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Preface

Neurologic Differential Diagnosis: A Case-Based Approach 
(A. B. Ettinger and D. Weisbrot, eds., Cambridge 
University Press), published in 2014, emphasizes a prag-
matic and quick-reference approach to achieving a com-
prehensive differential diagnosis. Using this text, the 
clinician can efficiently look up specific symptoms and 
signs such as “dizziness,” “mental status change,” “diplo-
pia,” “foot drop,” or “psychosis” to immediately generate 
diagnostic possibilities. Each chapter outlines key fea-
tures of clinical presentations and quickly reminds the 
clinician what diagnoses to consider.

While our prior textbook helps the clinician to rap-
idly generate a differential diagnosis, an additional 
approach would also be invaluable. Symptoms and 
signs in neurology and psychiatry do not typically 
occur in isolation; rather, they present in the clinical 
context of other underlying conditions. For example, 
a physician evaluating a 40-year-old male with change 
in mental status could utilize Neurologic Differential 
Diagnosis: A Case-Based Approach to review a diverse 
list of potential underlying diagnoses. However, if it is  
known, for example, that this patient carries a diag-
nosis of HIV, the clinician would also consider what 
complications of HIV are associated with mental sta-
tus changes. These include AIDS dementia complex, 
central nervous system (CNS) lymphomas, crypto-
coccal meningitis, CMV superinfections, neurosyph-
ilis, toxoplasmosis, and other conditions that occur 
in immunocompromised states. Having a checklist of 
these conditions enables the clinician to quickly access 
information on the neurologic and psychiatric compli-
cations of co-existing conditions such as HIV, and this 
further enhances the busy clinician’s attempt to pro-
vide a comprehensive evaluation.

What about a 30-year-old woman with epilepsy who 
now complains of headaches? While the broad differ-
ential diagnosis as described in our earlier textbook 
includes seizures and postictal states or nonepileptic 
conditions such as migraine or subarachnoid hemor-
rhage, this patient happens to have been recently started 
on lamotrigine to treat seizures. Could lamotrigine be 

responsible for the headaches? A review of a succinct 
summary of lamotrigine’s neurologic or psychiatric 
adverse effects would describe headaches, including 
uncommonly encountered aseptic meningitis. This 
in turn would lead the clinician to perform additional 
investigations.

Consider a 39-year-old male with Down syndrome 
who presents with gait instability. Examination reveals 
diffuse hyperreflexia and our prior text has chapters 
on gait alteration and on myelopathy that inform dif-
ferential diagnosis. However, if the clinician wonders 
whether there may be a relationship between Down 
syndrome and gait disturbances, wouldn’t it be helpful 
if the clinician had an additional reference to quickly 
review the neurologic and psychiatric complications of 
Down syndrome? Such a reference would cite the pre-
disposition of patients with Down syndrome to expe-
rience atlanto-axial instability and knowing this could 
lead to ordering emergent neuroimaging.

How about the case of a 40-year-old man referred to 
rule out seizures because of episodic feelings of derea-
lization? Seizures are listed in our earlier textbook 
but other entities, including panic attacks, are also 
cited with a brief description. Seeking a more detailed 
description of the characteristics of panic attacks, the 
clinician would then have an easily accessible succinct 
summary of panic attack features. This in turn would 
lead the clinician to inquire about symptoms such as 
palpitations, diaphoresis, sensations of smothering or 
choking, shortness of breath, and fear of dying. Positive 
endorsements of many of these symptoms could lead 
to additional testing and referral to a psychiatrist. 

Yet another example concerns a 50-year-old male 
with carpal tunnel syndrome and Addison’s disease. 
While the neurologist has a vague recollection of the 
latter diagnosis, she can benefit from the availability 
of a summary of the neurologic and psychiatric com-
plications of Addison’s disease. This helps ensure that 
its features do not have any relationship to the patient’s 
current neurologic complaints.
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In this spirit, Synopsis of Neurology, Psychiatry, and 
Related Systemic Disorders was designed to provide con-
cise summaries of neurologic, psychiatric, and medical 
diagnoses with a focus on neurologic and psychiatric 
implications. A separate pharmacology section pro-
vides a consolidated review of potential neurologic and 
psychiatric adverse effects of medications. All entries 
are listed alphabetically for quick access, and diag-
nostic conditions follow a stereotyped order of pres-
entation including epidemiology and demographics, 
highlights of each disorder, neurologic and psychiatric 
symptoms and signs, secondary complications, and 
potential neurologic or psychiatric complications of 
treatments.

We hope that Synopsis of Neurology, Psychiatry, 
and Related Systemic Disorders, like its predeces-
sor, Neurologic Differential Diagnosis: A Case-Based 
Approach, will be an invaluable resource for a broad 
medical audience. For the experienced neurologist or 
psychiatrist, the book can provide quick reminders 
of the main highlights of underlying neurologic and 
psychiatric conditions as well as medical conditions 
that may be associated with neurologic or psychiat-
ric complications. For other healthcare providers, 
Synopsis of Neurology, Psychiatry, and Related Systemic 
Disorders may introduce the clinician to the interface 
between neurology and psychiatry with co-existing 
medical conditions. For the medical student, resi-
dent, junior neurologist, or psychiatrist preparing 

for board examinations, this text can be a very useful 
guide to approaching the neurologic and psychiatric 
aspects of medical disorders and medication therapies. 
Pharmacists may also find great value in the succinct 
summaries in the medication section of the text.

The process of developing this book required many 
hours of hard work on the part of the editors and by 
the many authors who labored to complete their sub-
missions on top of undoubtedly very busy clinical 
obligations. While we strove to be as comprehensive as 
possible in the selection of conditions to include in this 
book, many disorders, especially in the realm of pedi-
atrics or rare genetic syndromes, could not unfortu-
nately be included and would be best left for references 
that specialize in these specific topics.

Finally, we would like to express our appreciation 
to the staff of Cambridge University Press (including 
Mr. Nicholas Dunton, Ms. Anna Whiting, and Mr. 
Nigel Graves) for their kind and vigorous support and 
patience throughout the book development process. 
We would also like to thank Ms. Penny Lyons for her 
careful attention to detail during her painstaking copy-
editing work.

Alan B. Ettinger, MD, MBA, FAES
Deborah M. Weisbrot, MD,  

Distinguished Fellow, American Academy  
of Child & Adolescent Psychiatry

Casey Gallimore, PharmD
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Absence Seizures (Petit Mal or Generalized 
Nonconvulsive Seizures)
Epidemiology and Demographics: Typical absence seizures 

account for 10% of epileptic seizures in children. 
Annual incidence is estimated at 0.7–4.6/100,000 in 
the general population, and up to 6–8/100,000 in 
children aged 0–15 years. Associated with a variety 
of generalized epilepsy syndromes. Age of onset 
varies depending on the coinciding syndrome, 
generally in the first two decades. Early onset 
more consistent with childhood absence epi-
lepsy or myoclonic astatic epilepsy, whereas pres-
entation near puberty supports juvenile absence 
epilepsy or juvenile myoclonic epilepsy. May 
occur among other seizure types in more severe 
epilepsy syndromes, such as Lennox–Gastaut  
syndrome.

Disorder Description: Nonconvulsive generalized sei-
zure type characterized by brief episodes of abrupt 
loss of consciousness, lasting 10–20 seconds, 
which may occur on a frequent, recurrent basis. 
Associated with subtle freezing or oral or  manual 
automatisms. Of shorter duration than  complex 
partial seizures, and a postictal period is not 
 present. Events can be mistaken for daydreaming, 
which may contribute to delay in diagnosis. Typical 
absence seizures have a 3- Hz generalized spike and 
wave pattern on the EEG, often provoked by hyper-
ventilation. Ethosuximide is used when absence 
seizures occur in isolation, valproate when there is 
co- occurrence with generalized tonic– clonic sei-
zures (GTCS).

Atypical absence seizures have less abrupt onset 
and offset and may be prolonged. Often presenting 
with a loss of muscle tone (a gradual slump) and 
subtle myoclonic jerks. Loss of awareness may be 
incomplete, with physical activity continuing more 
slowly or with frequent errors. Atypical absence sei-
zures are associated with a generalized slow spike 
and wave pattern of <2.5 Hz, and typically occur in 
the setting of more severe epilepsy syndromes with 
intellectual impairment.

A
Symptoms

Localization site Comment

Cerebral hemispheres Sudden interruption of 
consciousness. Automatisms, 
in the form of lip- smacking, 
chewing, and fumbling 
movements of the fingers. Mild 
tonic stiffening

Mental status and psychiatric 
aspects/complications

Deficits in global cognitive 
function, attention and focus, 
visual- spatial functions, 
and visual memory most 
pronounced during active 
disease. Cognitive status 
depends on underlying 
syndrome

Secondary Complications: Attentional issues may result 
in decreased school performance. Increased risk of 
accidental injury associated with driving or operat-
ing heavy machinery.

Treatment Complications: Some antiepileptic drugs 
(AEDs), such as vigabatrin, gabapentin, phenytoin, 
phenobarbital, or carbamazepine and their deriv-
atives, can worsen seizures and should be avoided 
for certain epilepsy types. Valproate side effects 
include hyperactivity, weight gain, transaminitis, 
thrombocytopenia, pancreatitis, and known terato-
genic effects. Ethosuximide most commonly causes 
 dizziness and gastrointestinal complaints. Rare side 
effects include psychosis.

Bibliography
Fong GC, Shah PU, Gee MN, et al. Childhood 

absence epilepsy with tonic- clonic seizures 
and electroencephalogram 3–4-Hz spike and 
multispike- slow wave complexes: linkage 
to chromosome 8q24. Am J Hum Genet. 
1998;63(4):1117–29.

Guerrini R, Belmonte A, Genton P. Antiepileptic 
drug- induced worsening of seizures in children. 
Epilepsia. 1998;39 Suppl 3:S2–10.

Pavon P, Bianchini R, Trifiletti RR, et al. 
Neuropsychological assessment in children with 
absence epilepsy. Neurology. 2001;56(8):1047–51.

Schwartzkroin PA. Brain development and epilepsy. 
New York: Oxford University Press; 1995. xii, 337 p.
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Acquired Hepatocerebral Degeneration
Epidemiology and Demographics: Acquired hepatocerebral 

degeneration (AHD) is a rare condition that occurs 
in about 1% of patients with cirrhosis. This condition 
can occur in patients with severe and decompensated 
chronic liver failure and can happen at any age.

Disorder Description: AHD is associated with portosys-
temic shunting, either iatrogenic or spontaneous. 
Clinical presentation of AHD closely resembles 
Wilson’s disease and therefore it is sometimes called 
non- Wilsonian hepatocerebral degeneration. Patients 
often have hepatic encephalopathy, followed by extra-
pyramidal symptoms such as rigidity, bradykinesia, 
tremor, and choreoathetosis. MRI of the brain often 
shows hyperintense signal changes on T1- weighted 
images and hypointense or normal signal on T2- 
weighted images in the basal ganglia and cerebellum.

