Regular education in stroke and rehabilitation

Multidisciplinary team (MDT) working
Formal MDT meetings once per week to 
discuss individual patient progress, agree 
treatment goals and plan management

Incorporate into ward round routine
Nurses and physiotherapists could communicate with the care givers

Family involvement
Family (carers) are involved early in the 
process and provided with information of 
stroke causes, impairments, rehabilitation, 
recovery and prevention

Incorporate into ward round routine Access existing training resources 
(including online materials)

Discharge planning
Early assessment of discharge needs Staff (and carer) training may be required

Access to equipment
Identification of recovery goals with patient 
and carer

Staff (and carer) training may be required

Discharge plan involving patient and carers Carer training important
Rehabilitation input in home setting Services may not be available

Carer training important

Adapted from Stroke Unit Trialists’ Collaboration et al. [91].
a Occupational and Speech therapists may not be available in resource poor countries; the alternative would be training the nurses, 
physiotherapists, and caregivers.
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the model of stroke unit care described in randomized 
trials in high‐income settings may not translate easily 
to low‐resource situations. However we can make 
some reasonable suggestions of how to do so. One of 
the key limitations is likely to be a shortage of skilled 
staff and in many lower income settings it may be nec
essary to supplement existing staffing with additional 
training and support of family and other forms of 
 carers. This could be supported by written protocols 
of  care to guide the staff in addressing common 
 complications such as swallowing problems and poor 
mobility. Many of the proposals outlined above are 
somewhat speculative but are compiled from the expe
rience of clinicians who have established stroke units 
in low‐income settings [93].

A recent landmark study in a LMIC setting with a 
 family‐led stroke rehabilitation [94], developed after 
studying its logistics may shed more light into transla
tion of standardized needs in resource‐limited settings.

In summary, although most stroke unit developments 
have been carried out in high‐income countries, we 
believe that we can identify many of the important com
ponents of a “lower technology” stroke unit, including 
examples that have been established in LMICs. There are 
potentially large health gains from such developments 
but we need to understand and address the barriers to 
establishing such stroke units in LMICs.

19.7  Transfer from hospital to community

One of the main areas of concern to patients, and carers, 
is the organization (or rather the lack of organization) of 
hospital discharge [72, 102]. One can well understand 
their concern. One day patients are being cared for in 
hospital by a team of professionals, and the next they are 
at home and the responsibility of the carers. A number of 
things can be attempted to try to reduce the stress of the 
transition from hospital to home:

 ● Provide adequate information (Section  19.10.1) and 
train the carers while the patient is in hospital. For 
example, invite the carers to therapy sessions and 
involve them in the patient’s care on the unit. 
Unfortunately, trials of information provision and 
patient education do not provide clear evidence to 
guide practice.

 ● Arrange predischarge home visits with the patient and 
one or more members of the team to ensure that the 
home environment is tailored to the patient’s needs. 
Informal visits home, initially for a day and then grad
uating to overnight and weekend stays, also allow the 
patient and carer to gain confidence, identify potential 
problems, and help maintain morale. Although this is 

a well‐established approach there is a lack of clinical 
trials of such policies.

 ● Organize predischarge case conferences to allow the 
patient and carer to meet with the hospital‐based team 
and any professionals who are to be involved in their 
care in the community. Once again this is a well‐ 
established approach for which we could not identify 
any clinical trials.

 ● Provide clear guidelines about who to contact in the 
event of problems. Family doctors, or one of their 
team, are the ideal points of contact, but they can only 
fulfill this role if adequately briefed before the patient’s 
discharge. It follows that detailed records of the 
patient’s problems, and the plans for support in the 
community, must be relayed to those expected to 
monitor the home situation.

A program of training carers to manage their new 
role has been tested in one moderately large rand
omized trial [103]. This involved training by stroke 
unit  staff about stroke plus practical caring skills. 
The  brief program also continued after discharge. 
Although this  approach was surprisingly effective it 
was not  confirmed in a much larger cluster randomized 
implementation trial [104].

In some circumstances, it may be appropriate to fur
ther break down the boundary between hospital and 
home by organizing for the patient to attend a day hospi
tal or outpatient department regularly to be reviewed 
medically, or to receive further rehabilitation input.

19.7.1 Early supported discharge services

The well‐reported limitations of conventional hospital 
discharge arrangements encouraged a number of ser
vices to improve the transition between hospital and 
community. Most notably this entailed early supported 
discharge services, which aim to accelerate discharge 
home from hospital but provide more continuity of reha
bilitation in the home setting. To date, 14 randomized 
trials have tested this approach to care in a variety of set
tings around the world [72, 105, 106]. Most were based 
around a small multidisciplinary team of physiotherapy, 
occupational therapy, nursing, and assistant staff – with 
input from medical, speech and language therapy, and 
social work staff. The teams were either hospital‐based 
(and went out to the patient’s home) or community‐
based (and came into hospital to recruit patients). All 
incorporated regular multidisciplinary team meetings to 
plan patient care. A typical pathway of care is shown in 
Table 19.11.

Typically, these services input for up to three months 
but in some cases this might be shorter with handover to 
other community services [72, 105, 106].
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Even compared with high‐quality care from a hospi
tal‐based stroke unit, an early supported discharge 
team  could not only accelerate discharge home (with 
an   average reduction in length of stay of seven days), 
but  could also result in the patient having a greater 
chance of remaining at home and regaining independ
ence (Figure 19.3). Overall, for every 100 patients rand
omized to early supported discharge services, an extra 4 
(95% confidence interval [CI] 0–7) remained at home 
and an extra 5 (95% CI 0–9) were independent at 6–12 
months after the stroke. Good results were most likely 
with a well‐resourced, coordinated multidisciplinary 
supported discharge team and if patients were recruited 
with mild to moderate stroke severity (i.e. those who 
achieve a Barthel Index of at least 10/20 in the first 
week – equivalent to rapidly regaining standing balance). 
There is a suggestion that such services may not work as 
well in more dispersed rural populations but this 
requires confirmation.

Economic analyses [105] indicate that the potential 
saving in hospital costs (reduced hospital bed‐days) 
is  greater than the additional costs of community 

 rehabilitation. In  practice it is often difficult to realize 
such cost savings, but at the very least early supported 
discharge services appear to offer a way of both  improving 
patient care and optimizing the use of a limited number 
of hospital beds. In addition to the “harder” outcomes 
above, it is also noteworthy that patient and carers 
 allocated to early supported discharge services were more 
likely to report satisfaction with their services [72, 105]. 
Early supported discharge services appear to be an essen
tial component of a truly comprehensive stroke service 
and should particularly target patients with mild to 
 moderately severe strokes.

19.8  Continuing rehabilitation and 
reintegration back to normal life

Even where stroke patients have received good care in 
 hospital and around the discharge period, they may still 
have difficulty maintaining independence and reintegra
tion back to normal life (Table 19.12). At this stage of the 
patient journey, services are often very variable and may be 
completely nonexistent. This probably reflects the diver
sity of approaches in different countries but also a limited 
evidence base to suggest that effective interventions really 
can improve recovery. In very general terms at least two 
broad approaches have been tested at this late stage:

 ● Therapy‐based rehabilitation services (provided by 
physiotherapy, occupational therapy, or multidiscipli
nary staff and primarily aiming to increase activities in 
daily living). In practice this might include a range of 
task‐related interventions aiming to improve mobility, 
activities of daily living, or specific tasks such as dress
ing. More recent concepts in physiotherapy have 
aimed at functional task training for stroke patients to 
improve quality of life and disability rather than a 
sequential anatomically oriented recovery processes.

 ● Stroke liaison worker services (provided by stroke 
nurses, family support workers, or specialist social 
workers and primarily aiming to improve participation 
in normal living and quality of life) [107]. In practice, 
these have included a mix of interventions which could 
deliver a program of rehabilitation or respond to iden
tified problems.

There is considerable variation within these broad 
approaches but they do provide a framework for con
sidering the evidence.

Table 19.11 Illustrative pathway of care with early supported 
discharge service.

Hospital admission Early identification of eligible patients 
in hospital
Early assessment by a “key worker” 
from the early supported discharge 
team (one individual who supervised 
that patient’s care)
Assessment of home needs through 
a home visit (with or without the 
patient present)
Identification of recovery goals with 
patient and carer
Plan discharge home

Discharge home Discharge home with very early input 
(within 24 h) by members of the early 
supported discharge team
Implement rehabilitation plan
Continuing rehabilitation in the home 
setting (up to 4–5 days per week if 
necessary)
Access relevant services
Multidisciplinary team review of 
progress
Negotiated withdrawal of the team as 
recovery goals are achieved
Planned discharge from the service 
with later follow‐up and review

Discharge from early supported discharge team

Early supported discharge services – based on a special-
ist multidisciplinary team – can help accelerate discharge 
home and improve the longer term recovery of selected 
stroke patients without incurring excessive costs.
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Of particular importance are the matters of poststroke 
cognitive changes which may lead to/indicate vascular 
cognitive impairments, and of depression/mood or per
sonality changes. Both of these impact the patient’s 
capacity to be involved in rehabilitation, and therefore 
must be a part of routine follow‐up, especially in the first 
few weeks and months. Thus, it becomes imperative at 
the time of routine follow‐up to screen for such.

19.8.1 Therapy‐based rehabilitation services

In a systematic review of therapy‐based rehabilitation 
services [108], most of the trials assessed input in the 
patient’s home by an occupational therapist, although 

the review also included physiotherapy or multidiscipli
nary team services (such as community teams and day 
hospital services). Therapy‐based rehabilitation services 
(when compared with no routine intervention) helped 
prevent stroke patients deteriorating in their ability to 
carry out activities of daily living (ADL) (Figure 19.4) and 
improved ADL scores. This review explored input in the 
first year after stroke and a more recent review of later 
input (more than 1 year post stroke) was inconclusive 
[109]. It is currently not clear what the absolute benefit is 
likely to be and the cost‐effectiveness of these services. 
However they do indicate that within a comprehensive 
stroke service, some system of review and further inter
vention by therapists are valuable.

Study or subgroup Treatment Control Odds ratio
95% CI

ESD team co-ordination and delivery

Subtotal (95% CI)

Subtotal (95% CI)

Subtotal (95% CI)

Total (95% CI)

Adelaide 2000

Belfast 2004
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Figure 19.3 The results of a systematic review of randomized trials testing the effectiveness of early supported discharge (ESD) services 
compared with conventional discharge services. The result of each individual trial, expressed as the odds ratio, is represented by a purple 
box with a horizontal line indicating the 95% confidence interval. The box size is proportional to the amount of information in the trial. An 
odds ratio to the left of the vertical line indicates that the odds of the outcome (in this case events refer to death or dependency between 
6 and 12 months after randomization) is less with the ESD service than with conventional care. The estimates based on an overview of all 
the trials are represented by diamonds. Source: Early Supported Discharge Trialists 2005 [105]. Reproduced with permission.



19 The organization of stroke services902

The discussion above does not indicate how such ther
apy services should be delivered (e.g. in the patient’s 
home, outpatient clinic, day hospital). The effectiveness 
of domiciliary physiotherapy and of physiotherapy pro
vided in a day hospital have been compared in rand
omized trials [110–114]. Together they demonstrate 
only small differences in outcome [115]. The relative 
costs of providing care in these settings varied between 
the studies, with no clear conclusion.

19.8.2 Stroke liaison worker services

The generic title of “stroke liaison worker” can be defined 
as “someone who provides emotional and social support 
and information to stroke patients and their families and 
liaises with services with the aim of reducing aspects of 
handicap and improving quality of life for patients with 
stroke and/or their carers” [116]. These services (which 
have also been termed “specialist nurse support,” “stroke 
family care worker,” and “stroke family support organ
izer”) often involve approaching patients and families 
during hospital admission, when they can provide infor
mation and education about stroke. They are also avail
able for input after discharge home, particularly to 
identify problems or unmet needs and to develop cus
tomized solutions [116]. At least 16 randomized trials 
have tested out this type of service in the UK, Australia, 
the US, and the Netherlands. Their impact on patient 

outcomes is unclear [107, 116] but they do appear to be 
valued by patients and carers.

In summary, in a comprehensive stroke service there 
should be systems to allow review of patients’ progress 
and to provide therapy input if required. There may be a 
number of ways to deliver such services (domiciliary, 
outpatient clinic, day hospital).

19.9  Longer term follow‐up 
and chronic disease management

Stroke has now been recognized as one of the diseases 
that require ongoing management – so‐called chronic 
disease management. The rationale is to provide a system 
for managing the various needs, in particular prevention 
of disease and management of disability.

The best setting in which to provide such chronic dis
ease management is likely to depend on the local health
care system. In countries such as the UK and the 
Netherlands with a well‐developed primary care service, 
it may be appropriate for much of this continuing care to 
be provided by the patient’s own general family practi
tioner. In countries without developed primary care 
services this may need to be done through a hospital 
 outpatient clinic. Whatever system is in place, it is 
important that it provides not only secondary prevention 
but an opportunity for reassessment, and identification 
and treatment of problems that may become apparent 
only after several weeks or months (see Table  19.12). 
A  follow‐up checklist should ensure that late problems 
are not overlooked (Table 19.13).

Some patients make little progress in the first few 
months after the stroke (perhaps due to intercurrent ill
ness) and are discharged to a supported environment, 
but then unexpectedly begin to improve. Ideally, such 
patients should be identified and re‐enter a rehabilita
tion program, but few services are sufficiently well 
organized or adequately resourced to offer this.

19.10  Generic issues in stroke 
service delivery

19.10.1 Information for patients and carers

One generic theme in the management of stroke – which 
is relevant throughout the patient pathway – is commu
nication of information. Studies of the attitudes of 

Table 19.12 Common problems that arise late after a stroke, 
often when the patient is no longer in hospital.

Patient
Deteriorating function due to:

 ● inactivity
 ● progressing comorbidities
 ● lack of continuing rehabilitation input?
 ● depression or anxiety, even agoraphobia
 ● overprotection from the carer

Social isolation
Financial difficulties (Section 11.33.6)
Sexual dysfunction (Section 11.33.5)
Undetected rise in blood pressure
Central poststroke pain (Section 11.23)
Carer (Section 11.34)
Physical ill‐health due to the strain of caring
Depression or anxiety
Poor relationship with patient because of personality change
Social isolation because unable to get out to meet people
Financial difficulties

A comprehensive stroke service should include systems 
that can review the patient’s progress and provide fur-
ther intervention by therapists if required.

Secondary prevention, which will be lifelong, can be pro-
vided in a hospital‐based clinic, but is managed more 
conveniently (for the patient) in the primary healthcare 
sector.
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patients and their carers to medical services in general, 
and stroke services in particular, have demonstrated that 
one of the greatest sources of dissatisfaction is with com
munication [76, 100]. Patients and carers may receive 
very little information about the nature of stroke, its 
cause, management, and likely prognosis [117, 117a]. 
Even where information is provided, it may be in a form 
that is difficult to understand or retain.

Patients’ and carers’ perceptions of the stroke service 
are likely to depend not just on the degree of recovery, 
but also on the quality of communication. Although it is 
easy to show that many patients receive little informa
tion, one must also remember that for some it may be 
enough. Some patients do not want a lot of information, 
preferring to trust in the professionals’ judgment [118, 
119]. It is therefore important to tailor the provision of 

information to the individual’s needs and wishes. These 
complexities may in part explain the equivocal results 
from clinical trials of information and education inter
ventions [114]. There is some evidence that information 
improves patient and carer knowledge of stroke, aspects 
of patient satisfaction, and reduces patient depression 
scores. However, the clinical significance of these effects 
is unclear. Strategies that actively involve patients and 
carers and include reinforcement probably have a greater 
effect on patient mood.

In the absence of better evidence to guide us we aim to 
provide information using a number of different media, 
including:

 ● a noticeboard on the stroke unit (Figure 19.5);
 ● an information pack containing appropriate leaflets;
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Figure 19.4 The results of a systematic review of randomized trials testing the effectiveness of therapy‐based rehabilitation (provided to 
patients living at home) compared with conventional services (usually no routine input). The result of each individual trial, expressed as 
the odds ratio, is represented by a purple box with a horizontal line indicating the 95% confidence interval. The block size is proportional to 
the amount of information in the trial. An odds ratio to the left of the vertical line indicates that the odds of the outcome (in this case 
events refer to poor outcomes – death, deterioration in activities of daily living, or dependency between 6 and 12 months after 
randomization) is less with the therapy service than with conventional care. Estimate based on an overview of all the trials are represented 
by diamonds at the bottom of the figure. Source: The Outpatient Service Trialists 2003 [109]. Reproduced with permission.
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 ● audio and video tapes;
 ● individual interviews with patients and carers by 

members of the team;
 ● patient and carer groups.

However, there is probably no substitute for one of the 
team sitting down with the patient and family on one or 
more occasions to explain the situation and answer any 
specific questions. This can then be backed up with writ
ten material. One approach, which has been used in 
other areas (e.g. oncology), is to record the interview and 
give the recording to the patient or family so they can 
review what has been said as and when they wish [120]. 
This might overcome the problem of patients and fami
lies only taking in a small proportion of the information 
given to them. Like all other areas of stroke care, a ser
vice needs to establish a system ensuring that input – in 
this case the provision of information – is tailored to the 
individual needs of patients and carers (Table 19.14).

19.10.2 Integration of services

Inevitably, most stroke patients require both commu
nity‐based and hospital‐based resources at some stage 
in their illness. They may even need more than one 

Table 19.13 A stroke follow‐up checklist.

Impairments Ask about weakness, balance, speech, pain
Disabilities Do you need help with any everyday 

activities?
Aids and 
adaptations

Do you need any aids?

Have they been delivered yet?
Are you using them?
Are they in good working order?

Support 
services

Are they in place?

Are they appropriate and adequate?
New problems Any new problems since last seen?
Aspirations Anything you want to do but cannot do?
Work Are you back to work?
Driving Are you driving a car?
Carer Do you have a carer?

How is your carer coping?
Prevention Check blood pressure, cholesterol, diabetic 

control, smoking, diet, exercise, adherence 
with medication

Figure 19.5 A noticeboard at the entrance 
to a stroke unit. Typically it introduces the 
members of the stroke team, indicating 
how they might be contacted. It presents, 
in simple terms, what a stroke is and how 
it can affect the patient. We also include 
useful pamphlets and information relating 
to patient and carer groups.
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 hospital‐based service. It is therefore important to con
sider how these can be integrated to ensure that patients 
are appropriately placed at each stage of their illness and 
that transfers between each part of the service are as 
seamless as possible. How the components of a stroke 
service might fit together is shown in Figure 19.1.

Many places have the necessary facilities and skills to 
provide an excellent service to patients with stroke. More 
often, the problem lies with the organization and inte
gration of these facilities. The key areas where problems 
may arise are the following:

 ● Transfer from community to hospital: Section  19.4 
summarizes many initiatives to improve such trans
fers. Agreed protocols between primary and second
ary care are essential.

 ● Transfer to specialist hospital services (e.g. neurosur
gery and neuroradiology): These facilities should be 
readily available, because urgent neurosurgery can 
occasionally be life‐saving and produce a good func
tional outcome (Chapter 14). Neuroradiological inter
ventions are now a key component of subarachnoid 
hemorrhage management (Chapter  15) and are 
increasingly used in for some types of ischemic stroke 
(Chapter  13). Inevitably, many smaller hospitals will 
not have these facilities. However, for the 1–2% of 
patients with stroke who are at risk of deteriorating 
rapidly with a surgically remediable complication (e.g. 
acute hydrocephalus), a management plan should be 
available. This should include a policy to ensure the 
early identification and safe transfer of suitable patients 
to a neurosurgical center.

 ● Transfer for continuing rehabilitation: Where patients 
have been admitted to one service for acute care 
but  have to be referred to a separate institution for 

rehabilitation, needless delays can result. In such cir
cumstances, one will often read in the case notes 
“waiting for rehabilitation” when, of course, rehabilita
tion should have started on the day of the stroke 
(Chapters 11 and 18). Thus, one needs to organize ser
vices so that the patient’s needs are matched by the 
care provided at all stages of his or her illness.

 ● Transfer from hospital to community: These challenges 
were considered in Section 19.7.

19.10.3 The hazards of transfer

Where patients have to be transferred between institu
tions (or teams) to receive the appropriate care, there is 
a very real danger that continuity of care will suffer. A 
consistent approach to patients and their families will 
not be achieved without excellent communication 
between the professionals involved. Patients’ medical 
records should follow them through the system, and ide
ally at least one health professional should be involved in 
a patient’s care from admission to discharge, and per
haps even beyond.

19.11  Planning, developing 
and maintaining a stroke service

In the remaining sections of this chapter, we will focus on 
the practical aspects of planning, developing, establish
ing, monitoring, and maintaining a stroke service. The 
exact manner in which the service is best provided will 
depend on local history, geography, needs, resources, 
people, and politics. Any stroke service must therefore be 
tailored to the local conditions to achieve maximum 
effectiveness. Therefore it is difficult to be dogmatic about 
exactly how services should be organized. National guide
lines may vary from region to region (e.g. United States 
versus Europe), which in turn would determine local care 
delivery. And, in some regions of the world there may not 
be a large evidence base because of lack of large‐volume 
research. This may limit the planning of services.

However, with the modern day advances in healthcare 
and the growing epidemiological need to cater to the 
increasing burden of noncommunicable diseases across 
the globe [117], some generalities are needed in the plan
ning of stroke services.

The pace of advance of medical technology has been 
brisk in the last decade or so. Hence patients currently 

Table 19.14 Tips on improving communication with carers 
of hospitalized stroke patients.

 ● Provide a noticeboard at the entrance to the unit introducing 
staff and informing relatives about how to contact members 
of the team

 ● Hold ward rounds during visiting times
 ● Hold a regular “open access” clinic where carers can meet 

the consultant
 ● Invite carers to participate in patient care (including therapy 

sessions)
 ● Set up a carers’ group
 ● Document the content of any discussions with relatives in 

the notes and report these at team meetings to ensure 
consistency

 ● Arrange predischarge case conferences or family meetings
 ● Back up verbal communication with written or audio 

material

Many problems can arise when patients are transferred 
from one service to another. Remember rehabilitation is 
a journey, not a destination.
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expect a higher quality of care in the past. Stroke care 
guidelines and specialist services have also changed in 
accordance with this need.

19.11.1 Determining the needs 
of the population

If the aim of the service is to provide care for all those in 
the population who require it, not just those who can 
afford to pay for it, then the first factor to consider is the 
incidence of stroke and transient ischemic attack in that 
population. This provides the basis for a “needs assess
ment,” which is fundamental to determining how much 
stroke service should be provided.

Even in populations where reliable incidence data are 
not available, the significance of chronic noncommuni
cable disease care is dawning upon law‐makers. For 
example, in India, the National Programme on Prevention 
and Control of Cancers, Diabetes, Cardiovascular 
Diseases and Stroke (NPCDCS) was initiated in 2008, 
recognizing the increasing need, despite the paucity of 
adequate incidence numbers to define the care.

Globally there has been a paradigm shift in stroke inci
dence with a statistically significant trend in stroke inci
dence rates over the past four decades, a decrease in 
stroke incidence in high‐income countries, and an 
increase in stroke incidence in LMICs. Worldwide over 
the past four decades, the annual age‐standardized 
stroke incidence rate has decreased by 1.1% in high‐
income countries but has increased by 5.3% in LMICs 
[121]. It is also believed that the average age of patients 
with stroke in developing countries is significantly 
younger than that in developed countries. Indian studies 
have shown that about 10–15% of strokes occur in peo
ple below the age of 40 years [12].

Recent estimates of stroke incidence and prevalence 
rates are shown in Table 19.15.

Incidence of acute stroke and transient 
ischemic attack
Although a large number of “incidence” studies have 
appeared in the literature over the past 40 years, many 
have had methodological weaknesses that make their 
results, at least in part, unreliable. The criteria for an 
“ideal” study are listed in Table 19.16.

However, the last few years have seen improved inci
dence data available from a wide spectrum of nations 
across the world, thanks to World Health Organization 
(WHO) initiatives such as STEPwise approach to 
Surveillance (STEPS) and national registries being set up 
in developing nations. The stroke incidence rate estimates 
across various WHO regions are given in Table 19.17.

19.11.2 Possible approaches 
to assessing need

When there is a dearth of reliable data on stroke 
 incidence (i.e. the number of first‐ever‐in‐a‐lifetime 
cases of stroke occurring in the population over a defined 

Table 19.15 Regional patterns of stroke incidence 
and prevalence.

Region
Incidence (million 
per year)

Prevalence 
(million)

World 9.0 30.7
Africa 0.7 1.6
Americas 0.9 4.8
Eastern Mediterranean 0.4 1.1
South East Asia 1.8 4.5
Western Pacific 3.3 9.1

12.6 million have moderate‐severe disability.
8.9 million (out of 12.6 million) are in low‐ and middle‐income 
countries

Adapted from Scott et al. 2000 [122].

Table 19.16 Criteria for an “ideal” stroke and transient ischemic 
attack (TIA) incidence study [55, 123].

 ● A large, stable well‐defined study population; the number 
and sex of the people in the population should be available in 
at least 10‐year age intervals during the study. This usually 
requires a recent census

 ● Complete ascertainment of all patients with either stroke or 
TIA occurring in that population, whether referred to 
hospital or not. This requires multiple overlapping methods 
to detect cases, including contacting primary health teams, 
review of hospital admissions, imaging records and death 
certificates

 ● Accurate assessment of the cross‐boundary flows in both 
directions

 ● First‐ever‐in‐a‐lifetime strokes and TIAs should be 
distinguished from recurrent strokes and TIAs

 ● Prospective assessment of all suspected cases so that 
standard diagnostic criteria (WHO definition) can be 
applied rigorously soon after the patient presents to medical 
attention (so‐called “hot pursuit”)

 ● Studies should register patients with “TIAs” as well as 
strokes to ensure that mild strokes, which may be 
misclassified as TIAs by referring doctors in routine clinical 
practice, are not underrepresented

 ● Brain imaging to determine the pathological type of stroke. 
This should be performed early enough after stroke onset to 
reliably distinguish ischemic from hemorrhagic stroke

 ● Case ascertainment over whole years to avoid bias due to any 
seasonal fluctuations in incidence

 ● Standard methods of data presentation, i.e. not more than 5 
years of data averaged together, incidence for men and 
women presented separately, incidence in those of over 85 
years old if possible, incidence presented as mid‐decade age 
bands (e.g. 55–64 years) but 5‐year bands available, 95% 
confidence intervals

  Table 19.17    Estimated stroke incidence rates in 17 World Health Organization regions. 

AFRO‐D AFRO‐E AMRO‐A AMRO‐B AMRO‐D EMRO‐B EMRO‐D EURO‐A EURO‐B1    

  Age groups  M F M F M F M F M F M F M F M F M F  
0‐4 2 3 2 3 1 1 1 1 2 6 2 2 20 12 1 0 6 6  
5‐14 1 1 1 0 0 0 1 0 1 2 1 1 8 5 0 0 2 1  
15‐29 4 4 5 5 1 1 2 12 14 4 2 1 8 3 1 l 6 5  
30‐44 47 50 89 30 30 31 54 53 40 40 34 28 23 20 39 24 66 68  
45‐59 249 342 274 329 219 180 335 240 247 197 192 204 233 174 174 94 498 269  
60‐69 792 1,095 781 1,115 651 491 1,067 708 721 507 878 680 698 870 700 384 1,917 1,284  
70‐79 1,654 2,369 1,693 2,539 1,137 1,043 1,868 1,312 1,446 1,087 2,011 1,622 1,947 1,797 1,816 1,326 3,410 2,716  
80+ 2,936 5,418 2,995 5,233 2,091 1,956 2,846 2,694 2,453 2,297 3,825 3,545 3,145 2,997 3,181 2,845 4,935 4,518  

 EURO‐B2  EURO‐C  SEARO‐B  SEARO‐D  WPRO‐A  WPRO‐B1  WPRO‐B2,  WPRO‐B3   

  Age groups  M F M F M F M F M F M F M F M F   
0‐4 0 0 1 1 2 2 3 2 0 0 2 1 2 2 6 5   
5‐14 0 0 0 0 1 1 1 1 0 0 0 0 0 0 2 1   
15‐29 1 1 4 2 3 2 2 1 1 1 2 1 2 1 8 3   
30‐14 58 34 122 50 45 31 20 13 59 28 46 29 50 40 56 36   
45‐59 544 312 765 404 341 278 378 248 323 138 450 302 403 257 546 415   
60‐69 2,000 1,547 3,009 1,723 1,222 1,048 1,736 1,434 934 442 2,003 1,226 1,931 1,362 1,774 1,651   
70‐79 3,088 2,784 5,150 3,694 2,546 2,355 2,840 2,724 1,930 1,123 4,116 3,260 3,656 2,899 4,361 3,551   
80+ 4,840 4,374 7,360 7,529 2,885 2,846 3,148 3,224 3,427 2,680 5,793 5,321 4,694 4,638 4,254 3,101

  Source:  The Global Burden of Disease (GBD) 2000 (cerebrovascular disease 21‐06‐06). Truelsen et al. 2000   [124]  . 
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time period), those planning stroke services may decide 
to base their estimates of need on routinely collected 
mortality data (i.e. the number of deaths attributed to 
stroke in the population over a defined time period). 
They should, however, be aware of the potential prob
lems of adopting this policy.

Mortality statistics
Mortality statistics depend on the collation of data from 
death certificates. They are thus dependent on the accu
racy of death certification, which, even in countries with 
quite high postmortem rates, is known to be poor 
(Chapter  20). The accuracy of mortality statistics also 
depends on the accuracy of the population denomina
tors used and thus on the reliability and timing of the 
most recent census. Furthermore, mortality statistics 
only include the deaths attributed to stroke (and not the 
number of stroke episodes), and are not in themselves of 
much value in estimating the need for health services. 
Although they are bound to reflect, at least indirectly, the 
incidence of stroke in the population, the case fatality 
may differ from place to place, and so there will not be a 
uniform relationship between stroke mortality and inci
dence. Also, if the mortality is low, it may not necessarily 
mean poor stroke care services; in fact it may indicate 
efficient stroke care delivery, which lessens the chances 
of dying.

The Global Burden of Disease (GBD) 2000 [124] data 
showing stroke mortality from various WHO regions are 
shown in Table 19.18.

Hospital admission or discharge statistics
Hospital admission or discharge statistics are an alterna
tive source of information which may reflect the inci
dence of stroke. Diagnostic coding may vary from one 
country to another and this will in turn affect accuracy.

The Indian Council of Medical Research (ICMR) pop
ulation‐based stroke registry (including outpatients and 
inpatients with stroke) is under development across vari
ous parts of India. Accuracy of recording registries may 
vary globally and within urban versus rural or remote 
healthcare facilities within the same nation. Data may 
also be distorted by double counting, which frequently 
occurs when patients are transferred from an acute 
center to a rehabilitation or continuing care facility.

Hospital discharge data may also be inaccurate for a 
number of reasons [125, 126]:

 ● inaccuracy of routine clinical diagnosis, especially of 
TIAs;

 ● variations in hospital admission rates [15, 16, 38, 125, 
126];

 ● lack of CT brain scans to confirm the stroke diagnosis 
and exclude other diagnoses;

 ● use of vague terms (e.g. “acute hemiparesis,” “cere
brovascular disease”) in medical records and dis
charge summaries from which routine codes may be 
derived;

 ● coding errors;
 ● failure to distinguish acute stroke admissions from 

those due to complications of an earlier stroke;
 ● failure to code strokes occurring in hospital, or in the 

context of another diagnosis.

Prevalence data
Stroke prevalence is another measure of the frequency of 
stroke that some suggest is useful in planning services. 
Prevalence is the number of people who have ever had a 
stroke living in the population at any one point in time. 
Prevalence data, if accurately recorded, could be useful 
in determining the needs for long‐term support services 
in the community. The prevalence rate of stroke would 
measure incidence, survival, and duration [124]. 
Prevalence studies help us to understand the extent of 
dependency or disability in communities. In some coun
tries, however, there are high levels of self‐reported dis
ability and dependence with low prevalence of self‐reported 
stroke, which may indicate underreporting of less severe 
cases [127]. Another problem with reviewing prevalence 
data for evaluation of stroke care delivery is that, since 
prevalence by definition includes all those who ever had 
a stroke, those who recovered from the disease well due 
to excellent service delivery may not be identified using 
this parameter.

Prevalence data could be useful in determining the 
needs for long‐term support services in the community. 
However, the greater the time that elapses after an acute 
stroke or TIA, the less important disease‐specific ser
vices become. If one is interested in determining the 
need for long‐term support services, it is more useful to 
estimate the prevalence of disability due to all causes, 
rather than just that related to stroke. In addition, stroke 
prevalence can never reflect the true burden of stroke, 
because the patients who die soon after a stroke are not 
represented. There are also a number of important 
methodological difficulties with measuring the preva
lence of stroke and TIA, not least the need to make accu
rate diagnoses sometimes years after the actual event 
and to survey thousands of people. As a quicker alterna
tive, one can estimate the prevalence of stroke from its 
incidence and case fatality using the “bath principle” 
(Figure 19.6). Where this has been done for a predomi
nantly white population in New Zealand, the prevalence 
was estimated to be 8 per 1000 population (9 in men, 7 in 
women) aged 15 years and older [128, 129]. Of the preva
lent cases, around 55% had not made a complete recov
ery from their stroke, and 21% needed help with self‐care 
activities.

  Table 19.18    Estimated stroke mortality rates in 17 World Health Organization regions. 

AFRO‐D AFRO‐E AMRO‐A AMRO‐B AMRO‐D EMRO‐B EMRO‐D EURO‐A EURO‐B1    

  Age groups  M F M F M F M F M F M F M F M F M F  
0‐4 2 3 2 3 1 1 1 1 2 6 2 2 20 12 1 0 6 6  
5‐14 1 1 1 0 0 0 1 0 1 2 1 1 8 5 0 0 2 1  
15‐29 4 4 5 5 1 1 2 2 4 4 1 1 8 3 1 1 6 5  
30‐44 24 17 31 15 5 4 13 13 13 12 6 6 9 5 5 4 21 17  
45‐59 87 113 89 104 22 17 75 57 60 48 41 46 56 46 25 16 111 73  
60‐69 274 366 269 377 78 60 257 177 193 142 209 173 257 242 117 66 467 327  
70‐79 778 1086 781 1,155 270 230 666 499 544 429 680 614 752 741 453 338 1,206 1,041  
80+ 2091 3696 2,092 3,591 1,018 1,180 1,792 1,792 1,595 1,554 2,318 2,221 1,963 1,967 1,779 1,797 3,227 3,182  
ALL ages 37 60 36 57 46 74 52 53 35 35 32 33 41 43 89 130 134 158  

 EURO‐B2  EURO‐C  SEARO‐B  SEARO‐D  WPRO‐A  WPRO‐B1  WPRO‐B2,  WPRO‐B3   

  Age groups  M F M F M F M F M F M F M F M F   
0‐4 0 0 1 1 2 2 3 2 0 0 2 1 2 2 6 5   
5‐14 0 0 0 0 1 1 1 1 0 0 0 0 0 0 2 1   
15‐29 1 1 4 2 3 2 2 1 1 1 2 1 2 1 8 3   
30‐44 16 9 31 14 12 10 6 4 8 4 11 7 10 8 20 16   
45‐59 131 92 188 101 79 73 96 67 42 21 104 73 100 70 137 112   
60‐69 550 433 767 451 319 309 476 408 139 68 519 333 521 384 518 465   
70‐79 1,156 1,157 1,809 1,451 941 951 1,140 1,141 435 257 1,537 1,273 1,413 1,214 1,606 1,400   
80+ 3,346 3,155 4,772 5,219 1,902 1,968 2,086 2,207 1,840 1,549 3,725 3,700 3,126 3,185 2,791 2,212   
All ages 78 103 229 347 54 62 65 68 99 109 116 124 80 81 61 55

  Source:  The Global Burden of Disease (GBD) 2000 (cerebrovascular disease 21‐06‐06). Truelsen et al. 2000   [124]  . 
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Disability‐adjusted life years
An estimate of years lost to disability can be very useful 
in planning services for a particular disease group. In 
practice this is difficult to achieve but estimates have 
been attempted for stroke. A recent systematic review 
[124] indicates a shift of global disease burden from 
communicable to noncommunicable diseases and also 
from premature death to years being lived with disability. 
By 2000, stroke had become the third cause of disability‐
adjusted life years (DALYs) worldwide, in contrast to the 
fifth place it had in 1990.

19.11.3 A practical approach to estimating 
stroke burden

Based on US and Australian national burden of disease 
stroke models, the Global Burden of Disease 2000 [124] 
developed a new model to estimate the global burden of 
stroke (Figure  19.7). This model allows expression of 
global epidemiology of stroke in various populations. 

Stroke prevalence is difficult to measure directly, and of 
limited use for planning stroke services.

Case fatality

Prevalence ∞ 

Incidence

incidence
case fatality

Figure 19.6 A bathtub with water running in (representing 
incident cases), the water level (representing prevalence) and 
water going down the plug hole (representing deaths in prevalent 
cases). The prevalence is directly proportional to the incidence 
and inversely proportional to the case fatality among prevalent 
cases, although the mathematical relationship is quite complex.
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Figure 19.7 Schematic diagram of a model for estimating stroke epidemiology. Indices used and explanation: IF, incidence of first ever 
stroke; IS, incidence of survivors of first ever stroke; F28, 28‐day case fatality; MC: the total number of deaths due to stroke; M28, the number 
of stroke deaths within 28 days of a stroke; MS, number of deaths where stroke is certified as cause of death in 28‐day survivors:

 M M MC S28  
The remaining mortality in stroke survivors is due to: causes closely related to stroke M (e.g. ischemic heart disease) AND causes unrelated 
to stroke.   
Source: Data from World Health Organization Global Burden of Disease 2000 (Cerebrovascular disease 21‐06‐06) [124].
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This may be a more applicable model universally than 
what we had previously described (extrapolating inci
dence data from white populations to populations of 
other ethnicities). It has some requirements to be an 
effective tool, such as a good vital registration system 
where all deaths within 28 days of a stroke event are cer
tified as stroke deaths.

An alternative approach, outlined in earlier editions of 
this chapter is described in Table  19.19. This requires 
access to information about the likely local stroke inci
dence rates. One should start with the age‐specific and 
sex‐specific stroke incidence in the population that is 
closest to the local one in terms of geography, ethnic 
composition and culture [121]. These rates can then be 
applied to the local population numbers to obtain an 
age‐specific and sex‐standardized incidence. A compari
son of routinely collected data from the area in which the 
stroke incidence study was performed with equivalent 
data from one’s own vicinity may give further evidence of 
the relevance of the incidence data. The cause‐specific 
mortality data are likely to be the most reliable and easily 

obtained. One can then judge whether the incidence 
locally is likely to be greater or less than that in the avail
able incidence study.

19.11.4 Information needed 
for planning of services

Before one can plan a service, one needs to have estimates 
of the following.

 ● Age‐ and sex‐specific incidence: Younger patients 
require different facilities from older ones (e.g. 
retraining for employment). Older women more often 
live alone, and may require more formal support in the 
community.

 ● Type‐specific incidence (i.e. TIA, ischemic stroke, pri
mary intracerebral hemorrhage, and subarachnoid 
hemorrhage): These data may be useful in more 
detailed planning of the population’s needs. Patients 
with TIA and minor ischemic stroke require prompt 
diagnosis, investigation, and initiation and supervision 
of secondary prevention but not prolonged inpatient 
care, rehabilitation, or community support services. 
Patients with subarachnoid hemorrhage require emer
gency hospitalization and neuro‐radiological and neu
rosurgical facilities (Chapter 15). Hemorrhagic strokes 
have a higher early case fatality, so they may require 
more care in the early stages. Approximately 80% 
strokes are ischemic, 10–15% are from intracerebral 
hemorrhage (ICH), 5% from subarachnoid hemor
rhage and the rest is from other causes of stroke in 
white populations (Figure  19.8). Data from Asian 
countries show a higher proportion of ICH is than that 
in white populations [121, 131–133]. But the higher 
proportion of ICH in Asian populations is also possibly 
because of paucity of CT scanning and a lack of com
pliance with standard stroke identification criteria.

 ● The prognosis of stroke and its subtypes: From the type‐
specific incidence and case fatality, the likely require
ments for assessment and diagnostic services, acute 
care, rehabilitation and terminal care services, long‐
term care, community support, and secondary preven
tion can be estimated. The prognosis of stroke and its 
subtypes has been discussed elsewhere (Chapters 3 
and 4). Information on stroke severity and comorbidity 
would be invaluable, since these will be major determi
nants of patients’ health service use. However, such 
data are unlikely to be routinely available unless a 
stroke register has been kept.

 ● Changes over time: When planning a stroke service, 
account must be taken of any changes that may occur 
in the future, because the service will need to alter in 
response. In recent times there has been an epidemio
logical shift in the decrease in stroke incidence in the 

Table 19.19 A step‐by‐step guide to estimating approximately 
the number of strokes in a local population of interest.

Step 1 Obtain the most accurate census data for the population 
of interest for each sex and age band
Step 2 Identify the “ideal” incidence study that is likely to have 
been done in a similar population to the one of interest (e.g. 
geography, race)
Step 3 Multiply each age‐specific and sex‐specific incidence by 
the number of people of that age and sex in the population of 
interest (e.g. if the incidence in men 65–74 years old is 690 per 
100 000 and there are 11 000 men in this age band in the 
population of interest, one would expect about 76 men [i.e. 
690 × 11 000/100 000] between 65 and 74 years of age to have a 
stroke each year in the population of interest)
Step 4 Sum the numbers of patients of each sex in each age 
band expected to have stroke to obtain the total number 
expected in the population
Step 5 Consider making an adjustment for any marked 
differences in, for example, the cause‐specific mortality 
between the population of interest and the population in which 
the incidence study was done
Step 6 If one is interested in transient ischemic attacks, then 
their incidence is usually about 30% that of stroke 
(Section 18.4)
Step 7 The number of recurrent strokes is of the order of 30% 
of first‐ever‐in‐a‐lifetime strokes, so that to estimate the total 
number of strokes likely to occur in the population of interest, 
the number of incident strokes should be inflated by 30%
If interested in the total numbers of patients who could be 
referred to your service with suspected stroke or TIA then add 
the additional number of referred patients who may be 
expected to have a nonstroke diagnosis (possibly 50% for TIAs 
and 30% for acute stroke) [48, 130]
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high‐income countries and its rise in the LMICs [117, 
121]. Apart from the changing incidence, changing 
demographics should also be considered. Populations 
across the world have been seeing an increase in num
bers of the elderly. For a disease such as stroke in which 
the incidence is much higher in older people, the total 
number of strokes will increase unless offset by a fall
ing incidence.

Changes in clinical practice are likely to force rapid 
and quite unpredictable alterations in the shape of clini
cal services for stroke. The changes in management of 
stroke have, until now, been small and gradual, but with 
recent increases in research efforts, major changes are 
more likely and the needs of the population could alter 
rapidly and unpredictably.

People’s expectations of healthcare, often driven by 
media reports of medical successes and failures, may also 
force changes in services that go beyond the evidence of 
effectiveness. There has also been a strong inclination 
towards seeking specialist level care at onset in many 
parts of the world rather than go through a generalist. In 
some cases this has led to fragmentation of care and also 
caused issues with primary prevention, which should 
form the backbone in addressing chronic diseases.

19.11.5 When resources are limited, to what 
extent will the needs of the population 
be met?

Having obtained an estimate of one’s local age‐specific, 
sex‐specific, and type‐specific incidence and outcome of 
stroke and TIA, one is still a long way from determining 
the needs of the population. After all, this estimate does 

not indicate the actual resources these people will 
require, and of course at some stage somebody has to 
make a political decision about how completely the pop
ulation’s needs are to be met. Inevitably, where there are 
limited resources for health services, prioritization 
becomes critical.

The large‐scale care delivery decisions are usually 
taken by politicians, but because they depend on infor
mation about the effectiveness of components of the 
stroke services, it is essential for the politicians to receive 
sound medical advice. With the growing stroke burden 
in developing countries and aging populations, the eco
nomic impacts of recent epidemiological trends are quite 
daunting.

The perceived pressures to develop particular compo
nents of stroke services and the way in which these ser
vices develop are likely to reflect a number of factors 
apart from the effectiveness of the service offered.

Local healthcare culture and economy
The types of services provided for stroke patients vary 
greatly between the developed economies. In Germany 
services often focus around centralized neurological 
centers or stroke centers where selected patients receive 
acute care but not ongoing rehabilitation. It has been 
suggested that access to these services [134] may be 
reduced for certain patient groups such as the elderly. In 
contrast the Scandinavian countries have tended to 
approach stroke services with a more devolved delivery, 
offering similar services in all parts of the country. In the 
UK, stroke services have evolved out of existing rehabili
tation facilities, which were traditionally provided by 
geriatric medicine or general medicine services. However 
the last few years have seen a dramatic change in the 
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Figure 19.8 Histogram showing the 
proportions of patients aged between 45 
and 84 years with a first‐ever‐in‐a‐lifetime 
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access to stroke unit care for acute stroke patients. In the 
US, the picture is complicated by the development of 
comprehensive stroke centers [61]. Where funding is 
focused towards rewarding specialist care this can causes 
conflict of policies for the most cost‐effective care.

The needs of the patient population
Within stroke care, as within healthcare in general, there 
is frequently a tension between the need to centralize 
services for individuals with very specialist needs (for 
example, subarachnoid hemorrhage) and the aspiration 
to provide as much high‐quality care as close to the indi
vidual’s home as possible.

Patients’ wishes
Once again there is a tension between pressures to cen
tralize and fragment care, for example, between acute 
and rehabilitation services and to provide continuity 
throughout the patient journey, which is usually valued 
by patients and carers. Cultural preferences may also 
vary from region to region, across the world. Some parts 
of the world may promote traditional treatments (e.g. 
ayurvedic massage) over modern medicine. Ethical and 
cultural influences may also determine care. For instance, 
some parts of the world may prefer “palliative” care for 
stroke patients more than in certain other parts, espe
cially for the older age group, based on local values and 
attitudes. The definition of “old age” itself may vary from 
country to country.

Costs and resources
There are increasing pressures to control the costs of 
healthcare services and this is particularly relevant when 
considering emergency cover by senior medical staff. 
Once again centralized services meet these challenges by 
having large groups of staff, or at least networks of staff, 
who are available to be on call.

19.11.6 Planning a stroke service

Having established the aims of the service, the needs of 
the population and the degree to which one expects to 
fulfill these, the development of services can then be 
planned. Usually, one starts with the existing services, 
even if these are inadequate and chaotic. We have 
assumed that you are starting from a basic level of ser
vice but the same principles apply if you already have 
components in place. It is then useful to consider the fol
lowing two questions prior to making any changes:

 ● What are the current resources committed to the 
management of patients with TIA and stroke?

 ● What are the major gaps (i.e. unmet needs and failure 
to provide cost‐effective interventions) in the present 
provision of services?

The strengths and weaknesses of the current services 
need to be established in order to identify the most 
important areas for improvement. Priority should be 
given to providing for the basic care patients (e.g. nurs
ing to provide for basic needs) for all patients, and to 
delivering those interventions that are of proven effec
tiveness. Although information about current services 
may already be available, it is likely that in addition to 
routinely collected data, it will be useful to carry out a 
survey to determine:

 ● How many and what sort of patients are currently 
being managed (i.e. demographic and clinical data)?

 ● Where are they being managed (i.e. in the hospital or 
community, in emergency departments, neurology, 
internal medicine, or geriatric medicine)?

 ● By whom are they being managed (i.e. general or fam
ily practitioner, neurologist, general physician)?

 ● How are they being managed (i.e. the process of care)?
 ● What resources are currently being used?

A community‐based register that identified all patients 
in the population who had a stroke or TIA would be an 
ideal but expensive and impractical way of answering 
these questions. A hospital‐based stroke register is a 
practical alternative that can help to answer most of the 
questions, although clearly it cannot provide detailed 
information about patients who are not referred to hos
pital. A register is an invaluable tool for monitoring the 
performance of services as well as planning them.

The simplest, quickest, and most practical approach is 
to carry out a survey of the current services against cer
tain standards. Those working within a service are often 
fully aware of its deficiencies, and their knowledge 
should not be ignored (although sadly it often is). This 
will only work where there is a willingness by the impor
tant parties to acknowledge deficiencies and to change 
practice. This approach can identify areas of strength 
and weakness, and may determine which area to concen
trate on first (e.g. Sentinel Audit, https://audit.rcplondon.
ac.uk/sentinelstroke).

Set up a hospital‐based stroke register to get some idea 
of the current state of the local stroke service – however 
fragmented and chaotic it is.

An honest, objective appraisal of services against some 
agreed standards by those involved in providing them, 
perhaps facilitated by an independent observer, may be 
the best stimulus for service development.



19 The organization of stroke services914

The immediate priorities for improving a service will 
also depend on how easily or cheaply particular prob
lems can be solved. For instance, poor standards of medi
cal assessment may be improved by the introduction of a 
protocol and education for junior medical staff with little 
implication for resources, while the provision of an occu
pational therapy department where there is none has 
major resource implications. Planning a stroke unit is 
likely to be less challenging in a well‐resourced hospital 
setting where reorganization of staff and work patterns is 
needed. However, the obstacles are formidable if the key 
staff members are not available, and even if they are, 
many staff do not like being reorganized without very 
good reason, much explanation, and proper support.

19.11.7 Role of primary prevention 
in improving stroke services

More than 70% of strokes are first events; their preven
tion would save huge amounts of financial and health
care resources, as well as avoiding disabilities. Primary 
prevention therefore offers an important cost and disa
bility saving strategy in the long run [135]. The relevance 
of primary prevention is clear in a study from Oxfordshire, 
UK, whiere the age‐specific incidence of major stroke 
came down by 40% over a 20‐year period in association 
with increase in the use of preventive treatments and 
decrease in cerebrovascular risk factors [15]. Staff with 
responsibility for stroke services are rarely in a position 
to greatly influence primary prevention policies so our 
focus is on stroke treatment and secondary prevention.

19.12  Evaluating and monitoring 
stroke services

We believe that the most reliable way of determining the 
relative effectiveness of interventions is an appropriately 
designed randomized trial where feasible, or a systematic 
review of more than one trial is available. This is not an 
option, of course, in the evaluation of a local stroke ser
vice rather than stroke services in general, so we have to 
rely on less robust methodologies.

Nonrandomized comparisons of the process of care, 
or of patient and carer outcomes achieved by services, 
are the only practical methods of evaluation. If one is set
ting up a new service in a hospital, the process, or out
comes, can be compared with those in a nearby hospital 
without a new service. Alternatively, one could measure 
the  process and outcomes achieved by the existing 
 service and then measure whether these are improved 
after the new service has been established (i.e. a before‐
and‐after study). However, such evaluations can be 
 misleading. They may demonstrate improvements (or 

worsening), or differences in the process or outcome of 
care, but they cannot provide reliable data to indicate 
that any changes are actually due to the new service. One 
cannot rely on such nonrandomized evaluations to influ
ence practice elsewhere, but they may fulfill important 
local functions. One could reasonably argue that, as long 
as the new  service is not much more expensive to run, it 
does not matter whether any improvements observed 
can be attributed directly to that service. Obviously, 
if  the new service was very costly, one would want 
 reassurance that the improvements had not occurred 
spontaneously. But if a nonrandomized evaluation 
 demonstrates either no improvement or even a worse 
outcome, it is difficult to know how to respond. Were 
the  changes due to the new service, in which case 
it  ought to be modified, or were they due to some 
 unforeseen confounding factor?

There are several other methodological problems 
affecting both randomized and nonrandomized compar
isons that need to be considered:

 ● Small numbers of patients: Sufficient numbers of 
patients should be included to avoid any change 
observed being accounted for by the play of chance or 
missing a real and worthwhile change.

 ● Observer bias in assessing the process or outcome: 
Often, the observers have an interest in the result of 
the evaluation, which may influence their judgments.

So what aspects of a service can we measure? The sim
plest way to monitor the service is to measure the amount 
and nature of work being carried out. Unfortunately, 
politicians and those who fund healthcare still place too 
much emphasis on the volume rather than quality of ser
vice. A stroke service may include some components 
(e.g. processes) for which there is little doubt of their 
effectiveness (e.g. aspirin for cerebral infarct, low‐risk 
carotid surgery). When assessing performance, it is 
therefore most important to monitor how well the ser
vice delivers those components whose effectiveness is 
established.

In assessing the quality of care (or “clinical audit,” as it 
tends to be called) one should consider three aspects of 
the service [136]: the structure, or facilities available; the 
process of care; and the outcomes for those treated.

19.12.1 Structure

From all that has been said above, it should be fairly obvi
ous that a stroke service needs certain essential facilities 
to provide all the components necessary to care for 
patients with stroke and TIA (see Tables 19.1 and 19.2). 
This makes the setting of standards and the measure
ment of performance for structure relatively straightfor
ward. Some basic standards (incorporated into Scottish 
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service standards; http://www.nhshealthquality.org/
nhsqis/1288.html) for structure might include:

 ● an identified individual who is responsible for the 
organization of stroke services;

 ● early access to a stroke unit;
 ● multidisciplinary staffing of the stroke unit 

(Section 19.6);
 ● early access to outpatient assessment by a specialist for 

patients who do not need admission to hospital (i.e. a 
“one‐stop” neurovascular outpatient clinic);

 ● prompt access to CT scanning;
 ● prompt access to noninvasive vascular imaging, and 

carotid surgery if necessary (Chapters 6 and 7);
 ● continuing care facilities, both community‐based and 

institutional.

However, care has to be taken in defining these  standards. 
For example, what does “prompt access” really mean, 
what is a specialist, what does a stroke unit consist of? 
One could very quickly fulfill a requirement for a stroke 
unit by simply relabeling a general medical ward, but of 
course one is unlikely to accrue the benefits of stroke 
unit care.

19.12.2 Process

Some aspects of the process of care are easily monitored 
(e.g. waiting times for appointments). It may be relatively 
easy to define a standard (e.g. patients with TIAs and 
ischemic strokes should be given aspirin to reduce the 
risk of further vascular events, unless there are contrain
dications), but for other procedures for which there is 
less scientific justification, it is more difficult. The lack of 
scientific justification can, and frequently is, overcome 
by using the combined views of recognized experts (i.e. a 
consensus). However, what appears to be a fairly straight
forward standard cannot be applied sensibly to every 
patient because, for example, they cannot comply with 
the assessment. This problem can be addressed by hav
ing a “no but …” clause attached to each standard (e.g. 
Sentinel Audit https://audit.rcplondon.ac.uk/sentinel 
stroke). This is essential for the process of care to be 
compared in different groups of patients.

Another difficulty is that, by directly observing the 
care, one is likely to alter its delivery (the so‐called 
Hawthorne effect). Also, direct observation is likely to 
be very costly if performed on all stroke admissions. 
The alternative is to audit the records of care, but this 
immediately raises the question of the validity of 
the medical record (i.e. whether the records reflect the 
actual care provided). However, most people would 
agree that good records probably do reflect good 
care  given, and that this is a reasonable method of 
measuring the process of care. The other methodological 

problems involved in audits of case notes are summarized 
in Table 19.20.

Although performance is being measured against some 
“ideal” standard, one is likely to want to compare the per
formance in the same service over time, or to compare 
performances between services. To do this meaningfully, 
it is necessary to have a valid and reliable measure of per
formance, to audit enough cases to produce statistically 
robust results, and to be able to take into account differ
ences in case mix between services or changes over time. 
The Stroke Audit Package was originally developed to 
overcome these methodological problems and enable 

Table 19.20 Important methodological issues in the audit of case 
notes.

Patient selection bias
The case notes audited should be a representative sample of all 
those treated (either a consecutive series or a random sample). 
Beware the missing notes because so often these patients are 
more “interesting” to somebody, perhaps because they had a 
rare form of stroke, or died
Case note retrieval bias
Poor‐quality case notes or those of dead patients may be more 
difficult to retrieve, which might bias the audit in a favorable 
direction. A high proportion retrieved is an important step in 
reducing bias [137]
Lack of precision
A sufficiently large number of case notes should be audited to 
provide a precise estimate of performance and to allow precise 
comparisons to be made with other centers, or with audits 
performed at different times in the same center
Observer bias
Auditors may have an interest in the result of the audit, which 
may influence their assessment of performance; blinded, or at 
least impartial, observers should be employed if possible
Poor interobserver reliability of measure
If the measure of performance is not reliable, then it will be 
more difficult to demonstrate real differences between centers. 
Also, if there is a consistent difference in the way an audit 
measure is applied by different auditors, this may produce 
invalid comparisons
Differences in case mix
A standard that is applicable to one patient may not apply to 
another. It is important that standards should be adjusted for 
differences in case mix

Monitoring the process of care by case note review 
raises a number of important methodological problems 
that must be addressed if one’s assessment is to be 
 useful and valid.
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valid comparisons to be made [138], but because this 
package only addressed a limited number of the more 
medical aspects of care, the Royal College of Physicians 
of London also developed the National Sentinel Audit, 
which includes other important aspects of care delivered 
by different members of the multidisciplinary team 
(https://www.rcplondon.ac.uk/projects/stroke‐improvement‐ 
national‐audit‐programme‐sinap).

19.12.3 Outcome

The term “outcome” is used in different ways and so 
causes confusion. Clinicians use the term to refer to the 
clinical outcome of the patient or carer. Outcomes there
fore include survival, functional status, complications, or 
less easily defined concepts such as quality of life. Others, 
particularly those with a management background, 
use the term “outcome” to refer to any result of an inter
vention (e.g. reduced waiting times or readmission 
rates).  In this section, we use “outcome” to refer to the 
clinical outcome of patients (i.e. physical, functional, 
cognitive, emotional, etc.).

Since the main aim of stroke services is to optimize the 
outcome for patients and carers, the measurement of 
outcome is obviously the most relevant criterion by 
which to judge the performance of a service. This recog
nition has prompted the development of outcome analy
ses such as Dr Foster’s notes (http://drfosterintelligence.
co.uk). Unfortunately, the use of outcomes to reflect the 
quality of care is the most challenging area of stroke 
audit. Although there have been recent trends to use 
more outcome data to infer care quality (http://www.
rcplondon.ac.uk/projects/stroke‐improvement‐national‐ 
audit‐programme‐sinap) there are many well‐known 
 difficulties still to be overcome [139–144]. Until they 
are,  those involved in providing and monitoring health 
services must be extremely careful not to misinterpret 
outcome data.

The observed outcome in a group of patients treated 
by a particular service will be determined by four 
factors:

 ● the quality and effectiveness of the care provided;
 ● the method of measurement of outcome (e.g. who is 

measuring it, and how?);
 ● chance (or random error);
 ● case mix (or mix of prognostic factors at baseline).

19.12.4 The quality and effectiveness of care

This is the aspect we hope outcomes will reflect. 
However, it is important to remember that most inter
ventions have  only small or moderate‐sized effects, 
which may be difficult to detect even in large randomized 
trials. For example, a wildly implausible 50% relative 

reduction in the death rate from 30% to 15% after the 
opening of a stroke unit would require a sample of 
200  patients both before and after its introduction to 
eliminate the effects of chance, and in itself would con
tribute nothing to the elimination of biases of various 
sorts. The impact of stroke unit care is far less than this 
(see Table 19.6).

There are several examples of studies of stroke unit 
services [95] where treatment in a hospital with a stroke 
unit was associated with improved outcomes even after 
adjusting for case mix. However, they were based on 
large patient samples of several thousands, and smaller 
studies have often failed to show a clear link between 
process and outcome [145].

19.12.5 The method of measurement 
of outcome

Many attempts to monitor the quality of service by meas
uring patient outcomes have relied on mortality data, 
presumably because they are often routinely available, 
reasonably objective, and may indicate where there are 
major problems. Unfortunately, mortality is unlikely to 
be influenced by many components of care (discharge 
planning being one obvious example). Some outcome 
measures that may better reflect the quality of care are 
shown in Table 19.21. They measure outcome at differ
ent levels of disease – pathology, impairment, activity, 
participation, and quality of life. It is important that they 
should have acceptable validity (i.e. they measure what 
they are intended to measure) and reliability (i.e. they are 
reproducible in different settings and when used by dif
ferent people).

A number of different types of scale have been devel
oped and used to measure outcome after stroke and 
there are a number of features that one should look for in 
choosing an outcome measure (Table 19.22) [147]. The 
measures of outcome after stroke can be loosely catego
rized under the following headings.

Stroke scales
So‐called “stroke scales” (e.g. the Scandinavian Stroke 
Scale, Canadian Stroke Scale, NIHSS) were largely 
developed to describe the severity of acute stroke and to 
monitor changes in the patient’s condition [149, 150]. 
Most concentrate on the type and severity of the neuro
logical impairments. They have been criticized for lack
ing relevance for patients, being complex and therefore 
impractical, and for summing “apples and pears” [147]. 
They rely on a clinical examination, although reduced 
scales can be completed from case notes [151]. We do 
not think they are particularly useful in evaluating 
stroke services, but they can be used as a measure of 
case mix.
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Table 19.21 Aspects of outcome that may be relevant in assessing stroke services, and some tools for measuring these outcomes.

Outcome Promising measurement tools

Survival Case fatality during a defined time period, e.g. at 30 days or 6 months after stroke onset
Complications Proportion of patients developing pressure ulcers or fractures; there are difficulties in defining these and 

reliably recording them; paradoxically, better services may identify more and record them more often
Residual impairments Probably not very useful, and not easily collected after hospital discharge
Mobility 10‐m walking speed
Arm function Nine‐hole peg test
Psychological outcome Hospital anxiety and depression scale

General health questionnaire
Many of the most disabled patients will not be capable of responding to measures of psychological 
outcome

Disability Barthel Index
Functional Independence Measure (FIM)
Three simple questions (see Figure 19.9)
Oxford Handicap Scale (also known as the modified Rankin Scale) – should be measured at a defined 
point after the stroke, e.g. 6 months; easily collected after hospital discharge

Handicap London Handicap Scale [146] – a difficult area with no well‐tested measures; the Oxford Handicap Scale 
does not really address handicap in isolation

Patient or carer satisfaction Hospsat and Homesat [102] – is this an outcome or process measure?
General health or health‐
related quality of life

Nottingham Health Profile
Short Form 36
Euroqol – potentially interesting because it could allow comparisons with other disease states; however, 
many stroke patients cannot complete the questionnaires because of cognitive problems

Table 19.22 Important features of scales for the measurement of outcome after stroke.

Validity, different types include:
 ● Criterion validity, when the measure is related to an accepted “gold standard”
 ● Construct validity, where the measure is related to existing measures of similar aspects of outcome
 ● Content (or face) validity, which relies on expert agreement that the measure is a reasonable reflection of what it is supposed to be 

measuring
There can be considerable difficulties in demonstrating the validity of a particular measure [148]
Reliability
This is the reproducibility of a measurement, most commonly between observers (interobserver reliability) and over time 
(intraobserver or test–retest reliability)
Relevance
The scale should measure some aspect of outcome that is relevant to the patient or carer as well as to the doctor. Thus, the size of a 
cerebral infarct on a CT brain scan is of little relevance, while patients’ ability to look after themselves is very important to the patient 
and carer
Practicality
Scales vary in their complexity and the time taken to complete an assessment. Studies of long‐term outcome involving hundreds of 
patients need very simple measures which can be completed by postal or telephone questionnaire, while smaller studies in hospital can 
afford to use more complex measures
Sensitivity
A scale should distinguish between patients who have different outcomes or detect important changes in a particular patient. Usually, 
more sensitive scales are more complex and unfortunately less reliable
Communicability
Ideally, the measure will mean something to other health professionals or even patients. It is more useful to know that a patient feels 
“fine” than to be told that their score on a particular stroke scale was 23 out of 100, for example
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Functional scales (activity)
These include measures of disability or dependence in 
ADL, such as the Barthel Index, the Nottingham ADL 
Scale, and the Functional Independence Measure (FIM) 
[153, 154]. Under this heading one could also include the 
so‐called extended ADL (EADL) scales, such as the 
Frenchay Activities Index and the Nottingham Extended 
ADL Scale [155–157], which identify whether patients 
are participating in more complex activities such as 
shopping, leisure, or work. These scales appear to meas
ure relevant aspects of outcome, although some demon
strate ceiling effects (e.g. the Barthel Index) and may not 
pick up problems in particular areas (e.g. communica
tion). Indeed, one can score maximum points on the 
Barthel and yet be blind, deaf, and mute. The scales are 
in general “ordinal,” so that care must be taken in choos
ing the appropriate statistical method to describe or 
compare groups of patients. Some of these scales are 
simple enough to incorporate into a postal or telephone 
questionnaire, and may therefore be used in large studies 
of long‐term outcome [158].

Handicap (participation)
Handicap, or its more acceptable converse, participation, 
is difficult to define and therefore difficult to measure, 
but is undoubtedly of relevance to stroke patients and 
their carers. The Oxford Handicap Scale (see Table 19.21), 
which is a modification of the Rankin Scale, sounds from 
its name as if it measures handicap, but it really measures 
a combination of symptoms, dependency, and change in 
lifestyle [159, 160]. However, it has been widely used, is 
relevant and simple enough to be used reliably over the 
telephone, and is therefore useful in large studies [161]. 
Precision of assessment can be improved by using a 
structured interview [162].

Quality of life
Like handicap, quality of life is difficult to define and thus 
measure. A large number of generic measures (otherwise 
known as multidimensional measures) have been devel
oped that attempt to measure outcomes in relation to 
various aspects, including physical function, psychologi
cal function, pain, and social function. They include the 
Short Form 36, Nottingham Health Profile, EuroQol, 
Sickness Impact Profile, Stroke Impact Scale, and the 
Assessment of Quality of Life (AQoL) instrument [163, 
164]. Most provide a profile of outcome rather than an 
overall measure, and group comparisons are therefore 
complex. However, the EuroQol and AQoL provide a 

single measure of “utility,” and researchers have made 
some head‐way in deriving summary scores for the other 
measures. Because they are generic (i.e. can be used across 
many different health states) they offer health economists 
and others the opportunity to compare the utility of dif
ferent health outcomes in different diseases. Some are 
long and complex (e.g. the Sickness Impact Profile) and 
are not suited to large‐scale studies in which face‐to‐face 
administration is not practical. Also, they all rely on 
patients’ views of their health status, which limits their 
use in patients with severe communication and cognitive 
difficulties. It is unclear how valid the  carers’ responses 
on behalf of the patient are to these questionnaires [165].

Three simple questions
“Three simple questions” can be used to categorize 
patients into those with poor, fair, and good outcomes 
after stroke (Figure  19.9) [108, 166]. This approach 
appears to be reasonably valid and reliable, and is cer
tainly practical when the outcome of very large numbers 

“Far better an approximate answer to the right question, 
which is often vague, than an exact answer to the wrong 
question, which can always be made precise” [152].

Is the patient alive?

‘Do you require help from anybody
for everyday activities?’

‘Has the stroke left you with
any problems?’

Yes

No

Yes

No

Yes

No

Dead

Poor

Indifferent

Good

Figure 19.9 “Three simple questions” that can be used to place 
stroke patients into four different outcome categories [168].

Like motherhood, quality of life is much admired, diffi-
cult to define, and even more difficult to measure.
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of patients needs to be measured. Further work is required 
to establish the optimal wording of the simple questions 
and to test them in different languages and  settings [167].

Patient satisfaction
Many healthcare systems are being influenced by market 
forces and the idea that patients are consumers. This has 
placed increasing importance on the satisfaction of our 
“clients” (i.e. patients) with their healthcare. Many health 
service managers regard patient satisfaction as being an 
important outcome, although some consider satisfaction 
to be a measure of process; measures of patient and carer 
satisfaction with hospital and home care have been 
developed [102].

Patient and carer satisfaction appears to reflect the 
process of care and the patients’ outcomes. Improvements 
in satisfaction have been observed in trials of occupa
tional therapy [169] and early supported discharge ser
vices [76]. As one would expect, those with poorer 
physical outcomes and depression are likely to report 
less satisfaction with care [170]. However, patients – 
particularly women and elderly patients – appear to have 
low expectations and are often satisfied with what 
 professionals would regard as poor treatment [71, 170].

When should we measure outcome?
Outcomes some months after the stroke are probably 
most relevant to patients, but are more difficult and 
expensive to measure than at an earlier stage. Many ser
vices monitor the patient’s functional status at the time of 
hospital discharge, and this information is easily and 
cheaply collected. However, because patients usually 
improve for several months after a stroke, the longer they 
stay in hospital the better their outcome at discharge. 
Furthermore, patients tend to be discharged at much the 
same level of disability. Thus, such measures are easily 
manipulated and difficult to interpret. It is far more rele
vant to measure the outcome at a fixed interval after 
the  stroke, but after discharge this will inevitably be 
more time‐consuming and expensive. However, some of 
the simpler measures can be completed by telephone or 
postal questionnaire [158, 161, 168]. Some measures (e.g. 
EuroQol), which seem ideally suited for use as postal ques
tionnaires, include visual analog scales, but these appear 
to be particularly unreliable in stroke patients [171].

How to score dead patients?
Because many patients die after stroke, outcome meas
urements can only be applied to the survivors. If these 
measures are averaged, and groups of patients compared, 
then there may be a serious problem of interpretation if 
there are more survivors in one group than in the other. 
Some attempt to get round this by giving the worst score 
to the dead patients and then including them in the 

 analysis but, depending on the scale used, this is not nec
essarily valid. One solution is to measure the proportion 
of patients who are “dead or disabled/handicapped,” but 
this may sacrifice sensitivity. Nevertheless, in studies 
including large numbers, such dichotomized outcomes 
may be adequate [172].

19.12.6 Chance (or random error)

With small numbers, the imprecision of the estimate of 
performance may prevent useful comparisons being 
made. Thus, it is important to measure outcomes in a 
large, representative sample of patients or carers. This 
has implications for the type of measure of outcome 
used, since it must be simple and practical to administer 
to large numbers, exactly as in large randomized trials. It 
may take several years for a hospital to accumulate 
enough data to provide precise estimates of outcome, for 
example, of its case fatality. Thus, there is likely to be a 
considerable delay between a change in the quality of 
care and any statistically significant change in measured 
outcomes. Although large observational studies [173] 
have shown a relationship between organization of care 
and survival, the confidence interval around the esti
mates of case fatality are surprisingly wide, especially 
after adjustment for confounding factors. We suggest 
that power calculations should be performed (as for 
 randomized trials) before instigating any audit to dem
onstrate changes in the outcomes following modifica
tion of a service.

Although the evidence that institutions with greater 
throughput have better outcomes is inconclusive (e.g. for 
carotid endarterectomy), one argument for stipulating a 
minimum patient volume per year is to ensure that 
measures of performance can be reasonably precise. If 
one’s local surgeon performed 50 operations in the pre
vious year, with only two deaths or perioperative strokes, 
this is a very acceptable 4% complication rate. However, 
the 95% confidence interval extends up to a very unac
ceptable 14%. It is therefore difficult to know with any 
certainty whether one’s local surgeon has results that 
make carotid endarterectomy worthwhile.

When planning an audit, estimate the likely number of 
cases that will need to be included in order to identify a 
difference reliably (i.e. do a power calculation).

If outcomes are measured in a relatively small number of 
patients or carers, bad outcomes may reflect bad luck 
rather than bad care, while conversely, good outcomes 
may reflect good luck rather than good care.
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19.12.7 Case mix

The most important determinant of outcome is probably 
not the quality or even the effectiveness of care, but the 
type of patient treated. The patient’s age, prestroke sta
tus, comorbidities, and the severity of the stroke are 
bound to have an overwhelming effect on the outcome, 
and may well obscure any real effect that our treatments 
may have. That is why large randomized trials are 
required to demonstrate modest treatment effects.

Case mix can vary considerably in different services and 
in the same service over time, which means that raw out
come data simply cannot be used to reflect the quality or 
effectiveness of care; they have to be adjusted for differ
ences in case mix. Unfortunately, this assumes that we 
know how to adjust for case mix in stroke, which is not 
truly the case. Good case mix descriptors include those 
factors that are highly predictive of outcome. But as we 
have already seen, our ability to predict outcome after 
stroke, even in terms of survival, is relatively poor 
(Chapter 11). Also, we can only correct for those prognos
tic factors that we can identify and measure reliably. After 
all, we rely on randomized controlled trials to provide evi
dence of the effectiveness of interventions simply because 
randomization ensures that the different treatment groups 
are balanced for recognized, unrecognized, and unmeas
urable prognostic factors and that the treatment alloca
tion is not biased. In the report comparing outcomes after 
stroke in Scottish hospitals, the only prognostic factors 
that were routinely collected, and could therefore be 
adjusted for, were age, sex, and social deprivation [144].

If more powerful predictive factors are taken into 
account, most of the variation between hospitals with 
respect to case fatality disappears and can be accounted for 
by chance alone [144]. Unfortunately, these variables are 
not routinely available to allow such adjustment. If varia
tions in outcome remain, it is impossible to know whether 
they are due to failure to completely adjust for case mix, or 
some aspect of the care given [88]. In accounting for ran
dom variation, one must also recognize the imprecision 
of any statistical model used, which will depend on the 
size of the cohort from which the model was derived.

The problems of adjusting for case mix are even greater 
if one considers other relevant outcomes such as quality 
of life, where we know almost nothing about the factors 
that predict this. Before we use outcomes to reflect the 
effectiveness and quality of care, and to alter services as a 
consequence, we have to develop reliable methods of 
interpreting them. It will be interesting to see whether 
this will ever be possible.

Rather than attempting to interpret measures of out
come at a particular interval after the stroke, the change 
in the patient’s condition can be used as an “outcome.” 
For example, some research groups have used the FIM to 
assess patients on admission to and discharge from a 
treatment program. Any change in the FIM might be 
considered, at least in part, to be a measure of the effec
tiveness of the treatment program, although most of the 
improvement may actually be spontaneous. The change 
in FIM can be divided by some measure of the amount of 
treatment provided (e.g. length of stay), to give an idea of 
“efficiency.” Unfortunately, differences in case mix such 
as age, severity, and location of the brain lesion and other 
medical problems, as well as the interval since the stroke, 
are likely to influence the rate of change in the FIM. To 
interpret the change in the FIM as a reflection of effec
tiveness or efficiency would therefore still require a 
measure of case mix [174]. Another problem is that 
measures such as the FIM are not “interval” scales (see 
Table 19.20). A change of 10 points at one end of the scale 
is therefore not equivalent to a 10‐point change at the 
other. This makes changes in score difficult to interpret.

19.12.8 A practical approach

Given the limitations of using structure, process, or out
come measurement, it is probably best not to rely on any 
one method, but to use a combination. This has the 
advantage of reflecting most aspects of the service. Also, 
if one relies on only a small number of performance indi
cators, it can have a number of adverse effects on health 
services. Effort and resources may be directed at improv
ing one service or one aspect of a service, to the detri
ment of other areas (so‐called “measure fixation”).

Clinicians and managers whose income or reputations 
depend on the indicators may alter their practice (e.g. 
refuse to treat sicker patients) or manipulate data to 
enhance their apparent performance (i.e. gaming). For 
instance, by altering the coding of factors used to adjust 
for case mix (e.g. stroke severity), the expected mortal
ity for one’s patients can be increased and thus one’s 
apparent performance improved (i.e. the observed/
expected mortality ratio). One of the best examples of 
such gaming was following the publication of institu
tion‐specific and surgeon‐specific death rates for car
diac surgery in New York [175]. The reported proportion 
of patients with comorbidities, such as renal failure and 
chronic obstructive pulmonary disease, which were 
used to adjust outcomes for case mix, increased several‐
fold over 2 years. It is highly unlikely that the type of 
patient had changed. The surgeons were simply report
ing more comorbidity.