Symptoms

Localization site Comment

Cerebral hemispheres Hepatic encephalopathy

Parkinsonism

Cerebellum Ataxia

Bibliography
Burkhard PR, Delavelle J, Du Pasquier R, Spahr L. 

Chronic parkinsonism associated with cirrhosis: 
a distinct subset of acquired hepatocerebral 
degeneration. Arch Neurol. 2003;60(4):521–8.

Fernández-Rodriguez R, Contreras A, De Villoria 
JG, Grandas F. Acquired hepatocerebral 
degeneration: clinical characteristics and MRI 
findings. Eur J Neurol. 2010;17(12):1463–70.

Saporta MA, Andre C, Bahia PR, et al. Acquired 
hepatocerebral degeneration without overt liver 
disease. Neurology. 2004;63:1981–2.

Victor M, Adams RD, Cole M. The acquired (non- 
Wilsonian) type of chronic hepatocerebral 
degeneration. Medicine (Baltimore). 1965;44:345–96.

Actinomycosis
Epidemiology and Demographics: Actinomycosis affects 

males more so than females, between 20 and 60 
years old.

Disorder Description: Actinomycosis is a slowly progres-
sive bacterial infection, most commonly caused by 
the gram- positive, anaerobic, or microaerophilic 
rod Actinomyces israelii. It normally resides in 
the nasopharyngeal, gastrointestinal, and female 
genital tracts. Infection may spread by cervicofa-
cial infections (most common) or hematogenous 
spread. Risk factors for infection include poor oral 
hygiene or dental procedures, trauma, use of con-
traceptive intrauterine devices (IUDs), or immuno-
compromised state.1

Symptoms

Localization site Comment

Cerebral hemispheres Brain abscesses (most 
common)

Meningitis

Encephalitis

Subdural empyema

Dural sinus thrombosis2

Base of skull Basilar meningitis

Spinal cord Epidural abscess causing cord 
compression

Myelopathy3

Syndromes with combined 
spinal cord and peripheral nerve 
lesions

Myeloradiculopathy3

Secondary Complications: Chronic meningitis may 
develop from brain abscesses, which may lead to 
hydrocephalus.

Treatment Complications: Response to medication may 
be slow and take months to take effect.

References
 1. Ham H, Jung S, Jung T, Heo S. Cerebral 

actinomycosis : unusual clinical and radiological 
findings of an abscess. J Korean Neurosurg Soc. 
2011;50(2):147.

 2. Bradley W. Actinomycosis. Neurology in clinical 
practice. Philadelphia: Butterworth-Heinemann; 
2004. p. 1505.

 3. Dua R, Bhat D, Indira D. Spinal actinomycosis: a 
rare disease. Neurol India. 2010;58(2):298.
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Acute Brachial Neuritis (Parsonage–Turner 
Syndrome)
Epidemiology and Demographics: More common among 

middle- aged men (70%); average age 41.4 years. 
Mostly unilateral onset, involving the dominant limb.

Disorder Description: Acute brachial neuritis, also known 
as Parsonage–Turner syndrome, brachial plexus 
neuritis, or neuralgic amyotrophy, is an immune- 
mediated, multifocal peripheral nervous system 
disorder. Most lesions are axonal but some may 
be demyelinating. Targets predominantly proxi-
mal motor axons. Most commonly affected nerves 
include the long thoracic, suprascapular, axillary, 
and musculocutaneous. The diagnosis is difficult, 
with single nerve involvement; local compression 
may be suspected first. The symptoms include sud-
den onset of severe pain in the shoulder or scapular 
area that radiates down the arm or up the neck. The 
pain often awakens patient from sleep. The pain usu-
ally resolves within a few weeks. Weakness becomes 
evident as the pain resolves and the limb is being 
used more frequently. Can lead to muscle atrophy. 
Paresthesia is less intense than the pain. The treat-
ment includes analgesics, including narcotics and 
neuropathic pain medications. Oral corticosteroid 
course may also be beneficial in reducing the pain. 
After pain has been controlled, physical and occu-
pational therapies are recommended. Recovery 
rates of 36% at 1 year, 75% at 2 years, and 89% at 3 
years have been reported.

Symptoms

Localization site Comment

Plexus Brachial plexus, trunk, cord, 
nerve branches

Mononeuropathy or 
mononeuropathy multiplex

Can present as single or 
multiple nerve involvement

Muscle Atrophy and weakness

Treatment Complications: Narcotic analgesics used for 
painful crises can lead to sedation or depressed 
mentation.

Bibliography
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Acute Disseminated Encephalomyelitis 
(ADEM)
Epidemiology and Demographics: Acute disseminated 

encephalomyelitis (ADEM) has an incidence of 
0.2–0.4/100,000 per year in North America. There 
are no clear data suggesting higher prevalence in 
one race. However, it is found to be slightly more 
common in males than females, given a gender ratio 
of 1.3:1. The median age of onset is 5–8 years, and 
in North America its peak incidence is in the winter 
and spring months.

Disorder Description: An autoimmune demyelinating 
disease involving the central nervous system. It 
is usually preceded by viral infection or immuni-
zations. It usually presents immediately after an 
infectious illness, or several days later. The onset 
is usually acute to subacute. Symptoms present 
over hours or 1 to 2 days. There are encephalitic 
and myelitic types. Encephalitic symptoms include 
confusion, seizures, fever, somnolence, headache, 
and neck stiffness. Rarely, choreoathetosis occurs. 
Patients can experience decerebrate rigidity and 
coma. Patients with myelitic type experience loss 
of sensation, bowel/bladder paralysis, and vary-
ing degrees of extremity weakness, paraplegia, or 
quadriplegia.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, confusion, coma, 
meningeal irritation

Mental status and psychiatric 
aspects/complications

Confusion, lethargy

Brainstem Decerebrate rigidity, coma

Cranial nerves Optic neuritis

Spinal cord Quadriplegia, paraplegia, 
sensory disturbance, bowel/
bladder dysfunction

Treatment Complications: Steroid therapy can lead to 
psychosis, confusion, weight gain, hyperglycemia, 
myopathy, glaucoma, cataracts, osteoporosis, or 
vertebral fractures.

Plasma exchange complications include anaphy-
laxis, hypocalcemia, and depletion of immunoglob-
ulins and coagulation factors.
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Acute Inflammatory Demyelinating 
Polyneuropathy (AIDP) and Miller Fisher 
Variant of Guillain– Barré Syndrome
Epidemiology and Demographics: Acute inflammatory 

demyelinating polyneuropathy (AIDP) has a world-
wide incidence of 0.6–4.0/100,000 with a mean age 
of onset of 40 years. Overall incidence is lower in 
children, 0.34–1.34/100,000, and higher in people 
over age 50, 1.7–3.3/100,000. It is more common in 
males, with a male-to-female ratio of 1.7:1. It is found 
in all races. It has no predilection for a specific time 
of year; however, summer epidemics of the axonal 
variant have been reported in northern China. Two- 
thirds of cases are preceded by upper respiratory 
infection or diarrhea due to Campylobacter jejuni. 
Has been associated with swine flu H1N1 vaccine.

Disorder Description: AIDP is an autoimmune attack of 
peripheral nerve myelin with secondary axonal loss. It 
typically presents as a symmetric ascending weakness, 
mild sensory loss, and hypo- or areflexia following a 
viral illness and, in some cases, more specifically with 
infection with C. jejuni. Its onset occurs over several 

days to 2 weeks. Proximal muscles can be affected 
before distal. The most common initial symptom 
is numbness of the toes. Weakness usually starts in 
the legs, ascends to the arms, and at times can lead 
to facial diplopia and respiratory failure. It can also 
lead to autonomic dysfunction including tachycardia, 
bradycardia, facial flushing, and fluctuating blood 
pressure. Urinary retention occurs in 15% of patients. 
Recovery occurs over weeks to months. Most patients 
recover with mild residual motor and sensory deficits. 
However, 10% of patients are left with disability.

Severe respiratory muscle weakness requiring 
ventilator support develops in 10–30% of patients, 
paresthesia (and sometimes pain) in the hands and 
feet occurs in up to 80% of patients. Dysautonomia 
occurs in 70% of patients, presenting as tachycardia 
(most common), urinary retention, and alternating 
hypertension/hypotension, and can be associated 
with sudden death.

Miller Fisher syndrome is a variant of Guillain– 
Barré syndrome (GBS)/AIDP. It presents as a 
descending paralysis. The most common manifes-
tations are ophthalmoplegia, ataxia, and areflexia. 
Eighty- five percent to 90% of patients with Miller 
Fisher syndrome have antibodies against GQ1b, a 
ganglioside nerve component.

Diagnosis is clinical, confirmed with cerebro-
spinal fluid (CSF) studies and electromyography/
nerve conduction velocity (EMG/NCV) tests. Time 
course is about 4 weeks and self- limiting. Other 
conditions to consider in the differential diagnosis 
include vitamin B1 deficiency, acute arsenic poison-
ing, n- hexane exposure, vasculitis, Lyme disease, 
tick paralysis, porphyria, sarcoidosis, leptomenin-
geal disease, paraneoplastic disease, critical illness 
myopathy, and chronic inflammatory demyelinat-
ing polyneuropathy (CIDP).

Symptoms

Localization site Comment

Cerebral hemispheres Confusion, coma in variants of 
GBS, i.e., Bickerstaff encephalitis

Mental status and psychiatric 
aspects/complications

Confusion, coma in variants of 
GBS, i.e., Bickerstaff encephalitis

Brainstem Confusion, coma, 
ophthalmoplegia, ataxia in 
variants of GBS, i.e., Bickerstaff 
encephalitis
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Secondary Complications: Respiratory failure leading to 
mechanical ventilation and aspiration pneumonia. 
Immobilization leading to ileus, pulmonary embo-
lus, or deep vein thrombosis. There can be residual 
weakness, sensory loss, or neuropathic pain. Death 
occurs in 3–5% of cases.

Treatment Complications: Initial treatment is supportive 
care – monitoring in the ICU setting, close respira-
tory monitoring (negative inspiratory force [NIF]/
vital capacity [VC]), and ventilator support if nec-
essary. For patients with dysautonomia, cardiac 
and blood pressure monitoring may be necessary. 
Main therapies include intravenous immunoglobu-
lin (IVIG) or plasma exchange, which shortens the 
time to walking independently by 40–50%. Plasma 
exchange is recommended over IVIG for patients 
who are nonambulatory. There is a reported resid-
ual neuropathic pain in 40–50% of patients during 
the course of GBS.

Plasma exchange complications include anaphy-
laxis, hypocalcemia, and depletion of immunoglob-
ulins and coagulation factors.