Whatever measures are used it is important that the 
audit covers all stroke patients, not just those admitted 

Crude measures of patient outcome do not necessarily 
reflect the quality or effectiveness of the care provided. 
Even adjusting for case mix may not solve this problem.
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to a stroke unit. We suggest the following approach to 
assessing the quality of stroke services, although this is 
likely to change as our understanding improves:

1) Perform a structural audit to ensure that services 
include access to the facilities shown in Table 19.7.

2) Assess the process of care by performing a regular 
audit of a representative sample of case notes using a 
well‐tested and reliable audit instrument that will allow 
comparisons to be made with other units, or in the 
same unit over time (see http://www.rcplondon.ac. 
uk/projects/stroke‐improvement‐national‐audit‐ 
programme‐sinap).
The results should identify where the problems lie [142]. 
Also, by setting challenging targets one could use this 
approach to drive forward improvements in services.

3) Collect any outcome data that purchasers or commis
sioners of the stroke service require. Keep these sim
ple, to minimize the cost and because they are likely 
to be easier to interpret. Any interpretation will 
require more complex data about the patients treated 
by the service. The case mix and outcome data 
together could form the basis for a minimum data 
set; our suggestions are outlined in Table 19.23 and 
include those variables that we have found useful in 
predicting outcomes after stroke (Chapter 11). These 
items include some demographic data, which are usu
ally collected routinely (e.g. age, marital status) and 
which are likely to relate to outcome. Prestroke func
tion, which will also reflect comorbidity, relates 
closely to functional outcome, and, to a lesser extent, 
increases the risk of death. Other possible indicators 
of stroke severity are level of consciousness, urinary 
incontinence, severity of motor weakness, or the pro
portion of patients with total anterior circulation syn
dromes (Chapter 11).
Poor outcomes may at best reflect poor care, but do 
not – unlike audits of process – identify the areas in 
which the service needs to be improved.

4) Monitor the frequency of complications after stroke. 
Although this is unlikely to provide any quantitative 
information about the quality of care, the data might be 
used to identify problems. For example, a high or rising 
proportion of patients with pressure sores may indicate 
inadequate numbers of nurses, poor‐quality nursing 
care, or delays in discharging dependent patients. 
Unfortunately, there are considerable problems in 
defining complications and in providing reliable diag
nostic criteria to allow monitoring [22, 176, 177]. A sys
tem of critical incident recording might focus on these 
and other problems and provide a simple indicator that 
the service may be performing poorly.

5) Provide an environment in which the identification of 
problems is encouraged and not penalized. Informal 

judgments that “there may be a problem with quality” 
made by those working within a service or using a ser
vice may be as sensitive a method of identifying major 
problems as any of those discussed above. This 
approach will only be effective if those working within 
a service are objective and honest and if the system 
does not punish healthcare workers, but encourages 
everyone constantly to provide better services.

6) Develop a system to provide an external and inde
pendent review of services by professionals from 
another center. This can usefully identify problems 
that need to be resolved.

Table 19.23 Minimum data set for stroke. This reflects known 
factors that influence the outcome after stroke and also data that 
may be routinely available to health service workers.

Case mix data
Age
Sex
Marital status, or living alone before the stroke
Prestroke function, i.e. was the patient independent in 
activities of daily living?
Stroke severity:
Conscious level (normal or reduced?)
Can the patient talk?
Is the patient oriented in time, place, and person?
Severity of weakness – can he or she lift an affected limb 
against gravity?
Can he or she walk independently?
Urinary incontinence during first week after the stroke?
Process
Number of physicians responsible for stroke care–a lower 
number suggests more specialization
Proportion of patients discussed by a multidisciplinary team
Proportion of patients managed on a stroke unit
Proportion of patients having CT or magnetic resonance scans
Proportion of patients with ischemic stroke on aspirin at 
discharge
Proportion of patients with ischemic stroke and atrial 
fibrillation on anticoagulants at discharge
Carotid imaging for appropriate patients
Delays to accessing the above items
Outcomes
Survival at 30 days
Independence/dependence in activities of daily living at 6 
months
Complications, e.g. pressure ulcers
Place of residence at 6 months

It is essential that politicians and health service manag-
ers understand the difficulties in interpreting measures 
of process and outcome, and their limitations. They must 
not make important decisions about the distribution of 
resources on the basis of simplistic analyses of crude 
data. However, large discrepancies in the apparent 
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19.13  Stroke guidelines

In recent years, huge numbers of guidelines have been 
written about how to manage stroke patients [19–21, 
178]. These are intended to describe best practice in the 
most common clinical situations, and not necessarily 
how every individual patient should be treated. They 
provide useful standards against which at least the 
 process of care can be monitored. In the past, guidelines 
have been based on incomplete and thus potentially 
biased and misleading assessments of the evidence for 
the effectiveness of interventions. However, the method
ology for guideline development is becoming increasingly 
rigorous (http://www.gradeworkinggroup.org), with rec
ommendations being based on systematic reviews of 
the  literature. There are standards against which one 
can  assess the quality of a clinical guideline (Scottish 
Intercollegiate Guidelines Network No. 50; http://www.
show.scot.nhs.uk/sign/home.htm).

If guidelines are to improve clinical practice, it is 
important that they are effectively implemented. Several 
factors have been identified (Table  19.24) that may 
improve practice in accordance with guidelines [179].

19.14  Integrated care pathways

Clearly, a multifaceted approach must be taken to ensure 
that stroke patients are managed in line with guidelines 
unless there is a valid reason to deviate from them in an 
individual patient. One approach that is increasingly 
used in stroke units is the integrated care pathway, which 
often facilitates local activities that are very likely to 
increase adherence to guidelines.

The development of integrated care pathways usually 
requires local scrutiny of available guidelines and discus
sion of how patients should be managed, and introducing 
them involves local educational sessions. They usually 
incorporate patient‐specific reminders (i.e. guidance on 

how to manage common problems). They are often a 
focus of local audits, which measure the degree of compli
ance with the pathways and the reasons for any devia
tions, and feed these back to the staff in the unit. There is 
no robust evidence from randomized trials that integrated 
care pathways lead to better patient outcomes, although 
they may at least improve documentation [180, 181].

19.15  Impact of a comprehensive 
stroke service

When making the case for establishing and maintaining 
a comprehensive stroke service, it is worth considering 
the potential impact that such changes may bring. The 
following arguments justify establishing and maintaining 
a comprehensive stroke service:

 ● Clinical standards and guidelines: Many countries 
now have standards or guidelines that require service 
components to be in place (e.g. stroke units) (see 
Table 19.7).

 ● Quality of care: Many clinical standards cannot be 
adequately met without having a coordinated service 
in place (e.g. coordinated multidisciplinary team care).

 ● Patient outcomes: Table 19.25 outlines an estimate of 
the potential impact of a comprehensive stroke service 

performance of different stroke services should trigger a 
detailed enquiry into the possible explanation. Also, it is 
important not to use the results of a nonrandomized 
evaluation of a local stroke service to guide service 
development elsewhere.

Table 19.24 Factors associated with a greater chance 
of improving practice in accordance with guidelines.

Consistently effective interventions
Educational outreach visits (for prescribing in North America)
Patient‐specific reminders (manual or computerized)
Multifaceted interventions (a combination that includes two or 
more of the following: audit and feedback, reminders, local 
consensus processes, or marketing)
Interactive educational meetings (participation of healthcare 
providers in workshops that include discussion or practice)
Interventions of uncertain effectiveness
Audit and feedback (or any summary of clinical performance)
The use of local opinion leaders (practitioners identified by 
their colleagues as influential)
Local consensus processes (inclusion of participating 
practitioners in discussions to ensure they agree that the 
chosen clinical problem is important and the approach to 
managing the problem is appropriate)
Patient‐mediated interventions (any intervention aimed at 
changing the performance of healthcare providers for which 
specific information was sought from or given to patients)
Interventions that have little or no effect
Educational materials (distribution of recommendations for 
clinical care, including clinical practice guidelines, audiovisual 
materials and electronic publications)
Educational meetings (such as lectures)

Adapted from Davis et al. 1999 [148].

When one has to decide whether to implement clinical 
guidelines, it is important to assess the methodological 
rigor with which they were developed. Failure to do so 
could lead to the adoption of ineffective or even harmful 
practices.
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using data from systematic reviews of randomized tri
als. The figures are approximate, and assume that your 
patient population is similar to those in the clinical tri
als. However, they do reveal the potential impact in 
clinical outcomes. The stroke unit component of these 
estimates is also supported by epidemiological obser
vations that implementing stroke unit care improves 
stroke recovery [94, 95, 101].

 ● Cost‐effectiveness: Research into the cost‐effectiveness 
of stroke services indicates that not only may they be 
cost‐neutral but they may actually save money to soci
ety in general. For this reason it is worth considering in 
more detail the cost‐effectiveness of stroke services.

19.16  Cost‐effectiveness 
of stroke services

Because of its high frequency in most populations, the 
resulting severe disability and the need for prolonged 
institutional care, stroke places a very considerable 
financial burden on most societies (Section  19.1.1). 
Therefore, when planning stroke services it is important 
not only to aim for maximum effectiveness, in terms of 
achieving the best possible outcomes for the patients and 
their families, but also to do this as efficiently as possible. 

As we have seen, there is little reliable information about 
the effectiveness of many interventions, but there is even 
less about the relative costs of treatment. One can use 
several different types of economic analysis to relate the 
effect of treatment and its associated costs (Table 19.26). 
Ideally, data for both the effectiveness and the costs of 
treatment should come from the same study, but are 
rarely available. More often, we have to use data from a 
variety of sources. Also, any conclusions from economic 
analyses are likely to be very sensitive to the assumptions 
made and to whether both direct and indirect costs are 
estimated.

Hospital care accounts for most of the direct costs 
associated with acute stroke, at least in countries with 
sophisticated healthcare systems [6–8, 182]. Figure 19.10 
shows the relative size of the components of the cost of 
hospital care for acute stroke patients in one of our insti
tutions. It appears that at least in the British model of 
care, and probably in other models as well, most of the 
direct hospital costs are accounted for by nursing salaries 
and hospital overheads, with relatively little being spent 
on investigation or specific treatments [3, 7, 8, 183, 184]. 
Even in the US, where patients stay in an acute hospital 
for only a few days, assessment, investigations, and treat
ment account for less than half of the costs, and the 
length of stay is the most important predictor of hospital 

Table 19.25 Potential impact of components of a comprehensive stroke service for a hypothetical population of 1 000 000 people (with 
3500 cerebrovascular patients per year; 1000 with transient ischemic attack (TIA) and 2500 with stroke).

Component

Extra independent 
survivors per year 
if all patients were eligible 
for treatment

Proportion 
of the 
population 
eligible for 
treatment

Actual health gain 
in the stroke population 
(per year)

AssumptionsSurvivors
Independent 
survivors Survivors

Independent 
survivors

Thrombolysis service
(rt‐PA within 0–3 h)
(rt‐PA within 3–4.5 h)

0
0

280
125

20% 0 40 20% of stroke population are 
eligible (10% 0–3 h and 10% 
3–4.5 h)

Mechanical 
thrombectomy

0 320 10% 0 32 Based on meta‐analysis

Very rapid‐access TIA/
minor stroke service

(1) (25) All TIA
10% of stroke

<1 20 One quarter of preventable early 
recurrent strokes are disabling

Comprehensive stroke 
unit

75 125 80% 60 100 Most stroke patients are eligible

Early supported 
discharge service

0 125 30% 0 40 About half of the stroke patients 
are eligible

Later rehabilitation 
service

0 (20) 30% 0 6 Based on estimate of possible 
impact

Total – – – 60 206

The data presented are calculated from systematic reviews of services [32, 36, 70, 105, 108, 109] or from projections of other data (figures in 
parentheses).
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costs [185]. Thus, the cost to the health service of man
aging a patient with stroke is highly dependent on the 
length of hospital stay – assuming that the intensity of 
nursing input remains constant [186].

Interventions that promote more rapid or complete 
recovery may be very cost‐effective, as long as they 
are  not themselves very expensive. An analysis of the 
cost‐effectiveness of stroke unit care suggested that bet
ter patient outcomes could be achieved with at worst 
moderate increases in costs (and at best small decreases 
in cost), and that stroke unit care was more cost‐effective 
than that in general medical settings [187]. Thus, it 
seems likely that by providing better‐coordinated stroke 
care in units, the cost of managing a patient with stroke 
in hospital can be reduced.

Attempts to restrict or rationalize the use of investiga
tions or drug therapies can only have a marginal effect on 
the overall hospital costs. Several nonrandomized stud
ies from the US have shown that the introduction of care 
pathways for stroke patients can reduce hospital costs 
(or charges), mainly by reducing length of stay [183, 188–
190]. A policy of accelerated discharge appears to reduce 
the per capita costs considerably, although – depending 
on funding arrangements – this is likely to be transferred 
onto another budget (e.g. community care and families) 
[76]. In fact, the evidence available from randomized 
 trials suggests that early supported discharge schemes 
are marginally cheaper overall than more prolonged 
 hospital‐based rehabilitation (Section 19.7.1).

A practical approach to monitoring the cost‐ 
effectiveness of a stroke service might include  collecting 
data about the total length of stay in hospital (i.e. in both 
the acute and rehabilitation units) since this appears 
to  be – at least in some countries – a reasonable 
 reflection of direct hospital costs [6–8, 184]. However, 
note would have to be taken of any major changes in 
nursing costs or those related to investigations and 

Table 19.26 Some terms used in health economics.

Types of economic analysis
Cost minimization refers to situations in which the health 
outcomes are similar in different treatment groups and the 
analysis aims to identify which group is associated with lower 
costs, i.e. what is the most efficient way of achieving a 
particular goal
Cost‐effectiveness aims to relate improvement in health 
outcome using natural units (e.g. life years gained, recurrent 
strokes avoided) to the cost of achieving those outcomes
Cost utility analyses relate improvement in health outcome 
expressed in terms of non‐financial value of the gain in health 
outcome (e.g. quality‐adjusted life years, health‐years 
equivalents)
Cost–benefit analyses simply relate to the overall cost in 
financial terms of competing strategies; for example, the 
benefits from a treatment are expressed in the reduction in 
expenditure that would result
Types of direct costs
Health service costs: staff time, medical supplies, hotel 
services, use of capital equipment (including depreciation, 
interest paid) and overheads, e.g. heating, lighting; some costs 
are fixed (i.e. independ of activity), while others are variable 
(e.g. dependent on number of patients treated)
Costs borne by patients and relatives: transport to visit, cost of 
home care
Costs borne by other agencies and society generally: social 
services providing home care or nursing home care
Types of indirect costs
Loss of income for patient or family members
Loss of production for society
“Cost” of psychological distress or pain suffered
These costs are impossible to put a financial value on, except in 
the law courts
Other terms
Discounting puts greater value on costs or savings now 
compared with the same costs or savings that might accrue in 
the future
Marginal costs refer to the extra costs incurred in providing 
more service. The cost per extra operation may be quite 
different from the average cost per operation overall
Charges that may be levied by an organization providing 
healthcare, which may include profit or which may be 
subsidizing another service, are distinct from costs
Sensitivity analyses are used to take account of uncertainty 
about the costs and effectiveness of treatments. The 
components of the evaluation are varied to examine any effect 
on the conclusion of the economic analysis

Doctoring 19%

Therapy 31%

Drugs 10%

Investigation
40%

Overheads
14%

Nursing
81%

Other
5%

Figure 19.10 The proportion of direct hospital costs attributable 
to different aspects of care provided in Edinburgh, Scotland. These 
data relate to a period before stroke services were organized. The 
development of a stroke team and unit may have altered the 
proportions, although probably not by very much [184].

Because most of the cost of stroke care in hospital is 
accounted for by nursing services and overheads, it does 
not make sense to waste time arguing about even quite 
large changes in the cost of investigations and 
treatments.
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treatment. The length of stay needs to be interpreted 
in the light of data about the destination on discharge 
and the patient’s functional status. It is easy to reduce 
the length of stay by discharging patients into nursing 
homes instead of to their own homes, and by  discharging 
more severely dependent patients into the community, 
but this adds to the costs (financial, physical, and 
 emotional) to the family and social services. Except for 
billing purposes, setting up systems for collecting 
detailed data about exactly what investigations, drugs, 
and therapy patients receive would be time‐consuming 

and expensive, and would probably provide little extra 
information about the overall cost of care. Reducing 
the length of stay by just one day would probably 
pay for all of the average patient’s basic investigations 
and drugs.
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20.1  The impact of stroke

The impact of stroke on the individual, their carer(s), and 
the population can be measured by the incidence of 
stroke (the number of new cases of stroke each year), the 
prevalence of stroke (the number of stroke survivors in 
the community), and the outcome of stroke in terms of 
mortality, disability, years lived with disability (YLD), 
and disability‐adjusted life years lost (DALYs).

In this chapter, we discuss strategies to reduce the 
impact of stroke and improve public health. We also dis-
cuss how these strategies may impact on a hypothetical 
population of 1 million people. The metrics discussed 
below will vary among different race‐ethnic groups.

20.1.1 Incidence

In 2013, the global age‐adjusted incidence rate per 
100 000 people was about 115 (95% uncertainty interval 
[UI] 107–123) for ischemic stroke, 54 (50–58) for hem-
orrhagic stroke, and about 170 for all stroke [1, 2]. This 
meant the addition of 10.3 million new strokes (67% 
ischemic) to the world population of 7.15 billion in 2013, 
or about 1400 new strokes per million people.

20.1.2 Prevalence

In 2013, the global age‐adjusted prevalence rate per 
100 000 people was about 299 (95% UI 290–309) for 
ischemic stroke, 117 (113–120) for hemorrhagic stroke, 
and 415 per 100 000 for all stroke [1, 3]. This resulted in 
almost 25.7 million prevalent stroke survivors (71% with 
ischemic stroke) in the world in 2013.

20.1.3 Outcome

Mortality
The case fatality rates after all stroke are about 15% at 
one month, 25% at 1 year, and 50% at 5 years [4].

Stroke is the second leading cause of death in the 
world, behind ischemic heart disease [5]. It is also the 
third leading cause of years of life lost due to premature 
mortality (YLLs).

In 2013, the global age‐adjusted mortality rate per 
100 000 people was about 57 (95% UI 49–63) for ischemic 
stroke, 53 (48–62) for hemorrhagic stroke, and 110 (95% 
UI 102–122) for all stroke [1]. The age‐adjusted mortal-
ity rate per 100 000 people was about 67 (62–78) in 
developed countries and 137 (125–150) in developing 

20

Reducing the impact of stroke and improving public health
Graeme J. Hankey1 and Philip B. Gorelick2,3,4

1 Medical School, The University of Western Australia and Department of Neurology, Sir Charles Gairdner Hospital, Perth, Western Australia
2 Department of Translational Science & Molecular Medicine, Michigan State University, Grand Rapids, MI, USA
3 Davee Department of Neurology, Northwestern Feinberg School of Medicine, Chicago, IL, USA
4 Department of Neurology and Rehabilitation, University of Illinois College of Medicine, Chicago, IL, USA

CHAPTER MENU

20.1 The impact of stroke, 933
20.2 Strategies to reduce the impact of stroke and improve public health, 934
20.3 Treatment of acute stroke – to minimize death and disability, 934
20.4 Prevention of recurrent stroke among individuals with prior stroke or transient ischemic attack, 936
20.5 Prevention of first‐ever stroke among high‐risk individuals and the general population, 940
20.6 Translating evidence into practice, 946
20.7 Conclusion, 946



20 Reducing the impact of stroke934

countries [1]. This meant there were 6.5 million deaths 
from stroke (51% died from ischemic stroke) in the world 
(population 7.15 billion in 2013), or about 910 deaths per 
million people.

Disability
About 40% of stroke survivors are disabled and depend-
ent on another for help with activities of daily living 
(modified Rankin Scale [mRS] score 3–5) between one 
month and 5 years after stroke; 20% were disabled before 
the stroke [4].

Stroke is the third leading cause of DALYs – the sum of 
YLLs and YLDs – worldwide [6].

In 2013, the global age‐adjusted DALYs rate for stroke 
per 100 000 people was about 1800 (95% UI 1670–1990) 
[1]. This realized 113 million DALYs due to stroke (58% 
due to ischemic stroke) in the world population of 7.15 
billion in 2013, or about 15 800 DALYs per million 
people.

In a population of one million, about 770 (65%) of the 
1400 individuals with an incident stroke each year are 
likely to have died (25%, n = 350) or be disabled (40%, 
n = 420) at 1 year after the stroke [4].

20.2  Strategies to reduce 
the impact of stroke and improve 
public health

There are two main strategies to reduce the impact of 
stroke and improve public health. First, to effectively 
treat patients with acute stroke to minimize death and 

disability and second, to prevent first‐ever stroke and 
recurrent stroke [7].

20.3  Treatment of acute stroke – to 
minimize death and disability

There are five treatments for acute ischemic stroke that 
effectively reduce death and disability: thrombolysis, 
endovascular thrombectomy, aspirin, organized multi-
disciplinary care in a stroke unit, and decompressive 
hemicraniectomy (Table 20.1).

20.3.1 Thrombolysis

Thrombolysis with intravenous alteplase (recombinant 
tissue plasminogen activator [rt‐PA]), initiated within 
4.5 hours of ischemic stroke onset increases the chance 
of achieving an improved level of function for patients 
across the age spectrum, including those over 80, and 
across all severities of stroke studied, but the earlier that 
treatment is initiated, the greater the benefit.

<3 hours
Thrombolysis with alteplase within 3 hours of ischemic 
stroke (mean delay 2.3 hours) is associated with a reduc-
tion in death or dependency (mRS 3–6), from 67.5% (con-
trol) to 57.5% (rt‐PA); absolute risk reduction (ARR): 
10.0%; relative risk (RR): 0.77, 95% confidence interval [CI] 
0.67–0.87 (see Table 20.1), or an improvement in survival 
free of dependency (mRS 0–2 [vs. 3–6] from 32.5% control 
to 42.5% alteplase, RR 1.30, 95% CI 1.14–1.48) [8, 9].

Table 20.1 Summary of the effectiveness of treating 1400 new (incident) stroke patients each year in a population of one million people.

Strategy/
Intervention

Target  
population  
(% of all stroke 
patients)

Death or dependency 
(mRS 3–6)

Control Intervention
Relative risk
(95% CI)

Absolute 
risk 
reduction 
(ARR)

No. of dead and 
dependendent 
stroke survivors 
avoided per year in 
a population of one 
million

% of 770 dead and 
dependendent stroke 
survivors avoided per 
year in a population 
of one million

Thrombolysis 170 (12%) <3 h 67.5% 57.5% 0.77 (0.67–0.87) 10.0% 17 2.2
<6 h 58.0% 54.3% 0.92 (0.87–0.97)

Endovascular 
thrombectomy

140 (10%) <6 h 70.2% 52.5% 0.63 (0.55–0.71) 17.7% 25 3.2

Aspirin 1120 (80%) 46.2% 45.0% 0.95 (0.91–0.99)b 1.2% 13 1.7
Stroke unit 1120 (80%) 61.5% 56.2% 0.79 (0.68–0.90)b 5.3% 59 7.6
Hemicraniectomy 28 (2%) 87.1%a 73.3%a 0.63 (0.41–0.98) 13.8% 4 0.5

mRS, modifed Rankin Score; CI, confidence interval.
a mRS 4–6.
b Odds ratio.
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Ordinal analysis reveals that treatment with alteplase 
within 3.0 hours (average 2 hours 20 minutes) was asso-
ciated a net benefit for 122 patients (95% CI 61–171) per 
1000 treated as measured by any improvement in 1 or 
more divisions of the mRS (shift analysis) [8, 9].

3–4.5 hours
Thrombolysis with alteplase within 3–4.5 hours of 
ischemic stroke (mean delay 3.9 hours) is associated with 
a reduction in death or dependency, from 56.0% (con-
trol) to 53.8% (rt‐PA); ARR 2.2%; RR 0.95, 95% CI 0.88–
1.03; or an improvement in survival free of dependency 
(mRS 0–2 [vs. 3–6] from 44.0% control to 46.3% alteplase, 
RR 1.05, 95% CI 0.97–1.14) [8, 9].

<4.5 hours
Thrombolysis with alteplase within 4.5 hours of ischemic 
stroke (mean delay 3 hours 20 minutes) resulted in a 
good outcome (mRS 0–1) for 744 (34.4%) of 2162 patients 
who received alteplase versus 608 (27.6%) of 2199 who 
received control (RR 1.24, 95% CI 1.13–1.36; absolute 
rate increase [ARI] 6.8%); (RR 0.80, 95% CI 0.73–0.88 for 
not a good outcome) [8, 9].

For patients treated within 4.5 hours, the absolute 
increase in the proportion (6.8% [4.0–9.5%]) achieving 
an mRS of 0 or 1 (excellent outcome) exceeded the abso-
lute increase in risk of fatal intracerebral hemorrhage 
(2.2% [1.5–3.0%]) and the increased risk of any death 
within 90 days (0.9% [−1.4% to 3.2%]) [10].

Ordinal analysis reveals that treatment with alteplase 
within 4.5 hours (mean 3 hours and 20 minutes) was 
associated with a net benefit for 55 patients (95% CI 
13–91) per 1000 treated as measured by any improve-
ment in 1 or more divisions of the mRS. Neither age nor 
stroke severity significantly influenced the slope of the 
relationship between benefit and time to treatment 
initiation.

<6 hours
Thrombolysis with alteplase within 6 hours (mean delay 
4.0 ± 1.2 hours) of ischemic stroke is associated with a 
reduction in death or dependency, from 58.0% (control) 
to 54.3% (rt‐PA); ARR 3.7%, RR 0.92, 95% CI 0.87–0.97, 
which equates to an improvement in survival free of 
dependency (mRS 0–2 [vs. 3–6] from 42.0% control to 
45.7% alteplase, odds ratio [OR] 1.16, 95% CI 1.05–1.28) 
(see Table 20.1) [8, 9].

Alteplase increased the odds of type 2 parenchymal 
hemorrhage (occurring in 231 [6.8%] of 3391 patients 
allocated alteplase vs. 44 [1.3%] of 3365 patients allo-
cated control; OR 5.55 [95% CI 4.01–7.70]; absolute 
excess 5.5% [4.6–6.4]); and of fatal intracerebral hemor-
rhage (91 [2.7%] of 3391 vs. 13 [0.4%] of 3365; OR 7.14 
[3.98–12.79]; absolute excess 2.3% [1.7–2.9]). The pro-

portional increase in intracerebral hemorrhage was 
similar irrespective of treatment delay, age, or baseline 
stroke severity, but the absolute excess risk of intracer-
ebral hemorrhage increased with increasing stroke 
severity.

Ordinal analysis reveals treatment with alteplase 
beyond 4.5 hours (mean 5 hours 20 minutes) was associ-
ated a net benefit for only 20 patients (95% CI −31–75) 
per 1000 treated as measured by any improvement in 
one or more divisions of the mRS [8, 9].

If 12% (n = 170) of the 1400 cases of acute stroke that 
occur each year in a population of one million and who 
are eligible for intravenous alteplase [11, 12] could be 
treated within 3 hours of stroke onset with thrombolysis, 
the number dead or dependent could be reduced by 17 
(170 × 10.0% [ARR]), which is about 2% of all 770 new 
cases of death and dependency due to ischemic stroke 
each year in a population of one million (see Table 20.1).

20.3.2 Endovascular thrombectomy

Moderate to high‐quality evidence from 10 open‐label 
randomized controlled trials (n = 2925) suggests that, 
compared with medical care alone in a selected group of 
patients, endovascular thrombectomy as add‐on to 
intravenous thrombolysis performed within 6–8 hours 
after large‐vessel ischemic stroke in the anterior circula-
tion provides beneficial functional outcomes, without 
increased detrimental effects.

The more recent studies (seven randomized controlled 
trials, published or presented in 2015) proved better 
suited to evaluate the effect of adjunctive intra‐arterial 
mechanical thrombectomy on its index disease owing to 
more accurate patient selection, intravenous rt‐PA being 
administered at a higher rate and earlier, and the use of 
more efficient thrombectomy devices. In most of these 
studies, more than 86% of the patients were treated with 
stent retrievers, and rates of recanalization were higher 
(>58%) than previously reported.

Random allocation to open‐label intravenous alteplase 
plus adjunctive intra‐arterial mechanical thrombectomy 
by means of a stent retriever started within 6 hours of 
onset of ischemic stroke in the seven randomized con-
trolled trials published or presented in 2015 was associ-
ated with an increase in good functional outcome (mRS <2) 
at 90 days (29.8% medical care vs. 47.5% endovascular 
treatment plus medical care; RR 1.56, 95% CI 1.38–1.75), 
which equates to a decrease in death or dependency 
(mRS >3) at 90 days from 70.2% (control) to 52.5% 
(aspirin), ARR 17.7%, RR 0.63, 95% CI 0.55–0.71), without 
heterogeneity among the results of the studies (I2 = 0) 
(see Table 20.1) [13].

Only about 10% of acute ischemic stroke patients 
are potentially eligible for endovascular thrombectomy 
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[11, 12, 14, 15]; in the Adelaide Stroke Incidence study 
7% (95% CI 4–10%) were potentially eligible with restric-
tive criteria (mRS 0–1, presentation delay <3.5 hours, 
and target mismatch penumbra) and 13% (95% 
CI 9–18%) with permissive criteria (mRS 0–3, presen-
tation delay <5 hours) [14].

If 10% (n = 140) of the 1400 cases of acute stroke that 
occur each year in a population of one million who may 
be eligible for intravenous alteplase plus endovascular 
thrombectomy [11, 12, 14] could be treated within 6 
hours of stroke onset, the number dead or dependent 
could be reduced by 25 (140 × 17.7% [ARR]), which is 
about 3% of all 770 new cases of death and dependency 
due to ischemic stroke each year in a population of one 
million (see Table 20.1).

20.3.3 Aspirin

Early aspirin, 160–300 mg once daily, started within 
48 hours of onset of ischemic stroke, is associated with a 
decrease in death or dependency at the end of follow‐up 
from 46.2% (control) to 45.0% (aspirin) (ARR 1.2%, OR 
0.95, 95% CI 0.91–0.99) (see Table 20.1) [16], by reducing 
the risk and severity of recurrent stroke [17].

If 80% (n = 1120) of the 1400 patients with acute stroke 
could be treated immediately with aspirin, the number of 
dead or dependent could be reduced by 13 (1120 1.2% 
[ARR]), which is 2% of all 770 new cases of death and 
dependency (see Table 20.1).

20.3.4 Organized multidisciplinary care 
in a stroke unit

Organized multidisciplinary care in a stroke unit care is 
associated with a reduction in death or dependency at 
final (median 1 year) follow‐up from 61.5% (general 
ward) to 56.2% (stroke unit) (ARR 5.3%, OR 0.79; 95% CI 
0.69–0.90) (see Table 20.1) [18].

If 80% (n = 1120) of the 2000 patients with acute ischemic 
stroke could be treated by means of organized inpatient 
stroke unit care, the number of dead or dependent could 
be reduced by 59 (1120 × 5.3% [ARR]), which is 8% of all 
770 new cases of death and dependency (see Table 20.1).

The definition of a stroke unit may vary by country or 
region. It uncertain, however, whether stroke unit care is 
relevant and applicable to low‐income and middle‐
income settings, and which components are important 
in low‐technology units [19].

20.3.5 Decompressive hemicraniectomy

Decompressive hemicraniectomy within 48 hours of 
onset of symptoms of malignant middle cerebral artery 
territory infarction is associated with a reduction 
in  death or major disability (mRS 4–6) from 87.1% 

( conservative) to 73.3% (surgery) (ARR 13.8%, RR 0.63, 
95% CI 0.41–0.98) [20].

Accessibility to decompressive hemicraniectomy is gen-
erally limited to centers with comprehensive, or at least 
primary, stroke center capability or some equivalent.

If 2% (28) of the 1400 patients with acute stroke had 
malignant middle cerebral infarction causing neuro-
logical deterioration which was treated by means of 
decompressive hemicraniectomy, the number of dead or 
dependent could be reduced by four (28 × 13.8% [ARR]), 
which is about 0.5% of all 770 new cases of death and 
dependency (see Table 20.1).

20.3.6 Rehabilitation

Physical rehabilitation improves functional recovery 
after stroke, and incorporates functional task training; 
active and passive musculoskeletal, neurophysiological, 
and cardiopulmonary intervention; and assistive devices 
and modalities [21].

However, very early, high‐intensity, and frequent 
mobilization has a less favorable outcome at three 
months after stroke compared with usual care, particu-
larly in patients with intracerebral hemorrhage, suggest-
ing that mobilization of patients in the first 24 hours 
after stroke should be cautious and restricted to only a 
few times, each less than 10 minutes [22].

Early supported discharge services that are appropri-
ately resourced and have a coordinated team can reduce 
long‐term dependency in elderly stroke patients with mild 
to moderate disability without adversely affecting the 
mood or subjective health status of patients or  carers [23].

20.3.7 Summary of the population effects 
of treatment of acute ischemic stroke

The above calculations suggest that optimal acute treat-
ment of all 1400 incident cases of ischemic stroke each 
year could prevent up to 115 (15%) of the 770 new cases 
of death or dependency. This modest effect is consistent 
with that suggested by other authors [24].

20.4  Prevention of recurrent stroke 
among individuals with prior stroke 
or transient ischemic attack

After ischemic stroke and transient ischemic attack 
(TIA), the risk of recurrent stroke without treatment is 
about 10% at one week, 15% at one month, and 18% at 
three months [25]. With urgent assessment and appro-
priate treatment, the risk of recurrent stroke can be up to 
80% lower [26, 27].

The longer term risk of recurrent stroke is about 10% 
at 1 year, 25% at 5 years, and 40% at 10 years [28].
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In a population of one million, there are at least 4150 
prevalent survivors of stroke (if the age‐adjusted preva-
lence rate is 415 per 100 000 [3]), of whom about 200 (5%) 
are likely to experience a recurrent stroke each year. 
Another 140 (10%) recurrent strokes are also likely to 
occur each year in the 1400 individuals with incident 
stroke in that year, realizing a total of about 340 recurrent 
strokes each year in the 5550 individuals with incident 
(n = 1400) and prevalent (4150) stroke (i.e. about 25% of 
all 1400 new strokes each year are recurrent strokes).

The strategies that have been proven to be effective in 
preventing recurrent stroke include early extracranial 
carotid revascularization by means of endarterectomy 
[29] or stent [30–32]; antiplatelet therapy with aspirin, 
clopidogrel, the combination of aspirin and extended‐
release dipyridamole and, in Asian patients, cilostazol 
[33–39]; anticoagulation for atrial fibrillation with war-
farin [40–42] or a novel direct oral anticoagulant [43] or 
perhaps left atrial appendage occlusion [44], gradual 
and sustained lowering of blood pressure [45–48] and 
low‐density lipoprotein (LDL) cholesterol [49–51], and 
treatment of insulin resistance [52].

20.4.1 Carotid revascularization

Carotid endarterectomy, added to best medical therapy (in 
trials 25 years ago), in patients with recent symptomatic 
extracranial atherosclerotic internal carotid artery stenosis of 
70–99% reduced the risk of stroke or death at 5 years by half, 
from about 6% per year (no surgery) to about 3% per year 
(with surgery) (RR 0.53, 95% CI 0.42–0.67; ARR 3.0%) [29]. 
The second European Carotid Surgery Trial (ECST‐2) is cur-
rently comparing the risks and benefits of adding immediate 
carotid surgery (or stenting) to modern medical therapy.

Carotid artery stenting (CAS) for symptomatic extrac-
ranial carotid stenosis increases the risk of periprocedural 
stroke or death (9.2% vs. 5.8%; OR 1.66, 95% CI 1.17–2.35; 
I2 = 38%) compared with carotid endarterectomy (CEA), 
mainly because the risk of periprocedural stroke or death 
associated with CAS increases with increasing age of the 
patients, particularly above 70 years (OR 2.20, 95% CI 
1.47–3.29 in patients >70 years vs. OR 1.16, 95% CI 0.80–
1.67 in patients <70 years for perioperative stroke or death 
with CAS vs. CEA; interaction P = 0.02), whereas the 
periprocedural risk of stroke and death in patients under-
going CEA does not increase with increasing age [30]. 
However, the long‐term rates of fatal or disabling stroke, 
composite of major vascular events, and functional out-
come after CAS and CEA are similar [30–32].

As patients with recently symptomatic extracranial 
carotid stenosis (i.e. within days to weeks of an incident 
ischemic stroke or TIA) comprise only about 10–15% 
of incident strokes and TIA, it is likely that CEA or 
stent would be appropriate for about 210 (15% of 1400) 
incident stroke patients. Treating 210 patients by 

means of CEA or stent is likely to prevent six (210 × 3% 
[ARR]) of the 340 recurrent strokes each year (i.e. 1.7%) 
(Table 20.2).

20.4.2 Aspirin

Aspirin reduces the relative risk of recurrent stroke and 
other major vascular events by about 17% (95% CI 
4–28%) compared with controls [33, 34]. The benefits of 
aspirin may be greatest in the first 12 weeks after the 
index ischemic stroke or TIA [17].

Among the 5550 prevalent and incident survivors of 
stroke, about 80% (4440) may have ischemic stroke, 
about 65% (n = 2886) of ischemic strokes may have an 
arterial pathology as the cause for which aspirin would 
be indicated, and about 90% (n = 2600) would probably 
be able to tolerate aspirin.

Treating 2600 ischemic stroke survivors with aspirin 
for 1 year would be expected to reduce the stroke rate 
from 4.7% (control) to 3.9% (aspirin) (RRR 17%, ARR 
0.8%). This is a saving of 21 recurrent strokes per year 
(2600 patients × 0.8% [ARR]), which is about 6% of all 340 
recurrent strokes each year (see Table 20.2).

20.4.3 Aspirin and extended‐release 
dipyridamole

Compared with aspirin, the combination of aspirin and 
extended‐release dipyridamole reduces the relative risk 
of stroke and other major vascular events by about 18% 
(95% CI 8–28%) in patients with previous TIA or 
ischemic stroke of arterial origin [35].

Among the 2600 survivors of ischemic stroke who can 
tolerate aspirin, perhaps about 2200 (85%) could tolerate 
the combination of aspirin and extended‐release dipyrid-
amole, because dipyridamole causes headache sufficient 
to prompt discontinuation in about 10–15% of patients.

Treating 2200 ischemic stroke survivors with aspirin 
plus extended‐release dipyridamole for 1 year would be 
expected to reduce the stroke rate from 4.35% (aspirin) 
to 3.6% (aspirin and extended‐release dipyridamole) 
(RRR 18%, ARR 0.65%). This is a saving of 14 recurrent 
strokes per year (2200 patients × 0.65% [ARR]), which is 
about 4% of all 340 recurrent strokes (see Table 20.2).

20.4.4 Clopidogrel

The effect of aspirin combined with extended‐release 
dipyridamole probably also applies to clopidogrel because 
a direct comparison of clopidogrel 75 mg daily with the 
combination of aspirin 25 mg and extended‐release dipy-
ridamole 200 mg b.i.d. in 20 332 ischemic stroke patients 
showed no significant difference between either regimen 
in preventing recurrent stroke at 2.5 years follow‐up 
(9.0% aspirin + extended‐release dipyridamole vs. 8.8% 
clopidogrel; HR 1.01; 95% CI 0.92–1.11) [36–38].



  Table 20.2    Summary of the effectiveness of interventions for the (secondary) prevention of recurrent stroke among 5550 (4150 prevalent and 1400 incident) survivors of stroke and of transient 
ischemic attack in a population of one million people. 

Strategy/intervention

Target population (% of 
all 5550 cases of incident 
& prevalent stroke)

Stroke risk per year

Control Intervention
 Relative risk 
 (95% CI) 

Absolute 
risk 
reduction 
(ARR)

No. of strokes 
avoided per year 
among target 
population

% of 340 recurrent 
strokes avoided each 
year in a population of 
one million people    

Carotid revascularization for 70–99% symptomatic 
carotid stenosis

210 (15% of 1400) 6.0% 3.0% 0.53 (0.42–0.67) 3.0% 6 2%  

Aspirin 2600 4.7% 3.9% 0.83 (0.72–0.96) 0.8% 21 6%  
Aspirin and ER dipyridamole (vs. aspirin) 2200 4.3% 3.5% 0.78 (0.68–0.90) 0.8% 14 4%  
Clopidogrel (vs. aspirin) 2600 5.8% 5.3% 0.90 (0.80–1.00) 0.5% 13 4%  
Aspirin and ER dipyridamole (vs. clopidogrel) 2200 3.6% 3.6% 1.01 (0.92–1.11) 0.0%   
Anticoagulation for atrial fibrillation 900 (8%) 12.0% 4.7% 0.39 (0.25–0.63) 7.3% 66 19%  
Blood pressure lowering (by 5 mmHg systolic) 5000 (90%) 3.3% 2.9% 0.78 (0.68–0.90)% 0.4% 20 6%  
LDL cholesterol lowering (by 1 mmol/L LDL) 
with statin

2600 2.4% 2.1% 0.88 (0.78–0.99) 0.3% 8 2%

  ER, extended release; LDL, low‐density lipoprotein.  
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20.4.5 Other effective antiplatelet agents

In patients of Asian descent, cilostazol (a phosphodies-
terase III inhibitor) 100 mg twice daily reduces recurrent 
stroke by one‐third, from 8.3% (aspirin) to 5.5% (cilosta-
zol) at 3 years (RR 0.67, 95% CI 0.52–0.86) compared 
with aspirin (ARR 0.9% per year) [39].

20.4.6 Anticoagulation

For patients with TIA or ischemic stroke due to embolism 
of thrombus from the heart, particularly atrial fibrillation, 
oral anticoagulation with adjusted‐dose warfarin, main-
taining an international normalized ratio (INR) of 2.0–3.0, 
reduces the relative risk of recurrent stroke or systemic 
embolism by about 61% (95% CI 37–75%), from about 12% 
(control) to 4.7% (warfarin) per year (ARR 7.3%) [40–42].

The four direct oral anticoagulants (DOACs) that inhibit 
thrombin (dabigatran etexilate) and factor Xa (rivaroxa-
ban, apixaban, and edoxaban) reduce recurrent stroke and 
systemic embolism by about a sixth, from 5.7% at 2 years 
(warfarin) to 4.9% at 2 years (DOACs) (RR 0.86, 95% CI 
0.76–0.98) without increasing major bleeding, compared 
to warfarin in nonvalvular atrial fibrillation [43].

Among 4440 survivors of ischemic stroke, at least 900 
(20%) would have an underlying cardiac source of embo-
lism for which anticoagulation would be indicated (e.g. 
atrial fibrillation).

Treating 900 ischemic stroke survivors with oral antico-
agulation for 1 year would be expected to reduce the 
stroke rate from about 12.0% (control) to 4.7% (anticoagu-
lation) (RRR 61%, ARR 7.3%). This is a saving of 66 recur-
rent strokes per year (900 patients × 7.3% ARR), which is 
about 19% of all 600 recurrent strokes (see Table 20.2).

If anticoagulation for atrial fibrillation is contraindi-
cated, left atrial appendage closure is an option given its 
comparable eficacy to warfarin in other, nonstroke, pop-
ulations of patients [44]. The combination of clopidogrel 
and aspirin is less effective than warfarin in patients with 
atrial fibrillation but is more effective than aspirin.

20.4.7 Lowering of blood pressure

Sustained lowering of blood pressure by 5.1 mmHg 
 systolic and 2.5 mmHg diastolic reduces recurrent stroke 
at 3 years by about a fifth, from 9.9% (control) to 8.6% 
(intervention) (RRR 22% 95% CI 10–32%; ARR 1.3% over 
3 years [0.4% per year]) [45]. Reducing blood pressure by 
10 mmHg systolic or 5 mmHg diastolic reduces recur-
rent stroke by about one‐third (34%; 95% CI 21–44%) 
[46]. Larger reductions in blood pressure are associated 
with larger reductions in recurrent stroke [47]. The effect 
is consistent, irrespective of previous hypertension and 
most subtypes of stroke. The optimal target blood pres-
sure is uncertain, but might be 120–28 mmHg systolic 
and 65–70 mmHg diastolic after lacunar stroke [48].

Among 5550 survivors of stroke, lowering blood pres-
sure would be indicated in almost all patients (except a 

few, such as those with severe bilateral carotid occlusive 
disease or possibly high‐grade basilar artery stenosis) 
and tolerated by at least 90% (5000).

Treating 5000 stroke survivors with antihypertensive 
therapy (pharmacological and/or lifestyle interventions 
such as physical exercise, alcohol reduction, a low salt 
diet, and potassium supplementation), and lowering 
blood pressure by 5.1 mmHg systolic and 2.5 mmHg 
diastolic, would avoid about 20 recurrent strokes per 
year (5000 patients × 0.4% ARR), which is about 6% of all 
340 recurrent strokes (see Table 20.2).

20.4.8 Lowering blood cholesterol

Lowering of LDL cholesterol concentration by about 
1 mmol/L with statins reduces the risk of recurrent stroke 
by at least 12% [49]. More intensive lowering of LDL cho-
lesterol concentration is associated with further reductions 
in stroke risk [50]. The optimum target LDL cholesterol 
concentration (2.59 mmol/L vs. 1.8 mmol/L) is being evalu-
ated in the Treat Stroke to Target (TST) trial [51].

Among the 5550 prevalent and incident survivors of 
stroke, about 80% (4440) may have ischemic stroke, 
about 65% (n = 2886) of ischemic strokes may have an 
arterial pathology as the cause for which a statin would 
be indicated, and about 90% (n = 2600) would probably 
be able to tolerate a statin.

Treating 2600 ischemic stroke survivors with a statin for 
1 year would be expected to reduce the stroke rate at 5 years 
from 11.9% (control) to 10.5% (statin) (RRR 12%, ARR 1.4% 
over 5 years, or 0.3% per year). This is a saving of 8 recur-
rent strokes per year (2600 patients × 0.3% ARR), which is 
about 2% of all 340 recurrent strokes (see Table 20.2).

20.4.9 Other secondary stroke prevention 
strategies

Treatment of insulin sensitivity, by means of the peroxi-
some proliferator‐activated receptor γ (PPAR‐γ) agonist 
pioglitazone reduces the risk of recurrent stroke or myo-
cardial infarction [52] but increases the risk of weight gain, 
ankle edema, and bone fracture, and may increase the risk 
of bladder cancer (though this remains uncertain), which 
might preclude its use [53]. Insulin sensitivity can other-
wise be improved by exercise, diet, and weight reduction.

Regular physical activity, low‐risk diet (e.g. 
Mediterranean diet), low alcohol consumption, smoking 
cessation, avoidance of passive smoking, and weight 
reduction, as appropriate, are recommended despite the 
lack of reliable evidence for their efficacy to reduce 
recurrent stroke. Multimodal interventions that address 
lifestyle and behavior can improve drug compliance and 
reduce blood pressure, but their effect on major vascular 
events is not known [54, 55].

For patients with cryptogenic stroke and patent fora-
men ovale, antiplatelet therapy and anticoagulation are 
associated with similar rates of recurrent stroke in 
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observational studies [56]. Transcatheter device patent 
foramen ovale closure is associated with a significantly 
reduced rate of recurrent ischemic stroke compared with 
medical therapy in patients with patent foramen ovale and 
cryptogenic stroke or TIA but an increased risk of new‐
onset atrial fibrillation [57]. Six randomized trials have 
now compared PFO closure devices plus medical man-
agement with medical management alone in a total of 
3560 patients aged <60 years (mean age 45 years) with 
cryptogenic ischemic stroke and PFO followed for 13,850 
patient-years. Overall, device closure plus medical ther-
apy reduced the rate of recurrent ischemic stroke com-
pared with medical therapy alone by about two-thirds 
(HR 0.30 [95% CI 0.13–0.68; P = 0.004]). However, there 
was heterogeneity of the treatment effect across different 
device classes (P [subgroup difference] = 0.02).  Double-
disk devices reduced the risk of recurrent stroke by 80% 
(HR 0.20 [95% CI 0.08–0.54; P = 0.001]) whereas umbrella-
clamshell devices were not effective (HR 0.90 [95% CI 
0.41–1.98; P = 0.79]). In the five trials of double-disk 
devices, the rate of recurrent ischemic stroke over 5 years 
after randomization was 6.0% with medical therapy ver-
sus 1.8% with device closure plus long-term antiplatelet 
therapy, translating into an absolute risk reduction of 4.2% 
over 5 years, or 0.84% per year [57]. The participants 
enrolled in the randomized controlled trials of PFO clo-
sure were carefully selected according to standardized 
clinical, imaging, and echocardiographic evaluation that 
increased the probability that paradoxical embolism via a 
PFO caused the qualifying stroke. Participants were <60 
years of age (mean age 45 years) with nonlacunar ischemic 
stroke, few vascular risk factors, no alternative demon-
strable cause of embolic ischemic stroke (e.g., atheroma, 
dissection, or  atrial fibrillation), and echocardiographic 
characteristics of PFO, many with a large right-to-left 
shunt or atrial septal aneurysm. Participants were also 
treated by experienced cardiologists with complication 
rates that may not be generalizable. The potential impact 
of PFO closure in young patients (<60 years of age) with 
cryptogenic ischemic stroke and PFO on the overall bur-
den of stroke is uncertain but is likely to be modest, given 
that most strokes occur in people older than 60 years.

20.4.10 Summary of the effects 
of strategies for the secondary prevention 
of recurrent stroke

The above calculations suggest that optimal secondary 
prevention of all 5550 prevalent and incident cases of 
stroke each year could save a substantial proportion of 
the 340 recurrent strokes each year (see Table 20.2).

Although Table 20.2 suggests that the total number 
of recurrent strokes avoided each year could add up to 
148, this is clearly an overestimate as not all strategies 
are appropriate for all patients (e.g. patients would not 

be taking an antiplatelet drug as well as an anticoagu-
lant) and not all strategies are likely to be mutually 
exclusive, working independently of each other. On the 
other hand, under more ideal circumstances it has 
been suggested that at least four‐fifths of recurrent 
vascular events in patients with cerebrovascular dis-
ease might be prevented by application of a compre-
hensive, multifactorial approach to implementing five 
proven strategies – dietary modification, exercise, aspirin, 
a statin, and an antihypertensive agent – to survivors of 
an initial stroke or TIA [58].

20.5  Prevention of first‐ever stroke 
among high‐risk individuals 
and the general population

Among the 995 000 people in a population of one million 
who have never experienced a stroke, the risk of first‐
ever stroke is about 0.14% per year. This population of 
individuals therefore contributes the majority (70%; 
n = 1400) of all strokes each year.

There are two main strategies to prevent stroke. First, the 
“high‐risk” approach, which aims to reduce the prevalence 
and level of causal risk factors in high‐risk individuals and 
second, the “population (mass)” approach, which aims to 
reduce the prevalence and level of causal risk factors in the 
general population [7]. The former is usually implemented 
by clinicians and nurses, and will therefore be discussed, 
whereas the latter is usually implemented by governments, 
health organizations, and public health physicians.

20.5.1 The “high‐risk” approach

Ten treatable risk factors account for about 90% of the pop-
ulation‐attributable risk of stroke (Table 20.3) [59, 60].

The “high‐risk” strategies that have been proven to be 
effective in preventing first‐ever stroke include lowering 
of blood pressure [46, 47] and LDL cholesterol [49, 50], 
and anticoagulation for individuals with atrial fibrillation 
[42, 43]. Other strategies that may also be effective are 
stopping smoking and other unhealthy lifestyle behav-
iors, lowering HbA1c [64, 65], lowering homocysteine 
with B‐vitamins in countries without mandatory fortifi-
cation of food with folic acid [66–68], aspirin [34], a 
polypill combining a statin, an angiotensin II receptor 
antagonist, and a calcium channel antagonist, and CEA 
and stenting [69–74].

Lowering blood pressure
In 2015, the global age‐standardized prevalence of raised 
blood pressure – defined as systolic blood pressure of 
140 mmHg or higher or diastolic blood pressure of 
90 mmHg or higher – was 24.1% (21.4–27.1) in men and 
20.1% (17.8–22.5) in women [61].
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Hence, about 220 000 individuals in a population of 
995 000 stroke‐free people have raised blood pressure, 
acknowledging that population prevalence estimates 
vary by region and race‐ethnic group [61].

The adjusted odds ratio of stroke among people in the 
community with a self‐reported history of hypertension 
or blood pressure >140/90 mmHg is about 3.0 (95% 
CI  2.7–3.3) [59]. In a population with a prevalence of 
hypertension of 47.4%, an odds ratio of stroke of 3.0 
equates to a risk ratio of stroke of 1.54 [59].

If the overall risk of first‐ever stroke in the stroke‐free 
population is about 0.14%, then the average annual risk 
of stroke among hypertensives is about 0.22% per year 
(0.14% × 1.54).

If 220 000 people with hypertension have an annual 
risk of stroke of 0.22%, then they are likely to contribute 
484 of the 1400 (35%) first‐ever strokes each year. This 
estimate of the population‐attributable risk of stroke 
due to hypertension (35%) is consistent with other 
 estimates [59].

A population‐wide sustained reduction in blood pres-
sure by 10 mmHg systolic or 5 mmHg diastolic is associ-
ated with a reduction in the relative risk of first‐ever 
stroke by 46% (35–55%) [46].

If the 220 000 people with hypertension could be iden-
tified and treated with lifestyle modifications or medica-
tions that produce a sustained reduction in blood 
pressure by 10 mmHg systolic or 5 mmHg diastolic then 
the rate of stroke could be reduced from 0.22% (control) 
to 0.12% (antihypertensive) (RRR 46%, ARR 0.10%). This 
could result in a saving of 220 strokes (220 000 × 0.10%) 
each year, which is 16% of all 1400 first‐ever strokes in a 
population of one million people (Table 20.4).

Lowering blood cholesterol
The prevalence of hypercholesterolemia (total blood 
cholesterol >6.5 mmol/L or treated hypercholester-
olemia) among adults in the UK aged 35–64% is about 
40% [62]. Among the whole population, the prevalence 
of hypercholesterolemia is about 20%, which is about 

Table 20.3 Risk factors for all stroke in 13 447 cases of acute first stroke (within 5 days of symptom onset) compared with 13 472 controls 
with no history of stroke who were matched with cases for age and sex, and who were assessed in 32 countries between 2007 and 2015 
in the INTERSTROKE study [59].

Risk factor
Prevalence (%) 
in controls

Odds ratio 
(99% CI)

Risk 
ratio

Population‐attributable 
risk (99% CI)

History of hypertension or blood pressure >140/90 mmHg 47% 3.0 (2.7–3.3) 1.54 48% (45–51%)
Regular physical activity 16% 0.6 (0.5–0.7) 0.64 36% (28–45%)
Apolipoprotein B/A1 ratio
  T2 vs. T1 34% 1.3 (1.1–1.4) 1.17
  T3 vs. T1 33% 1.8 (1.6–2.1) 1.44 27% (22–32%)
Diet (mAHEI score)
  T2 vs. T1 34% 0.8 (0.7–0.9) 0.84
  T3 vs. T1 33% 0.6 (0.5–0.7) 0.69 23% (18–29%)
Waist‐to‐hip ratio
  T2 vs. T1 34% 1.2 (1.1–1.4) 1.15
  T3 vs. T1 33% 1.4 (1.3–1.6) 1.26 19% (13–25%)
Psychosocial factors …. 2.2 (1.8–2.7) …. 17% (13–23%)
Current smoking 22% 1.7 (1.5–2.9) 1.45 12% (10–15%)
Cardiac causesa (AF, MI, RhVD, PVD) 5% 3.2 (2.7–3.8) 2.86 9% (8–10%)
Alcohol intake

Low or moderate 25% 1.1 (1.0–1.3) 1.10
High or heavy episodic 2.5% 2.1 (1.6–2.7) 2.03 6% (3–10%)

History of diabetes mellitus or HbA1c >6.5% 22% 1.2 (1.1–1.3) 1.12 4% (2–8%)
Composite population‐attributable risk: the proportion of 
all strokes that can be attributable to the 10 risk factors

91% (89–92%)

mAHEI, modified Alternative Healthy Eating Index.
Multivariable logistic model adjusted for age, sex and region.
a Cardiac causes includes atrial fibrillation (AF) or flutter, previous myocardial infarction (MI), rheumatic valve disease (RhVD), or prosthetic 
valve disease (PVD). T1 = lowest tertile; T2 = middle tertile; T3 = highest tertile.



  Table 20.4    Summary of the effectiveness of drug therapies for the (primary) prevention of first‐ever stroke in a population of one million people. 

Strategy/intervention

Target population 
(% of general 
population of one 
million people)

Risk 
ratio

Stroke risk per year

Control Intervention
Relative risk 
(95% CI)

Absolute risk 
reduction 
(ARR)

No. of strokes 
avoided per year 
among target 
population

% of 1400 first‐ever 
strokes avoided each 
year in population of 
one million    

Nil 995 000 0.14%   
Blood pressure lowering (by 10 mmHg systolic) 220 000 (22.1%) 1.54 0.22% 0.12% 0.54 (0.45–0.65) 0.10% 220 16%  
LDL cholesterol lowering (by 1.0 mmol/L) 200 000 (20%) 1.27 0.18% 0.14% 0.79 (0.66–0.94) 0.04% 80 6%  
Anticoagulation (for atrial fibrillation) 4 400 (50% of 9 800) 5.00 0.70% 0.25% 0.36 (0.26–0.51) 0.45% 20 1%  
Cigarette smoking cessation 151 000 (19%) 1.45 0.20% 0.14% 31% 0.06% 91 7%
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200 000 individuals in a population of 995 000 stroke‐free 
people.

The relative risk of a first‐ever stroke associated with 
an increase in LDL cholesterol by 1 mmol/L is about 1.27 
(95% CI 1.07–1.50). This estimate is derived from the 
inverse of the reduction in RR of first‐ever stroke of 
21.1% (95% CI 6.3–33.5%) associated with a reduction in 
LDL cholesterol concentration by 1 mmol/L among 
165 792 stroke‐free individuals assigned statins in com-
bination with other preventive strategies (vs. control) in 
clinical trials of statin therapy [49]. Nonstatin therapies 
that act primarily via upregulation of LDL receptor 
expression to reduce LDL cholesterol (i.e. diet, bile acid 
sequestrants, ileal bypass, and ezetimibe) are associated 
with similar RRs of major vascular events per change in 
LDL cholesterol as statin therapies. The RR for major 
vascular events per 1 mmol/L (38.7 mg/dL) reduction in 
LDL cholesterol level is 0.77 (95% CI 0.71–0.84; P < 0.001) 
for statins and 0.75 (95% CI 0.66–0.86; P = 0.002) for such 
nonstatin interventions (between‐group difference, 
P = 0.72) [63]. For the nonstatin therapies combined, the 
RR is 0.77 (95% CI 0.75–0.79, P < 0.001) for major vascu-
lar events per 1 mmol/L reduction in LDL cholesterol 
level [63], and the RR 0.79 (0.66–0.94) for stroke events 
per 1 mmol/L reduction in LDL cholesterol level [49].

If the overall risk of first‐ever stroke in the stroke‐free 
population is 0.14% (see earlier), then the average annual 
risk of stroke among patients with hypercholesterolemia 
is about 0.18% per year (0.14% × 1.27).

If 200 000 people with hypercholesterolemia have an 
annual risk of stroke of 0.18%, they are likely to contribute 
360 of the 1400 (26%) first‐ever ischemic strokes each year.

If the 200 000 people with hypercholesterolemia could 
be identified and treated with a statin sufficient to lower 
LDL cholesterol concentration by 1 mmol/L, then stroke 
could be reduced by 21%, from 0.18% (control) to 0.14% 
(statin) (ARR 0.04%), resulting in a saving of 80 strokes 
each year (200 000 × 0.04%), which is 6% of all 1400 first‐
ever strokes in a population of one million (see Table 20.4).

Intensive blood glucose lowering in patients 
with diabetes
Intensive therapy to lower glucose had no significant 
effect on the incidence of stroke (RR 0.94; 95% CI 0.84–
1.06; P = 0.333) compared with conventional glucose 
control therapy in 13 randomized controlled trials in 
58 160 patients with type 2 diabetes mellitus [64, 65].

Anticoagulation for atrial fibrillation
The prevalence of atrial fibrillation among adults >40 years 
is about 2.3% [75, 76]. In a population of 995 000 stroke‐
free individuals, about 43% (428 000) are aged >40 years, 
of whom about 2.3% (9800) have atrial fibrillation [75, 76].

The RR of ischemic stroke associated with untreated 
atrial fibrillation is about 5.0 [77].

If the overall risk of first‐ever ischemic stroke in the 
stroke‐free population is 0.14% (see earlier), then the aver-
age annual risk of ischemic stroke among individuals with 
atrial fibrillation is likely about 0.7% per year (0.14% × 5). 
However, the incidence rate of stroke among individuals 
with atrial fibrillation will vary, depending on the risk pro-
file of the population, increasing in a graded manner with 
increasing CHADS2 score: 0.36, 0.89, 1.89, 2.96, 4.31, 
5.37, and 6.62 per 100 person‐years for CHADS2 scores of 
0–6 points, respectively (P < 0.001) [78]. The associations 
are similar for the CHA2DS2 ‐VASc score [78]. Indeed, 
among 15 400 individuals from 47 countries in eight geo-
graphical regions (North America, western Europe, and 
Australia; South America; eastern Europe; the Middle 
East and Mediterranean crescent; sub‐Saharan Africa; 
India; China; and southeast Asia) who presented to a hos-
pital emergency department with atrial fibrillation or 
atrial flutter as a primary or secondary diagnosis, and 
enrolled in a prospective registry between December 24, 
2007, and October 21, 2011; 15 361 (99.7%) were followed 
for 1 year, and 1758 (11%) died (stroke caused 148 [8%] 
deaths) and 604 (4%) had a stroke during the year; 170 
(3%) of 6825 for whom atrial fibrillation was a primary 
diagnosis and 434 (5%) of 8536 for whom it was a second-
ary diagnosis (P < 0.0001) [79]. The highest number of 
strokes occurred in patients in Africa (89 [8%] of 1137), 
China (143 [7%] of 2023), and southeast Asia (88 [7%] of 
1331), and the lowest occurred in India (20 [<1%] of 2536); 
94 (3%) of 3800 patients in North America, western 
Europe, and Australia had a stroke [79].

If 9800 stroke‐free individuals with atrial fibrillation 
have an annual risk of stroke of (at least) 0.7%, they are 
likely to contribute at least 69 of the 1400 (5%) first‐ever 
strokes each year.

If half of the 9800 (n = 4400) individuals with atrial 
fibrillation could be identified and treated with warfarin 
or a DOAC, then stroke could be reduced from 0.7% 
(control) to 0.25% (anticoagulation) (RRR 64%, ARR 
0.45%), resulting in a saving of 20 strokes each year 
(4400 × 0.45%), which is 1.4% of all 1400 first‐ever strokes 
in a population of one million (see Table 20.4).

Cessation of cigarette smoking
The prevalence of cigarette smoking among adults 
>16 years in 2014 in the UK was 19%, down from a peak of 
46% in 1974 [80]. Therefore, in a population of 995 000 
stroke‐free individuals, of whom about 80% (796 000) are 
aged >16 years, there are about 151 000 (19%) smokers [80].

The RR of stroke associated with cigarette smoking is 
about 1.45 (see Table 20.3) [59, 81].

If the overall risk of first stroke in the stroke‐free pop-
ulation is 0.14% (see earlier), then the average annual 
risk of among smokers is about 0.20% per year 
(0.14% × 1.45).
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If 151 000 stroke‐free smokers have an annual risk of 
stroke of 0.20%, they are likely to contribute 302 of the 
1400 (22%) first‐ever strokes each year.

If the RR of stroke associated with smoking is 1.45, 
then stopping smoking among the 151 000 stroke‐free 
smokers could reduce the annual risk of stroke from 
0.20% to 0.14% (RRR 31%, ARR 0.06%) and save about 91 
strokes per year, or 6.5% of the 1400 first‐ever strokes 
each year (see Table 20.4).

People who make an attempt to quit smoking can 
increase their chances of successfully stopping by means of 
the commercially available forms of nicotine‐replacement 
therapies (NRT) (gum, transdermal patch, nasal spray, 
inhaler, and sublingual tablets/lozenges). NRTs increase 
the rate of quitting by 50–70%, regardless of setting [82].

People who do not wish to quit can be helped to cut 
down the number of cigarettes they smoke and to quit 
smoking in the long term, using NRTs, despite original 
intentions not to do so. However, the evidence contribut-
ing to the cessation outcome for NRT is “low” by GRADE 
standards [83].

Diet and lifestyle modification
Epidemiological studies, such as the INTERSTROKE 
and Global Burden of Diseases studies [59, 60, 84], sug-
gest that a substantial proportion of strokes, and the bur-
den of stroke, can be attributed to unhealthy lifestyle 
behaviors (see Table 20.3).

Cessation of unhealthy lifestyle behaviors (e.g. smok-
ing and alcohol abuse), regular physical activity, optimal/
normal body weight, and adherence to diets that are pru-
dent, aligned to the Mediterranean or DASH (Dietary 
Approaches to Stop Hypertension) diets, low in salt, 
sugar‐sweetened beverages, and added sugar; high in 
potassium, whole grains, fruit, and vegetables; and meet, 
but do not exceed, energy requirements are associated 
with lower risks of first‐ever and recurrent stroke in epi-
demiological studies but have not been proven by means 
of randomized controlled trials [59, 60, 84–89].

Aspirin
Aspirin is of uncertain net value in the primary preven-
tion of stroke.

A meta‐analysis of six primary prevention trials of 
long‐term aspirin versus control in 95 000 individuals 
at  low average vascular risk and followed for 660 000 
 person‐years revealed that random allocation to aspirin 
was not associated with a significant reduction in first‐ever 
ischemic stroke (rate ratio 0.86, 95% CI 0.74–1.00), nor 
any first stroke (rate ratio 0.95, 95% CI 0.85–1.06) com-
pared with control [34]. Although aspirin was associated 
with a significant reduction in any serious vascular event 
(stroke, myocardial infarction, or vascular death), from 
0.57% per year (control) to 0.51% per year (aspirin) (rate 

ratio 0.88, 95% CI 0.82–0.94), it was associated with a 
significant increase in major extracranial bleeding (rate 
ratio 1.54, 95% CI 1.30–1.82) [34].

In the subsequent Japanese Primary Prevention 
Project (JPPP), 14 464 patients (age 60–85 years) with 
hypertension, dyslipidemia, and diabetes mellitus were 
randomized to 100 mg of aspirin or no aspirin and, after 
a median follow‐up period of 5.02 years, the cumulative 
rate of fatal or nonfatal stroke was similar for the aspirin 
(2.07%; 95% CI 1.75–2.44) and no aspirin (2.30%; 95% CI 
1.96–2.69) groups at 5 years (HR 0.93 [95% CI 0.74–1.16; 
P = 0.51]) [90].

The ASPREE trial randomized 19,114 community-
dwelling men and women in Australia and the United 
States who were 70 years of age or older and did not have 
cardiovascular disease, dementia, or disability, to receive 
100 mg of enteric-coated aspirin or placebo. After a 
median of 4.7 years of follow-up, the rate of cardiovas-
cular disease (defined as fatal coronary heart disease, 
nonfatal myocardial infarction, fatal or nonfatal stroke, 
or hospitalization for heart failure) was 10.7 events per 
1000 person-years in the aspirin group and 11.3 events 
per 1000 person-years in the placebo group (HR 0.95 
[95% CI 0.83–1.08]). The rate of major hemorrhage was 
8.6 events per 1000 person-years and 6.2 events per 1000 
person-years, respectively (HR 1.38 [95% CI 1.18–1.62; 
P < 0.001]). The conclusion of the ASPREE trial was that 
the use of low-dose aspirin as a primary prevention strat-
egy in older adults results in a significantly higher risk of 
major hemorrhage and does not result in a significantly 
lower risk of cardiovascular disease than placebo [90a].

Since the meta-analysis of 6 primary prevention trials 
of aspirin use, a total of 14 such trials have been pub-
lished, including the JPPP and ASPREEE trials men-
tioned immediately above [90b]. These studies overall do 
not favor aspirin administration for the primary preven-
tion of cardiovascular disease, and when all-cause mor-
tality is the main outcome of interest, a hazard ratio of 
0.97 (95% CI 0.93–1.01) is observed suggesting no statis-
tical benefit of aspirin on reduction of mortality com-
pared with placebo [90b].

Carotid endarterectomy
Depending on the population studied, about one‐fifth of 
ischemic strokes are caused by atherothrombembolism 
from the origin of the ipsilateral extracranial internal 
carotid artery (ICA). Treating extracranial ICA athero-
sclerosis by means of revascularization therapy, such as 
CEA or CAS, can reduce the risk of stroke, but the risks 
of the operation can offset the benefits.

Three randomized controlled trials that recruited a 
total of 5223 patients with asymptomatic carotid stenosis 
before 2000 showed carotid endarterectomy was associ-
ated with increased risk of perioperative stroke (RR 5.94, 
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95% CI 2.06–17.12) compared to medical therapy alone 
but, in the longer term, was associated with a lower risk 
of ipsilateral stroke (4.93% CEA vs. 6.85% medical; RR 
0.72, 0.58–0.90) and any stroke (RR 0.68, 0.56–0.82) than 
with medical therapy alone, but no significant difference 
in any stroke or death (RR 0.94, 0.85–1.03) or death (RR 
1.05, 0.97–1.14) [69–71].

Carotid artery stenting versus carotid 
endarterectomy
Three RCTs have compared CAS plus medical therapy 
versus CEA plus medical therapy [72–74]. The periop-
erative risks of stroke or death within 30 days of CAS are 
higher (about 3%) than with CEA (about 2%), but there-
after, the long‐term risks of stroke or death are similar 
with CAS and CEA for asymptomatic carotid stenosis, 
and are about 0.5% per year. Evidence is insufficient to 
clearly support one interventional strategy over another 
in adults with asymptomatic carotid stenosis.

CEA and CAS probably have little overall net value in 
the primary prevention of stroke. This is because prog-
nosis of neurologically asymptomatic carotid stenosis is 
so favorable with best medical treatment nowadays 
(stroke rate <0.5–1% per year) that the immediate risks 
of carotid revascularization (2% perioperative stroke 
rate) are too great to offer any overall benefit of CEA for 
asymptomatic carotid stenosis [91].

There are, however, probably select patients with 
asymptomatic carotid stenosis who are at increased 
stroke risk and could be considered for prophylactic 
carotid revascularization, such as those with history of 
contralateral stroke/TIA, transcranial Doppler (TCD)‐
detected microemboli, silent embolic infarcts on brain 
CT/MRI scans, reduced cerebrovascular reserve, carotid 
plaque progression despite medical therapy, and juxtalu-
minal plaque area ≥8 mm2 without a visible echogenic 
cap [92].

Screening for asymptomatic carotid stenosis
Given the low prevalence of severe carotid stenosis in the 
general population, screening asymptomatic people may 
result in more strokes than it prevents [93].

Summary of the effects of strategies 
for the primary prevention of first‐ever stroke
The above calculations suggest that accurate identifica-
tion and appropriate treatment of individuals at risk of 
stroke (the “high‐risk” approach), by means of lowering 
blood pressure and cholesterol, and anticoagulating 
high‐risk individuals with atrial fibrillation, could save a 
substantial minority of the 1400 first‐ever strokes each 
year (see Table 20.4).

In response, the UK Department of Health imple-
mented the UK National Health Service Health Check 

program whereby people aged 40–79 years who have not 
been diagnosed with a previous stroke, heart or kidney 
disease are invited, once every 5 years, to have their car-
diovascular risk assessed using an absolute risk predic-
tion tool, and given support and advice to help manage 
and reduce their cardiovascular risk [94, 94a]. The mod-
eled incremental cost‐effectiveness of this intervention is 
£2480 per QALY gained, which is well below the thresh-
old of about £30 000 per QALY gained.

20.5.2 The “population” or “mass” approach

The “population” or “mass” approach, implemented for 
example by institutional policy, legislation, regulation, 
taxation, and neighborhood planning to minimize popu-
lation exposure to causal vascular risk factors, is likely 
to  be effective and complementary to the “high‐risk” 
approach to prevention and effective secondary stroke 
prevention [95–98].

20.5.3 Trends in stroke incidence 
and outcome

The potential benefits of primary stroke prevention 
strategies, and compared with treatment strategies, in 
the model described above are consistent with the 
observed reductions in the incidence of first stroke, 
which are greater than reductions in case fatality, in 
population‐based epidemiological studies of stroke 
incidence and outcome over the past four decades in 
high‐income countries [99]. Globally however, between 
1990 and 2010, the incidence rate of stroke remained 
stable and the number of incident first strokes increased 
by 68% [100]. The prevalence of stroke increased slightly, 
and the number of stroke survivors increased by 84%. 
The number of DALYs lost per stroke decreased, but the 
total number of DALYs lost increased by 12%. The mor-
tality rate fell, but the number of stroke‐related deaths 
increased by 26% [100]. The increase in numbers, 
despite reductions in rates, probably reflects global 
population growth, increasing life expectancy, and a 
change in the age structure of most populations. 
However, the reduction in rates can probably be attrib-
uted to improved prevention and management of 
stroke, particularly in high‐income countries. For 
example, during the past four decades, from 1975 to 
2015, the prevalence of raised blood pressure decreased 
in high‐income and some middle‐income countries 
but  it remained unchanged elsewhere. The highest 
worldwide blood pressure levels have shifted from 
high‐income countries to low‐income countries in 
south Asia and sub‐Saharan Africa due to opposite 
trends, while blood pressure has been persistently high 
in central and eastern Europe [61].
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20.6  Translating evidence into practice

There is convincing evidence, as outlined earlier, that 
several interventions are efficacious (i.e. can work) in 
reducing death and disability after acute stroke, and in 
preventing first‐ever and recurrent stroke under ideal 
circumstances (i.e. explanatory clinical trial settings).

However, there is less convincing evidence that these 
interventions are effective (i.e. do work, and produce 
more good than harm when administered under usual 
circumstances in “real world” clinical practice) and are 
cost‐effective (i.e. that their effects in relation to the 
resources they consume are worth it).

Several studies have shown that the effectiveness 
of  stroke prevention is likely to be suboptimal due to 
the widespread failure to appropriately translate  evidence‐
based recommendations into clinical practice [101–105].

Among 2292 adults with a previous stroke (4.0 years pre-
viously [2.0–8.0]) who were living in 628 urban and rural 
communities in three high‐income countries, seven upper‐
middle‐income countries, three lower‐middle‐income 
countries, and four low‐income countries, few took anti-
platelet drugs (24.3%), blood pressure‐lowering drugs 
(40.0%), and statins (9.0%) [105]. Drug use was highest in 
high‐income countries (antiplatelet drugs 53.1%, blood 
pressure‐lowering drugs 60.6%, and statins 51.6%), lowest 
in low‐income countries (3.8%, 13.0%, and 0.6%, respec-
tively), and decreased in line with reduction of country eco-
nomic status (P[trend] < 0.0001 for every drug type), despite 
most strokes occurring in low‐ and middle‐income coun-
tries. Despite surviving a stroke, the prevalence of healthy 
lifestyle behaviors (smoking cessation, eating a healthy diet, 
and undertaking regular physical activity) was also low, and 
even lower in poorer countries [106].

Predictors of poor adherence to secondary preventive 
medication in stroke patients include: (i) younger age, (ii) 
increased specific concerns about medications, (iii) 
reduced cognitive functioning, (iv) low perceived benefit 
of medication, and (v) an unstable medication routine 
[107, 108].