Adverse effects from IVIG include local injec-
tion site reaction. More serious side effects include 
anaphylaxis, from IgA deficiency, chest pain, 
myocar dial infarction, tachycardia, hyponatremia, 
hemolysis, hemolytic anemia, thrombosis, hepati-
tis, anaphylaxis, backache, severe headache, aseptic 
meningitis, proteinuria, acute renal failure, hypo-
kalemic nephropathy, pulmonary embolism, and 
transfusion- related lung injury. Plasmapheresis 
potential problems include mild allergic reaction, 
anaphylaxis, infection, or hypotension.
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Acute Stress Disorder
Epidemiology and Demographics: Prevalence rate is 

dependent on the nature and severity of the preced-
ing traumatic event as well as the criteria used to 
define the disorder. Estimates range from 20 to 
50% with interpersonal trauma (e.g., assault, rape, 
witnessing a mass shooting) and less than 20% 
with other forms of trauma (e.g., accidents, mild 
traumatic brain injury, burns). More common in 
women.

Disorder Description: Acute stress disorder is charac-
terized by development of significant distress or 
functional impairment post exposure to a trau-
matic event. Per DSM- 5, a traumatic event is 
defined as “exposure to actual or threatened death, 
serious injury or sexual violence.”1 To meet crite-
ria, symptoms must be present within 3 days to 1 
month after the traumatic exposure. Symptoms 
include intrusive memories and/or dreams, disso-
ciative reactions (e.g., flashbacks), negative mood, 
dissociative symptoms (e.g., amnesia for aspects 
of the event), avoidance symptoms, and hyper-
arousal, including sleep disturbance, irritability, 
unprovoked anger or aggression, and/or exag-
gerated startle response. Symptoms are not better 
accounted for by effects of a substance, medical 
condition, or brief psychotic disorder. Risk factors 
include pre- existing psychiatric disorder, high 
severity of exposure, presence of prior traumatic 
exposure, and female gender.

Localization site Comment

Cranial nerves Cranial nerves III–VII and IX–XII 
may be involved, diplopia, 
ophthalmoplegia, dysphagia, 
dysarthria, facial droop

Peripheral nerve/muscle Sensory disturbance, 
symmetric limb weakness, 
areflexia, respiratory failure, 
bulbar muscle weakness, 
myalgias

Unclear localization Dysautonomia due 
to involvement of 
parasympathetic and 
sympathetic systems
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Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Intrusive thoughts, flashbacks, 
dissociative symptoms (e.g., 
amnesia), nightmares, deficits 
in attention, concentration 
and declarative memory, 
hyperarousal symptoms  
(e.g., sleep disturbances, 
irritability, unprovoked  
anger/aggression, 
exaggerated startle 
response), anhedonia

Secondary Complications: Posttraumatic stress disorder, 
alcohol/substance abuse, depressive disorders, anx-
iety disorders, sleep disorders.

Treatment Complications: Treatment with benzodi-
azepines may improve hyperarousal symptoms. 
However, there is risk for sedation and development 
of dependence and tolerance if used chronically.

Reference
 1. American Psychiatric Association. Diagnostic 

and statistical manual of mental disorders: DSM-5. 
5th ed. Washington, DC: American Psychiatric 
Association; 2013.

Suggested Reading
Kessler RC, Sonnega A, Bromet E, et al. Post-

traumatic stress disorder in the national 
comorbidity survey. Arch Gen Psychiatry. 
1995;52(12):1048–60.

Adenovirus
Epidemiology and Demographics: Worldwide distribution 

and infections occur in every season. Causes 5–10% 
of all febrile illnesses in infants and young children.1

Central nervous system (CNS) dysfunction 
was identified in 3.3% of children with adenovirus 
infection, mostly occurring in those younger than 
5 years.2

Disorder Description: Adenoviruses are nonenveloped 
viruses with double- stranded DNA that most com-
monly cause upper respiratory tract illness, but 

may cause other systemic illness. Risk factors for 
infection include immunosuppression, people who 
live in close quarters (those in military barracks or 
college dormitories). Adenoviruses tend to be more 
prevalent in day- care centers and in households 
with young children. Transmission may be via aer-
osol droplets, fecal– oral route, transplants, vertical 
transmission during vaginal birth, and by contact 
with contaminated fomites.3

Symptoms

Localization site Comment

Cerebral hemispheres Meningitis2

Encephalitis

Seizures

Hydrocephalus

Mental status and psychiatric 
aspects/complications

Altered mental status

Visual hallucinations

Spinal cord Transverse myelitis

Anterior horn cells Flaccid paralysis

Secondary Complications: Seizure disorder may be a 
complication.

Treatment Complications: Ribavirin may cause hyperam-
monemia, which may suppress mental status.
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infection associated with central nervous 
system dysfunction in children. J Clin Virol. 
2013;57(4):300–4.

 3. Centers for Disease Control and Prevention. 
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Jan 20, 2016. Available from www.cdc.gov/
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Adenylosuccinate Lyase Deficiency
Epidemiology and Demographics: 1/70,000 live births; 

rare, autosomal recessive. Second- most common 
urea cycle disorder. Druze community in Israel 
has carrier frequency 1/41, with 20 cases also being 
diagnosed in Finland. Associated with high mor-
bidity and mortality rates. A low- protein diet ini-
tiated early may prevent neurologic sequelae. ASL 
gene maps to 7q11.21

Disorder Description: Argininosuccinate (ASA) lyase 
deficiency results in defective cleavage of ASA and 
argininosuccinic aciduria. It leads to deficiency of 
both ureagenesis and nitric oxide (NO) production. 
Like all urea cycle disorders, it has a propensity to 
cause hyperammonemia in affected individuals.

Adenylosuccinate lyase (ASL) deficiency pre-
sents in two main forms – a severe neonatal form 
and late- onset form.

The severe neonatal form is indistinguishable 
from other urea cycle disorders, characterized by 
the triad of hyperammonemia, encephalopathy, 
and respiratory alkalosis. Vomiting, lethargy, and 
hypothermia present a few days after birth, and if 
left untreated or unrecognized, can result in death.

Late-onset forms are characterized by episodic 
hyperammonemia, triggered by acute infection, 
stress, or dietary noncompliance. Patients may also 
display chronic symptoms such as episodic vomit-
ing, mental status changes, lethargy, and behavioral 
abnormalities associated with hyperammonemia. 
Some patients may present with cognitive impair-
ment, behavioral abnormalities, or learning disa-
bilities in the absence of any documented episodes 
of hyperammonemia. A pathognomonic pheno-
type includes a combination of neurocognitive 
deficiency, hepatitis with cirrhosis, trichorrhexis 
nodosa (friable hair), and systemic hypertension 
(due to NO deficiency).

ASA is an intermediate in the pathway of urea syn-
thesis from ammonia and is split into arginine and 
fumarate in a reaction catalyzed by argininosucci-
nate lyase. As a result of this enzyme defect, patients 
have increased ammonia, both ASA and citrulline 
accumulate in the blood, and ASA is excreted in the 
urine. There is considerable phenotypic variability. 
Symptoms related to the central nervous system 
(CNS) are due to the toxic effects of hyperammone-
mia, although some have suggested a possible direct 
toxic effect of argininosuccinic acid on the brain.

Symptoms

Localization site Comment

Cerebral hemispheres In acute setting of 
hyperammonemia – delirium, 
somnolence, obtundation, coma, 
cerebral edema, seizures

Long term – delayed development, 
intellectual disabilities, behavioral 
difficulties, learning difficulties, 
attention deficit hyperactivity 
disorder

Basal ganglia/cerebellum Hypotonia, ataxia, tremor, 
choreoathetotic movement 
disorder

Secondary Complications: Hepatic failure may lead to a 
hepatic encephalopathy. Secondary coagulopathy 
may lead to intracranial hemorrhage.

Treatment Complications: Treatment of metabolic crises 
consists of withdrawal of protein from diet; promo-
tion of anabolism (supplementing oral intake with 
intravenous lipids, glucose, and intravenous insu-
lin); and sodium benzoate (intravenous nitrogen 
scavenging therapy).

Long-term interventions include lifelong dietary 
management (protein restriction), arginine base 
supplementation, and oral nitrogen scavenging 
therapy.

Complications of treatments include electrolyte 
disturbances or dehydration.

Bibliography
Ficicioglu C, Mandell R, Shih VE. Argininosuccinate 

lyase deficiency: longterm outcome of 13 
patients detected by newborn screening. Mol 
Genet Metab. 2009;98:273–7. DOI: 10.1016/j.
ymgme.2009.06.011

Nagamani SCS, Erez A, Lee B. Argininosuccinate 
lyase deficiency. Feb 3, 2011 [Updated Feb 2, 
2012]. In Pagon RA, Adam MP, Ardinger HH, 
et al., eds. GeneReviews® [Internet]. Seattle, WA: 
University of Washington, Seattle; 1993–2017. 
Available from www.ncbi.nlm.nih.gov/books/
NBK51784/

Summar ML, Koelker S, Freedenberg D, et al. The 
incidence of urea cycle disorders. Mol Genet 
Metab. 2013;110:179–80.

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.001
https://www.cambridge.org/core


Section 1 Diagnostics

10

Adjustment Disorder
Epidemiology and Demographics: Adjustment disorder 

(AD) is diagnosed in an estimated 5–20% of indi-
viduals in outpatient mental health settings and up 
to 50% of inpatient psychiatric consultations.

Disorder Description: AD is defined in DSM- 5 as the 
manifestation of marked, disproportionate distress 
and/or impaired function referable to an identifi-
able stressor. Symptoms must be clinically signifi-
cant, with onset within 3 months of the stressor and 
continue no more than 6 months post- resolution of 
the stressor or associated consequences. Symptoms 
must not be better accounted for by bereavement, 
another mental disorder, or exacerbation of a pre- 
existing condition.

Can be associated with anxiety, depressed mood, 
conduct disturbance, or a combination of these. 
Classified as acute (duration less than 6 months) 
versus chronic (duration greater than 6 months). 
Commonly occurs in setting of coexisting psychiat-
ric and/or medical illness.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Depressed mood, anxiety, rage, 
antisocial behavior

Secondary Complications: AD with depressed mood car-
ries an increased risk for attempted and completed 
suicide. When disturbance of conduct is associated, 
there can be reckless and/or aggressive behavior 
toward property or others.

Treatment Complications: Both brief supportive psycho-
therapy and short- term use of benzodiazepines and 
antidepressant medication may be considered. Side 
effects of benzodiazepines include risk for seda-
tion and development of dependence and tolerance 
if used chronically. Selective serotonin reuptake 
inhibitor (SSRI) medications have rare potential to 
increase risk of suicide; therefore, they should be 
monitored with caution.
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Adrenal Insufficiency
Epidemiology and Demographics: Secondary adrenal 

insufficiency is more common than primary adrenal 
insufficiency (Addison’s disease), with an estimated 
prevalence of 150–280 per million, affecting more 
women than men, usually in the sixth decade of life.1

Disorder Description: Life- threatening disorder caused 
by primary or secondary adrenal insufficiency due 
to a dysfunction of the hypothalamic–pituitary axis. 
Most cases of primary adrenal insufficiency (failure of 
the adrenal glands to produce sufficient cortisol and 
sometimes aldosterone) are caused by autoimmune 
adrenalitis. Secondary adrenal insufficiency is usually 
caused by any process that interferes with corticotro-
pin secretion that involves the pituitary gland.2

Symptoms

Localization site Comment

Cerebral hemispheres Seizures precipitated by hyponatremia/
hypoglycemia

Mental status and 
psychiatric aspects/
complications

Memory impairment, depression, 
psychosis3 more common in primary 
adrenal insufficiency

Confusion or disorientation seen in the 
acute setting of bilateral adrenal injury

Cranial nerves External ophthalmoplegia as seen in 
Kearns–Sayre syndrome

Pituitary gland Severe headache and visual symptoms 
with organic injury to the pituitary gland

Muscle Myalgias and joint pain4; weakness; 
flexion contractures
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Secondary Complications: General decompensation dur-
ing an adrenal crisis may include depressed men-
tal status and is often accompanied by generalized 
weakness, nausea, and vomiting.