Systematic and coordinated programs for immediate 
and long‐term preventive care after a stroke/TIA are 
needed, and being evaluated, to reduce the evidence‐
to‐practice gap and improve the appropriate long‐
term  uptake of healthy lifestyle behaviors and use of 
inexpensive, effective drugs [109–114]. Strategies to 

improve adherence to discharge medication should tar-
get patients’ erroneous beliefs about their medication 
and stroke to reduce intentional nonadherence and 
 target forgetfulness to reduce nonintentional adher-
ence. Other potential strategies include implementing a 
systematic approach by a hospital pharmacist that 
involves listing medication on hospital admission and 
at discharge next to each other and providing detailed 
information for all medication changes during hospi-
tal  stay in the discharge letter for the primary care 
 physician. Complementary strategies are also needed 
to improve availability, accessability, and affordability 
of even generic drugs in low‐ and middle‐income coun-
tries; address reasons for noncompliance, which include 
inadequate clinician–patient interaction, inadequate 
instructions about correct intake, complex medication 
regimes, adverse effects, and patient medication‐taking 
behavior (not filling the prescription, not taking the 
medication as prescribed), and raise awareness among 
patients and their doctors of the need for lifelong pre-
ventive therapy.

20.7  Conclusion

Stroke remains a leading cause of mortality and disability 
in developed and developing regions. However, stroke is 
preventable and treatable. In the past two decades, the 
global incidence rate of stroke has remained stable 
despite global population growth, increasing life expec-
tancy, and a change in the age structure of most popula-
tions; and the number of DALYs lost per stroke and the 
mortality rate have decreased. The reduction in rates can 
probably be attributed to improved prevention and man-
agement of stroke, particularly in high‐income coun-
tries. There is potential for further improvements in 
stroke prevention because of its high incidence and 
prevalence, high population‐attributable risk due to 
modifiable risk factors, and clinical trial and epidemiol-
ogy data indicating that stroke risk can be markedly 
reduced by appropriate interventions. The “high‐risk” 
and mass approaches are complementary strategies to 
achieve stroke and cardiovascular disease prevention.

An ounce of prevention is worth a pound of cure 
(Benjamin Franklin).
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ischemic cerebral edema  

603–605, 604
mechanical intra‐arterial 

interventions 636–639, 
637–638

meta‐analysis 608–609
metabolic rate of cerebral 

tissue 590
neuroprotective agents 603, 

642–643
organization of acute stroke 

care 610
pathophysiology 587–605
phases and mediators of cell death  

599–603
randomized controlled trials  

605–607, 609–610
regulation of cerebral blood flow  

588–593
reperfusion and brain damage  

599, 600
surgical decompression for large 

cerebral infarcts 640–641
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systematic reviews 607–610, 608
thrombolytic drugs 623–636, 

624, 625–629, 633, 635, 636
treatment 934–936, 934
treatment of specific underlying 

causes 611
treatments for cerebral edema and 

raised intracranial pressure  
641–642

treatments used routinely, 
selectively, or not at all 610

ultrasonography 231–237, 232, 
233–236

ultrasound augmentation of clot 
lysis 639–640

variation in treatment worldwide  
610–611

vascular imaging 327
whole‐blood viscosity 590

acute middle cerebral artery 
occlusion 232–235, 234

acute myocardial infarction
anticoagulants 618–619
mechanical intra‐arterial 

interventions 636–637
recurrent stroke 775–779

acute obstructive hydrocephalus  
113, 113

acute posterior multifocal placoid 
pigment epitheliopathy 
(APMPPE) 356

acute stroke syndrome see brain 
attack

acute subdural hematoma 424
acute vestibular syndrome 78
ADC see apparent diffusion 

coefficient
adenosine triphosphate (ATP) 588
ADL see activities of daily living
ADPKD see autosomal dominant 

polycystic kidney disease
ADRS see Aphasia Depression Rating 

Scale
adult respiratory distress syndrome 

(ARDS) 682
advanced liver cirrhosis 419
aerobic training 872, 872
AF see atrial fibrillation
age of patient

carotid endarterectomy 817
risk factors for ischemic stroke  

291, 291
agraphia 51

AICA see anterior inferior cerebellar 
artery

AIM‐HIGH study 775
air embolism 366
air travel 558
airway, breathing, and circulation

abnormal patterns of breathing  
482–484, 484

assessment 484
cardiac dysrhythmias 485
gastrointestinal hemorrhage 486
hypoxia 482
immobility and poor 

positioning 497
inadequate breathing 482–485
myocardial injury 485–486
obstructed airway 482, 482
poor circulation 485–486
problem‐based approach to stroke 

management 482–486
treatment 484–485

akinetic mutism 48, 152
Alberta Stroke Program Early CT 

Scale (ASPECTS) 190–191, 
196, 204, 630

alcohol
intracerebral hemorrhage 421
recurrent stroke 801
risk factors for ischemic 

stroke 297
alexia 51–52
alpha‐1 antitrypsin deficiency 363
alteplase 934–935
Alzheimer disease 157, 408, 579–580
amaurosis fugax see transient 

monocular blindness
American Stroke Association (ASA) 

Task Force 888
amnestic disorders 152
amphetamines 376–377, 421
amyloid angiopathy 20
anabolic steroids 376
analgesics 686
anarthria 51–52
ANCA see antineutrophil 

cytoplasmic antibodies
andexanet alfa 666
androgens 376
anemia 368, 707
anesthesia 810
aneurysmal subarachnoid 

hemorrhage
acute systemic assessment  

679–680, 680

analgesics and general nursing 
care 686

blood pressure control 682–683
cardiopulmonary considerations  

681–682, 705
chronic hydrocephalus and CSF 

disturbances 703–704, 704
cognitive and psychosocial 

impact 708
delayed cerebral ischemia  

695–703, 695, 699, 702
delayed neurological deterioration  

694–695
epileptic seizures 683, 704–705
fever 706
follow‐up 707–708
hydrocephalus and increased 

intracranial pressure  
682–684, 684

initial management 679–686
intracerebral and subdural 

extension of hemorrhage  
684–686, 685

introduction 679
metabolic derangements 705–706
neurological examination 680, 

680–681, 699
other systemic complications  

706–707
outcomes 707–708
post‐treatment considerations  

694–707
prevention of rehemorrhage  

687–694, 687, 689–692, 690
specific treatment of 679–722
volume–outcome relationship 707

aneurysms
diagnostic assessment of 

cerebrovascular disease 91
embolism from aneurysms 350
history of cerebrovascular disease 

knowledge 19, 21–24
intracerebral hemorrhage 410, 417
subarachnoid hemorrhage  

439–440
unusual causes of ischemic stroke 

and transient ischemic 
attack 350

see also individual types
angiography see catheter angiography; 

cerebral angiography; 
computed tomography 
angiography; magnetic 
resonance angiography

acute ischemic stroke (cont’d)
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angiotensin‐converting enzyme 
(ACE) inhibitors 759–766, 
764–765, 805

angiotensin receptor blockers (ARB)  
761, 764–766, 764–765, 805

angle‐closure glaucoma 103
anion‐exchange resins 774–775
anisocoria 73
ankle supports 551
anomia 51
anosognosia 53, 54
ansatrole 374
anterior cerebral artery (ACA)  

136–140, 137–138
anterior choroidal artery (AChA)  

135–136, 136
anterior communicating artery 

(ACoA) 136–140, 232–233
anterior inferior cerebellar artery 

(AICA) 146–147, 147
anterior ischemic optic neuropathy 

(AION) 69, 70, 104–105, 
104, 279

anterograde memory 50
anti‐androgen therapy 376
antibiotics 284, 500
anticoagulation therapy

acute ischemic stroke  
615–623, 635

acute stroke in patients already on 
anticoagulants 621–623, 
621–622

adverse effects 621, 621
agent/dose/route 620–621
alternatives to warfarin  

794–797, 797
antiplatelet therapy 789–791, 

790, 793–794
atrial fibrillation 282–283
cerebral venous sinus 

thrombosis 382
clinical evidence 615–619, 616–617
history of cerebrovascular disease 

knowledge 25–26
how long to continue treatment  

799–800
impact of stroke and improving 

public health 939, 943
intracerebral hemorrhage  

417–418, 418, 666
low molecular weight 

heparin 798
patients with mechanical prosthetic 

heart valves 797–798

patients with prior ischemic stroke 
or TIA in atrial fibrillation  
791–797, 791–794, 793, 797

patients with prior 
noncardioembolic ischemic 
stroke or TIA 789–791, 790

practicalities of long‐term 
anticoagulation 799

rationale for use 615
recurrent stroke 789–800
subarachnoid hemorrhage  

442–443
thrombolytic drugs 631
venous thromboembolism  

502–503
when to start 620
who not to treat 798–799
who to treat/not to treat 619–

620, 620, 621
antidepressants 544, 545
antiepileptics 683, 704
antifibrinolytic drugs 694
antihypertensive therapy

diagnostic assessment of 
cerebrovascular disease 79

impact of stroke and improving 
public health 939, 940–941

lower limits of treatment and who 
not to treat 766–767

neuroimaging 206
observational studies on blood 

pressure and stroke 757–758, 
758–759

randomized trials of blood 
pressure‐lowering drugs  
759–761, 760–762

recurrent stroke 757–768
when to start antihypertensive 

treatment after an acute 
stroke 767–768

which antihypertensive drug or 
drugs to use 762–766, 
764–765

anti‐inflammatory drugs 376, 698
antineutrophil cytoplasmic 

antibodies (ANCA) 357
antioxidants 804
antiphospholipid antibody syndrome 

(APLAS) 351
antiplatelet therapy

alternative regimens to aspirin  
783–789, 788

anticoagulants 789–791, 790, 
793–794

aspirin 614
diagnostic assessment of 

cerebrovascular disease  
41–42

duration of treatment 789
impact of stroke and improving 

public health 937–939
intracerebral hemorrhage 418, 

665–666
intraplatelet metabolic pathways 

and sites of action 780
long‐term secondary prevention of 

serious vascular events  
776–779, 776–777

recurrent stroke 775–789
thrombolytic drugs 631
unruptured intracranial 

aneurysms 730
unusual causes of ischemic stroke 

and transient ischemic attack  
347–348

who not to treat 779
see also aspirin

antipsychotics 376
antispasticity drugs 525, 526
antithrombotic therapy 354, 697
Antithrombotic Trialists’ 

Collaboration (ATT) 776, 
779–780, 787

Anton syndrome 72
anxiety 80, 542–544
aortic arch atheroma 778
aortic dissection 349–350
aphasia 51–53, 540–542
Aphasia Depression Rating Scale 

(ADRS) 543
apixaban 795–796
APLSA see antiphospholipid antibody 

syndrome
APMPPE see acute posterior 

multifocal placoid pigment 
epitheliopathy

apoplexy 11–13, 12, 13, 20–22
apoptosis 601–602
apparent diffusion coefficient (ADC)  

190, 194–195, 216, 318
apparently severe stroke  

487–488, 488
apraxia 51–52, 56–57, 57, 57
ARAS see ascending reticular 

activating system
ARB see angiotensin receptor 

blockers
ARCH trial 778
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ARDS see adult respiratory distress 
syndrome

Aretaeus of Cappadocia 8–9
ARISTOTLE trial 795–796
arterial carbon dioxide tension  

590, 592
arterial dissection

neuroimaging 198–199, 199–200
pregnancy 377
recurrent stroke 778

arterial malformations and injuries
aortic dissection 349–350
blister aneurysms 439–440
Bow Hunter syndrome 349
cervical arterial dissection  

346–349, 348
dissecting aneurysms 439
embolism from aneurysms 350
fibrocartilaginous embolism 349
fusiform aneurysms 439
infectious arteriopathies 440
intracranial dissections 349
penetrating injuries to 

cervicocephalic vessels 349
saccular aneurysm 439
subarachnoid hemorrhage  

438–440
unusual causes of ischemic stroke 

and transient ischemic 
attack 346–350

arterial pulses 312
arterial thromboembolism  

622–623
arteriography 259
arteriovenous malformations (AVM)

diagnostic assessment of 
cerebrovascular disease  
91, 103

intracerebral hemorrhage  
409–410, 411, 659, 668

subarachnoid hemorrhage 440
see also brain arteriovenous 

malformations
ARUBA trial 668, 735, 736, 739
ASA see American Stroke 

Association; atrial septal 
aneurysm

ascending reticular activating system 
(ARAS) 46, 46

ASCOT‐BPLA trial 763, 765
ASD see atrial septal defects
L‐asparaginase 374
ASPECTS see Alberta Stroke 

Program Early CT Scale

aspirin
acute ischemic stroke 236, 

611–615, 635
adverse effects 615
agent/dose/route 614
alternative regimens and 

combination therapies  
783–789, 788

benefits 779–781, 781
clinical evidence 611–614, 

612, 613
delayed cerebral ischemia 697
embolism from the heart 285
intracerebral hemorrhage 418
prevention of first‐ever 

stroke 944
prevention of recurrent stroke  

937, 939
rationale for selection 611
recurrent stroke 777, 

779–789, 836
risks of different doses  

781–782, 782
treatment of acute stroke 936
venous thromboembolism 502
what to do with aspirin 

failures 782–783
when to start 614
who to treat/not to treat 614

ASPREE trial 944
Asymptomatic Carotid 

Atherosclerosis Study (ACAS)  
827–830, 829

Asymptomatic Carotid Emboli Study 
(ACES) 830

Asymptomatic Carotid Surgery Trial 
(ACST) 827–830, 829

ATACH‐II trial 663
ataxia 76, 77
ataxic hemiparesis 156
atheroembolism 258–259
atherogenesis 275
atheroma affecting the leg 

arteries 301
atheroma and large‐vessel 

disease 269–277
atherothromboembolism  

274–275, 275, 331–332, 331
atherothrombosis 273–275, 275
distribution of 269–272, 271
dolichoectasia 275–277, 276
nature, progression, and clinical 

consequences 272–273, 273
plaque instability 274–275, 275

prevalence of vascular risk 
factors 272

risk factors for ischemic stroke  
300–301, 300

atheromatous lesions 12
atherosclerosis

antioxidants 804
atheroma and large‐vessel disease  

272–273, 273
cardioembolic stroke 258–261
history of cerebrovascular disease 

knowledge 15–16
recurrent stroke 756, 804
ultrasonography 224–225

atherothromboembolism
atheroma and large‐vessel disease  

274–275, 275
identifying cause of ischemic 

event 331–332, 331
atherothrombosis 273–275, 275
atherothrombotic stenosis 271, 

275, 322
ATP see adenosine triphosphate
atrial fibrillation (AF)

airway, breathing, and 
circulation 485

anticoagulants 618, 619–620
aspirin 614
cardioembolic stroke 242, 

243–244
cause of ischemic event 267–268, 

279–283
impact of stroke and improving 

public health 943
left atrial occlusion 839
rate control versus electrical 

cardioversion to sinus 
rhythm 805–806

recurrent stroke 778, 791–798, 
792–793, 805–806, 839

risk factors for ischemic 
stroke 290

unusual causes of ischemic stroke 
and transient ischemic 
attack 346

atrial myopathy 282
atrial myxoma 373, 373
atrial septal aneurysm (ASA)  

285–287, 286, 837–839
atrial septal defects (ASD)  

257, 258
ATT see Antithrombotic Trialists’ 

Collaboration
attention 49, 49
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Australian Urokinase Stroke Trial 
(AUST) 631

autoimmune diseases and systemic 
vasculopathies

antiphospholipid antibody 
syndrome 351

Behçet disease 352
catastrophic antiphospholipid 

syndrome 351
cryoglobulinemia 352
other systemic autoimmune 

diseases and stroke 351
relapsing polychondritis 352
rheumatoid arthritis 351
scleroderma 352
Sjögren syndrome 351–352
systemic lupus erythematosis 350
unusual causes of ischemic stroke 

and transient ischemic attack  
350–352

autoregulation 591–592, 591
autosomal dominant polycystic 

kidney disease (ADPKD)  
364, 724, 725, 732–733

avalanche theory of secondary 
hemorrhages 404

AVERT trial 869

b
Babinski sign 60, 61
bacterial/purulent meningitis  

361, 362
bacterial vasculopathies 440
BAD see branch atheromatous plaque 

disease
Baillie, Matthew 12
balance see hearing, balance, and 

coordination
balloon remodeling technique  

690, 692
Barthel Index

practical approach to stroke 
management 465, 470, 475

problem‐based approach to stroke 
management 491, 546

stroke services 918
basilar artery 146–149, 146–147
basilar artery thrombosis 618
bathing 552–554, 554, 555
bath principle 908, 910
bAVM see brain arteriovenous 

malformations
beds 552
bedside swallow screen 511

bee stings 360–361
Behavioural Inattention Test (BIT)  

536, 537
Behçet disease 352
Bell’s palsy 62
benign exertional 

headache 114–115
benign orgasmic cephalalgia  

114–115
benign paroxysmal positional 

vertigo 95
benign recurrent vertigo 95
Bernard, Claude 25
berry aneurysm see saccular 

aneurysm
beta‐blockers 762–766, 

764–765, 768
beta‐carotene 804
bevacizumab 374
BHI see breath‐holding index
bilateral ptosis 75
BIT see Behavioural Inattention Test
bites 360–361
Biumi, Franciscus 8, 20–21
bladder management see urinary 

incontinence and retention
bleomycin 374
blister aneurysms 439–440
bloodletting 24–25
blood lipids see high density 

lipoprotein cholesterol; low 
density lipoprotein 
cholesterol; statins; 
triglycerides

blood oxygen level‐dependent 
(BOLD) effect 202, 599

blood pressure see hypertension; 
hypotension

Blood Pressure Lowering Treatment 
Trialists’ Collaboration 
(BPLTTC) 763, 765

blurred vision 97
BMI see body mass index
body mass index (BMI) 802
Boerhaave, Herman 13
BOLD see blood oxygen 

level‐dependent
Bonnet–Dechaume–Blanc 

syndrome 383
boredom 545
botulinum toxin 525
boundary‐zone ischemia and 

infarction 153, 154, 273, 
306–307, 307

Bow Hunter syndrome 349
BPLTTC see Blood Pressure Lowering 

Treatment Trialists’ 
Collaboration

brain abscess 94
brain arteriovenous malformations 

(bAVM)
frequency and presentation 735
intracerebral hemorrhage 723, 

735–740
management of patients with 

unruptured AVMs 739–740
natural history 736
Spetzler–Martin grading 

system 737
treatment options 736–739
Virginia Radiosurgery AVM 

scale 739
brain attack

diagnostic assessment of 
cerebrovascular disease 41, 
81, 83, 99–100

stroke services 888
brain damage

acute ischemic stroke 599, 600
practical approach to stroke 

management 465
brain sag 703, 704
brain stem glioma 90
brain tissue oxygen (PbO2) 700
branch atheromatous plaque disease 

(BAD) 147
branch retinal vein thrombosis  

103, 103
BRAT trial 693–694
breath‐holding index (BHI) 237
breathing see airway, breathing, and 

circulation
Bright, Richard 21

c
CAA see cerebral amyloid 

angiopathy
CABG see coronary artery bypass 

grafting
CADASIL see cerebral autosomal 

dominant arteriopathy with 
subcortical infarcts and 
leukoencephalopathy

CADISS trial 778
calcification of aortic/mitral 

valves 283
calcific retinal emboli 311
calcium antagonists 696–697
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calcium channel blockers (CCB)  
643, 762–766

calcium emboli 70
Canadian Neurological Scale 581
cancer see tumors
candidate gene studies 298
cannabis 377
capillary telangiectasias 411–412
capillary transit time heterogeneity 

(CTTH) 207
CAPRIE trial 784
capsular warning syndrome 156, 

304, 751
CARASAL 380
CARASIL 379–380
cardiac arrhythmias 112, 682
cardiac catheterization 371
cardiac dysfunction 681–682, 

700–701, 705
cardiac dysrhythmias 485
cardiac examination 313
cardiac magnetic resonance (CMR) 

see magnetic resonance 
imaging

cardiac myxoma 287
cardiac tumors 248–250, 249–252
cardioembolic stroke 241–265

acute coronary syndrome 246
anatomy of LAA and pathogenesis of 

thrombus formation 243–244
atrial arrhythmias 242, 243–244
cardiac tumors 248–250, 

249–252
cardioembolic sources 243–247, 

245, 247–248
cardiomyopathy 246–247
computed tomography 242, 248, 

254, 259–261
concepts, classification, and 

cardiac sources of embolism  
241–242

echocardiography 241–242, 244, 
245, 247, 249, 249–251, 
253–261, 253–258, 260

evaluation of cardioembolic source  
242–243

imaging evaluation of LA/LAA 
thrombus 244–245

imaging evaluation of LV 
thrombus 247

infective endocarditis 242, 
252–254, 253–254

Lambl’s excrescences and valve 
strands 256

left atrial/left atrial appendage 
thrombus 242, 243–245, 245

left ventricular thrombus 246–
247, 247–248

magnetic resonance imaging  
243–245, 247, 247, 249–250, 
252, 254, 259–261

marantic endocarditis 255
mitral annular calcification  

256–257, 256
myxoma 248–249, 249–250
nonbacterial thrombotic 

endocarditis 254
papillary fibroelastoma 249–250, 

251–252
paradoxical embolism 257, 258
patent foramen ovale and atrial 

septal defects 257, 258
prosthetic valve thrombosis 256
recurrent stroke 778
thoracic aortic atherosclerosis  

258–261
troponins and cerebral 

ischemia 246
valve diseases 250–256, 253–256
verrucous endocarditis  

254–255, 256
cardiomyopathies 246–247, 285
cardiopulmonary disease 484
cardiovascular complications  

812–814, 813
carer problems

assessment 561
common questions asked by 

carers 561
giving information 582
prevention and treatment  

561–562
problem‐based approach to stroke 

management 560–562, 
560–561

psychological support 561–562
stages of adjustment among 

families of stroke 
patients 560, 560

CARESS study 236
carotid artery stenting (CAS)

impact of stroke and improving 
public health 937, 945

recurrent stroke 830–833, 
831–832, 834

carotid atheroma 772
carotid atherosclerotic plaques 225
carotid bifurcation 132, 133

carotid bruits 300–301, 312–313, 
312–313, 313

carotid–cavernous fistulas 414
carotid dissection

diagnostic assessment of 
cerebrovascular disease 113

ultrasonography 226
unusual causes of ischemic stroke 

and transient ischemic attack  
346–347, 348

carotid endarterectomy
asymptomatic carotid stenosis  

827–830
before, during, or after coronary 

artery surgery 833–835
cardiovascular and respiratory 

complications 812–814, 813
carotid angioplasty/stenting 830–

833, 831–832, 834
cerebral protection (shunting)  

808–809
diagnostic assessment of 

cerebrovascular disease  
41–42, 63

early technical failure 810
evidence of benefit 814–816, 815, 

827–828
general versus regional 

anesthesia 810
history of cerebrovascular disease 

knowledge 26
impact of stroke and improving 

public health 937, 944–945
introduction 807, 827
management of perioperative 

stroke 812
near‐occlusions 821–822, 

821, 829
operative procedure 807–810, 808
patient selection 816–817, 

816, 828
patients with stroke cause as well 

as carotid stenosis 825–827, 
826–827

perioperative stroke 810–814, 
811, 813

recurrent stroke 807–830
restenosis and patch angioplasty  

809–810
risk factors 817–819, 818, 828
severity of stenosis 820, 820, 

828–829
symptomatic carotid 

stenosis 807–827
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ultrasonography 225
variation in patient benefits 819–

825, 820–823, 824, 825, 
828–830, 829

carotid imaging 321–326
catheter angiography 321–323, 

321–323
computed tomography 

angiography 325, 325
duplex sonography 323–324, 

323, 324
magnetic resonance angiography  

325, 326
noninvasive versus invasive 

methods 325–326
carotid ligation 22–24, 23, 24
Carotid Occlusion Surgery Study 

(COSS) 836
carotid siphon 133–134, 

269–271, 322
carotid stenosis

carotid angioplasty/stenting  
830–833, 831–832, 834

carotid imaging 326
endarterectomy for asymptomatic 

carotid stenosis 827–830
endarterectomy for symptomatic 

carotid stenosis 807–827
impact of stroke and improving 

public health 945
intracranial small‐vessel 

disease 278
investigation 313
recurrent stroke 751, 758–759, 

807–830
ultrasonography 225–226, 225, 

226, 235–237
CAS see carotid artery stenting
case mix 920, 921
CASP see Cognitive Assessment Scale 

for Stroke Patients
CAST see Chinese Acute Stroke Trial
casts 525
cataclot/OKY‐046 697
cataplexy 100
catastrophic antiphospholipid 

syndrome 351
catheter angiography

aneurysmal subarachnoid 
hemorrhage 708

atheroma and large‐vessel 
disease 274–275, 276

carotid angioplasty/stenting 832
carotid imaging 321–323, 321–323

cerebral arterial supply  
133–137, 146

cervical arterial dissection 348
infective endocarditis 284
intracardiac tumors 287
moyamoya disease 365
subarachnoid hemorrhage  

445, 450
unruptured intracranial 

aneurysms 734
see also digital subtraction 

angiography
catheterization

aneurysmal subarachnoid 
hemorrhage 686

urinary incontinence and retention  
505–506, 505, 506

cavernous malformations  
412–413, 413

cavernous sinus 133–134, 134
CBF see cerebral blood flow
CBF/CBV see cerebral blood flow/

volume
CCA see common carotid artery
CCB see calcium channel blockers
CCM see cerebral cavernous 

malformations
CDU see cervical duplex 

ultrasonography
celiac disease 378
cell death

acidosis 602
acute ischemic stroke 599–603
altered gene expression 602
apoptosis 601–602
excitotoxicity 599–601
inflammation 602
neuroprotective therapies 603
oxidative stress 601
peri‐infarct depolarization 602
stages of cell death 602–603

cellular ion homeostasis 595
central nervous system infections  

94, 94–95
central pain 65
central retinal artery occlusion  

68, 69
central retinal vein thrombosis  

103, 103
central serous retinopathy 104
central transtentorial herniation  

604, 604
cerebellar ischemic stroke 113, 305
cerebellum 147, 148, 149

cerebral amyloid angiopathy (CAA)
Alzheimer disease 408
clinical features 405–407, 406
diagnosis 408, 408, 409
familial CAA 407–408, 409
genetics of sporadic CAA 407
intracerebral hemorrhage 402, 

405–408, 659
neuroimaging 205, 205

cerebral angiography
aneurysmal subarachnoid 

hemorrhage 695, 707–708
arteriovenous malformations 411
developmental venous 

anomalies 412
diagnosis of intracerebral 

hemorrhage 423
dural arteriovenous fistulas 414
herpes zoster virus 362
history of cerebrovascular disease 

knowledge 7, 18–19, 22
mycotic aneurysm 417
saccular aneurysm 410
thrombolytic drugs 632
unruptured intracranial 

aneurysms 726
cerebral arterial supply 130–153

anterior (carotid) system 131, 
132–143, 132

arterial boundary zones 153
extracranial vessels 131, 131
introduction 130–132
major intracranial arteries  

131, 131
posterior (vertebrobasilar) system  

131, 143–153
small, deep perforating arteries  

131, 132, 139–142, 140–142
structural and functional 

characteristics 131–132, 131
cerebral autosomal dominant 

arteriopathy with 
subcortical infarcts and 
leukoencephalopathy 
(CADASIL)  
277, 319, 379, 379

cerebral blood flow (CBF)
acute ischemic stroke 587–596
cause of ischemic event 305–307, 

307, 320–321, 320
cerebral metabolism/energy 

demand 588, 589
duration of ischemia  

595–596, 595
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regulation 588–593
severity of ischemia–critical flow 

thresholds 594–595, 594
cerebral blood flow/volume  

(CBF/CBV)
acute ischemic stroke 588–590, 

592–593
neuroimaging 176, 178, 193–194, 

196, 211
cerebral cavernous malformations 

(CCM) 668
cerebral edema 497, 641–642
cerebral hyperperfusion 811–812
cerebral ischemia

acute ischemic stroke 587, 
593–599

availability of collateral blood 
flow 594

cardioembolic stroke 246
duration of ischemia 595–596, 595
history of cerebrovascular disease 

knowledge 13–14
ischemic penumbra 596–599, 

596–598
loss of cellular ion 

homeostasis 595
loss of neuronal electrical activity 

and function 595
oligemia 595
other systemic and tissue 

factors 596
reperfusion and brain damage  

599, 600
severity of ischemia–critical flow 

thresholds 594–595, 594
site of cerebral ischemia 594
thrombosis 593–594

cerebral metabolic rate of glucose 
(CMRglu) 588–589, 595

cerebral metabolic rate of oxygen 
(CMRO2) 588–589, 592, 595

cerebral microbleeds (CMB)  
205–206, 205

cerebral microdialysis (CMD)  
700, 705

cerebral perfusion 497
cerebral perfusion imaging with 

computed tomography 
(CTP) 174–177, 193–197

cerebral perfusion pressure (CPP)  
589–590, 591, 592–595

cerebral perfusion reserve  
592–593, 592

cerebral reactivity 816
cerebral small-vessel disease 

(CSVD) 659
cerebral softening 13–15, 15
cerebral vasodilators 17
cerebral venous sinus thrombosis 

(CVST)
clinical presentation 381
diagnosis 382, 383
precipitating factors 381–382, 381
treatment 382
unusual causes of ischemic stroke 

and transient ischemic attack  
381–382

Cerebri anatome (Willis) 9–10, 11
cerebrospinal fluid (CSF) 

disturbances 703–704, 704
cerebrospinal fluid (CSF) drainage  

683–684, 702–703
cerebrovascular accident (CVA)  

16–17, 41
cerebrovascular catheterization 372
cerebrovascular reserve 237
cerebrovascular resistance 

(CVR) 590
cervical arterial dissection

cause of ischemic event 327
ultrasonography 226
unusual causes of ischemic stroke 

and transient ischemic 
attack 346–349, 348

cervical bruits 300–301, 312–313, 
312–313, 313

cervical duplex ultrasonography 
(CDU) 224–228, 225–226

cervical spinal canal 442
cervicocephalic vessels 349
CHADS2/CHA2DS2‐VASc 

scores 281–282, 282, 791, 
791, 794, 943

chairs 551–552
CHANCE trial 611, 784–787
Charcot–Bouchard aneurysms  

278–279, 400–401, 402–404
CHARISMA trial 785
CHD see coronary heart disease
cheiro‐oral‐pedal syndrome 65
cheiro‐oral syndrome 65
chemotherapy 374
chest infections 499
chest pain 80, 310
Cheyne, John 13, 21
Cheyne–Stokes breathing  

483–484, 484

Chiari, Hans 16
Chinese Acute Stroke Trial (CAST)  

611–613, 613
chiropractic manipulation 346
cholesterol see high density 

lipoprotein cholesterol; low 
density lipoprotein 
cholesterol; statins

cholesterol embolism
cardioembolic stroke 258–259
cause of ischemic event 311
unusual causes of ischemic stroke 

and transient ischemic 
attack 365–366

chorioretinitis 104
chronic disease management 902, 

902, 904
chronic hydrocephalus and CSF 

disturbances 703–704, 704
chronic hypertension

acute ischemic stroke 591, 592
Charcot–Bouchard aneurysms  

400–401, 402–404
hemodynamics of deep intracerebral 

hemorrhage 404, 405
intracerebral hemorrhage  

400–405
microbleeds 401–404, 404
recurrence of intracerebral 

hemorrhage 404–405, 405
cilostazol 939
Cincinnati Prehospital Stroke Scale 

(CPSS) 42–43, 42
cingulate herniation 604, 604
circle of Willis 135, 136, 137, 363
circulation see airway, breathing, and 

circulation
cisplatin 374
cisternal drainage 702–703
CJD see Creutzfeldt–Jakob disease
CK see creatine kinase
clazosentan 698
CLEAR III trial 668
clinical trials 25–26

see also individual trials; 
randomized controlled trials

clock face test 54, 56
clopidogrel 236, 418, 783–787, 

794, 937
CLOSE trial 838
clot/thrombus imaging, 

neuroimaging 201, 201–202
CLOT trial 798
clumsiness 58

cerebral blood flow (CBF) (cont’d)
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CMB see cerebral microbleeds
CMD see cerebral microdialysis
CMR see magnetic resonance 

imaging
CMRglu see cerebral metabolic rate 

of glucose
CMRO2 see cerebral metabolic rate of 

oxygen
coagulation factor deficiency  

418–419
cocaine 376, 421, 442–443
Cochrane systematic reviews 609, 

642–643
coexisting medical problems

assessment 491
cause of ischemic event 310
epidemiology 491
problem‐based approach to stroke 

management 484, 490–492
treatment 492

Cogan syndrome 356
Cognitive Assessment Scale for 

Stroke Patients (CASP)  
584–585

cognitive impairment 579–586
acute confusional states 538–540
acute phase 581–585
aneurysmal subarachnoid 

hemorrhage 708
assessment 538, 540
causes after stroke 538
chronic phase 581
Cognitive Assessment Scale for 

Stroke Patients 584–585
diagnosis in stroke patients  

580–581, 580
evaluating cognitive 

performance 582
Mini Mental State Examination  

581, 584–585
Montreal Cognitive Assessment  

581, 582–585, 583
poststroke dementia 540, 

579–580, 581
prevention and treatment 539–540
problem‐based approach to stroke 

management 537–540
recurrent stroke 779, 816
relevance of the problem  

579–580
stroke scales 581–582

coiling technique 689–692, 
691–692, 729

COL4A1 277, 380

cold limbs 533–534, 533
collateral circulation 231–232, 594
collaterals 202–204
commodes 553
common carotid artery (CCA)

cerebral arterial supply 132, 133
physical examination 312
recurrent stroke 808–809, 836

communication difficulties
aphasia 540–542
assessment 540–541
cognitive impairment  

580–581, 580
dysarthria 542
problem‐based approach to stroke 

management 540–542
prognosis 541
rehabilitation 872–873, 873
treatment 541–542

comprehensive stroke service  
882–885, 883–884

computed tomography angiography 
(CTA)

advantages/disadvantages of cross‐
sectional angiographic 
techniques 198

aneurysmal subarachnoid 
hemorrhage 685, 686, 687, 
699, 702

appearance of intracerebral 
hemorrhage on brain CT 181

arterial dissection 198–199, 
199–200

cardioembolic stroke 242, 248
carotid imaging 325, 325
cervical arterial dissection 347
chronic hypertension 405
clot/thrombus imaging 201, 201
collaterals 204
development and technique  

174–177, 176
epileptic seizures 495
intracerebral hemorrhage 658, 

660, 661–662
intracranial venous thrombosis  

213–216, 214–215, 214
postperfusion stage 207–209, 

208–210
sinus venous thrombosis 416
subarachnoid hemorrhage 446, 450
unruptured intracranial aneurysms  

728, 731–732, 733–734
vessel imaging 197–205,  

198–203, 198

computed tomography (CT)
acute ischemic stroke 599, 

612–614, 622–623, 629–630
aneurysmal subarachnoid 

hemorrhage 681, 681, 684, 
687, 699, 704

appearance of intracerebral 
hemorrhage on brain CT  
180–186, 181–187

arteriovenous malformations 411
atheroma and large‐vessel 

disease 276
cardioembolic stroke 242, 248, 

254, 259–261
cause of ischemic event 301–304, 

302–303
cerebral amyloid angiopathy  

406, 409
cerebral arterial supply 138–139, 

144, 148, 150, 158
cerebral blood flow 307, 320
change in appearance of 

intracerebral hemorrhage with 
time 183, 183–184, 187

chronic hypertension 401, 405
defining the infarct core and 

ischemic penumbra  
186–197, 188–189, 196, 599

developmental venous 
anomalies 412

development and technique  
173–177, 176

diagnosis of intracerebral 
hemorrhage 423

dural arteriovenous fistulas 414
focal cerebral symptoms of sudden 

onset 88–91, 89–90, 94, 
98–101

hemostatic factors 418, 419
history of cerebrovascular disease 

knowledge 7, 16, 20, 22
imaging of stroke 173–177, 173
imaging the brain 317–318, 318
intracranial venous thrombosis  

212–216, 214–215, 214
late appearance of the hematoma  

183–184, 184
malignancy 420
mycotic aneurysm 417
perfusion parameter maps 176
recent intracerebral hemorrhage  

180–183, 181–182
recurrent stroke 751
saccular aneurysm 410
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sinus venous thrombosis 416
stroke mimics and other 

differential diagnoses  
210–212, 212–213

stroke services 887
subarachnoid hemorrhage 113, 

116–119, 116–117, 443–447, 
444–447, 450–451

subdural hematoma 424
tissue‐based definition of TIA  

39–40
transient monocular 

blindness 103
concentration 49, 49
confounding variables 290
confusion 686
congenital arteriopathies

autosomal dominant polycystic 
kidney disease 364

circle of Willis variants and 
hypoplastic cervical 
arteries 363

connective tissue disorder 363
fibromuscular dysplasia  

363, 364
unusual causes of ischemic stroke 

and transient ischemic 
attack 363–364

conjugate gaze 73–74, 74
connective tissue disorder 363
conscious level disturbance

airway, breathing, and 
circulation 482, 482

aneurysmal subarachnoid 
hemorrhage 686

diagnostic assessment of 
cerebrovascular disease  
46–48, 46, 46, 99–100, 111

problem‐based approach to stroke 
management 486–487, 
486, 487

subarachnoid hemorrhage 449
CONSCIOUS trials 698
consent see informed consent
constipation 507
continuous positive airway pressure 

(CPAP) 484, 806–807
contractures see spasticity and 

contractures
coordination see hearing, balance, 

and coordination
copying flowers test 54, 55
corneal disorders 106

coronary artery bypass grafting 
(CABG) 833–835

coronary bypass 371
coronary heart disease (CHD)

imaging the coronary 
circulation 328–329

risk factors for ischemic 
stroke 289, 299, 300

cortical blindness 72
cortical hand syndrome 99
corticobulbar tract 58, 59
corticospinal tract 58, 59
corticosteroids

acute ischemic stroke 641–642
history of cerebrovascular disease 

knowledge 26
temporal arteritis 353

COSS see Carotid Occlusion Surgery 
Study

cost‐effectiveness 329, 923–925, 
924, 924

cotton‐wool patches 70
cough headache 114
counseling advice 733–735
CPAP see continuous positive airway 

pressure
CPP see cerebral perfusion pressure
CPSS see Cincinnati Prehospital 

Stroke Scale
craniotomy 667–668, 667
C‐reactive protein (CRP) 300, 

352–353, 357
creatine kinase (CK) 485–486
creatine kinase muscle–brain 

(CK‐MB) 681–682
CREST trials 830, 833
Creutzfeldt–Jakob disease (CJD)  