Treatment Complications: Potential side effects of corti-
costeroid supplementation described ubiquitously 
throughout this book.
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Adrenoleukodystrophy (ALD)
Epidemiology and Demographics: Incidence of adrenoleu-

kodystrophy (ALD) is 1/21,000 in the United States. 
The peak age for the childhood form is 7 years in 
boys. Adrenomyeloneuropathy (AMN) occurs 
in men aged 20 to 40. Adrenal insufficiency only 
subtype usually presents in males before 7.5 years 
of age but can occur between age 2 and adulthood. 
ALD is more common in males, but female carriers 
can present with symptoms in adulthood, with fre-
quency of symptoms increasing with age.

Disorder Description: ALD is an X- linked peroxisomal 
disorder that occurs as a result of the accumulation 
of very long chain fatty acids in tissues; most com-
monly affecting the central nervous system, testes, 
and adrenal glands. It has three main types: child-
hood cerebral form, AMN, and Addison’s disease or 
adrenal insufficiency only.

Childhood cerebral form presents as learning 
and behavior problems, commonly misdiagnosed as 
attention deficit hyperactivity disorder. It can pres-
ent as seizure, cognitive decline, blindness, and, in 
some cases, quadriparesis. It is rapidly progressive, 
usually leading to death within 5 to 10 years. AMN 
predominantly presents as spinal cord dysfunction, 

but rarely can have cerebral involvement. Adrenal 
insufficiency only can present as weakness, unex-
plained vomiting, coma, or hyperpigmented skin.

Symptoms

Localization site Comment

Cerebral hemispheres Epilepsy, aphasia, visual loss, 
hemiparesis

Mental status and 
psychiatric aspects/
complications

Dementia, behavioral disturbances, 
cognitive decline, psychosis

Brainstem Ataxia, hemiparesis, visual disturbance

Cerebellum Ataxia

Pituitary gland Adrenal failure, hyperpigmented skin

Spinal cord Paralysis, sensory disturbance, spastic 
paraparesis, impotence, sphincter 
disturbances

Dorsal root ganglia Inhibits adrenocorticotropic 
hormone- producing cells in DRG 
contributing to adrenal failure, 
sensory disturbances

Treatment Complications: Corticosteroid therapy used 
for adrenal insufficiency can lead to psychosis, con-
fusion, weight gain, hyperglycemia, myopathy, glau-
coma, cataracts, osteoporosis, or vertebral fractures.
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Advanced Sleep–Wake Phase Disorder
Epidemiology and Demographics: Exact prevalence is 

unknown. Advanced sleep–wake phase disorder 
(ASWPD) is estimated to be much less prevalent 
than delayed sleep- wake phase disorder (DSWPD). 
No known sex predominance.

Familial ASWPD is a lifelong condition, while 
advancement of circadian rhythm may be a physio-
logic consequence of aging.

Disorder Description: The endogenous circadian period 
length (tau) is approximately 24.2 hours long and 
is entrained to the external 24- hour light–dark 
cycle. Patients with ASWPD have sleep onset and 
offset that begin several hours earlier than the 
light–dark cycle would dictate. Patients often report 
excessive evening sleepiness, early sleep onset, 
and early morning awakening. The earlier timing 
of sleep onset and offset has a self- perpetuating 
effect whereby the early sleep–wake timing leads to 
reduced exposure to phase- delaying evening light 
and increased phase- advancing morning light, 
which can perpetuate the ASWPD.1

Diagnosis of ASWPD is made if the patient 
meets the following criteria: (1) there is an advance 
in the phase of the major sleep episode in relation 
to the desired or required sleep time and wake- up 
time as evidenced by difficulty staying awake until 
the desired or required bedtime and an inability to 
remain asleep until the desired or required awak-
ening time; (2) the symptoms are present for ≥3 
months; (3) when patients are allowed to choose 
their own schedule, they will exhibit improved 
sleep quality and duration via advanced timing of 
the major sleep episode; (4) sleep log for ≥7 days 
demonstrates an advance in the timing of the habit-
ual sleep period; and (5) the sleep disturbance is not 
better explained by another disorder or medication.2

Sleep logs and actigraphy are key instruments and 
7–14 days of data are needed to ensure that working 
and non- working days are included. Although not 
necessary, biologic markers of endogenous circadian 
timing such as salivary or plasma dim light mela-
tonin onset can provide important information.

Symptoms

Localization site Comment

The exact mechanism 
responsible is unknown

The main site of the 
endogenous circadian rhythm 
is in the suprachiasmatic nuclei; 
however, circadian clocks also 
exist in peripheral cells

Secondary Complications: Social dysfunction is common 
from early evening sleepiness.

Treatment Complications: Treatment is necessary 
only if the patient desires a change in schedule. 
Potential modalities include evening bright light 
exposure and low- dose melatonin given in the 
morning.
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Aerosol Inhalation Abuse (also see Specific 
Agents Such As Nitrous Oxide or Solvents)
Epidemiology and Demographics: More commonly abused 

by male children and adolescents. Higher rate of 
 episodes among Native American children.

Disorder Description: These inhalants produce an effect 
within seconds that typically lasts 15 to 45 minutes. 
There have been rare cases of prolonged symptoms 
when large quantities have been inhaled. Household 
products that are abused, which contain hydrocarbons, 
include solvents, aerosol sprays (e.g., butane, propane), 
gases, nitrates, methylene chloride or toluene in paint 
thinners, nitrous oxide (“laughing gas”), trichloroeth-
ylene (in spot removers), and benzene in gasoline.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures (acute)

Toxic leukoencephalopathy 
(chronic)

Mental status and psychiatric 
aspects/complications

Hallucinations (acute)

Violent behavior (acute)

Cerebellum Ataxia (acute)

Cranial nerves Cranial neuropathies (acute)

Muscle Myopathy (chronic)

Secondary Complications: Indirect effects on nervous 
system via respiratory complications. Respiratory 
arrest results in cerebral ischemia.
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Afferent Pupillary Defect (Marcus Gunn 
Pupil, Poorly Reactive Pupil)
Epidemiology and Demographics: Afferent pupillary defects 

can affect all races/ethnicities of either sex at any age.

Disorder Description: This entry addresses abnormal 
pupil reactivity to light due to afferent (i.e., visual 
pathway) dysfunction. In most cases, it is associated 
with measurable visual loss. This is distinct from 
pupils that are poorly reactive to light due to dysfunc-
tion of the efferent pathway (see entry Tonic Pupil). 
Unilateral or asymmetric afferent pupillary defects 
are apparent on exam as a pupil that constricts less 
during direct light stimulation (i.e., shining light in 
the affected eye) than to indirect light stimulation 
(i.e., shining light in the unaffected eye). This can 
best be perceived using the swinging flashlight test, 
during which the eyes are alternately illuminated. 
When moving the light from the unaffected to the 
affected eye, the affected pupil is observed to dilate. 
When moving the light from the affected eye to the 
unaffected eye, the unaffected pupil is observed to 
constrict. There is no anisocoria unless there is con-
current efferent pupillary dysfunction (see entries 
Tonic Pupil and Miosis).

Symptoms

Localization site Comment

Cranial nerves Dysfunction of the retinal ganglion cells 
that make up the optic nerve is the most 
common cause of afferent pupillary 
defects. There is typically associated 
decrease in central or peripheral 
vision and altered color perception. 
Demyelinating optic neuropathies can 
cause afferent pupillary defects out of 
proportion to vision loss

Etiologies include glaucoma, optic 
neuropathies, optic chiasm injury, 
and optic tract injury. The latter is 
distinguished from the former by 
homonymous visual field defects

Pituitary gland Macroadenomas of the pituitary 
gland are the most common cause 
of compressive chiasmal lesions. If 
asymmetrically compressing one side 
more than the other, these lesions can 
cause a relative afferent lesion on that 
side compared with the other

Unclear localization Severe vision loss due to ophthalmic 
disease can cause afferent pupillary 
defects even if it does not affect the 
optic nerve, such as in dense cataract, 
severe and diffuse retinal pathology, or 
dense vitreous hemorrhage. In these 
cases, there should be profoundly 
reduced visual acuity
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Air Embolism
Epidemiology and Demographics: Venous air emboli 

occur in approximately 0.13% of patients receiving a 
central venous catheter, 10% of patients undergoing 
neurosurgical procedures, and 4–14% of patients 
with severe lung trauma. There is no predilection 
for age, sex, or race.

Disorder Description: Air embolism occurs with the 
introduction of atmospheric gas into the circulation, 
most commonly the venous circulation (venous air 
embolism). There must be direct communication 
between the vessel and the air source, with a pres-
sure gradient favoring entry of air from the source 
into the circulation. Most cases are iatrogenic, but 
barotrauma can also be seen in divers, astronauts, 
or aviators. Common iatrogenic causes include sur-
gical introduction (most commonly neurosurgery), 
central venous catheterization, trauma, excessive 
positive pressure ventilation, thoracentesis, dialysis, 
and diagnostic studies that require radiocontrast 
injection. Air emboli generally result in severe mor-
bidity and mortality, with severity depending upon 
volume of air entry, rate of accumulation, and posi-
tion at time of embolus formation (i.e., sitting posi-
tion usually leads to retrograde air flow). Arterial 
air emboli occur with right to left intracardiac 
shunting (i.e., patent foramen ovale [PFO]). Usually 
more than 5 mL/kg of air entry is needed to create 
symptoms, but as little as 2–3 mL of air reaching the 
cerebral circulation can be fatal. Air emboli occlude 
blood vessels, causing cerebral ischemic/infarction 
and symptoms similar to those seen in stroke.

Symptoms

Secondary Complications: Ischemia to all other end  
organs, e.g., acute renal injury, pulmonary infarction.
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Alcohol Intoxication and Chronic Abuse
Epidemiology and Demographics: Ethyl alcohol (ETOH) 

abuse affects about 14 million Americans, with the 
highest level in the 18–29 age- group; it is more com-
mon in men, with no race or ethnicity predilection.