94, 95
crossed aphasia 53
CRP see C‐reactive protein
cryoglobulinemia 352
cryptogenic stroke see embolic stroke 

of unknown source
CRYSTAL‐AF study 333
CSF see cerebrospinal fluid
CSVD see cerebral small‐vessel 

disease
CT see computed tomography
CTA see computed tomography 

angiography
CTP see cerebral perfusion imaging 

with computed tomography
CTTH see capillary transit time 

heterogeneity

Cullen, William 13
CVA see cerebrovascular accident
CVR see cerebrovascular resistance
CVST see cerebral venous sinus 

thrombosis
cytotoxic edema 190, 190

d
dabigatran 795
DALY see disability‐adjusted life years
Dandy, W. E. 24
DAVF see dural arteriovenous fistulas
d’Azyr, Vicq 13
DCI see delayed cerebral ischemia
DE‐CMR see delayed enhancement 

cardiac magnetic resonance
decompressive hemicraniectomy 936
deep perforating arteries 131, 132, 

139–142, 140–142
deep sensation 63
deep venous thrombosis (DVT)

aneurysmal subarachnoid 
hemorrhage 706–707

anticoagulants 617–618, 619
aspirin 612
assessment 500–501, 500
cause of ischemic event 310
intracerebral hemorrhage 659, 

661, 664–665
prevention 501–502, 502
problem‐based approach to stroke 

management 500–503
treatment 502–503
venography 334

defibrinogenating agents 640
DEFUSE study 195
Degos disease 378
De humani corporis fabrica libri 

septem (Vesalius) 9, 10
dehydration

assessment 516, 516
prevention and treatment 516, 517
problem‐based approach to stroke 

management 501, 515–516
venous thromboembolism 501

Déjerine–Roussy syndrome 65, 153
delayed cerebral ischemia (DCI)

aneurysmal subarachnoid 
hemorrhage 695–703, 695, 
699, 702

monitoring and diagnosis 699–700
pathogenesis 695–696, 695
prophylaxis 696–699
treatment 700–703, 702

computed tomography (CT) (cont’d)
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delayed enhancement cardiac 
magnetic resonance  
(DE‐CMR) 245

delayed neurological deterioration  
694–695

dementia
poststroke dementia 540, 

579–580, 581
problem‐based approach to stroke 

management 537–538, 540
recurrent stroke 751, 779
thalamic dementia 152

depression 542–544
De sedibus et causis morborum 

(Morgagni) 12, 12
designated stroke centers 888
developmental venous anomalies 

(DVA) 410–411, 412
diabetes mellitus (DM)

prevention of first‐ever stroke 943
problem‐based approach to stroke 

management 517–518
recurrent stroke 763, 804–805
risk factors for ischemic 

stroke 293
Diagnostic and Statistical Manual of 

Mental Disorders 
(DSM) 538

DIC see disseminated intravascular 
coagulation

diet and nutrition
assessment 519, 519
feeding and food preparation  

555, 556, 556–557
impact of stroke and improving 

public health 944
malnutrition 518–520,  

521–522, 522
Mediterranean diet 296, 802–803
obesity 296, 519, 521, 802
prevention and treatment of 

malnutrition 520, 
521–522, 522

problem‐based approach to stroke 
management 518–522, 
521–522, 522

recurrent stroke 801–803
reducing blood pressure by 

lowering salt intake 801–802
reducing cholesterol 802
risk factors for ischemic stroke  

296–297
treatment of obesity 521
weight reduction 802

dietary supplements
antioxidants 804
folic acid and other B vitamins  

296–297, 803–804
recurrent stroke 803–804

diffusion‐perfusion mismatch 
(DPM) 176, 194–197, 197, 
598–599, 598

diffusion‐weighted magnetic 
resonance imaging (DWI)

defining the infarct core and 
ischemic penumbra  
190–191, 190–192, 194–195, 
197, 598–599, 598

development and technique 177
diagnostic assessment of 

cerebrovascular disease  
39–40, 40, 48, 50–51, 95, 100

embolism from the heart  
332–333

imaging the brain 317–319
intracranial venous thrombosis  

215, 216
neoplasms 375
postperfusion stage 208–209
recurrent stroke 747, 751, 755
ruling out intracranial 

hemorrhage 186
stroke mimics and other 

differential diagnoses  
210–212, 211–212

subclassification of stroke  
129–130

vessel imaging 202, 203
digital subtraction angiography 

(DSA)
aneurysmal subarachnoid 

hemorrhage 685, 689–692, 
695, 699

giant‐cell arteritis 228
intracranial atheromatosis 229
neuroimaging 174, 202–203
subarachnoid hemorrhage 450
unusual causes of ischemic stroke 

and transient ischemic 
attack 372

dilated episcleral vessels 312
diplopia 97, 536
dipyramidole 784–785, 

787–788, 788
direct oral anticoagulants (DOAC)

impact of stroke and improving 
public health 939

intracerebral hemorrhage 666

recurrent stroke 789, 793–800
unusual causes of ischemic stroke 

and TIAs 368
direct thrombin inhibitors 795
disability‐adjusted life years (DALY)  

910, 934, 945
discharge from hospital 899–900, 

900, 901, 908
discriminative sensation 63
Diseases of the Nervous System 

(Brain) 16
disordered eye movements 536
dissecting aneurysms 439
disseminated intravascular 

coagulation (DIC) 370
distal internal carotid artery 136
distal vasospasm 231
diuretics 762–766, 764–765
dizziness 76, 77, 97
DM see diabetes mellitus
DOAC see direct oral anticoagulants
dobutamine 701
dolichoectasia 147, 148, 

275–277, 276
Dott, Norman 23–24, 23
doxorubicin 374
DPM see diffusion‐perfusion 

mismatch
drawing 54, 55, 56
dressing 554–556, 554, 556
drift of outstretched arm 59, 60
driving 547–549
drop attacks 100
DSA see digital subtraction 

angiography
DSC see dynamic susceptibility 

contrast
DSM see Diagnostic and 

Statistical Manual of Mental 
Disorders

duplex sonography 323–324, 
323, 324

dural arteriovenous fistulas (DAVF)
intracerebral hemorrhage  

413–414, 414, 668–669
subarachnoid hemorrhage 440

DVA see developmental venous 
anomalies

DVT see deep venous thrombosis
DWI see diffusion‐weighted magnetic 

resonance imaging
dynamic susceptibility contrast 

(DSC) 178
dysarthria 51–53, 97
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dysarthria–clumsy hand 
syndrome 156

dysequilibrium 76
dysgraphia 51
dyslexia 51–52
dysnomia 51
dysphagia see swallowing/dysphagia
dysphasia 51–52
dysphonia 51–52, 97
dyspraxia 51

e
EAFT see European Atrial Fibrillation 

Trial
Eale retinopathy 356
early mobilization 501
early supported discharge services  

899–900, 900, 901
ECA see external carotid artery
ECASS see European Cooperative 

Acute Stroke Study
echocardiography

atrial fibrillation 282
cardioembolic stroke 241–244, 

245, 247–249, 249–251, 
253–261, 253–258, 260

cardiomyopathies 285
embolism from the heart 332, 333
infective endocarditis 284
mycotic aneurysm 417
neoplasms 373
nonbacterial thrombotic (marantic) 

endocarditis 285
ECST see European Carotid Surgery 

Trial
edoxaban 796–797
EEG see electroencephalography
Ehlers–Danlos syndrome type IV  

363, 725, 733
ejector chairs 552
electrical cardioversion 805–806
electrical stimulation 872
electrocardiography (ECG)

aneurysmal subarachnoid 
hemorrhage 680–682, 695

atrial fibrillation 282
embolism from the heart  

332–334
imaging the coronary 

circulation 329
electroencephalography (EEG)

acute ischemic stroke 595
aneurysmal subarachnoid 

hemorrhage 700, 704

cause of ischemic event 329
diagnostic assessment of 

cerebrovascular disease 86, 
94, 101

epileptic seizures 495
embolic occlusion 7
embolic stroke of unknown source 

(ESUS)
cause of ischemic event 285–287
impact of stroke and improving 

public health 939–940
recurrent stroke 797, 

838–839, 838
unusual causes of ischemic stroke 

and transient ischemic 
attack 345–398

embolism
atheroembolism and 

thromboembolism 258–259
carotid endarterectomy 811
history of cerebrovascular disease 

knowledge 15–17
paradoxical embolism 257, 258
unusual causes of ischemic stroke 

and transient ischemic 
attack 365–366

see also cardioembolic stroke
embolism from the heart 279–288

adjusted rate of stroke, CHADS2/
CHAD2DS2‐VASc 
scores 281–282, 282

atrial fibrillation 279–283
cardiac sources of embolism 280
cardiomyopathies 285
identifying cause of ischemic 

event 332–334, 333
infective endocarditis 284, 284
intracardiac tumors 287, 287
mitral leaflet (or valve) 

prolapse 283–284
mitral valve strands 284
nonbacterial thrombotic (marantic) 

endocarditis 285, 285
nonrheumatic sclerosis and 

calcification of aortic/mitral 
valves 283

other unusual causes of 
embolism 288

paradoxical embolism, patent 
foramen ovale, and atrial septal 
aneurysm 285–287, 286

prevalence of potential cardiac 
causes of ischemic 
stroke 281

prosthetic heart valves 283
rheumatic valvular disease 283
sinoatrial disease 288

emergency services 887
emotionalism 544–545
employment 557–558
encephalitis 94, 94
ENCHANTED trial 631
endocrine dysfunction 707
endovascular embolization 

(EVT) 736, 738
endovascular interventions  

729–730, 730
endovascular occlusion 689–694, 

691–692
endovascular thrombectomy  

935–936
endovascular valve repair 371
ENGAGE AF‐TIMI 48 trial 796
enosoparin 697
enteral tube feeding 520, 

521–522, 522
epidemiology

clinical trials 25–26
history of cerebrovascular disease 

knowledge 24–28
measuring outcome ‐ stroke scales 

and phrenology 26–27, 26
meta‐analysis and systematic 

reviews 27–28, 28
numerical method 24–25

epidermal nevus syndromes 383
epileptic seizures

aneurysmal subarachnoid 
hemorrhage 683, 704–705

assessment and causes 495, 495
brain arteriovenous 

malformations 739
cause of ischemic event 309
cavernous malformations 413
diagnostic assessment of 

cerebrovascular disease  
79–80, 86–87, 86, 111

early seizures 494
intracerebral hemorrhage 664
late‐onset seizures 494–495, 495
problem‐based approach to stroke 

management 494–496
treatment 496

episodic memory 49–50
eprosartan 763
epsilon‐amino caproic acid 694
erythrocyte sedimentation rate (ESR)  

314, 352–353, 357
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ESPRIT trial 787–788
ESPS see European Stroke Prevention 

Study
ESR see erythrocyte sedimentation rate
essential thrombocytosis 369
ESUS see embolic stroke of unknown 

source
état criblé 142, 143
état lacunaire 142
ethnicity 297–298
European Atrial Fibrillation Trial 

(EAFT) 791
European Carotid Surgery Trial 

(ECST) 322, 323, 759, 814, 
815, 817–825, 825, 830

European Cooperative Acute Stroke 
Study (ECASS) 415, 415

European Stroke Prevention Study 
(ESPS) 787–788

EuroQol‐5 Dimensions 754–755
EVA‐3S trial 832
EVD see external ventricular drain
eversion endarterectomy 807–808
evidence‐based medicine 605, 

605, 946
excitotoxicity 599–601
exercise

diagnostic assessment of 
cerebrovascular disease 78

recurrent stroke 803
rehabilitation 872, 872
risk factors for ischemic 

stroke 296
explicit memory 49–50
exploding head syndrome 114
EXPRESS study 885
extended penumbra model 207
extended‐release dipyrimadole 937
external carotid artery (ECA)

atheroma and large‐vessel 
disease 274

carotid imaging 321–323
cerebral arterial supply 132, 

133, 133
physical examination 312
unusual causes of ischemic stroke 

and transient ischemic 
attack 352–353

external ventricular drain 
(EVD) 683–684, 704

extracranial artery assessment  
224–228, 225–228

extracranial internal carotid 
artery 133

extracranial‐to‐intracranial bypass 
surgery 835–836

extracranial vertebral artery 145
eyelid disorders 106
eyes 311–312
ezetimibe 774–775

f
Fabry disease 380
Face Arm Speech Test 

(FAST) 42–43, 42, 467
facilitation and inhibition 

technique 528, 528
factor eight bypassing activity 

(FEIBA) 368
Factor Seven for Acute Hemorrhagic 

Stroke Trial (FAST) 665
factor Xa inhibitors 795–797
falls and fractures

epidemiology and risk factors  
534, 534

prevention and treatment  
534–535

problem‐based approach to stroke 
management 534–535

familial cerebral amyloid 
angiopathy 407–408, 409

Familial Intracranial Aneurysm study 
(FIA) 724–725

family history
brain arteriovenous 

malformations 740
cause of ischemic event 310, 311
diagnostic assessment of 

cerebrovascular disease  
43, 81

subarachnoid hemorrhage 448
unruptured intracranial aneurysms  

724–725, 724, 730–734
Farr, William 25
FAST see Face Arm Speech Test; 

Factor Seven for Acute 
Hemorrhagic Stroke Trial

FASTER study 236–237
fast stroke imaging 206
fat embolism 366
fatigue 545–546, 873
fat saturation sequences (FAT‐

SAT) 226–227, 233, 347, 348
FDD see flow‐dispersion devices
fecal incontinence and 

constipation 507
feeding and food preparation 555, 

556, 556–557

FEES see fiberoptic endoscopic 
evaluation of swallowing

FEIBA see factor eight bypassing 
activity

fever
aneurysmal subarachnoid 

hemorrhage 706
cause of ischemic event 313
intracerebral hemorrhage 664
problem‐based approach to 

stroke management  
498–499, 499

FIA see Familial Intracranial 
Aneurysm study

fiberoptic endoscopic evaluation of 
swallowing (FEES)  
511–513, 513

fibrates 773, 774–775
fibrinolytic activity 295
fibrin–platelet emboli 311
fibrocartilaginous embolism 349
fibromuscular dysplasia (FMD)  

363, 364
finance 560
first‐line investigation 314, 314
Fisher, C. Miller 8, 16, 16, 18
Fisher scale 681, 681
FLAIR see fluid‐attenuated inversion 

recovery
flow‐dispersion devices (FDD)  

729–730, 730
fludrocortisone 705
fluid‐attenuated inversion recovery 

(FLAIR)
CADASIL 379
cerebral venous sinus 

thrombosis 383
defining the infarct core and 

ischemic penumbra  
191–193, 193

development and technique 177
diagnostic assessment of 

cerebrovascular disease  
98, 101

intracranial venous thrombosis  
213, 216

intravascular 
lymphoma(tosis) 369

neoplasms 375
posterior reversible 

encephalopathy 
syndrome 360

primary angiitis of the central 
nervous system 355, 356
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ruling out intracranial 
hemorrhage 186

stroke mimics and other differential 
diagnoses 211–212, 212

subclassification of stroke 154
vessel imaging 202, 202–203, 204

FMD see fibromuscular dysplasia
fMRI see functional magnetic 

resonance imaging
focal neurological signs 111, 449
fogging effect 189, 189
folic acid/folate 296, 803–804
follow‐up 463
FOOD trial 520, 521
foreign accent syndrome 53
forest plots

acute ischemic stroke, mechanical 
intra‐arterial 
interventions 638

anticoagulants 616–617
aspirin 613
history of cerebrovascular disease 

knowledge 28, 28
thrombolytic drugs 625–627, 629

Fouchy, Jean‐Paul Grandjean de 17
Framingham index 275
Fuch’s corneal endothelial 

dysfunction 106
full‐length graduated compression 

stockings 502, 502
functional magnetic resonance 

imaging (fMRI) 206, 590
functional scales 918
functional sensory disturbance  

96–97
functional status 611–612,  

615–616, 616
functional weakness 96
fungal vasculitis 440
fusiform aneurysms 439

g
gag reflex 510–511
gait 526–529, 527–528
GALA trial 810
Galenus of Pergamon 9
gastrointestinal disorders

celiac disease 378
Degos disease 378
inflammatory bowel disease 377
unusual causes of ischemic stroke 

and transient ischemic attack  
377–378

gastrointestinal hemorrhage 486, 
686, 777, 784

GBD see Global Burden of Disease
GCS see Glasgow Coma Scale
gemcitabine 374
general anesthesia 810
genetics

acute ischemic stroke 602
brain arteriovenous malformations  

735, 736
cerebral amyloid angiopathy 407
risk factors for ischemic stroke  

298–299
single gene disease 379–380, 379
subarachnoid hemorrhage 448
unruptured intracranial aneurysms  

724–725, 724, 730–734
giant‐cell arteritis

ultrasonography 227–228, 228
unusual causes of ischemic stroke 

and transient ischemic attack  
352–353, 353

Glasgow Coma Scale (GCS)
aneurysmal subarachnoid 

hemorrhage 680, 680–681
diagnostic assessment of 

cerebrovascular disease  
46–47, 47

intracerebral hemorrhage 660–661
problem‐based approach to stroke 

management 487
glaucoma 69, 69, 73, 103, 105–106
glenohumeral subluxation 532, 532
global amnesia 51, 51
Global Burden of Disease (GBD)  

908, 909, 910
globus pharyngis 97
glucose intolerance 804–805
glycerol 642
glycoprotein IIb/IIIa inhibitors 640
gradient‐echo (GRE) T2* see 

susceptibility‐weighted imaging
gradual onset 308–309
graduated compression stockings  

502, 502
Graunt, John 25
GRE see susceptibility‐weighted 

imaging
Guillain–Barré syndrome 93

h
H2 receptor agonists 486
HAEST trial 618
handicap/participation scales 918
Harvey, William 8, 9, 11

HAS‐BLED score 791–793, 791
HBOT see hyperbaric oxygen therapy
HCV see hepatitis C virus
HDL see high density lipoprotein
headache

aneurysmal subarachnoid 
hemorrhage 686

carotid endarterectomy 814
cause of ischemic event 309
diagnostic assessment of 

cerebrovascular disease 79, 
109–110, 114–116, 118–119

problem‐based approach to stroke 
management 496

types/classification 114–116
head injury 97–98
hearing, balance, and coordination

accompanying symptoms 79–80
anatomical structures of the 

brainstem 76
diagnostic assessment of 

cerebrovascular disease  
76–81

lifestyle, behavior, and family 
history 81

past medical history 80–81, 81
possible precipitants 78–79
presenting disorders 76–78
speed of onset of symptoms and 

temporal course 78
Heart Protection Study (HPS)  

293–294, 771, 769–773
heart transplantation 371
heaviness 58
Helicobacter pylori 777
Helsinki Young Stroke Registry 756
hematocrit 295, 590
hematological disorders

anemia 368
disseminated intravascular 

coagulation 370
essential thrombocytosis 369
hemolytic uremic syndrome 370
heparin‐induced 

thrombocytopenia 368
hereditary coagulation disorders or 

thrombophilias 366–367
intravascular lymphoma 369, 369
leukemia 368–369
lymphomatoid granulomatosis  

369–370
paraproteinemias 370
paroxysmal nocturnal 

hemoglobulinuria 368
polycythemia 370

fluid‐attenuated inversion recovery 
(FLAIR) (cont’d)
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prothrombotic drugs 368
sickle cell disease 368
thrombotic thrombocytopenic 

purpura 370
unusual causes of ischemic stroke 

and transient ischemic 
attack 366–370, 367

hemianopia 97, 152
hemicraniectomy 641
hemiparesis

diagnostic assessment of 
cerebrovascular disease  
62–63

neuroimaging 176, 184, 187
problem‐based approach to stroke 

management 528
hemiplegia 62–63, 524
hemodilution 643
hemodynamic factors 404, 405, 

419–420
hemodynamic theory 17–18
hemolytic uremic syndrome 

(HUS) 370
hemophilia 418–419
hemorrhage

anticoagulants 616–617
atrial fibrillation 282–283
diagnostic assessment of 

cerebrovascular disease  
41, 70–71, 88, 97–98, 103, 
111, 113

history of cerebrovascular disease 
knowledge 11–13, 19–24

see also aneurysmal subarachnoid 
hemorrhage; intracranial 
hemorrhage; rehemorrhage; 
subarachnoid hemorrhage

hemorrhagic infarction (HI) 415
hemorrhagic stroke

aspirin 612–613
carotid endarterectomy 811–812
intracerebral hemorrhage  

414–415, 415
neuroimaging 180
recurrent stroke 758, 768, 

811–812
stroke services 911

hemorrhagic transformation of an 
infarct (HTI) 207–209, 
208–211

hemosiderin 185–186, 206
hemostatic factors 295, 417–419
hemostatic therapy 665–667
Henoch‐Schoenlein purpura 

(HSP) 360

heparin
acute ischemic stroke 615–621, 

631, 635
adverse effects 621
aneurysmal subarachnoid 

hemorrhage 706–707
recurrent stroke 798
unusual causes of ischemic stroke 

and transient ischemic 
attack 376

venous thromboembolism  
502–503

heparin‐induced thrombocytopenia 
(HIT) 368, 706–707

hepatic encephalopathy 92
hepatitis C virus (HCV) 361–362
hereditary coagulation 

disorders 366–367
hereditary hemorrhagic telangiectasia 

(HHT) 382
herpes zoster virus (HZV) 361, 362
hexamethonium 18
HHH therapy 700–701, 705
HHT see hereditary hemorrhagic 

telangiectasia
HI see hemorrhagic infarction
hiccups 80, 496, 497
high density lipoprotein (HDL) 

cholesterol 293–296, 
293–294, 768, 774–775

higher cerebral function disturbance
attention and concentration  

49, 49
diagnostic assessment of 

cerebrovascular 
disease 48–57

memory 49–51, 50–51, 50
praxis 56–57, 57, 57
speech and language 51–53, 52
visuospatial dysfunction 53–56, 

53, 54–56, 55
high‐intensity transient signals 

(HITS) 18–19
high sensitivity C‐reactive protein 

(hs‐CRP) 300
Hill, Sir Austin Bradford 25
hip extension/hip flexion 96
history of cerebrovascular disease 

knowledge 7–35
anatomy and blood supply to the 

brain 8–10, 10
atheromatous lesions 12
bloodletting 24–25
cerebral infarction/ischemic 

stroke 13–14

cerebrovascular accident 16–17
clinical trials 25–26
epilogue 28
hemodynamic theory 17–18
ideas change slowly 8
imaging and measurement 

developments 7, 16, 18–20, 
20, 22

intracerebral hemorrhage  
19–20, 20

measuring outcome ‐ stroke scales 
and phrenology 26–27, 26

meningeal apoplexy 20–22
meta‐analysis and systematic 

reviews 27–28, 28
numerical method 24–25
softening of the brain 13–15, 15
subarachnoid hemorrhage  

20–24, 21
surgical developments 22–24, 

23, 24
thromboembolic theory 18–19
thrombosis and embolism 15–17
tissue fixation 13
transient ischemic attacks  

17–19, 26
transient monocular blindness  

18, 19
treatment and its pitfalls 24–28
vasospasm theory 17
what happens in apoplexy 11–13, 

12, 13
history taking

cause of ischemic event  
308–310, 308

diagnostic assessment of 
cerebrovascular disease 43, 
80–81, 81

intracerebral hemorrhage 422
subarachnoid 

hemorrhage 448–449
HIT see heparin‐induced 

thrombocytopenia
HITS see high‐intensity transient 

signals
HIV/AIDS 361, 362
HMG‐CoA reductase inhibitors see 

statins
Hodgkin disease 374
Hodkinson Abbreviated Mental Test  

538, 538
Hollenshorst plaques 69, 70
homocystinuria 380
homolateral ataxia and crural 

paresis 156
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homonymous visual field deficits  
66–68, 67

Hoover’s sign 96
hormonal agents 375
hormone replacement therapy 

(HRT) 375
Horner syndrome 73, 346
hospital admission statistics 908
Hounsfield, Godfrey N. 20, 20
housing and accommodation 557
HPS see Heart Protection Study
HRT see hormone replacement 

therapy
hs‐CRP see high sensitivity C‐reactive 

protein
HSP see Henoch‐Schoenlein purpura
HTI see hemorrhagic transformation 

of an infarct
Hunt and Hess grading scale 680
Hunt, Ramsay 18
HUS see hemolytic uremic syndrome
Hutchinson‐Gilford syndrome 383
hydration/fluids 501, 516

see also diuretics
hydrocephalus

aneurysmal subarachnoid 
hemorrhage 683–684, 684, 
703–704, 704

diagnostic assessment of 
cerebrovascular disease 103, 
113, 113

ultrasonography 231
hyperbaric oxygen therapy 

(HBOT) 366
hypercalcemia 92
hypercholesterolemia 941–943
hypercoagulable state 377
hyperglycemia

aneurysmal subarachnoid 
hemorrhage 705–706

diagnostic assessment of 
cerebrovascular disease 92

intracerebral hemorrhage  
663–664

problem‐based approach to stroke 
management 517–518

recurrent stroke 804–805
hyperperfusion syndrome 209, 211
hypersomnolence 152
hypertension

acute setting 493
aneurysmal subarachnoid 

hemorrhage 682–683
assessment 492

carotid endarterectomy 807
diagnostic assessment of 

cerebrovascular disease 112
dietary modification 801–802
impact of stroke and improving 

public health 939, 
940–941, 944

impact on risk of death 492
induced hypertension and volume 

expansion 696, 700–701, 705
intracerebral hemorrhage 422, 

661–663, 664, 669–670, 669
lower limits of treatment and who 

not to treat 766–767
observational studies on blood 

pressure and stroke  
757–758, 758–759

problem‐based approach to stroke 
management 492–493

randomized trials of blood 
pressure‐lowering drugs  
759–761, 760–762

recurrent stroke 757–768, 
801–802, 807

risk factors for ischemic 
stroke 292–293, 292, 
296, 307

subacute setting 493, 493
thrombolytic drugs 631
treatment 492–493
unusual causes of ischemic stroke 

and transient ischemic 
attack 346

when to start antihypertensive 
treatment after an acute 
stroke 767–768

which antihypertensive drug or 
drugs to use 762–766, 
764–765

see also chronic hypertension
hypertensive encephalopathy  

92–93
hyperthermia 664, 706
hyperventilation 642
hyperviscosity syndrome 368–369
hypervolemia 696, 700–701, 705
hypnic headache 114
hypoglycemia

diagnostic assessment of 
cerebrovascular disease 91

problem‐based approach to stroke 
management 518

recurrent stroke 804–805
hypomagnesemia 697

hyponatremia
aneurysmal subarachnoid 

hemorrhage 705
assessment 517, 517
diagnostic assessment of 

cerebrovascular disease 92
problem‐based approach to stroke 

management 516–517
treatment 517

hypoplastic cervical arteries 363
hypotension

assessment 494
carotid endarterectomy 807
problem‐based approach to stroke 

management 493–494
risk factors for ischemic 

stroke 305
thrombolytic drugs 631
treatment 494

hypothermia 664
hypoxia 482
HZV see herpes zoster virus

i
IBD see inflammatory bowel disease
ICA see internal carotid artery
ICH see intracerebral hemorrhage
ICIDH see International 

Classification of Impairments, 
Disabilities and Handicaps

ICMR see Indian Council of Medical 
Research

ICSS see International Carotid 
Stenting Study

ICU see intensive care units
idarucizumab 666
ideomotor apraxias 57
idiopathic stabbing headache 114
idiopathic subarachnoid hemorrhages  

442, 443, 447
immobility

assessment 546, 547
dependency in activities of daily 

living 546–547, 547–549, 
550–555, 555–557

fecal incontinence and 
constipation 507

nutritional problems 518–519, 519
pressure ulcers 498, 507–509
problem‐based approach to stroke 

management 497–498, 
497–498, 498

rehabilitation 871–872, 871
stroke services 918
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treatment 546–547
venous thromboembolism 500

immunostaining 353, 406
immunosuppressive therapy 93–94
impact of stroke and improving 

public health 933–951
conclusion and 

recommendations 946
disability 934, 945
high‐risk approach 940–945, 

941–942
impact reduction strategies 934
incidence 933, 945
mortality 933–934, 945
outcome 933–934, 945
population or mass approach 945
prevalence 933
prevention of first‐ever stroke  

940–945
prevention of recurrent stroke  

936–940, 938
translating evidence into 

practice 946
treatment of acute stroke  

934–936, 934
trends in stroke incidence and 

outcome 945
inadequate breathing 482–485
indapamide 762
Indian Council of Medical Research 

(ICMR) 908
induced hypertension 696,  

700–701, 705
indwelling urinary catheters  

505–506, 505, 506
infarct core 186–193
infection

bacterial/purulent meningitis  
361, 362

chest infections 499
fever after stroke 498–499, 499
hepatitis C virus 361–362
herpes zoster virus 361, 362
HIV/AIDS 361, 362
pharyngitis, tonsilitis, and 

lymphadenitis 362–363
problem‐based approach to stroke 

management 498–500
risk factors for ischemic stroke  

299–300
unusual causes of ischemic stroke 

and transient ischemic attack  
361–363, 361

urinary infections 499–500

infectious arteriopathies 440
infective endocarditis

cardioembolic stroke 242, 
252–254, 253–254

cause of ischemic event  
284, 284

inflammation 299–300, 602
inflammatory bowel disease 

(IBD) 377
inflammatory vasculopathies

acute posterior multifocal placoid 
pigment epitheliopathy 356

Cogan syndrome 356
Eale retinopathy 356
Kohlmeier‐Degos disease 356
paraneoplastic 

vasculitis 356–357
primary angiitis of the central 

nervous system  
354–356, 355

Susac disease 356
Takayasu arteritis 353–354, 354
temporal arteritis 352–353, 353
therapeutic drug‐induced 

vasculitis 357
unusual causes of ischemic stroke 

and transient ischemic 
attack 352–357

Informant Questionnaire on 
Cognitive Decline in the 
Elderly (IQCODE) 538

informed consent 632–634
injury

cause of ischemic event 310
head injury 97–98
intracerebral hemorrhage 421
myocardial injury 485–486
penetrating injuries 349
subarachnoid hemorrhage 441
see also arterial malformations and 

injuries
innominate artery steal 326
INR see international normalized 

ratio
institutionalization 461, 461
insulin resistance 805
integrated management plan  

466–476
advantages of goal‐oriented 

approach 469
assessment 466–469, 468
describing goals 470
goal setting as a diagnostic tool  

470–471

identifying problems and setting 
goals 469–470

introduction 466–467
multidisciplinary team 

meetings 475–476
patient and carer factors  

470–471, 471
roles of team members 472–475
social environment 468–469, 469
stroke services 922
stroke team 471–472, 471, 472
team factors 470

intensive care units (ICU) 680, 892
INTERACT2 trial 663, 665, 768
intermediate phenotypes 299
intermittent pneumatic compression  

501–502
internal carotid artery (ICA)

aneurysmal subarachnoid 
hemorrhage 690

atheroma and large‐vessel 
disease 271, 273–274

carotid endarterectomy 808–809, 
811–812, 821

carotid imaging 321–325
cerebral arterial supply 131, 

132–136, 133, 134, 150
impact of stroke and improving 

public health 944–945
neurological examination 311
physical examination 312
total anterior circulation 

infarction 301–304, 
302–303

International Carotid Stenting Study 
(ICSS) 832–833

International Classification of 
Impairments, Disabilities 
and Handicaps (ICIDH)  
455, 456

international normalized ratio (INR)  
417, 791–799, 939

International Stroke Trial (IST)  
611–613, 613, 623

International Study of Unruptured 
Intracranial Aneurysms 
(ISUIA) 724–725

internuclear ophthalmoplegia 75
interobserver variation 106–109, 

107–108
INTERSTROKE Study 288, 288, 

295–296, 944
intra‐arterial mechanical 

thrombectomy 204–205
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intra‐arterial thrombolysis 631–632
intracardiac tumors 287, 287
intracerebral extension of 

hemorrhage 684–686, 685
intracerebral hemorrhage (ICH)  

399–436
alcohol 421
anticoagulants 417–418, 418, 

615–616, 616, 623, 666
antiplatelets 418
antiplatelet therapy 665–666
appearance of hemorrhage on 

MRI 184–186, 186
arteriovenous malformations  

409–410, 411, 659, 668
aspirin 611–612
blood pressure 661–663, 664, 

669–670, 669
brain arteriovenous malformations  

723, 735–740
frequency and 

presentation 735
management of patients 

with unruptured AVMs  
739–740

natural history 736
Spetzler–Martin grading 

system 737
treatment options 736–739
Virginia Radiosurgery AVM 

scale 739
capillary telangiectasias 411–412
carotid–cavernous fistulas 414
cause of ischemic event 267, 

278–279, 280
cavernous malformations  

412–413, 413
cerebral amyloid angiopathy  

402, 405–408, 406, 408, 409, 
409, 659

cerebral cavernous 
malformations 668

change in appearance of 
intracerebral hemorrhage with 
time 183, 183–187, 185–186

chronic hypertension 400–405, 
401–405

clinical outcome prediction 
models 659–660

coagulation factor deficiency  
418–419

cognitive impairment 579
control of physiological variables  

661–664, 664

developmental venous anomalies  
410–411, 412

diagnosis 422–423
diagnostic assessment of 

cerebrovascular disease  
97–98, 113

diseases and malformations of 
cerebral blood vessels  
399–417

dural arteriovenous fistulas 413–
414, 414, 668–669

epidemiology 657
etiology 399, 400
glucose 663–664
hemodynamic factors 404, 405, 

419–420
hemorrhagic transformation of an 

infarct 207–209, 208–211
hemorrhagic transformation of 

ischemic stroke 414–415, 415
hemostatic factors 417–419
hemostatic treatment and 

corrective therapy for 
iatrogenic ICH 665–667

history of cerebrovascular disease 
knowledge 19–20, 20

history taking 422
initial management 660–661
intracranial pressure 665
intraventricular hemorrhage 659
introduction 399, 723
laboratory studies 422–423
late appearance of the 

hematoma 183–184, 184
leukemia 368–369
location within the brain 399, 401
malignancy 420, 420
moyamoya disease 416–417, 669
mycotic aneurysm and septic 

arteritis 415–416, 417
neoplasms 372–373
neuroimaging 180–186, 181–187, 

205, 206
neurological examination 422
pathophysiology and risk 

factors 657–659, 658, 660
physical examination 422
practical approach to stroke 

management 466
pregnancy 377
pre‐rupture symptoms 448–449
prevention 723–744
problem‐based approach to stroke 

management 492–493

prophylaxis and management of 
common complications  
664–665

recent intracerebral hemorrhage 
on CT 180–183, 181–182

recurrent stroke 745–746, 
755–757, 786, 796

risk of death 756–757
saccular aneurysm 408–409, 410, 

444, 446
secondary prevention with 

blood pressure control  
669–670, 669

seizures 664
sinus venous thrombosis 415, 416
specific treatment of 657–678
stroke services 911
structural abnormalities  

668–669
subdural hematoma 423–424, 

424, 424
substance abuse 421
surgical treatment 667–668, 667
temperature 664
thrombolytic drugs 623–624, 

666–667
thrombolytics 418, 419
trauma 421
ultrasonography 231, 232
unruptured intracranial aneurysms  

723–735
autosomal dominant polycystic 

kidney disease 724, 725, 
732–733

counseling advice 733–735
family history and genetics  

724–725, 724
management of patients with 

unruptured aneurysms  
730–732, 731

new aneurysm development 
and growth mechanisms  
725–727, 726

prevalence, risk factors, and site 
of 723–727, 724

rupture risk factors and 
predictors 727–728, 
727–728

screening for aneurysms  
732–735, 733–734

treatment options 728–730, 730
vasculitis 420–421
venous thromboembolism 659, 

661, 664–665
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intracisternal fibrinolysis  
702–703

intracranial artery assessment  
228–231, 229–230, 230, 231

intracranial atheromatosis  
228–229, 229

intracranial dissections 349
intracranial pressure (ICP)

acute ischemic stroke 641–642
aneurysmal subarachnoid 

hemorrhage 682–684, 684
intracerebral hemorrhage  

659, 665
intracranial small‐vessel disease 

(SVD) 268, 277–279, 
277–278, 293, 305, 331, 332

intracranial stenosis 228–229, 230
intracranial venous thrombosis  

212–216, 214–215, 214
intracranial vertebral artery 145
intraocular hemorrhage 103
intravascular lymphoma(tosis)  

369, 369
intravenous immunoglobulins 

(IVIG) 376
intraventricular hemorrhage (IVH)  

113, 659
intravoxel incoherent motion imaging 

(IVIM) 207
ipsilateral severe carotid stenosis  

825–827, 826–827
IQCODE see Informant 

Questionnaire on Cognitive 
Decline in the Elderly

IRIS trial 805
ISAT trial 693–694
ischemia–critical flow thresholds  

594–595, 594
ischemic cerebral edema

acute ischemic stroke  
603–605, 604

central transtentorial herniation  
604, 604

cingulate herniation 604, 604
uncal herniation 604–605, 604

ischemic oculopathy 69, 70, 312
ischemic penumbra

acute ischemic stroke 596–599, 
596–598

neuroimaging 193–197, 207
isolated dysarthria 53
isolated subdural 

hematoma 423–424
IST see International Stroke Trial

ISUIA see International Study of 
Unruptured Intracranial 
Aneurysms

IVIG see intravenous 
immunoglobulins

IVIM see intravoxel incoherent 
motion imaging

j
Japanese Primary Prevention Project 

(JPPP) 944
JUPITER study 300

k
Kawasaki disease 359–360
Kearns Sayre 378–379
Kohlmeier‐Degos disease 356

l
la belle indifférence 97
labyrinthine disorders 95
lacunar infarction

causes of ischemic event  
302–303, 304

cerebral arterial supply  
140–141, 142

intracranial small‐vessel disease  
278, 278

lacunar ischemic strokes
intracranial small‐vessel 

disease 278
recurrent stroke 754–755, 755, 

825–827
lacunar syndromes

ataxic hemiparesis 156
brain lesion 156–157
clinical syndrome 154–155
dysarthria–clumsy hand 

syndrome 156
homolateral ataxia and crural 

paresis 156
pure motor stroke 155–156
pure sensory stroke 156
sensorimotor stroke 156
subclassification of stroke  