Disorder Description: Prolonged drinking episodes of 
excessive amounts of alcoholic beverages (con-
sumption of five or more drinks on an occasion 
for men or four or more drinks on an occasion for 
women) within a 12- month period, during which 
an individual has:
•	 prioritized drinking over other major relation-

ships and obligations;
•	 engaged in physically endangering situations;
•	 experienced withdrawal symptoms.

Ethanol is obtained from a fermentation process 
of by- products of foods such as barley or grapes. The 
ethanol contributes to the depressive effects that a 
person experiences with intoxication or chronic 
use. The toxic effect of ethanol on the nervous sys-
tem can be either direct or indirect.

Alcohol, Poison of Neuronal Mass Destruction: Ethanol 
directly affects every single component of the cen-
tral nervous system (CNS) as well as the peripheral 

Localization site Comment

Cerebral hemispheres Seizures, stroke, coma 
(secondary to cerebral edema), 
dysarthria

Mental status and psychiatric 
aspects/complications

Acute altered mental status, 
diminished arousal, anxiety, 
agitation, disorientation, sense 
of  “impending doom”

Cranial nerves Blurry vision

Localization site Comment

Cerebellum Ataxia

Vestibular system (and 
nonspecific dizziness)

Dizziness, light headedness, 
vertigo, nausea

Meninges Headache
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neuromuscular structures (PNS). Alcohol exerts 
detrimental effects on skeletal muscles, neuro-
muscular junctions, motor and sensory nerves, the 
spinal cord, and the supra- as well as infratentorial 
components of the brain. Alcoholic hemispheric 
dysfunction results in behavioral abnormalities 
including disinhibition, violent conduct, and social, 
family, and occupational disorders.

S ym pt oms

Localization site Comment

Cerebral hemispheres Chronic-diffuse cerebral degeneration 
and atrophy

Korsakoff syndrome (acute rare), 
psychosis with associated memory 
dysfunction

Marchiafava–Bignami syndrome: 
demyelination, subsequent atrophy of 
the corpus callosum (rare, chronic)

Ischemic and hemorrhagic stroke 
(acute and chronic)

Seizures, ischemic and hemorrhagic 
stroke, neuronal degeneration 
damage due to N-methyl-D-aspartate 
(NMDA) excitotoxicity; nerve spasticity 
alteration due to oxidative stress of 
neurons

Increased occurrences of motor 
vehicle accidents and traumatic brain 
injuries

Mental status and 
psychiatric aspects/
complications

Mental and physical impairments 
(acute and chronic)

Wernicke encephalopathy: thiamine 
deficiency resulting in abnormal 
eye movements, unsteady gait with 
associated mental confusion

Executive dysfunction (acute and 
chronic)

Depressed mood (acute and chronic)

Dementia (chronic)

Violent behavior (acute and chronic)

Family, social, 
and occupational 
consequences

Family discord, increased rate 
of divorce, detachment from 
children, occupational instability, 
unemployment, violent behavior and 
criminality, motor vehicle accidents, 
social alienation

Brainstem Altered consciousness, dysregulation 
of respiratory rate and heart rate 
(acute)

Central pontine myelinolysis (acute or 
chronic, rare)

Localization site Comment

Cerebellum Cerebellar degeneration with glial 
cell loss

Acquired cerebellar syndrome

Cerebellar gait ataxia (chronic)

Wernicke and Korsakoff syndromes 
(chronic)

Vestibular system (and 
nonspecific dizziness)

Positional nystagmus (acute)

Postural instability (acute and chronic)

Cranial nerves Polyneuropathy (chronic)

Wernicke encephalopathy (rare, acute)

Pituitary gland Hyperactivity of the HPA axis 
(hypothalamus–pituitary–adrenal axis 
and its production of corticotropin- 
releasing factor [CRF], chronic)

Spinal cord Increased excitability to stimuli, 
myelopathy (acute/chronic)

Anterior horn cells Alcoholic polyneuropathy (chronic)

Dorsal root ganglia Ataxia (acute and chronic effect)

Conus medullaris Alcoholic polyneuropathy (chronic)

Cauda equina Alcoholic polyneuropathy (chronic)

Specific spinal roots Alcoholic neuropathy (chronic effect)

Plexus Alcoholic neuropathy (chronic effect)

Mononeuropathy or 
mononeuropathy 
multiplex

Sensory neuropathy (chronic)

Motor neuropathy (chronic)

Peripheral neuropathy Polyneuropathy (motor, sensory, and 
autonomic due to thiamine deficiency; 
chronic effect)

Muscle Alcoholic myopathy (chronic), acute 
necrotizing myopathy (acute)

Neuromuscular junction Inhibition of neuromuscular junction 
(acute and chronic)

Syndromes with 
combined upper and 
lower motor neuron 
deficits

Alcoholic polyneuropathy (chronic)

Syndromes with 
combined spinal cord 
and peripheral nerve 
lesions

Alcoholic polyneuropathy (chronic)
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S ec on dary Complications: Indirectly, via its harmful 
effect on other organ systems alcohol can inflict sig-
nificant damage on CNS/PNS.
•	 Cardiovascular effects: Dilated cardiomyopa-

thy and dysrhythmia result in embolic compli-
cations and stroke.

•	 Coagulation dysfunction, combined with hyper-
tensive effect result in hemorrhagic strokes.

•	 Hepatic complications:
•	 acute liver failure may result in brain edema, 

amplified by hypoglycemia, hypoxia, and 
seizures;

•	 hepatic myelopathy with rapidly progress-
ing spastic paraparesis;

•	 severe fatigue, cognitive dysfunction, and 
mood disorder.

•	 Gastritis and pancreatitis may lead to chronic 
malnutrition and widespread CNS/PNS 
dysfunction.

•	 Nutritional consequences:
•	 The relatively high caloric content in alco-

hol (which ranks second only to the caloric 
content of various forms of fat) can easily 
lead to weight gain.

•	 The increased nutritional demands of alco-
hol processing can lead to significant defi-
ciencies in:
•	 all members of the B vitamin family, 

particularly B9 and B12, but also B1 
(thiamine), B2 (riboflavin), B3 (niacin), 
B5 (pantothenic acid), and B6 (pyri-
doxine). All these vitamins are indis-
pensable to normal functioning of the 
peripheral and central nervous systems;

•	 vitamin A and the mineral calcium.
Treatment Complications: Disulfiram (Antabuse) has 

been associated with reports of neuropathy, psy-
chotic symptoms, and optic neuritis. Naltrexone 
may be associated with withdrawal symptoms in 
opiate- dependent patients. Topiramate may cause 
cognitive impairments and rarely acute glaucoma.
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Alcohol Withdrawal
Epidemiology and Demographics: In the United States, 

8.5% of the population are users of alcohol (ETOH). 
Higher prevalence among individuals greater than 
18 years of age. No gender or ethnicity predilection.

Disorder Description: The basis of ETOH withdrawal can 
be explained through a phenomenon called kindling. 
This process can be described as a chemical stimulus 
triggering behavior responses that were previously 
absent. Withdrawal symptoms in alcoholics are 
derived from neurochemical imbalance when con-
sumption is reduced abruptly. Symptoms should be 
treated when they first appear to prevent any further 
cognitive deterioration of the individual.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures (acute), Wernicke 
encephalopathy

Mental status and psychiatric 
aspects/complications

Hallucinations (acute), confusion 
(acute), anxiety (acute)

Delirium tremens – altered 
mental status (global confusion) 
and sympathetic overdrive 
(autonomic hyperactivity), which 
can progress to cardiovascular 
collapse

Dysphoria (acute)

Brainstem Insomnia (chronic)

Vestibular system (and 
nonspecific dizziness)

Ataxia (acute)

Pituitary gland Neuroendocrine dysregulation, 
increases in hypothalamus–
pituitary–adrenal (HPA) activation 
(chronic)

Muscle Tremors, decreased muscle tone 
(chronic)

Neuromuscular junction Increase of excitatory 
neurotransmitters

Decrease in inhibitory 
neurotransmitters

Treatment Complications: Benzodiazepines, which are 
the treatment of choice for withdrawal, are high 
risk for addiction. They may cause sedation, altered 
mentation, or unsteadiness.
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Alpers Disease (Alpers–Huttenlocher 
Syndrome [AHS])
Epidemiology and Demographics: Alpers disease (Alpers–

Huttenlocker syndrome [AHS]) occurs in 1/50,000–
100,000 live births, and is a rare and severe form of 
mitochondrial DNA (mtDNA) depletion syndrome, 
caused by mutations of the mitochondrial DNA 
gamma polymerase enzyme (POLG). It is character-
ized by a triad of progressive developmental regres-
sion, intractable seizures, and hepatic dysfunction.

Disorder Description: The POLG gene (15q24) encodes 
a mitochondrial DNA polymerase subunit, which 
is involved in the replication and repair of mtDNA. 
Alterations in enzyme activity result in mitochon-
drial DNA deletions, with phenotypic heterogene-
ity. While POLG mutations can be inherited in a 
dominant or recessive fashion, AHS is inherited in 
an autosomal recessive manner only. Mutations in 
polymerase gamma may manifest in multiple organ 
systems. Incidental infections and drugs such as val-
proic acid can accelerate the onset of symptoms and 
exaggerate the phenotype. mtDNA depletion leads 
to energy failure and cell death, affecting predomi-
nantly the nervous system and liver.

Clinical: Hallmark is a triad of intractable seizures, 
developmental regression, and liver dysfunction. 
Onset usually between ages of 2 and 4 years and up 
to age 25–35 (usually with pre- existing develop-
mental delays in adults). Seizures can be the first 
sign of AHS in about 50% of affected children, and 
can be simple focal, generalized, or myoclonic. In 
some instances, it can present as epilepsia partialis 
continua. There is associated developmental delay, 
hypotonia, ataxia, cortical blindness, and hepatic 
failure. Disease progression is variable, with life 
expectancy ranging from months to 12 years from 
first onset of symptoms.

Diagnosis: The triad of clinical hepatocerebral 
symptoms and seizures, when combined with 2 
of the following 11 features, constitute the clini-
cal diagnosis of Alpers–Huttenlocher syndrome: 
(1) brain MRS showing reduced N- acetylaspartate 
(NAA) and elevated lactate; (2) elevated cerebro-
spinal fluid (CSF) protein; (3) cerebral volume loss;  
(4) EEG showing multifocal paroxysmal activity with 
high- amplitude delta slowing; (5) cortical blind-
ness or optic atrophy; (6) abnormal visual evoked 
potential (VEP) and normal electroretinogram;  
(7) quantitative mitochondrial DNA depletion in 
skeletal muscle or liver; (8) deficiency in POLG 
enzyme activity (<10% of normal) in skeletal mus-
cle or liver; (9) elevated blood or CSF lactate (3 mM); 
(10) complex IV or combination of multiple (I, III, 
IV) electron transport complex defects (<20% N) in 
liver respiratory chain testing; (11) a known sibling 
diagnosed with the condition.

Useful diagnostic tests include liver function 
tests, lactic acid levels in blood and cerebrospinal 
fluid, EEG, and MRI. POLG gene sequencing is used 
to confirm the diagnosis, demonstrating homozy-
gous or compound heterozygous mutations.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Seizures – including generalized tonic–clonic 
seizure (GTCS), myoclonic and epilepsia 
partialis continua. Worsening with sodium 
valproate

Headaches with visual auras reflecting 
occipital lobe dysfunction

Cognitive dysfunction – episodic regression 
(especially during infection)

Cortical visual loss

Imaging – cerebral volume loss (central > 
cortical, with gliosis especially in occipital 
lobe region)

Cranial nerves Retinitis pigmentosa, optic atrophy,  
hearing loss

Basal ganglia/
cerebellar

Movement disorder – myoclonus and 
choreoathetosis

Palatal myoclonus

Ataxia, nystagmus

Neuropathy Areflexia (early)

Spastic paraparesis (late) – loss of cortical 
neuronal function
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Secondary Complications: Hepatic failure may lead to a 
hepatic encephalopathy. Secondary coagulopathy 
may lead to intracranial hemorrhage.

Treatment Complications: Treating the seizures with val-
proic acid can cause the rapid onset of liver failure 
and should be avoided.

Bibliography
Cohen BH, Chinnery PF, Copeland WC. POLG-

related disorders. In Pagon RA, Adam MP, 
Ardinger HH, et al., eds. GeneReviews® [Internet]. 
Seattle, WA: University of Washington; 1993–
2017. Available from www.ncbi.nlm.nih.gov/
books/NBK26471/

Gordon N. Alpers syndrome: progressive neuronal 
degeneration of children with liver disease. 
DMCN. 2006;48:1001–3.

Saneto RP, Cohen BH, Copeland WC, Naviaux RK. 
Alpers-Huttenlocher syndrome: a review. Pediatr 
Neurol. 2013;48(3):167–78.

Alzheimer’s Disease
Epidemiology and Demographics: Alzheimer’s disease (AD) 

is the most common neurodegenerative disorder in the 
United States,1 with an estimated lifetime prevalence of 
9.7%.2 Symptom onset is typically after age 65, and age 
is the greatest risk factor for AD. Even after adjusting 
for women’s longer life expectancy, AD may be more 
prevalent in women.1 Other risk factors for AD include 
low levels of educational and occupational attainment3 
and comorbid hypertension and/or diabetes.4

Disorder Description: Alzheimer’s dementia is a clinical 
diagnosis, based on a supportive clinical history fea-
turing prominent early impairment in memory, a 
supportive non- focal neurologic exam, and a neg-
ative reversible dementia workup, which includes 
neuroimaging. The typical Alzheimer’s dementia 
patient presents with memory impairment, such as 
complaints of forgetting recent events or misplacing 
objects. Long- term memory, semantic memory, and 
working memory are typically preserved until later in 
the disease course. Neurologic exam in these patients 
is typically non- focal. If gait failure, poor balance, and/
or extra pyramidal signs are present early in presenta-
tion, either the patient has AD and another disorder 
that will account for these signs, or AD is not the likely 
cause of the cognitive impairment. Late in the disease 
course, patients develop gait impairment and in final 
stages may decompensate into a mute, bedbound state.

The American Academy of Neurology (AAN) 
recommends checking vitamin B12 and thyroid- 
stimulating hormone (TSH) levels, in addition to 
obtaining basic labs (CBC, comprehensive metabolic 
panel [CMP]), as part of the basic reversible demen-
tia workup. Screening for depression is also impor-
tant, as it can present as a pseudodementia. The AAN 
recommends against routine screening for syphilis as 
part of a dementia workup, unless the patient has spe-
cific risk factors for syphilis. Similarly, there is no evi-
dence to support obtaining lumbar puncture or EEG 
in a routine workup for dementia.5 Neuroimaging – 
either a CT head or MRI brain – is essential to rule out 
structural lesions such as subdural hematoma, nor-
mal pressure hydrocephalus, or frontal lobe tumor.

Less than 1% of all cases of AD are autosomal 
dominant.6 Patients with these mutations usually 
present in their 30s to 50s. Mutations are found 
in the amyloid precursor protein gene (APP on 
chromosome 21), the presenilin 1 gene (PSEN1 on 
chromosome 14), or the presenilin 2 gene (PSEN2 
on chromosome 1). These mutations increase the 
level of beta- amyloid in the brain and provide sup-
port for the amyloid hypothesis, which posits that 
beta- amyloid deposition in the brain causes AD. 
Of note, the presence of amyloid pathology found 
on autopsy does not necessarily imply a clinical 
diagnosis of dementia, and some cognitively intact 
individuals are found postmortem to have a high 
amyloid burden. Conversely, neurofibrillary tangle 
burden shows a stronger association with cognitive 
impairment, and a specific, consistent pattern of 
spread has been described (Braak staging I to VI).7 
Nevertheless, the amyloid hypothesis has spawned 
a variety of anti- amyloid therapeutic efforts, which 
have been largely unsuccessful to date. Amyloid 
deposition occurs decades prior to onset of symp-
toms, prompting some to question whether anti- 
amyloid therapies during this prodromal phase may 
be of more benefit.

Atypical variants of AD include frontal variant 
of AD, posterior cortical atrophy, and logopenic 
variant of primary progressive aphasia (lvPPA). 
Frontal variant of AD presents with predominant 
behavioral changes such as disinhibited and impul-
sive behavior that is out of proportion to memory 
impairment. Posterior cortical atrophy presents 
with visuospatial dysfunction, such as dressing 
apraxia, or with elements of Balint syndrome or 
Gerstmann syndrome. lvPPA due to AD presents 
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with early language dysfunction, with nonfluent, 
effortful speech, but preserved grammar and pre-
served single- word comprehension.1

In early- onset Alzheimer’s, or atypical variants of 
Alzheimer’s, further testing by a dementia special-
ist can provide additional support for a diagnosis 
of Alzheimer’s. Lumbar puncture can be useful in 
atypical presentations, to rule out infectious causes 
of cognitive decline and to confirm Alzheimer’s. In 
Alzheimer’s, CSF beta- amyloid is decreased, and 
CSF hyperphosphorylated tau is increased. Genetic 
testing in early- onset cases is often helpful. Both 
deoxyglucose and “amyloid” PET scans provide use-
ful data, but both types of studies lack specificity.8,9 If 
effective, but toxic, therapies for AD are developed, 
a battery of diagnostic tests possibly including lum-
bar puncture would improve specificity. Until such 
therapies are available, lumbar puncture and/or PET 
scans are rarely indicated in typical, late- onset cases.

The presence of the APOE4 allele is another 
major risk factor for Alzheimer’s: one copy increases 
the risk about 3- fold, and two copies may increase 
risk 9- to 10-fold.1

Symptoms

Localization site Comment

Entorhinal cortex and 
hippocampus, then cerebral 
hemispheres (especially association 
cortices)

Neurofibrillary tangles 
accumulate in the 
transentorhinal cortex 
initially, then spread 
to involve limbic 
structures including the 
hippocampus, before 
spreading to involve more 
extensive neocortical 
regions (Braak stages I–VI)6

Secondary Complications: Late in the disease course, the 
individual becomes bedbound and susceptible to 
decubitus ulcers and assorted infections, as well as 
severe malnourishment. Decisions concerning the 
best ways to provide nutrition are challenging and 
require repeated discussion with family members 
over several visits. Referral to specialists such as 
social workers, family clergy, and support groups 
can be invaluable.

Treatment Complications: No treatments are available to 
slow the course of disease. Symptomatic treatment 
options include cholinesterase inhibitors (done-
pezil, rivastigmine, and galantamine are approved 

in the United States), and the partial N-methyl- 
D-aspartic acid (NMDA) receptor blocker mem-
antine. Management of neuropsychiatric issues/
behavioral symptoms is important for improving 
quality of life.1

Donepezil may cause bradycardia and may pre-
cipitate cardiogenic syncope in an elderly patient on 
beta- blockers or other medications that prolong the 
PR interval. In the United States, all antipsychotics 
carry “black box warnings” for use with demented 
patients because they may increase the risk of 
stroke. These risks vary among antipsychotics, and 
judicious use may be helpful in selected cases.
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Amaurosis Fugax
Epidemiology and Demographics: The incidence of amau-

rosis fugax (AF) is estimated to be 14/100,000 per 
year and, it is more prevalent among males and 
adults >50 years.

Disorder Description: Brief period of monocular visual 
loss due to transient ophthalmic artery (OA) occlu-
sion. AF is most commonly due to embolism from 
the internal carotid artery (ICA) to the OA. AF can 
be a complication of carotid endarterectomy caused 
by dislodging a plaque. Risk factors include diabetes 
mellitus, hypertension, and hyperlipidemia.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Similar to transient cerebral ischemic attack, 
AF is often a harbinger of stroke

Cranial nerves Optic nerve infarction, optic neuropathy

Secondary Complications: Blindness, retinal artery occlu-
sion, transient ischemic attacks, strokes.

Treatment Complications: Treatment with antiplatelet 
medications can lead to bleeding complications. 
Endarterectomy can be complicated by stroke, local 
hematoma formation, myocardial infarction.
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Amoebiasis
Epidemiology and Demographics: There were 133 primary 

amebic meningoencephalitis (PAM) infections 
from 1962 through 2014 in the United States. Of 
these infections, 112 (84%) were in children, with 
median age of 11 years and range of 8 months to 66 
years, with >75% infections in males.1 Only a few 
hundred cases have been reported of Balamuthia 
mandrillaris granulomatous amebic encephalitis 
(GAE), mostly in Peru, and in Hispanic males.2

Disorder Description: Free living amoeba have been 
known to cause two types of encephalitis: PAM or 
GAE.3

PAM (also known as the “brain eating amoeba”) 
is commonly caused by Naegleria fowleri; however, 
recently Paravahlkampfia francinae has also been 
implicated. It has been detected in Australia, Europe, 
Asia, Africa, and southern- tier North America. Risk 
factors include swimming, diving, or washing in 
warm, fresh water, and nasal or sinus irrigation – all 
of which may cause contaminated water to migrate 
into the nose and subsequently into the brain.3

GAE is commonly associated with Acanthamoeba 
spp., B. mandrillaris, and Sappinia spp. and is usually 
associated with autoimmune conditions, immuno-
compromised states, alcoholism, and pregnancy. B. 
mandrillaris has also been seen to be transmitted via 
organ transplants.3

Symptoms

Localization site Comment

Cerebral hemispheres Meningitis

Encephalitis

Seizures

Hemiparesis

Hydrocephalus

Vasculitis, causing ischemic or 
hemorrhagic strokes

Mental status and psychiatric 
aspects/complications

Behavioral changes

Personality changes

Coma

Cerebellum Ataxia

Cranial nerves Cranial nerve palsies. Distortion 
of taste and smell often seen 
in PAM

Secondary Complications: Of the 133 PAM infections 
from 1962 through 2014 in the United States, only 
3 patients survived.1 Survivors may develop vision 
impairment or hearing loss.2

Treatment Complications: Amphotericin B may cause 
seizures, vision changes, or paresthesias.
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Amyloidosis
Epidemiology and Demographics: Worldwide incidence 

for all causes of amyloidosis is reported as “five to 
nine cases per million patient-years”1 predomi-
nantly affecting people between the ages of 60 and 
80.2 Overall, more common in men.