154–158, 155, 155
vascular lesion 157–158

LADIS study 154, 157
Lambl’s excrescences 256
language see speech and language
LAPSS see Los Angeles Prehospital 

Stroke Screen
large‐artery intracranial occlusive 

disease 269–271

large‐vessel disease see atheroma and 
large‐vessel disease

LARIAT endovascular 
technique 839

lateral geniculate nucleus 
(LGN) 135

LDL see low‐density lipoprotein
left atrial/left atrial appendage 

thrombus 242, 243–245, 245
left atrial occlusion 839
left ventricular thrombus 246–247, 

247–248
leisure 558, 559
lenticulostriate arteries 140–142, 

141–142
lepto/dural sinus invasion 373
leukemia 368–369, 374
leukoaraiosis 154, 157, 279, 299
levator palpebrae superioris 74
LGN see lateral geniculate nucleus
lifestyle modification

alcohol consumption 297, 801
diagnostic assessment of 

cerebrovascular disease  
78–79, 81

dietary modification 296–297, 
801–803

exercise 296, 803
impact of stroke and improving 

public health 939, 941, 
943–944

recurrent stroke 800–803
smoking cessation 293, 

800–801, 801
lightning streaks of Moore 104
limb edema 498
limb‐shaking TIAs 62–63, 63, 306
linkage studies 298
Lister, Lord 25
liver problems 772
living wills 476–477
LMIC see low‐ and middle‐ income 

countries
locked‐in syndrome 47–48, 48
logistic regression models 45, 46
long‐term cardiac monitoring  

333–334
long‐term memory 50
Los Angeles Prehospital Stroke 

Screen (LAPSS) 42, 43, 467
Louis, Pierre‐Charles‐Alexandre  

24–25
low‐ and middle‐income countries 

(LMIC) 897–899, 898, 906



972 Index

low density lipoprotein (LDL) 
cholesterol

adverse effects of cholesterol‐
lowering treatments  
772–773

aneurysmal subarachnoid 
hemorrhage 697–698

dietary modification 802
impact of stroke and improving 

public health 939, 941–943
lower limits of treatment and 

regimen selection 773–774
observational studies on 

cholesterol and stroke 768
other benefits of cholesterol 

reduction with a statin 772
randomized trials of cholesterol‐

lowering drugs 768–772, 
769–770

recurrent stroke 771, 
768–775, 802

risk factors for ischemic stroke  
293–296, 293–294, 300

role of nonstatin lipid‐lowering 
drugs 774–775

when to initiate treatment 774
who to treat/not to treat 773

low‐flow ischemic stroke 811
low molecular weight heparin 798
lumbar puncture

causes of ischemic stroke 329
diagnostic assessment of 

cerebrovascular 
disease 117–118

history of cerebrovascular disease 
knowledge 22

intracerebral hemorrhage 421
lymphadenitis 362–363
lymphomatoid granulomatosis  

369–370, 374

m
MAC see mitral annular calcification
magnesium sulfate 697
magnetic resonance angiography 

(MRA)
advantages/disadvantages of cross‐

sectional angiographic 
techniques 198

aneurysmal subarachnoid 
hemorrhage 708

arterial dissection 198–199, 
199–200

carotid imaging 325, 326

cause of ischemic event 301–304
cerebral arterial supply 132, 

136, 146
cervical arterial dissection 347
clot/thrombus imaging 201, 

201–202
collaterals 204
development and technique 178
diagnostic assessment of 

cerebrovascular disease 63, 
87, 100, 119

fibromuscular dysplasia 364
history of cerebrovascular disease 

knowledge 7, 16
imaging the cerebral 

circulation 320
intracerebral hemorrhage 661
intracranial venous 

thrombosis 213–216, 
214–215, 214

postperfusion stage 207–209, 
208–211

reversible cerebral vasoconstriction 
syndrome 358

subarachnoid hemorrhage  
446, 450

Takayasu arteritis 354
unruptured intracranial aneurysms  

728, 731–732, 734
vessel imaging 197–205, 198–

203, 198, 364
magnetic resonance imaging (MRI)

acute ischemic stroke 590, 
612–614, 622–623, 630

advanced magnetic resonance 
techniques 206–207

aneurysmal subarachnoid 
hemorrhage 689, 699

bacterial/purulent meningitis 362
CADASIL 379
cardioembolic stroke 243–245, 

247, 247, 249–250, 252, 254, 
259–261

cause of ischemic event 301–304
cavernous malformations 413
cerebral arterial supply 134, 

141–143, 149–151
cerebral blood flow 307
cerebral venous sinus 

thrombosis 383
change in appearance of 

intracerebral hemorrhage with 
time 185–186, 185–187

conscious level disturbance 48

contraindications 178–179
defining the infarct core and 

ischemic penumbra  
190–197, 190–197

developmental venous 
anomalies 412

development and technique  
177–178, 179

diagnosis of intracerebral 
hemorrhage 423

fat saturation sequence MRI  
226–227, 233, 347, 348

focal cerebral symptoms of sudden 
onset 89–90, 91–95, 93, 
98–101, 98

higher cerebral function 
disturbance 50–51

history of cerebrovascular disease 
knowledge 7

imaging of stroke 173, 173, 
177–179

imaging the brain 317–319
imaging the cerebral 

circulation 320
intracranial venous thrombosis  

212–216, 214–215, 214
intravascular 

lymphoma(tosis) 369
microbleeds 401–402, 404
mitochondrial disease 378
neoplasms 375
paraneoplastic vasculitis 356–357
posterior reversible encephalopathy 

syndrome 360
primary angiitis of the central 

nervous system  
355–356, 355

recurrent stroke 747, 751, 
755, 830

ruling out intracranial hemorrhage  
184–186, 184–187

stroke mimics and other 
differential diagnoses  
210–212, 212–213

subarachnoid hemorrhage  
116–119, 443, 447, 450–451

subclassification of stroke  
129–130, 130, 154, 157–158

tissue‐based definition of TIA  
39–40, 40

venous thromboembolism 500
magnetic resonance spectroscopy 

(MRS) 206–207
malaise 309
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malignancy‐related coagulopathy  
372–373

malignant arterial hypertension 105
malignant atrophic papulosis 356
malignant hypertension 70–71, 71
malnutrition 518–520, 

521–522, 522
mannitol 642
MAOI see monoamine oxidase 

inhibitors
MAPK see mitogen‐activated protein 

kinases
MAPS trial 729
marantic endocarditis 255, 285, 

285, 373–374
Marfan syndrome 363, 733
MASS see Melbourne Ambulance 

Stroke Screen
massive cerebellar infarcts  

640–641
massive infarct swelling 624
MATCH trial 784–786
MCA see middle cerebral artery
MCTT see mean cerebral transit time
mean cerebral transit time (MCTT)  

592–593
mechanical intra‐arterial 

interventions
acute ischemic stroke 636–639, 

637–638
adverse effects 639
clinical evidence 637–639
rationale for use 636–637
technique 639
when to start 639
who to treat/not to treat 639

mechanical prosthetic heart valves  
797–798

mechanical ventilation 485
medial longitudinal fasciculus 

(MLF) 73–74, 74
Medical Research Council (MRC)

diagnostic assessment of 
cerebrovascular disease 60

Scale of Weakness 527, 527
Mediterranean diet 296, 802–803
medullary perforating arteries  

143, 145
MELAS see mitochondrial 

encephalopathy, lactic 
acidosis, and stroke‐like 
episodes

Melbourne Ambulance Stroke Screen 
(MASS) 42, 43

memory
cerebral arterial supply 153
diagnostic assessment of 

cerebrovascular disease  
49–51, 50–51, 50

Ménière disease 95
meningeal apoplexy 20–22
meningioma 89
meningism 80, 112
meningitis 112
MES see microembolic signals
meta‐analysis

acute ischemic stroke 608–609
history of cerebrovascular disease 

knowledge 27–28, 28
see also individual studies

metabolic disturbances
aneurysmal subarachnoid 

hemorrhage 705–706
dehydration 515–516, 516–517
diagnostic assessment of 

cerebrovascular disease  
91–94

hyperglycemia 517–518
hypoglycemia 518
hyponatremia 516–517, 517
problem‐based approach to stroke 

management 515–518
metabolic syndrome 296
metastatic complications 373
metastatic melanoma 90
metformin 805
methotrexate 374–375
methylprednisolone 698
methyltetrahydrofolate reductase 

(MTHFR) 803
MG see myasthenia gravis
microbleeds

intracerebral hemorrhage  
401–404, 404

neuroimaging 205–206, 205
microembolic signals (MES)  

235–237, 236, 328, 328
micropsia 72
middle cerebral artery (MCA)

acute ischemic stroke 232–235, 234
aneurysmal subarachnoid 

hemorrhage 684–686, 685, 
687, 689

atheroma and large‐vessel 
disease 271, 273–274

carotid endarterectomy 809
cerebral arterial supply 135, 

140–143, 141–144

cerebral blood flow 306
extracranial‐to‐intracranial bypass 

surgery 835–836
imaging the brain 318
imaging the cerebral 

circulation 320
partial anterior circulation 

infarction 304
total anterior circulation infarction  

301–304, 302–303
migraine

brain arteriovenous 
malformations 740

diagnostic assessment of 
cerebrovascular disease  
84–86, 84, 85, 114

unusual causes of ischemic stroke 
and transient ischemic attack  
358–359

migrainous stroke 359
mild ischemic stroke 746–753
miliary aneurysms 19
milrinone 701
minimally invasive surgery 668
Mini Mental State Examination 

(MMSE) 538, 539, 581, 
584–585

minor stroke 41
Mistichelli, Domenico 12
MISTIE studies 668
mitochondrial disease

Kearns Sayre 378–379
mitochondrial encephalopathy, 

lactic acidosis, and stroke‐like 
episodes 378, 378

unusual causes of ischemic stroke 
and transient ischemic attack  
378–379

mitochondrial encephalopathy, lactic 
acidosis, and stroke‐like 
episodes (MELAS) 378, 378

mitogen‐activated protein kinases 
(MAPK) 726

mitomycin 374
mitral annular calcification (MAC)  

256–257, 256
mitral leaflet prolapse (MLP)  

283–284
mitral valve strands 284
MLF see medial longitudinal 

fasciculus
MLP see mitral leaflet prolapse
MMSE see Mini Mental State 

Examination
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MND see motor neuron disease
mobile stroke teams 895
mobility see immobility
MoCA see Montreal Cognitive 

Assessment
modified Ashworth Scale 523
modified Rankin Scale 625
monitoring recanalization 234
Moniz, Egas 22
monoamine oxidase inhibitors 

(MAOI) 115
monoclonal antibodies 775
monocular diplopia 75
mononeuropathy 98–99
monoparesis/monoplegia 62–63
Montreal Cognitive Assessment 

(MoCA) 581, 582–585, 583
Morgnani, Giovanni Batista 12–13
mortality statistics 908, 909
MOSES study 763
motor neuron disease (MND) 99
motor system disturbance

Babinski sign 60, 61
corticospinal and corticobulbar 

tracts 58, 59
diagnostic assessment of 

cerebrovascular disease  
57–63, 63

drift of outstretched arm 59, 60
movement disorders 62–63, 63
swallowing/dysphagia 60–61, 62
topographic organization of motor 

cortex 58
weakness 58–62, 60

moyamoya disease 364–365, 365, 
416–417, 669

MRA see magnetic resonance 
angiography

MRC see Medical Research Council
MR CLEAN trial 639
MRI see magnetic resonance imaging
MRS see magnetic resonance 

spectroscopy
MS see multiple sclerosis
MTHFR gene 803
multifactor models 465
multifocal intracerebral 

hemorrhage 419
multiple lobar hemorrhages 409
multiple sclerosis (MS) 98, 98
mural hematoma 199–200
muscles

immobility and poor positioning  
497–498

neuromuscular disorders 98–99
recurrent stroke 772
spasticity and contractures  

523, 523
myasthenia gravis (MG) 99
mycotic aneurysm 415–416, 417
myocardial infarction (MI)

anticoagulants 618–619
mechanical intra‐arterial 

interventions 636–637
recurrent stroke 745–746, 748, 

751–753, 753, 756–757, 
775–779, 804–805

myocardial injury 485–486
myxoma 248–249, 249–250

n
NAD/NADH see nicotinamide 

adenine dinucleotide
nails 313, 314
NASCET see North American 

Symptomatic Carotid 
Endarterectomy Trial

nasogastric intubation 520, 
521–522, 522

National Institute of Health Stroke 
Scale (NIHSS)

cognitive impairment 580, 581
intracerebral hemorrhage 660
practical approach to stroke 

management 465
stroke services 885

nausea and vomiting 80, 111, 496
NCCT see noncontrast computed 

tomography
NCSE see nonconvulsive status 

epilepticus
near infrared spectroscopy 

(NIRS) 180
near‐occlusions 821–822, 821, 829
neck bruits 300–301, 312–313, 

312–313, 313
neck stiffness 80, 111, 112
necrotic core 275
neoplasms

cardiac and aortic tumors 373, 373
chemotherapy 374
high‐dose or intrathecal 

methotrexate 374–375
leukemia, myeloma, intravascular 

lymphoma, and lymphomatoid 
granulomatosis 374

malignancy‐related coagulopathy  
372–373

marantic endocarditis  
373–374

metastatic complications 373
radiation therapy 374
stroke‐like migraine attacks 

after radiation therapy  
374, 374

unusual causes of ischemic stroke 
and transient ischemic attack  
372–375, 373

neurofibromatosis 380
neurogenic pulmonary edema 450
neuroimaging 172–223

advanced magnetic resonance 
techniques 206–207

advantages/disadvantages of cross‐
sectional angiographic 
techniques 198

appearance of intracerebral 
hemorrhage on brain CT  
180–186, 181–187

defining the infarct core and 
ischemic penumbra 186–
197, 188–197, 207, 596–599, 
596–598

delayed cerebral ischemia 699
four steps of interpretation 180
further information affecting 

therapeutic decisions  
205–206

hemorrhagic stroke 180
imaging of stroke 172–180, 173
intracranial venous thrombosis  

212–216, 214–215, 214
introduction 172–173
major arteries supplying the 

brain 176
positron emission 

tomography 180
postperfusion stage 207–209, 

208–211
ruling out intracranial hemorrhage  

180–186, 184–187
single photon emission 

computed tomography  
170–180, 209

stroke mimics and other 
differential diagnoses  
210–212, 212–213

subarachnoid hemorrhage  
443–447, 443–447, 450–451

vessel imaging 197–205,  
198–203, 198

see also individual techniques
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neurological deficits 488–489
neurological examination

aneurysmal subarachnoid 
hemorrhage 680, 
680–681, 699

cause of ischemic event 310–311
diagnostic assessment of 

cerebrovascular disease  
64–65

intracerebral hemorrhage 422
neurological excision 736, 

737–738, 737
neuromuscular disorders 98–99
neuronal electrical activity and 

function 595
neuroprotective therapies 603, 

642–643
neuropsychological assessment 582
neurosurgical interventions 729
neuro‐Sweet syndrome 383–384
neurovascular unit 603
nicardipine 701
nicotinamide adenine dinucleotide 

(NAD/NADH) 588
NIHSS see National Institutes of 

Health Stroke Scale
nimodipine 696–697, 701
NINDS trial 625, 631, 668
NIRS see near infrared spectroscopy
nitrendipine 763
nizofenone 698
NNT see number needed to treat
NOAC see novel oral anticoagulants
nonbacterial thrombotic endocarditis  

254, 285, 285, 373–374
noncontrast computed tomography 

(NCCT)
appearance of intracerebral 

hemorrhage on brain CT  
181–182

cerebral amyloid angiopathy 205
defining the infarct core and 

ischemic penumbra  
186, 188

development and technique 174
intracranial venous thrombosis  

214–215
postperfusion stage 208–210

nonconvulsive status epilepticus 
(NCSE) 704

nonfocal disorders 99–100
nonlacunar ischemic strokes  

754–755, 755
nonrheumatic sclerosis 283

nonsteroidal anti‐inflammatory drugs 
(NSAID) 486

nonstroke vascular disease  
300–301, 300

nontraumatic intracerebral 
hemorrhage 88

North American Symptomatic 
Carotid Endarterectomy Trial 
(NASCET) 322, 323, 759, 
814, 817–825, 825

NOTCH4 gene 735, 736
novel oral anticoagulants (NOAC)  

789, 796, 797
NSAID see nonsteroidal anti‐

inflammatory drugs
N‐terminal pro B‐type natriuretic 

peptide (NT‐proBNP) 282
number needed to treat 

(NNT) 607
numbness 58, 64
numerical method 24–25
nursing staff roles 473
nutrition see diet and nutrition
nystagmus 74–75

o
obesity

problem‐based approach to stroke 
management 519, 521

recurrent stroke 802
risk factors for ischemic 

stroke 296
weight reduction 802

obstructed airway 482, 482
obstructive sleep apnea (OSA) 300, 

806–807
occipital neuralgia 115, 115
occupational therapy

dependency in activities of daily 
living 554–556

employment 558
practical approach to stroke 

management 473–474
stroke services 900–902

OCP see oral contraceptives
OCSP see Oxfordshire Community 

Stroke Project
ocular bobbing 75
ocular fundus photography 69–71, 

105, 112
OEF see oxygen extraction fraction
oligemia 595
one‐and‐a‐half syndrome 75
open valve repair 371

ophthalmoscopy 69, 70
optic disc anomalies 105
optic nerve disorders 104–105, 104
optic neuritis 105
oral contraceptives (OCP) 375
oral nutritional supplements 520
orbital disorders 105–106
organized multidisciplinary care 936
Orgogozo Scale 581
OSA see obstructive sleep apnea
oscillopsia 75, 536
osteogenesis imperfecta 363
Oxford Handicap Score 625
Oxfordshire Community Stroke 

Project (OCSP)
acute brain infarction 161
classification 465
dependency in activities of daily 

living 546
epileptic seizures 495
recurrent stroke 747–748, 747, 

753–755
risk factors for ischemic 

stroke 291
stroke services 914

oxidative stress 601
oxygen extraction fraction (OEF)  

206, 588, 590–595, 836
oxygen saturation monitoring 680

p
PAASH study 681
PACI see partial anterior circulation 

infarction
PACNS see primary angiitis of the 

central nervous system
PACS see partial anterior circulation 

syndromes
pain

aneurysmal subarachnoid 
hemorrhage 686

carotid endarterectomy 814
cause of ischemic event 310
causes of pain after stroke 530
central poststroke pain 530
diagnostic assessment of 

cerebrovascular disease  
65, 80

problem‐based approach to stroke 
management 530, 542–544

shoulder pain 531–532, 531, 
532, 533

see also headache
palinopsia 72
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palpitations 80
panic/anxiety 80, 542–544
papillary fibroelastoma (PFE)  

249–250, 251–252
papilledema 105, 105
paradoxical embolism

cardioembolic stroke 257, 258
cause of ischemic event  

285–287, 286
paramedical services 887
paraneoplastic retinopathy 103
paraneoplastic vasculitis 356–357
paraproteinemias 370
Paré, Ambroise 22
parenchymal brain hemorrhage 185
parenchymal hematoma (PH) 415
paresthesiae 63
paroxysmal nocturnal 

hemoglobulinuria 368
partial anterior circulation infarction 

(PACI) 302–303, 304
partial anterior circulation syndromes 

(PACS) 160, 160
passive movement 524–525
PAST‐BP study 767
patch angioplasty 809–810
patent foramen ovale (PFO)

cardioembolic stroke 257, 258
cause of ischemic event  

285–287, 286
cryptogenic stroke 837–839, 838
impact of stroke and improving 

public health 939–940
ultrasonography 229–230

patient positioning
airway, breathing, and 

circulation 482, 482
immobility and poor positioning  

497–498, 497–498, 498
spasticity and contractures 524, 

524–525
patient satisfaction 919
PATS see post‐stroke antihypertensive 

treatment study
PAVM see pulmonary arteriovenous 

malformations
PbO2 see brain tissue oxygen
PCA see posterior cerebral artery
PCC see prothrombin complex 

concentrate
PCI see percutaneous coronary 

intervention
PCoA see posterior communicating 

artery

PCOMM see posterior 
communicating artery

PCSK9 see proprotein convertase 
subtilisin kexin type 9

PE see pulmonary embolism
pediatric vasculitides

Henoch‐Schoenlein purpura 360
Kawasaki disease 359–360
unusual causes of ischemic stroke 

and transient ischemic attack  
359–360

PEG see percutaneous endoscopic 
gastrostomy

penetrating injuries 349
penumbral imaging see ischemic 

penumbra
percutaneous coronary intervention 

(PCI) 636–637
percutaneous endoscopic 

gastrostomy (PEG) 513, 520, 
521–522, 522

percutaneous transluminal balloon 
angioplasty 831

perfusion‐weighted magnetic 
resonance imaging (PWI)

defining the infarct core and 
ischemic penumbra  
193–197, 598–599, 598

development and technique 177, 
178, 179

stroke mimics and other 
differential diagnoses 210

vessel imaging 201, 202
periarteriolar sheathing 312
peri‐infarct depolarization 602
perimesencephalic subarachnoid 

hemorrhage 442, 447
perindopril 669–670, 759–761
periodic respiration 483–484
perioperative stroke

cardiac procedures 371, 371
carotid endarterectomy 810–814, 

811, 813
cerebrovascular catheterization 

and procedures 372
general surgery 371–372
pulmonary vein thrombosis 372
unusual causes of ischemic stroke 

and transient ischemic 
attack 371–372

peripartum vasculopathy 377
peripheral neuropathy 772–773
PET see positron emission 

tomography

Petty, Sir William 25
PFE see papillary fibroelastoma
PFO see patent foramen ovale
PH see parenchymal hematoma
pharyngitis 362–363
PHASES score (or cohort) 731, 731
pheochromocytoma 115
phosphenes 103–104
photomicrography

atheroma and large‐vessel 
disease 275

diagnostic assessment of 
cerebrovascular disease 104

intracranial small‐vessel 
disease 277

photophobia 80, 111
phrenology 26–27, 26
physical activity see exercise
physical examination

cause of ischemic event  
311–313

diagnostic assessment of 
cerebrovascular disease  
43–45, 44

intracerebral hemorrhage 422
subarachnoid hemorrhage  

449–450
physician roles 472–473
physiotherapy

dependency in activities of daily 
living 546–547

limb weakness, poor truncal 
control, and unsteady gait  
528–529, 528

practical approach to stroke 
management 473

problem‐based approach to 
stroke management  
481–482, 482

spasticity and contractures  
524–525

stroke services 900–902
PICA see posterior inferior cerebellar 

artery
PICSS trial 837
pioglitazone 805
plaque instability 274–275, 275
plasma factor VII coagulant 295
plasma fibrinogen 295
plasma homocysteine 295–296
plasma plasminogen‐activator 

type I 295
platelet activity 295
PMS see pure motor stroke
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POCI see posterior circulation 
infarction

POCS see posterior circulation 
syndromes

POINT trial 786
polar arteries 153
polycythemia 370
positron emission tomography (PET)

acute ischemic stroke 592–593, 
597–598

defining the infarct core and 
ischemic penumbra 597–598

imaging of stroke 180
subclassification of stroke 157

posterior cerebral artery (PCA)  
135–138, 146–147, 
148–152, 151

posterior circulation infarction 
(POCI) 305

posterior circulation syndromes 
(POCS) 158–159, 158

posterior communicating artery 
(PCoA)

aneurysmal subarachnoid 
hemorrhage 691–692

cerebral arterial supply 135–136, 
135, 153

ultrasonography 232–233
posterior fossa decompression 641
posterior inferior cerebellar artery 

(PICA) 145–146, 
146–147, 148

posterior reversible encephalopathy 
syndrome (PRES)

aneurysmal subarachnoid 
hemorrhage 700

diagnostic assessment of 
cerebrovascular disease  
93–94, 93

subarachnoid hemorrhage  
441–442

unusual causes of ischemic stroke 
and transient ischemic attack  
359, 360

postperfusion stage 207–209, 
208–211

post‐stroke antihypertensive 
treatment study (PATS) 759

poststroke dementia 540, 
579–580, 581

post‐traumatic headache 114
PPI see proton pump inhibitors
practical approach to stroke 

management

aspects of treatment 456–457
cause of death 460–461
collecting reliable prognostic 

information 458–460, 459
dependency in everyday activities/

institutionalization 461, 461
integrated management plan  

466–476
integrated, problem‐orientated and 

goal‐orientated approach  
457, 457

patterns of recovery 461–463, 462
predicting outcome in individual 

patients 463–466, 464
prognosis 458–466
rehabilitation 456–457, 456, 472
risk of death/survival rates  

460–461, 460–461
short‐loop/long‐loop problems  

457, 457
treatment aims 455–458
treatment restrictions 476–477
variations in prognosis 463
WHO International Classification 

of Impairments, Disabilities 
and Handicaps 455, 456

praxis 56–57, 57, 57
precipitating factors 309
pregnancy

arterial dissection 377
diagnostic assessment of 

cerebrovascular disease 79
hypercoagulable state 377
intracerebral hemorrhage 377
peripartum vasculopathy 377
recurrent stroke 797–798
unusual causes of ischemic stroke 

and transient ischemic 
attack 377

PRES see posterior reversible 
encephalopathy syndrome

Present State Examination (PSE) 542
pressure‐relieving cushions/

mattresses 508–509, 510
pressure ulcers

assessment 508, 509
formation and distribution  

507, 508
immobility and poor positioning  

498, 507–509
prevention 508–509, 509, 510
problem‐based approach to stroke 

management 498, 507–510
treatment 509–510

PREVAIL trial 244
prevalence data 908, 910
previous stroke/TIA see recurrent 

stroke
primary angiitis of the central 

nervous system (PACNS)  
354–356, 355, 421

primary oxalosis 380
prior stroke/TIA see recurrent stroke
PROACT trials 631
problem‐based approach to stroke 

management 481–578
airway, breathing, and circulation  

482–486, 482, 484
carer problems 560–562, 

560–561
coexisting medical problems 484, 

490–492, 491
cognitive dysfunction 537–540, 

538–539
communication difficulties  

540–542
dependency in activities of daily 

living 546–556, 546–549, 
550–555, 555–557

epileptic seizures 494–496, 
495, 495

falls and fractures 534–535, 534
fecal incontinence and 

constipation 507
fever and infection 498–500, 499
headache, nausea, and 

vomiting 496
hiccups 496, 497
high and low blood pressure after 

stroke 492–494, 492, 493
immobility and poor positioning  

497–498, 497–498, 498
introduction 481–482
limb weakness, poor truncal 

control, and unsteady gait  
526–529, 527, 528

metabolic disturbances 515–518, 
516–517

nutritional problems 518–522, 
519, 521–522, 522

pain 530, 530
physiotherapy 481–482, 482
pressure ulcers 507–510, 508, 

509, 510
psychological problems  

542–546, 543
reduced level consciousness  

486–487, 486, 487
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sensory impairments 529
severe stroke versus apparently 

severe stroke 487–488, 488
shoulder pain 531–532, 531, 

532, 533
social difficulties 557–560, 

559, 560
spasticity and contractures  

522–526, 523, 524–525, 526
swallowing/dysphagia 498, 

510–516, 511–513, 514, 515
swollen and cold limbs  

533–534, 533
urinary incontinence and 

retention 503–507, 503
venous thromboembolism  

500–503, 500, 502
visual problems 535–537
visuospatial dysfunction  

536–537, 537
worsening after a stroke  

488–490, 489–490
PRoFESS trial 759, 761, 784–785
progeria 383
progressing hemispheric stroke 618
PROGRESS trial 669–670, 669, 

759–762, 760–761, 767
proprioceptive sensation 63
proprotein convertase subtilisin kexin 

type 9 (PCSK9) 775
prosopagnosia 67
prosthetic heart valves

cardioembolic stroke 242, 
252–254, 253–254

cause of ischemic event 283
thrombosis 256

PROTECT AF trial 244
PROTECT trial 839
prothrombin complex concentrate 

(PCC) 368
prothrombin time international 

normalized ratio  
(PT‐INR) 666

prothrombotic drugs 368
proton pump inhibitors (PPI) 486
proximal vasospasm 231
PSE see Present State Examination
pseudoradicular distribution 65
PSS see pure sensory stroke
psychological problems

aneurysmal subarachnoid 
hemorrhage 708

assessment 542–543, 543, 545
boredom 545
cerebral arterial supply 152
diagnostic assessment of 

cerebrovascular disease  
95–97

emotionalism 544–545
fatigue 545–546
low mood and anxiety 542–544
neuropsychological 

assessment 582
prevention 544
problem‐based approach to stroke 

management 542–546
prognosis 543–544
rehabilitation 873–874
support for carers 561–562
treatment 544, 545

psychotherapy 544, 873–874
PT‐INR see prothrombin time 

international normalized  
ratio

ptosis 106
public education programs  

886–887
puerperium 377
pulmonary arteriovenous 

fistula 287
pulmonary arteriovenous 

malformations (PAVM) 382
pulmonary complications 682, 705
pulmonary edema 450, 705
pulmonary embolism (PE)

aneurysmal subarachnoid 
hemorrhage 706–707

anticoagulants 617–618, 619
aspirin 612
problem‐based approach to stroke 

management 501–503
randomized controlled trials 607

pulmonary vein thrombosis 
(PVT) 372

pure motor stroke (PMS) 155–156
pure sensory stroke (PSS) 65, 156
PVT see pulmonary vein thrombosis
PWI see perfusion‐weighted 

magnetic resonance imaging

q
quality‐adjusted life years (QALY)  

101, 733
Quality in Acute Stroke Care 

(QASC) 664
quality of life (QoL) 918

r
RA see rheumatoid arthritis
radiation therapy 374, 374–375
radiculopathy 98–99
random error 919
randomized controlled trials (RCT)

acute ischemic stroke 605–607, 
609–610

advantages for treatment 
evaluation 605–606

hazards of inappropriate subgroup 
analysis 609

meta‐analysis 608–609
numerical description of treatment 

effects 607, 608
problem‐based approach to 

stroke management  
481–482, 482

problems encountered 
historically 606–607

quality improvements in trials and 
reports 607

translating results into clinical 
practice 609

up‐to‐date reports and clinical 
practice guidelines 609–610

see also individual studies; 
systematic reviews

RAPID trial 621
RCT see randomized controlled 

trials
RCVS see reversible cerebral 

vasoconstriction syndrome
recombinant activated factor VII 

(rFVIIa) 665
recombinant human 

erythropoietin 376
recovery curves 461–463, 462
recurrent artery of Heubner  

139–140, 139
recurrent stroke 745–865

annual risks of death, stroke, and 
vascular events 753

anticoagulants 615–616, 616, 
789–800

alternatives to warfarin  
794–797, 797

how long to continue treatment  
799–800

low molecular weight 
heparin 798

patients with mechanical 
prosthetic heart valves  
797–798

problem‐based approach to stroke 
management (cont’d)
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patients with prior ischemic 
stroke or TIA in atrial 
fibrillation 791–797, 
791–794, 793, 797

patients with prior 
noncardioembolic ischemic 
stroke or TIA 789–791, 790

who not to treat 798–799
antiplatelet therapy 775–789

alternative regimens to aspirin  
783–789, 788

aspirin 777, 779–789, 781, 782
duration of treatment 789
intraplatelet metabolic pathways 

and sites of action 780
long‐term secondary prevention 

of serious vascular 
events 776–779, 776–777

what to do with aspirin failures  
782–783

who not to treat 779
approximate absolute average risks 

of death, stroke, or MI 748
aspirin 611–612, 613
atrial fibrillation 778, 791–798, 

792–793, 805–806, 839
carotid angioplasty/stenting 830–

833, 831–832, 834
cause of death and survival 

patterns histogram 754
cause of ischemic event 310
clinical evidence 746
cumulative early risk 747
death after any ischemic stroke  

753–754, 754–755
diabetes mellitus and glucose 

intolerance 804–805
dietary supplements 803–804
embolic stroke of unknown 

source 797, 838–839, 838
endarterectomy

before, during, or after coronary 
artery surgery 833–835

for asymptomatic carotid 
stenosis 827–830

for symptomatic carotid 
stenosis 807–827

extracranial‐to‐intracranial bypass 
surgery 835–836

general approach to 
prevention 745–746

involving patients and caregivers in 
treatment decisions  
839–841

Kaplan–Meier event rates  
752, 754

left atrial occlusion to prevent 
AF‐related embolic 
events 839

lifestyle modification  
800–803, 800

nonlacunar versus lacunar 
ischemic strokes  
754–755, 755

obstructive sleep apnea 806–807
patent foramen ovale closure in 

cryptogenic stroke  
837–839, 838

pharmacological blood pressure 
reduction 757–768

lower limits of antihypertensive 
treatment and who not to 
treat 766–767

observational studies on blood 
pressure and stroke  
757–758, 758–759

randomized trials of blood 
pressure‐lowering drugs  
759–761, 760–762

when to start antihypertensive 
treatment after an acute stroke  
767–768

which antihypertensive drug or 
drugs to use 762–766, 
764–765

pharmacological cholesterol 
reduction 771, 768–775

adverse effects of cholesterol‐
lowering treatments  
772–773

lower limits of treatment 
and regimen selection  
773–774

observational studies on 
cholesterol and stroke 768

other benefits of cholesterol 
reduction with a statin 772

randomized trials of cholesterol‐
lowering drugs 768–771, 
769–770

role of nonstatin lipid‐lowering 
drugs 774–775

when to initiate treatment 774
who to treat/not to treat 773

pooled meta‐analysis of stroke risk 
after TIA 749

prevention strategies  
936–940, 938

prognosis and prediction of future 
vascular events 746–757

early prognosis after TIA and 
mild ischemic stroke  
747–751

longer term prognosis after TIA 
and mild ischemic stroke  
751–753

prognosis after all severities of 
ischemic stroke 753–756

prognosis after intracerebral 
hemorrhage 756–757

rate after TIA by ABCD2 
score 753

relative and absolute effects of 
treatment 746

risk factors and scoring 
systems 748–751, 750

risks and possible outcomes  
745–746

secondary prevention in practice  
839–841, 840

surgery and angioplasty for 
vertebrobasilar ischemia 836

time from onset of TIA 749
treatment of specific underlying 

causes 805–807
which intervention for which 

patient 840, 841
REDUCE trial 838
referral bias 463
reflex sympathetic dystrophy 531
regional anesthesia 810
rehabilitation 867–877

acute phase (1–7 days) 869–870
aerobic training and physical 

activity 872, 872
communication deficits  

872–873, 873
comprehensive needs 

assessment 869–870
concepts and definitions 867
early subacute phase (7 days to 3 

months) 870–874
fatigue 873
future directions and aspirational 

goals 874
general principles 870
hyperacute phase (0–24 

hours) 868–869, 869
issues with timing and dose  

871, 871
key evidence gaps and emerging 

evidence 874
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key examples 868–874
key recommendations for specialist 

services 870
mobility 871–872, 871
practical approach to stroke 

management 456–457, 
456, 472

psychological and psychosocial 
impacts of stroke 873–874

recovery 867
spasticity and contractures 873
state of the evidence 867–868
stroke liaison worker services 902
stroke services 895, 900–902, 905
therapy‐based rehabilitation 

services 901–902, 903
treatment of acute stroke 936
updated clinical guidelines  

868, 868
upper limb function 872, 873
very early mobilization  

868–869, 869
when to start 868, 869

rehemorrhage
aneurysmal subarachnoid 

hemorrhage 687–694
endovascular occlusion 689–694, 

691–692
pharmacological treatment 694
risk of rebleeding 687–688, 687
specialized surgical techniques 690
surgical occlusion 688–689, 

689–691, 693–694
timing of aneurysm treatment 688

relapsing polychondritis 352
RE‐LY trial 795–796
reperfusion therapy

acute ischemic stroke 599, 600, 
623, 639–640

diagnostic assessment of 
cerebrovascular disease  
41–42

repetitive transcranial magnetic 
stimulation 541

Reports of Medical Cases (1827–1831) 
(Bright) 15

representative roles 476–477
respiratory complications  

812–814, 813
restenosis 809–810
retinal disorders 102–104
retinal hemorrhage 70–71, 103
retinal infarction 68, 69, 279

retinal migraine 102–103
retinal vasculopathy with cerebral 

leukodystrophy (RVCL) 380
retinococchleocerebral 

vasculopathy 356
retrograde memory 50
reverse causality 758
reversible cerebral vasoconstriction 

syndrome (RCVS) 357, 358, 
358, 441

rFVIIa see recombinant activated 
factor VII

rhabdomyolysis 772–773
rheumatic valvular disease 283
rheumatoid arthritis (RA) 351
right‐to‐left shunt (RLS) 230, 230
risk markers 289, 290
rivaroxaban 796
Rivermead Mobility Index 546, 547
RLS see right‐to‐left shunt
ROSIER study 44, 45
Rostan, Léon 13–14, 14
Roth spots 70
rt‐PA 623–625, 627–636
ruptured aneurysm 21–24
RVCL see retinal vasculopathy with 

cerebral leukodystrophy

s
SAC see stent‐assisted coiling
saccular aneurysm 408–409, 410, 

439, 444, 446
saccular intracranial 

aneurysms 723–735
autosomal dominant polycystic 

kidney disease 724, 725, 
732–733

counseling advice 733–735
family history and genetics  

724–725, 724, 730–734
management of patients with 

unruptured aneurysms  
730–732, 731

new aneurysm development and 
growth mechanisms  
725–727, 726

prevalence, risk factors, and site of  
723–727, 724

rupture risk factors and 
predictors 727–728, 
727–728

screening for aneurysms  
732–735, 733–734

treatment options 728–730, 730

SADQ see Stroke Aphasia Depression 
Questionnaire

SADS see Schedule for Affective 
Disorders and Schizophrenia

SAH see subarachnoid hemorrhage
SAINT trials 642
salt (dietary) 801–802
SAMMPRIS trial 785, 836
SCA see superior cerebellar artery
Scandinavian Stroke Scale 488, 