Disorder Description: Acquired or genetic disorder that 
leads to protein misfolding resulting in deposition 
of abnormally folded protein known as fibrils in tis-
sue. Earlier classifications were focused on localized 
versus systemic forms but more recent classification 
emphasizes the amyloid protein types. Amyloidosis 
is associated with a wide array of potential neuro-
logic clinical manifestations2 and often involves 
assorted organ enlargements due to amyloid 
deposition.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

(Amyloidosis should be distinguished 
from the concept of central nervous 
system amyloid plaques that occur in 
some dementing illnesses)

Peripheral 
neuropathy

Focal, multifocal, or diffuse neuropathy, 
usually a sensory motor polyneuropathy 
with symptoms of numbness and pain 
occasionally leading to weakness if 
advanced. Symptoms are first noted in 
the feet with progression to the upper 
extremities. Carpal tunnel syndrome is 
the most common focal neuropathy. May 
also cause an autonomic neuropathy 
with predominant gastrointestinal 
symptoms

Muscle Enlargement of the muscles from 
amyloid deposition may occur, resulting 
in subsequent atrophy and weakness

Treatment Complications: Treatment is contingent on 
the specific type of amyloidosis. Some types may 
be responsive to chemotherapeutic agents and 
subsequent autologous blood stem cell trans-
plant, while others may warrant consideration 
for liver transplant. Amyloidosis associated with 
inflammatory disorders can be treated in part with 
anti- inflammatory agents. Please see Section 2: 
Medication Adverse Effects, for discussion of poten-
tial adverse events.

References
 1. Real de Asúa D, Costa R, Galván JM, et al. 

Systemic AA amyloidosis: epidemiology, 
diagnosis, and management. Clin Epidemiol. 
2014;6:369–77. DOI: 10.2147/CLEP.S39981

 2. Kyle RA, Linos A, Beard CM, et al. Incidence and 
natural history of primary systemic amyloidosis 
in Olmsted County, Minnesota, 1950 through 
1989. Blood. 1992;79(7):1817–22.

Suggested Reading
Arvanitakis Z, Leurgans SE, Wang Z, et al. Cerebral 

amyloid angiopathy pathology and cognitive 
domains in older persons. Ann Neurol. 2011; 
69:320–7.

Bellotti V, Nuvolone M, Giorgetti S, et al. The 
workings of the amyloid diseases. Ann Med. 
2007;39:200–7.

Greenberg SM, Vonsattel JP, Stakes JW, et al. The 
clinical spectrum of cerebral amyloid angiopathy: 
presentations without lobar hemorrhage. 
Neurology. 1993;43:2073–9.

Shin SC, Robinson-Papp J. Amyloid neuropathies. Mt 
Sinai J Med. 2012;79:733–48.

Tsourdi E, Därr R, Wieczorek K, et al. Macroglossia as 
the only presenting feature of amyloidosis due to 
MGUS. Eur J Haematol. 2014;92:88–9.

Amyotrophic Lateral Sclerosis (ALS)–
Parkinsonism-Dementia Complex
Epidemiology and Demographics: Amyotrophic lat-

eral sclerosis (ALS)–parkinsonism-dementia 
complex (ALS- PDC) is primarily seen in the 
Chamorro population on the island of Guam. 
There have been non- Chamorros that inhabited 
the Mariana and Caroline Islands who have also 
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been found to have the ALS and parkinsonism- 
dementia complex.1 A review in 1990 found 
males affected twice as frequently as females. In 
the 1950s, the incidence of ALS- PDC was higher 
on Guam than anywhere else in the world. From 
the late 1960s to the early 1980s, the incidence 
decreased.2 The rapid decrease in incidence is 
likely due to changes brought about by rapid west-
ernization of Guam.3 Age of onset is 32–64 years, 
with a mean age of 52 years.4,5

Disorder Description: This is an extrapyramidal disor-
der coupled with a progressive dementia and upper 
motor neuron signs. Prior to 2010, this condition 
had only been reported in islands of the Guam 
archipelago, the Kii peninsula of Japan, and Western 
New Guinea. This condition has now been reported 
in four unrelated Czech patients.

Tau-immunoreactive neurofibrillary tangles 
are present and have a distinctive neuroanatomic 
distribution that is different from Alzheimer’s dis-
ease. Significant olfactory dysfunction has been 
found in this population compared with Chamorro 
controls.1

There are several possible risk factors that may 
contribute to the development of this condition. 
High concentrations of aluminum in the island’s 
soil is one possible consideration for the cause. 
Ingesting the toxin beta-N-methylamino-L-ala-
nine (BMAA) from the seeds of the cycad plant is 
another possible risk factor. A more recent study 
re- examined cycads as a possible cause of the 
ALS- PDC. High levels of zinc (which is a poten-
tial neurotoxin) have been found in the flour made 
from Cycas circinalis,5 which is used in traditional 
Chamorros cooking. Another potential cause of 
the disorder is related to the Chamorros’ diet of 
eating flying foxes (Pteropus). These animals feed 
on the cycads.

Patients present with akinesia with a mask- like 
face and stooped posture with a slow and shuffling 
gait that resembles that of Parkinson’s disease. 
There is poor coordination and significant slowing 
of movements. Tremor was not a major charac-
teristic of the cases that were originally studied. If 
tremor was present, it occurred when the patient 
was excited or during action, rather than a rest 
tremor, which is usual for Parkinson’s. Rigidity 
was also not a prominent feature. All patients had 

mental deterioration, described as a mental slow-
ness and poor memory, which was appreciated by 
the family rather than the patient. They became 
indifferent, and depression was also common 
among patients. There were some who experienced 
hallucinations that involved old friends and past 
events.4,6

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral atrophy, most 
prominent in frontal 
and temporal lobes with 
characteristic memory loss

Mental status and psychiatric 
aspects/complications

Hallucinations, mental slowing, 
depression, memory loss

Brainstem Parkinsonian features from 
basal ganglion degeneration

Cranial nerves CN I: olfactory bulbs affected, 
causing anosmia

Spinal cord Neurofibrillary tangles found 
within the spinal cord

Anterior horn cells Degeneration occurs, causing 
features of ALS

Syndromes with combined 
upper and lower motor neuron 
deficits

Classic upper and lower motor 
neuron (brisk reflexes with 
weakness) as seen in ALS

Secondary Complications: Decubiti and pneumonia as 
end- stage complications of the disorder due to ina-
bility to move.

Treatment Complications: No treatment aside from 
supportive.
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Anderson–Tawil Syndrome  
(ATS; Periodic Paralysis, Potassium- Sensitive 
Cardiodysrhythmic Type, Andersen 
Cardiodysrhythmic Periodic Paralysis)
Epidemiology and Demographics: Andersen–Tawil syn-

drome (ATS) typically presents in the first or second 
decade with periodic paralysis or cardiac manifes-
tations (palpitations/syncope). Prevalence of ATS 
is unknown, but it accounts for less than 10% of all 
cases of primary periodic paralysis.

Disorder Description: ATS has three main features: peri-
odic paralysis (flaccid muscle weakness), cardiac 
issues (ventricular arrhythmias, prolonged QT 
interval), and congenital anomalies (low- set ears, 
widely spaced eyes, small mandible, fifth- digit clin-
odactyly, 2,3- syndactyly, small hands and feet). In 
addition, skeletal features include short stature and 
scoliosis. Learning disability and other cognitive 
features may be present.

ATS is an autosomal dominant disorder, 
caused by mutations in KCNJ2 on chromosome 
17q24.3, which encodes the inward rectifier 
potassium channel 2 protein (Kir2.1). Fifty per-
cent are inherited from an affected parent and 
50% are de novo.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Mild learning difficulties with 
deficits in executive function 
and abstract reasoning without 
intellectual disability1,2

Secondary Complications: Periodic paralysis episodes 
may lead to mild permanent weakness.

Potassium abnormalities have been reported, 
both hypokalemia and hyperkalemia, and may 
require treatment.

Syncope may need to be treated with an implant-
able cardioverter-defibrillator.

Ventricular arrhythmias may need to be treated 
with flecainide, especially when accompanied by 
left ventricular dysfunction.
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Aneurysm – Cerebral
Epidemiology and Demographics: Overall prevalence is 

estimated as 3.2% (95% CI 1.9–5.2), mean age of 50 
years. For populations <50 years of age, there is an 
even gender distribution, but for ages >50 the ratio 
of male-to-female is 2:1.

Disorder Description: Acquired condition that can be 
due to an underlying connective tissue disorder. 
Aneurysms usually form as thin wall protrusions 
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from intracranial arteries due to thin or absent media 
and elastic lamina layers (saccular), but may also be 
caused by full- circumference (fusiform) dilation 
of the vessel or infectious emboli from infectious 
endocarditis. Cigarette smoking, hypertension, and 
connective tissue disorders such as Ehlers–Danlos 
syndrome and familial polycystic kidney disease 
can be contributory factors. Turbulent and high- 
flow states may cause degeneration of the vessel and 
aneurysm formation. Cerebral aneurysm is most 
likely to form at branch points in the circle of Willis 
because of inherent weakness in the vessel walls at 
those sites. Subarachnoid hemorrhage can occur if 
ruptured.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Altered consciousness (ruptured 
cerebral aneurysm)

Brainstem Pyramidal tract dysfunction

Cranial nerves Mass effect may cause visual 
acuity loss, loss of ipsilateral 
adduction, elevation and 
depression of the eye, and facial 
pain due to II, III, and V cranial 
nerve compression. Other cranial 
neuropathies may occur

Pituitary gland Pituitary apoplexy or stimulation 
due to compression (rare)

Unclear localization Headache due to meningeal 
irritation from sentinel bleed or 
subarachnoid hemorrhage

Secondary Complications: Subarachnoid hemorrhage can 
occur if the aneurysm ruptures. Additionally, mass 
effect from an expanding cerebral aneurysm often 
causes compression of cranial nerves. Vasospasm 
can cause focal or diffuse brain infarctions.

Treatment Complications: Treatment of the aneurysm by 
clipping or endovascular coiling can lead to aneu-
rysm rupture, arterial occlusion, or intraoperative 
bleeding.
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Angelman Syndrome
Epidemiology and Demographics: Prevalence of between 

1/10,000 and 1/20,000 individuals. Most cases of 
Angelman syndrome (AS) are not inherited, par-
ticularly those caused by a deletion in the maternal 
chromosome 15 or by paternal uniparental disomy. 
These genetic changes occur as random events 
during the formation of reproductive cells (eggs 
and sperm) or in early embryonic development. 
Affected people typically have no family history of 
the disorder.