489, 581
Schedule for Affective Disorders and 

Schizophrenia (SADS) 542
scleroderma 352
scorpion stings 360–361
Scottish Intracranial Vascular 

Malformation Study 
(SIVMS) 739

SDH see subdural hematoma
SEARCH trial 773–774
second‐line investigation 315–317, 

315–316
sedatives 485
seizures see epileptic seizures
selection bias 463
self‐audible bruits 310
self‐report questionnaires 542–543, 

543, 546
semantic memory 49–50
sensorimotor stroke (SMS) 156
sensory impairments 529
sentinel hemorrhage 449
septic arteritis 415–416
serotonin syndrome 100
severe occlusive carotid disease 306
severe stroke 487–488, 488
sex 558–559, 560
sex of patient

carotid endarterectomy 817
risk factors for ischemic stroke  

291–292, 291
shortness of breath 80
short‐term memory 50
shoulder pain

causes after stroke 531, 531
glenohumeral subluxation  

532, 532
prevention and treatment  

531–532, 531, 532, 533
problem‐based approach to stroke 

management 531–532
reflex sympathetic dystrophy 531

SIADH see syndrome of inappropriate 
antidiuretic hormone

rehabilitation (cont’d)
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sickle cell disease 230, 368
sick sinus syndrome 288
sildenafil/cialis 376, 559–560
silent brain regions 738
silent cerebral infarction 319–320
single gene disease

CADASIL 379, 379
CARASAL 380
CARASIL 379–380
COL4A1 genes 380
Fabry disease 380
homocystinuria 380
neurofibromatosis 380
primary oxalosis 380
retinal vasculopathy with cerebral 

leukodystrophy 380
Tangier disease 380
unusual causes of ischemic stroke 

and transient ischemic 
attack 379–380

single photon emission computed 
tomography (SPECT)

acute ischemic stroke 593
imaging of stroke 170–180
imaging the cerebral 

circulation 320
postperfusion stage 209

sinoatrial disease 288
sinus venous thrombosis (SVT)  

415, 416
SIVMS see Scottish Intracranial 

Vascular Malformation  
Study

Sjögren syndrome 351–352
skin 313, 314
SLE see systemic lupus erythematosus
sleep apnea 300, 483
small, deep perforating arteries 131, 

132, 139–142, 140–142
small‐vessel disease (SVD) 268, 

277–279, 277–278, 293, 305, 
331, 332

SMART see stroke‐like migraine 
attacks after radiation therapy

SMART goals 870
smoking

impact of stroke and improving 
public health 943–944

recurrent stroke 800–801, 801
risk factors for ischemic 

stroke 293
unruptured intracranial 

aneurysms 725–727, 
732–733, 735

SMS see sensorimotor stroke
SM/SM‐S see Spetzler–Martin 

(supplementary) grading 
system

snake bites 360–361
Snow, John 25
social deprivation 299
social difficulties

accommodation 557
air travel 558
aneurysmal subarachnoid 

hemorrhage 708
employment 557–558
finance 560
leisure 558, 559
problem‐based approach to stroke 

management 557–560
rehabilitation 873–874
sex 558–559, 560

social workers 474
somatic sensory system disturbance  

63–65, 64
somatoparaphrenia 53, 54
SPACE trials 808, 832
SPARCL trial 294, 771, 769–773
spasticity and contractures

assessment 523, 523
prevention and treatment  

523–526, 524–525, 526
problem‐based approach to stroke 

management 522–526
rehabilitation 873

SPECT see single photon emission 
computed tomography

spectrophotometry, diagnostic 
assessment of cerebrovascular 
disease 118

speech and language
cerebral arterial supply 152
diagnostic assessment of 

cerebrovascular disease  
51–53, 52, 97

problem‐based approach to stroke 
management 540–542

speech and language therapy 474, 
541–542

Spetzler–Martin (supplementary) 
grading system 737, 737

spider bites 360–361
spiral fields 97
SPIRIT trial 791
splints 525
spontaneous intraparenchymal 

hemorrhages 440–441

spontaneous subdural 
hematoma 424

SPS3 trial 670, 767
SRS see stereotactic radiosurgery
stairlifts 553
star cancellation test 55, 56
statins

adverse effects of cholesterol‐
lowering treatments 772–773

delayed cerebral ischemia 697–698
impact of stroke and improving 

public health 939, 942
lower limits of treatment and regimen 

selection 773–774, 774
observational studies on 

cholesterol and stroke 768
other benefits of cholesterol 

reduction with a statin 772
randomized trials of cholesterol‐

lowering drugs 768–772, 
769–770

recurrent stroke 771, 768–775
risk factors for ischemic stroke  

293–294
role of nonstatin lipid‐lowering 

drugs 774–775
when to initiate treatment 774
who to treat/not to treat 773

stent‐assisted coiling (SAC) 729
stenting see carotid angioplasty/

stenting
stereotactic radiosurgery (SRS) 736, 

738–739, 739
stimulation 498
stings 360–361
streptokinase 623, 630
stress 300
striatocapsular infarct 140, 141
stroke

assessment process 38
atheroma and large‐vessel disease  

269–277, 271, 272, 273, 
275–276, 331–332, 331

cause of ischemic event  
267–344, 270

confounding variables 290
conscious level disturbance  

46–48, 46, 46, 99–100, 111
definition 38, 40–41
definition of acute stroke 

syndrome 41
differential diagnosis of focal 

cerebral symptoms of sudden 
onset 81–101, 81–83
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differential diagnosis of transient 
monocular blindness  
101–106, 102

embolism from the heart 279–
288, 280, 281, 282, 284–287, 
332–334, 333

focal neurological and ocular 
symptoms 38

frequency of main causes 269
hearing, balance, and coordination 

disturbance 76–81, 76
higher cerebral function 

disturbance 48–57, 49–50, 
50–51, 52–53, 54–57, 55, 57

history taking 43
identifying the three most 

common causes 329–334, 
330–331, 333

impact of stroke and improving 
public health 933–951

improving reliability of clinical 
diagnosis 106–109, 107–108

intracranial small‐vessel disease  
268, 277–279, 277–278, 293, 
331, 332

investigation 313–329, 314–316, 
318, 320–323, 324, 325–328

motor and speech items 
assessed 42

motor system disturbance 57–63, 
58–61, 60, 63

nature of signs and symptoms 45, 
45, 46

neuroimaging 172–180
nonfocal neurological 

symptoms 38
physical examination 43–45, 44
practical approach to stroke 

management 455–480
prehospital screening tools 42
prevalence of vascular risk 

factors 272
problem‐based approach to stroke 

management 481–578
risk factors 288–301, 288–289, 

290–294, 300
risk factors and stroke mechanisms  

345–346
risk of stroke after TIA 268
signs, symptoms, clinical 

syndrome and cause  
301–313, 302–303, 307, 308, 
311, 312–313, 313–314

somatic sensory system 
disturbance 63–65, 64

subarachnoid hemorrhage 41, 75, 
109–119, 109, 112, 115–117

subclassification of stroke  
129–169

time‐based definition 39, 39
tissue‐based definition 39–40, 40
unusual causes of ischemic stroke 

and transient ischemic attack  
345–398

visual system disturbance 65–75, 
66–67, 69–71, 73–74

what to expect 268–269
without an identified cause 384
see also acute ischemic stroke; 

recurrent stroke
Stroke Aphasia Depression 

Questionnaire (SADQ)  
542–543

stroke guidelines 922, 922
stroke liaison worker services 902
stroke‐like migraine attacks after 

radiation therapy (SMART)  
374, 374

stroke scales/scores
cognitive impairment 581–582
intracerebral hemorrhage  

659–660
practical approach to stroke 

management 465
problem‐based approach to stroke 

management 487
recurrent stroke 748–753, 750, 

753, 755
stroke services 916–918, 917

stroke services 879–931
acute stroke units 892–894
aims and key components 880, 

880, 881
approaches to needs assessment  

906–910, 909, 910
barriers to rapid assessment and 

treatment 885, 886
clinical evidence of patient 

outcomes 890–891, 891
comprehensive stroke service  

882–885, 883–884, 
922–923, 923

comprehensive stroke units  
894–895, 894

continuing rehabilitation and 
reintegration back to normal 
life 900–902, 903

coordination of services 887–888
cost‐effectiveness 923–925, 

924, 924
designated stroke centers 888
determining the needs of the 

population 906, 906
duration of patient stay 896
effectiveness 880–881
emergency service protocols and 

treatment 887
evaluation and monitoring  

914–922
case mix 920, 921
chance or random error 919
method of measurement of 

outcome 916–919, 917, 918
outcome 916
practical approach  

920–922, 921
process 915–916, 915
quality and effectiveness of 

care 916
structure 914–915

general principles 882–885
generic issues in stroke service 

delivery 902–905, 904, 905
hazards to transfer 905
impact of a comprehensive stroke 

service 922–923, 923
impact of stroke 879–880
improving access to early specialist 

assessment and 
treatment 886–890, 887

incidence of acute stroke and 
TIAs 906, 906–907

information for patients and 
carers 902–904, 904, 905

information needed for service 
planning 911–912, 912

integrated care pathways 922
integrated management 

plan 470–476, 471, 472
integration of services 904–905
introduction 879–882
longer term follow‐up and chronic 

disease management 902, 
902, 904

lower income settings 897–899, 
898, 906

mixed rehabilitation units 895
mobile stroke teams 895
need for rapid specialist 

assessment and 
treatment 885

stroke (cont’d)
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organized inpatient (stroke unit) 
care 890–899

outline of stroke unit care  
891, 892

planning, developing, and 
maintaining 882, 896–897, 
905–914

practical approach to estimating 
stroke burden 910–911, 
910, 911

pressures that may shape stroke 
services 881–882

primary prevention 914
public education programs  

886–887
reasons for referring stroke/TIA 

patients 883–884
rehabilitation stroke units 895
resource limitations and meeting 

population needs 912–913
scope and scale of stroke 

units 896
staff and management 896
steps for planning a stroke 

service 913–914
stroke guidelines 922, 922
stroke units 936
telemedicine services 889
transfer from hospital to 

community 899–900, 
900, 901

transient ischemic attack services  
889–890

transport protocols 887
types of stroke unit 892–895, 893
who may not need hospital 

admission 884
who should be admitted to stroke 

unit 895–896
structural intracranial lesions  

88–91, 88, 89–90
Sturge‐Weber 383
subacute subdural hematomas 182
subarachnoid hemorrhage (SAH)  

437–454
anatomic overview 437–438
anticoagulants and other drugs  

442–443
arterial malformations and 

injuries 438–440
arteriovenous malformations and 

fistulas 440
bleeding from cervical spinal canal 

sources 442

clinical features 109–112, 112
diagnostic assessment of 

cerebrovascular disease 41, 
75, 109–119, 109

differential diagnosis  
112–116, 115

epidemiology 438
examination features in patients  

449–450
extension of spontaneous and 

tumor‐associated 
intraparenchymal 
hemorrhages 440–441

history of cerebrovascular disease 
knowledge 20–24, 21

idiopathic subarachnoid 
hemorrhages 442, 443, 447

investigations to confirm diagnosis  
116–119, 116, 117

investigative course 450–451
lumbar puncture 117–118
mechanisms of subarachnoid 

bleeding 438–443
mycotic aneurysm 417
neuroimaging 182, 213
neuroimaging patterns and 

findings 443–447, 443–447, 
450–451

personal and genetic influences  
447–449, 447

posterior reversible 
encephalopathy 
syndrome 441–442

pre‐rupture symptoms of ICH  
448–449

reversible cerebral vasoconstriction 
syndrome 441

sentinel hemorrhage 449
speed of onset and disappearance  

109–110
stroke services 911
trauma 441
ultrasonography 230–231
unruptured intracranial 

aneurysms 724, 725–735
see also aneurysmal subarachnoid 

hemorrhage
subclassification of stroke 129–169

arterial territory of neurological 
problems 155

cerebral arterial supply 130–153, 
131–132, 131, 140–142

classification of acute brain 
infarction 160–161

introduction 129–130, 153–154
lacunar syndromes 154–158, 

155, 155
partial anterior circulation 

syndromes 160, 160
posterior circulation syndromes  

158–159, 158
potential benefits 130
syndromes of uncertain 

origin 160
total anterior circulation syndrome  

159–160, 159
subclavian steal 226, 227, 326
subdural empyema 94
subdural extension of hemorrhage  

684–686, 685
subdural hematoma (SDH)

diagnostic assessment of 
cerebrovascular disease  
88–89, 89

intracerebral hemorrhage  
423–424, 424, 424

subhyaloid hemorrhage 111, 112
substance use

cause of ischemic event 310
diagnostic assessment of 

cerebrovascular disease 79
intracerebral hemorrhage 421
subarachnoid hemorrhage  

442–443
unusual causes of ischemic stroke 

and transient ischemic attack  
376–377

superficial sensation 63
superficial siderosis 442, 443
superior cerebellar artery (SCA)  

146–147, 148
supraclinoid internal carotid artery  

134–135, 134
supratentorial lacunes 142
surgical decompression

acute ischemic stroke 640–641
clinical evidence 641
rationale for use 640–641

surgical occlusion 688–689, 
689–691, 693–694

survival curves 460–461, 460–461
Susac disease 356
susceptibility‐weighted imaging 

(SWI)
defining the infarct core and 

ischemic penumbra 193
development and technique  

177, 179
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diagnostic assessment of 
cerebrovascular disease 101

intracranial venous 
thrombosis 214–215

postperfusion stage 208
ruling out intracranial 

hemorrhage 186
stroke mimics and other 

differential diagnoses  
210–212, 211–212

vessel imaging 201–202, 201–203
SVT see sinus venous thrombosis
swallowing/dysphagia

dehydration 515–516, 517
detection/assessment of dysphagia  

510–513, 511–513, 514
diagnostic assessment of 

cerebrovascular disease  
60–61, 62, 97

immobility and poor 
positioning 498

mechanisms of dysphagia 510
nutritional problems 520, 

521–522, 522
problem‐based approach to stroke 

management 498, 510–516
prognosis 513
treatment 513–515, 515

Sweet syndrome 383–384
SWI see susceptibility‐weighted 

imaging
Swieten, Gerard van 15
swollen limbs 533–534, 533
Symonds, Sir Charles 22, 22
syncope 99–100
syndrome of inappropriate antidiuretic 

hormone (SIADH) 705
SYNTHESIS trial 631
systematic reviews

acute ischemic stroke 607–610, 
608, 642–643

hazards of inappropriate subgroup 
analysis 609

history of cerebrovascular disease 
knowledge 27–28, 28

meta‐analysis 608–609
problem‐based approach to stroke 

management 481–482, 482
translating results into clinical 

practice 609
up‐to‐date reports and clinical 

practice guidelines 609–610

see also individual studies
systemic features 111–112
systemic lupus erythematosus (SLE)  

254–255, 256, 350

t
T1‐weighted imaging 412, 413
T2‐weighted imaging

defining the infarct core and 
ischemic penumbra  
191–193, 193–194

development and technique 177
microbleeds 401–402, 404
mitochondrial disease 378
ruling out intracranial 

hemorrhage 186
subarachnoid hemorrhage 443

TACI see total anterior circulation 
infarction

TACS see total anterior circulation 
syndrome

TAK‐044 698
Takayasu arteritis 227, 

353–354, 354
tamoxifen 374
Tangier disease 380
TAVI see transcatheter aortic valve 

implantation
TCCD see transcranial color‐coded 

duplex
TCD see transcranial Doppler
TEE see transesophageal 

echocardiography
telemedicine services 889
telmisartan 784–785
temperature sensation 65
temporal arteritis 352–353, 353
temporary hyperperfusion 209, 210
TGA see transient global amnesia
thalamic dementia 152
thalamic infarcts 305
thalamic–subthalamic arteries  

152, 152
thalamogeniculate arteries 152, 153
thalamus 152–153, 152
therapeutic drug‐induced 

vasculitis 357
thiazide diuretics 762–766, 

764–765
thienopyridines 783–787
thoracic aortic atherosclerosis

cardioembolic stroke 258–261
multimodality imaging of the aorta  

259–261, 260

plaque characterization and risk of 
embolism 259

population prevalence and risk 
factors 258–259

three simple questions  
918–919, 918

thrombectomy 636–639
thrombocytopenia 784
thromboembolic theory 18–19
thromboembolism 258–259

see also atherothromboembolism; 
deep venous thrombosis; 
pulmonary embolism

thrombolysis in brain ischemia (TIBI)  
231–234, 232

thrombolytic therapy
acute ischemic stroke 623–636
adverse effects 635–636, 636
agent/dose/route/concomitant 

treatment 630–631, 635
clinical evidence 623–632, 624, 

625–629
impact of stroke and improving 

public health 934–935
intracerebral hemorrhage 415, 

418, 419, 666–667
neuroimaging 206, 208
rationale for use 623
stroke services 887
when to start 627–629, 628–629, 

634, 635
who to treat/not to treat  

629–630, 632–634, 633
thrombophilias 366–367
thrombosis 15–17, 593–594
thrombotic thrombocytopenic 

purpura (TTP) 370
thunderclap headache 115–116
TIA see transient ischemic attacks
TIBI see thrombolysis in brain 

ischemia
ticagrelor 789
ticlopidine 697, 783–784
time‐of‐flight (TOF) techniques  

177, 178
tirilazad mesylate 698
tissue fixation 13
tissue plasminogen activator 

antigen 295
TMB see transient monocular 

blindness
TOAST trial 161
TOBAS study 737, 739
TOF see time‐of‐flight

susceptibility‐weighted imaging 
(SWI) (cont’d)
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toileting 549, 552, 553, 555
tonsilitis 362–363
top of the basilar syndrome 147
torsades de pointes 682
tortopia 75
total anterior circulation infarction 

(TACI) 161, 301–304, 
302–303

total anterior circulation syndrome 
(TACS) 159–160, 159

toxic disorders 91–94
tracheal intubation 485
tranexamic acid 694
transcatheter aortic valve 

implantation (TAVI) 259
transcortical motor aphasia 52
transcortical sensory aphasia 52
transcranial color‐coded duplex 

(TCCD) sonography 224, 
228–231, 229–230

transcranial Doppler (TCD) 
ultrasonography 224, 
228–231, 229–230, 233–237, 
234–236

acute ischemic stroke 592–593
Bowhunter syndrome 349
carotid endarterectomy 809
carotid imaging 324
cause of ischemic event 327–328, 

327–328
delayed cerebral ischemia  

699, 699
intracranial arterial occlusion and 

stenosis 328
microembolic signals 235–237, 

236, 328, 328
partial anterior circulation 

infarction 304, 305
unruptured intracranial 

aneurysms 728
transesophageal echocardiography 

(TEE)
cardioembolic stroke 241–244, 

245, 247–249, 249–251, 
253–261, 253–260

embolism from the heart  
332, 333

neoplasms 373
transient cerebral 

hyperperfusion 812
transient diplopia 75
transient global amnesia 

(TGA) 87–88, 87
transient ischemic attacks (TIA)

assessment process 38
atheroma and large‐vessel disease  

269–277, 271, 272, 273, 
275–276, 331–332, 331

autoregulation 592
cause of ischemic event  

267–344, 270
cognitive impairment 580
confounding variables 290
conscious level disturbance  

46–48, 46, 46, 99–100, 111
definition 37–40, 38
definition of acute stroke 

syndrome 41
differential diagnosis of focal 

cerebral symptoms of sudden 
onset 81–101, 81–83

differential diagnosis of transient 
monocular blindness  
101–106, 102

embolism from the heart 279–
288, 280, 281, 282, 284–287, 
332–334, 333

focal neurological and ocular 
symptoms 38

frequency of main causes 269
hearing, balance, and coordination 

disturbance 76–81, 76
hemodynamic theory 16–18
higher cerebral function 

disturbance 48–57,  
49–50, 50–51, 52–53, 54–57, 
55, 57

history of cerebrovascular disease 
knowledge 17–19, 26

history taking 43
identifying the three most 

common causes 329–334, 
330–331, 333

impact of stroke and improving 
public health 936–940, 
945–946

improving reliability of clinical 
diagnosis 106–109, 
107–108

incidence and prevalence  
906–908, 906–907

intracranial small‐vessel disease  
268, 277–279, 277–278, 293, 
331, 332

investigation 313–329, 314–316, 
318, 320–323, 324, 325–328

motor and speech items 
assessed 42

motor system disturbance 57–63, 
58–61, 60, 63

nature of signs and symptoms  
45, 45, 46

neuroimaging 172, 189
nonfocal neurological 

symptoms 38
physical examination 43–45, 44
practical approach to stroke 

management 455–480
prehospital screening tools 42
prevalence of vascular risk 

factors 272
recurrent stroke 745–768, 

774–780, 784–797, 801–805, 
817–819, 825–827, 830, 836

risk factors 288–301, 288–289, 
290–294, 300

risk of stroke after TIA 268
signs, symptoms, clinical syndrome 

and cause 301–313, 302–
303, 307, 308, 311, 312–313, 
313–314

somatic sensory system 
disturbance 63–65, 64

stroke services 880–885,  
889–890, 906–908, 906–907, 
911–913

subarachnoid hemorrhage 41, 75, 
109–119, 109, 112, 115–117

subclassification of 
stroke 129–130

thromboembolic theory 18–19
time‐based definition 39, 39
tissue‐based definition 39–41, 40
transient monocular 

blindness 18, 19
ultrasonography 226
unusual causes of ischemic stroke 

and transient ischemic attack  
345–398

vasospasm theory 17
visual system disturbance 65–75, 

66–67, 69–71, 73–74
what to expect 268–269
without an identified cause 384

transient loss of consciousness see 
syncope

transient monocular blindness 
(TMB)

causes 102
causes of ischemic event 279
cerebral arterial supply 134–135
corneal and eyelid disorders 106
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diagnostic assessment of 
cerebrovascular disease 66, 
68–69

differential diagnosis 101–106
history of cerebrovascular disease 

knowledge 18, 19
optic nerve disorders  

104–105, 104
orbital disorders 105–106
retinal disorders 102–104

transluminal angioplasty 701–702
transport protocols 887
transthoracic echocardiography (TTE)

cardioembolic stroke  
241–244, 247–249, 249, 
251, 253–257, 257

embolism from the heart  
332, 333

trauma see injury
treatment restrictions

managing uncertainty 477
practical approach to stroke 

management 476–477
representatives and living wills  

476–477
TRELAS trial 246
tricarboxylic acid cycle 588, 589
triglycerides 293, 296, 768, 774–775
triple H (HHH) therapy  

700–701, 705
troponins 246, 282
truncal ataxia 77
truncal control

assessment 527, 527–528
problem‐based approach to stroke 

management 526–529
treatment 527–529, 528

TTE see transthoracic 
echocardiography

TTP see thrombotic 
thrombocytopenic purpura

tubular fields 97
tumor‐associated intraparenchymal 

hemorrhages 440–441
tumors

cardioembolic stroke 248–250, 
249–252

diagnostic assessment of 
cerebrovascular disease  
89–91, 89–90

embolism from the heart  
287, 287

intracerebral hemorrhage  
420, 420

neoplasms 373, 373
recurrent stroke 798
subarachnoid hemorrhage  

440–441
see also individual types; 

neoplasms
twelve‐minute cognitive 

assessment 49
type IV collagen alpha‐1 chain 

(COL4A1)‐associated 
vasculopathy 277, 380

u
Uhthoff symptom 105
UIA see unruptured intracranial 

aneurysms
UIATS see Unruptured Intracranial 

Aneurysm Treatment Score
UKPDS study 293
ultrasonography 224–240

acute ischemic stroke 231–237, 
232, 233–236, 592–593, 
639–640

Bow Hunter syndrome 349
carotid endarterectomy 809, 

828–830
carotid imaging 323–324, 

323, 324
delayed cerebral ischemia  

699, 699
embolism from the heart 334
extracranial artery assessment with 

CDU 224–228, 225–228
history of cerebrovascular disease 

knowledge 7
intracerebral hemorrhage  

231, 232
intracranial artery assessment with 

TCD and TCCD 228–231, 
229–230, 230, 231

introduction 224
limitations and future 

prospects 237
ultrasound augmentation of clot 

lysis 639–640
unruptured intracranial 

aneurysms 728
venous thromboembolism  

500–501, 500, 503
see also transcranial Doppler 
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Plate 2.8 “Softening of the brain.” From Richard Bright’s “Reports of Medical Cases (1827–1831)” [65]. Aquatint, drawn by Frederick Richard 
Say, engraved by William Say. Bright wrote: “The flatness of the convolutions and their breadth in the left hemisphere, when compared to 
the right, is very remarkable, and this was owing to the softened condition of the brain on that side. The fine membranes covering the 
brain exhibited, on the left hemisphere, the most extraordinary specimen of minute vascularity, which, with a very slight discoloration 
from blood which seemed to have exuded from the vessels, produced the strong red color here represented.” The patient was a 28‐year‐
old man with left‐sided weakness; the mode of onset was not quite clear. 

(b)

Plate 3.20 (b) MR NOVA showing reduced CO2 reactivity in the vessel territory of the right internal carotid artery. The patient presented 
with several episodes of jerking of the left leg that occurred only in the upright position, also called “limb‐shaking TIAs.” 



Plate 3.24 An ocular fundus photograph of a patient with inferior 
temporal branch retinal artery occlusion, showing pallor of the 
inferior half of the retina due to cloudy swelling of the retinal 
ganglion cells caused by retinal infarction. The inferior temporal 
branch arteriole is attenuated and contains embolic material 
(arrow). 

Plate 3.25 An ocular fundus photograph of a patient with central 
retinal artery occlusion, showing a cherry‐red spot over the fovea 
(arrow). The cherry red spot is the normal fovea (devoid of 
ganglion cells), which seems more obvious because the 
surrounding infarcted retina has lost its red color and appears 
pale. 

Plate 3.26 A photograph of the eye of a patient with acute 
glaucoma, showing congested sclera, cloudy cornea, and oval 
pupil. 

(a)

(b)

Plate 3.27 (a) and (b) Ischemic oculopathy of the right eye; note 
episcleral vascular congestion, cloudy cornea, neovascularization 
of the iris (rubeosis of the iris) and mid‐dilated pupil on external 
examination of the eye, which indicate chronic anterior segment 
ischemia due to carotid occlusive disease. Source: Hankey GJ, 
Warlow CP 1994 [76]. Reproduced with permission.



Plate 3.28 An ocular fundus photograph of a patient with 
anterior ischemic optic neuropathy due to occlusion of the 
posterior ciliary artery as a result of giant‐cell arteritis. Note the 
edema of the optic disc and flame‐shaped hemorrhages (arrow). 

Plate 3.29 An ocular fundus photograph showing golden orange 
cholesterol crystals (Hollenshorst plaques) in the cilioretinal artery 
(arrows). The cilioretinal artery is present in only about one‐third 
of the population. It originates from a branch of the short 
posterior ciliary artery and supplies the macula. 

Plate 3.30 An ocular fundus photograph showing narrowing and 
tortuosity of retinal arterioles, arteriovenous nipping, retinal 
hemorrhages, and papilledema. These are the features of 
hypertensive retinopathy seen in malignant hypertension. 

Plate 3.45 A photomicrograph of anterior ischemic optic 
neuropathy caused by giant‐cell arteritis. The arrow indicates the 
infarcted optic nerve head. Source: Courtesy of Dr. JF Cullen, 
Western General Hospital, Edinburgh.



Plate 3.46 An ocular fundus photograph showing papilledema. 
Note the congested, swollen disc, with loss of the physiological 
cup, a blurred disc margin and congested retinal veins. 

(b)

Plate 5A.8 A 49‐year‐old lady with acute decline in conciousness level. Note the subtle adjacent subarachnoidal hemorrhage due to an 
arteriovenous malformation (arrow) with two associated flow‐related aneurysms (arrowheads) of the ACA as depicted on the 3D 
reconstruction of the DSA. 

Plate 3.47 Ocular fundus of a patient with subhyaloid 
hemorrhage, appearing as sharply demarcated linear streaks of 
brick red‐colored blood or flame‐shaped hemorrhage in the 
preretinal layer, adjacent to the optic disc and spreading out from 
the optic disc. 

(a) (b) (c)

Plate 5A.4  CT perfusion parameter maps. (a) Cerebral blood volume (CBV), (b) cerebral blood flow (CBF), and (c) mean transit time (MTT). 
Note that the smallest perfusion abnormality is seen on the CBV map, usually with good correlation with the final infarct size. 



Plate 5A.29 The concept of “diffusion‐perfusion mismatch.” In this rather pragmatic approach DWI (area A) represents the infarct core, the 
temporal perfusion map (e.g. Tmax or TTP) represents the area of significant hypoperfusion (area B). The difference between these two 
regions (B–A), the “diffusion‐perfusion mismatch,” represents the ischemic penumbra. 

(c)

Plate 5A.36 Prominent cortical veins on SWI. A typical right‐sided MCA stroke showing extensive hypoperfusion on the TTP perfusion 
map (c). 



(b) (c)

(d) (e)

(c) (d)

Plate 5A.41 Hyperperfusion after revascularization. A 67‐year‐old woman presenting with disturbed conciousness and left‐sided 
weakness. Sonography and CTA (not shown) documented type‐A aortic dissection. (b) reveals occlusion of the right common carotid 
artery (thick arrow) as an extension of the aortic dissection. CTA done 7 hours later (c), after dissection surgery, revealed a patent common 
carotid artery (thick arrow). CT perfusion revealed elevated CBF (d) in the right MCA and ACA cortical territory (thin arrows) accompanied 
by accelerated perfusion evidenced by short perfusion Tmax time (e) reflecting local hyperperfusion after revascularization. 



(e)

Plate 5A.42 e Hyperperfusion injury. A 72‐year‐old lady with 
recurrent right-sided MCA strokes. Cerebral blood volume map (e) 
showing evidence of right‐sided hyperperfusion. 

(b)

Plate 5A.43 Hemiplegic migraine. TTP perfusion map (b) shows 
delayed perfusion over most of the left hemisphere extending 
beyond the borders of the single vascular territory. 

(f)

Plate 5A.44 Stroke and aneurysmal subarachnoidal hemorrhage. 
DSA (f, 3D reconstruction) determined the source of the 
hemorrhage; a small aneurysm of the right MCA bifurcation 
(arrow). 



(b) (c) (d)

(e) (f) (g)

Plate 5B.2 A hemodynamically significant (>70%) stenosis of the innominate artery has multiple repercussions in blood flow in different 
arterial segments of the extracranial brain circulation. Carotid duplex of extracranial arteries matched with arrows with a time‐of‐flight 
MRA of extracranial vessels (stenosis represented with an X within a circle, (c)). Left internal carotid artery (ICA) showing compensatory 
increased velocities (d), left vertebral artery (VA) showing normal waveform (g), right common carotid artery (CCA) showing velocities 
within normal ranges but lower than contralateral CCA with systolic flow deceleration (f ), right VA showing inversed diastolic flow 
(subclavian steal, (e)) and left ICA showing blunted flow with decreased velocities and severe systolic flow deceleration (b). 

(b)

Plate 5B.1 Thrombus appearance during emergent carotid endarterectomy (b). Source: Courtesy of Dr. Krogias, Department of Neurology, 
St. Josef‐Hospital, Ruhr University Bochum, Germany. 



(a)

(d) (e) (f)

(g) (h) (i)

(b) (c)

Plate 5B.3 Right vertebral artery presenting with normal waveform and antegrade flow toward the head (in red) (a). Left vertebral artery 
(in blue) showing reversed flow toward the arm (b). Left vertebral artery and left vertebral vein presenting with the same color on carotid 
duplex (d). Venous Doppler signal (e). CT angiography showing the occlusion of the origin of the left subclavian artery (c, f ). Transcranial 
color‐coded duplex showing the vertebrobasilar junction (reversed Y appearance; (g)); note that right VA and BA are shown in blue, 
indicating normal blood flow direction to the head. On the contrary, left VA flow is reversed (in red). Note the antegrade low‐resistance 
waveform of right intracranial VA (h) and alternating flow (reversed during systole and antegrade during diastole) of the left VA (i). 



(a)

(d)

(b)

(c)

Plate 5B.5 Right middle cerebral artery (MCA) stenosis on transcranial color‐coded duplex showing aliasing (a). Loss of signal (arrow) 
indicates high‐grade stenosis (b). Focal increase in velocities corresponding to a focal stenosis >70% (c). Post‐stenotic decrease in 
velocities with very low pulsatility (pulsatility index 0.28, (d)).



(a) (b)

(c)

(e) (f) (g)

(h) (i)

(j) (k)

(d)

Plate 5B.11 A 68‐year‐old male patient, smoker, who had been irradiated in the neck 9 years before for pharynx cancer, presented with 
transient aphasia. Carotid duplex revealed left internal cerebral artery (ICA) stenosis (a). Transcranial Doppler (TCD) showed left posterior 
cerebral artery compensatory increase in velocities due to collateralization via PCoA (b). The patient was referred for stenting of the 
symptomatic left ICA (c). A week later he developed another episode of aphasia and diffusion‐weighted imaging revealed new ischemic 
lesions in left MCA territory (e, f ). CDU disclosed focal increase in velocities within the stent in left common carotid artery (d). Digital 
subtraction angiography of the left CCA confirmed intraluminal filling defects in the proximal third of the stent with focal stenosis due to 
recoil of the stent and thrombus formation (left external carotid artery had been occluded; (g)). TCD identified microembolic signals (MES, 
arrow) in the left MCA at a rate around 8 MES per minute (h, i). LMWH (lower molecular weight heparin) at therapeutic dose resulted in 
MES disappearance. The patient has remained hospitalized for aspiration pneumonia and developed new aphasic symptoms and right 
hemiparesis two weeks later. TCD once again revealed MES (arrow) in the left MCA (h). Repeat CDU confirmed focal acceleration in CCA 
velocities within the stent corresponding to a >70% stenosis (j). The patient was referred for repeat stenting of left ICA/CCA. After the 
second stenting the patient was shifted to double antiplatelet therapy with no MES on TCD nor focal acceleration on CDU (k). 



(a)

Plate 5C.4 Computed tomography angiography of the lower abdomen and pelvis. The left ventricular thrombus had embolized and 
caused complete occlusion of the infrarenal abdominal aorta and bilateral common iliac arteries (red arrow). ((a) is a 3D runoff spin.) 

Plate 5C.7 Three‐dimensional TEE evaluation of left atrial myxoma (red arrow). 



(c) (d)

Plate 5C.11 TEE study focusing on the mitral valve in a 44‐year‐old man who presented with fever, chills, and right upper extremity 
paresthesia who deteriorated rapidly and developed an acute right MCA infarct and massive cerebral edema. There is severe mitral 
regurgitation through that perforation (c). A 3D rendering of the mitral valve shows the large vegetation sitting on the mitral valve with a 
perforation of the posterior leaflet (red arrow) (d). 

(b)

Plate 5C.16 TEE study (biplane view at 110 degrees) (b) shows blood flow from left to right.

(b)

Plate 5C.18 TEE of the aortic arch (0 and 90 degrees) in a 39‐year‐old woman with acute left MCA stroke. There is no evidence of 
obstruction to flow on color flow Doppler (b). On repeat imaging, this thrombus had completely resolved after the initiation of 
anticoagulation. 
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Plate 6.3 Growth, progression, and complications of atheromatous plaques. Source: Choudhury RP, et al. Molecular, cellular and functional 
imaging of atherothrombosis. Nat Rev Drug Discov 2004;3:913–925. Reproduced with permission of Springer Nature.

(c)

Plate 6.11 Paradoxical embolism. A postmortem specimen showing: (c) A reproduction of paradoxical embolism. Source: Courtesy of Dr. 
John Webb.
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Plate 6.21 Borderzone areas. Boundary zones between the territories of the middle (yellow, MCA), anterior (red, ACA), and posterior 
(green, PCA) cerebral arteries. Deeper structures are supplied by the lenticulo‐striate (orange) and anterior choroideal arteries (blue). The 
internal borderzone is the boundary area between lenticulo-striate perforators and the deep penetrating branches of the MCA or at the 
borderzone of deep white matter branches of the MCA and the ACA. Source: http://www.radiologyassistant.nl/en/p484b8328cb6b2/
brain-ischemia-vascular-territories.html. Reproduced with permission.

MTT CBF CBV

(b)

Plate 6.25 (b) Computed tomography perfusion study showing prolonged mean transient time (MTT), decreased cerebral blood flow 
(CBF), and preserved cerebral blood volume (CBV) in the left MCA territory consistent with territorial hypoperfusion.

Plate 6.33 Transcranial Doppler signals from the middle cerebral artery. Arrow shows the high intensity microembolic signal (MES) of an 
embolus. Note that the embolic signal does not extend beyond the Doppler trace and is of higher intensity (brightness) than the rest of 
the Doppler signal. 
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Plate 11.16 Photographs taken during a fiberoptic endoscopic evaluation of swallowing showing the main anatomic structures.

(a) (b) (c)

Plate 15.7 Intraoperative views under the surgical microscope depicting a ruptured right posterior communicating artery (PCOMM) 
aneurysm with a titanium clip across the aneurysm neck (arrow) and an unruptured right anterior choroidal artery aneurysm (curved 
arrow) (a). (b) Clipping of the anterior choroidal artery aneurysm. Perforators from the PCOMM and anterior choroidal artery are visualized 
(arrow) with gentle manipulation of the artery (c). 