Disorder Description: A neurodevelopmental disorder 
whose main features are intellectual disability, lack 
of speech, seizures, and a characteristic behavio-
ral profile. The behavioral features of AS include a 
happy demeanor, easily provoked laughter, short 
attention span, hypermotoric behavior, mouthing of 
objects, sleep disturbance, and an affinity for water. 
Microcephaly and subtle dysmorphic features, as 
well as ataxia and other movement disturbances, are 
also seen in most affected individuals.

Findings Typically Present in Affected Individuals

•	 Normal	prenatal	and	birth	history,	head	circum-
ference	at	birth,	laboratory	profiles,	and	no	major	
birth	defects.

•	 Normal brain imaging, although mild cortical 
atrophy or dysmyelination may be observed.

•	 Delayed attainment of developmental milestones 
without loss of skills but evidence of developmen-
tal delay by age 6 to 12 months, eventually classi-
fied as severe.

•	 Speech impairment, with minimal to no use of 
words; receptive language skills and nonverbal 
communication skills higher than expressive lan-
guage skills.

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.001
https://www.cambridge.org/core


Angiostrongyliasis

25

•	 Movement or balance disorder, usually ataxia 
of gait and/or tremulous movement of the 
limbs.

•	 Behavioral uniqueness, including any combina-
tion of frequent laughter/smiling; apparent happy 
demeanor; excitability, often with hand- flapping 
movements; hypermotoric behavior; short atten-
tion span.

Findings in More Than 80% of Affected Individuals

•	 Delayed	growth	in	head	circumference.
•	 Seizures, usually starting before age 3 years with 

an abnormal EEG, with a characteristic pattern of 
large- amplitude slow- spike waves.

Findings in Less Than 80% of Affected Individuals

•	 Flat	occiput.
•	 Occipital groove.
•	 Protruding tongue.
•	 Tongue thrusting; suck/swallowing disorders.
•	 Feeding problems and/or muscle hypotonia dur-

ing infancy.
•	 Prognathia.
•	 Wide mouth, wide- spaced teeth.
•	 Frequent drooling.
•	 Excessive chewing/mouthing behaviors.
•	 Strabismus.
•	 Hypopigmented skin, light hair and eye color 

(compared with family); seen only in those with 
a deletion.

•	 Hyperactive lower- extremity deep- tendon reflexes.
•	 Uplifted, flexed arm position especially during 

ambulation.
•	 Wide-based gait with out- going ankles.
•	 Increased sensitivity to heat.
•	 Abnormal sleep–wake cycles and diminished 

need for sleep.
•	 Attraction to/fascination with water; fascination 

with crinkly items such as certain papers and 
plastics.

•	 Abnormal food- related behaviors.
•	 Obesity (in the older child; more common in those 

who do not have a deletion).
•	 Scoliosis.
•	 Constipation.

Symptoms

Localization site Comment

Cerebral hemispheres Mild atrophy and dysmyelination 
might be observed on brain MRI. 
Seizures usually before age 3 years. 
Abnormal EEG with characteristic 
pattern of large- amplitude slow- spike 
waves

Mental status and 
psychiatric aspects/
complications

Severely delayed milestones by 
age 6 to 12 months without loss 
of skills. Speech impairments: 
receptive language and nonverbal 
communication better than 
expressive. Frequent laughter/smiling, 
happy demeanor, excitability, hand- 
flapping and tremulous movements, 
hypermotor behavior, short attention 
span

Cerebellum Gait ataxia

Cranial nerves Strabismus

Spinal cord Hyperreflexia

Secondary Complications: Obesity.
Treatment Complications: Children with AS are at risk for 

medication overtreatment because their movement 
abnormalities can be mistaken for seizures and 
because EEG abnormalities can persist even when 
seizures are controlled.
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Angiostrongyliasis
Epidemiology and Demographics: There is no predomi-

nant age or gender frequency.
Disorder Description: Angiostrongylus cantonensis, also 

known as the “rat lungworm,” is a parasitic nem-
atode that is considered to be the most common 
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infectious cause of eosinophilic meningitis in 
humans. Ingested larvae may invade farther into 
the brain parenchyma and cause focal neurologic 
deficits. Abnormal skin sensations (such as tin-
gling or painful feelings) are more common than in 
other types of meningitis.1 Infection spontaneously 
resolves within in a few weeks and is rarely fatal.2

Infection occurs by consuming infected snails, 
slugs, or freshwater shrimp, crabs, fish, and frogs; 
however, contaminated produce or raw juices have 
also been implicated. Infected larvae migrate to 
the central nervous system hematogenously. Most 
described cases have occurred in Southeast Asia 
and tropical Pacific islands; however, cases have 
been reported in Hawaii, the Caribbean, and Latin 
America.1–3

Symptoms

Localization site Comment

Cerebral hemispheres Meningitis

Encephalitis

Cerebritis

Focal neurologic deficits

Weakness, tremors, sensory 
abnormalities

Seizures

Vision changes

Headache

Mental status and psychiatric 
aspects/complications

Encephalopathy

Lethargy, confusion

Coma (rare)

Cerebellum Ataxia

Cranial nerves Cranial nerve palsies

Spinal cord Myelitis (rare)

Bowel/bladder dysfunction

Autonomic dysfunction

Specific spinal roots Radiculitis, weakness, 
paresthesias, hyperesthesias

Hypo/areflexia

Syndromes with combined spinal 
cord and peripheral nerve lesions

Radiculomyelitis

Secondary Complications: Paresthesias, blindness, weak-
ness, cognitive deficits, headaches, and seizures may 
persist.1,2

Treatment Complications: Use of anti- helminthics is 
controversial, as it has been postulated that they 
may cause more harm by rapidly killing the worms 
and subsequently leading to an increased immune 
response.3
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Anorexia Nervosa
Epidemiology and Demographics: The prevalence of 

anorexia nervosa in young females is approxi-
mately 0.4%; less is known about the prevalence 
in males. Much more common in females, with a  
10:1 female:male ratio in clinical populations. Risk 
factors include pre- existing anxiety disorders or 
obsessional traits in childhood, occupations that 
value thinness (e.g., modeling, elite athletics), and 
first- degree relatives with eating disorders and/or 
mood disorders.

Disorder Description: Characterized by three core fea-
tures: (1) persistent energy intake restriction lead-
ing to a significantly low body weight; (2) intense 
fear of gaining weight or becoming fat, or persis-
tent behavior that interferes with weight gain; and 
(3) a disturbance in self- perceived weight or shape. 
Per the DSM- 5, a significantly low body weight is 
defined as a weight that is less than minimally nor-
mal, or for children and adolescents, less than min-
imally expected. Anorexia nervosa can be further 
characterized by the subtype (restricting versus 
binge-eating/purging type) and remission status, as 
well as severity as defined by BMI (or BMI percen-
tile for children and adolescents).
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Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Depressive symptoms including 
depressed mood, social withdrawal, 
irritability, insomnia, decreased sex drive. 
Obsessive- compulsive features. Higher 
rates of impulsivity and alcohol/substance 
abuse in binge-eating/purging type. 
Elevated suicide risk (12/100,000 per year)

Secondary Complications: Physiologic disturbances due 
to malnutrition and dehydration, mood disorders, 
anxiety disorders, alcohol/substance abuse, death 
due to medical complications or suicide.

Treatment Complications: While weight gain is the cor-
nerstone of treatment for patients with anorexia 
nervosa, refeeding syndrome can occur as a result 
of fluid and electrolyte shifts during aggressive 
nutritional rehabilitation of malnourished patients. 
Complications of refeeding syndrome are poten-
tially fatal.
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Anoxic Encephalopathy
Epidemiology and Demographics: Survivors of cardiac 

arrest are susceptible to developing anoxic enceph-
alopathy. Various factors influence the development 
of brain injury: duration of arrest and underlying 
rhythm during the arrest, as well as comorbidities. 
Arrest due to asystole and pulseless electrical activ-
ity is associated with a worse prognosis and higher 
occurrence of anoxic injury.

Disorder Description: Anoxic encephalopathy can evolve 
to a persistent vegetative state and subsequent brain 

death, or partial recovery. Some clinical signs have 
been correlated with poor prognosis such as absent 
pupillary or corneal reflexes and absent somatosen-
sory evoked responses after 3 days. It is imperative 
to distinguish anoxic encephalopathy from other 
causes such as metabolic or drug- induced enceph-
alopathies, because the latter have better outcomes. 
Therapeutic hypothermia is the standard of care to 
improve neurologic outcomes and prevent anoxic 
encephalopathy in resuscitated patients who remain 
unresponsive after cardiac arrest.

Symptoms

Localization site Comment

Cerebral hemispheres Myoclonic status epilepticus

Brain death

Mental status and 
psychiatric aspects/
complications

Mental status ranges from brain 
death to persistent vegetative state 
to recovery

If recovered: Diffuse cognitive 
deficits, amnesic and executive 
impairments, apathy and 
anosognosia; complete functional 
dependence

Brainstem Brain death: absence of brainstem 
reflexes – absent pupillary reflexes, 
no oculocephalic reflexes or 
corneal reflexes, no jaw reflex, no 
pharyngeal or tracheal reflexes

Cerebellum Ataxia

Cranial nerves All cranial nerves could be affected, 
depending on the region affected 
by the hypoxia/anoxia, causing 
respective absent reflexes

Spinal cord Movements originating from 
the spinal cord such as upper 
limb pronation extension reflex, 
widespread fasciculations of trunk 
and extremities

Muscle Intention myoclonus

Secondary Complications: Impaired cognition and 
dementia, persistent vegetative state, seizures, and 
brain death.

Treatment Complications: Therapeutic hypothermia can 
induce coagulopathies (increased risk of bleeding), 
arrhythmias (mostly bradycardia), hyperglycemia 
and cold diuresis leading to hypokalemia, hypo-
magnesemia, and hypophosphatemia.
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Anterior Cerebral Artery (ACA), Right Infarction
Epidemiology and Demographics: Anterior cerebral 

artery (ACA) infarction is the least common large 
vessel stroke syndrome, accounting for ~1.3–3% of 
all strokes. African Americans and Hispanics are at 
higher risk for an ACA infarct.

Disorder Description: ACA infarction may occur as a result 
of cardiogenic emboli, emboli originating from the 
internal carotid artery and in situ atherosclerosis. 
The ACA commonly supplies the parasagittal motor, 
sensory and prefrontal cortices, and the supplemen-
tal motor areas. Infarction to these areas may present 
as acute confusional state, behavioral abnormalities, 
left- sided weakness and sensory loss (leg > arm), 
aprosodia, alien limb, and left hemispatial/sensory 
neglect. Hypertension, hyperlipidemia, diabetes, 
atrial fibrillation, history of myocardial infarction, 
and smoking are risk factors for ACA stroke.

Symptoms

Localization site Comment

Cerebral hemispheres Left hemiparesis and left- sided 
sensory loss (leg > arm), frontal 
release signs (grasp), aprosodia, 
left hemisensory/spatial neglect

Mental status and psychiatric 
aspects/complications

Acute confusional state, frontal 
lobe behavioral disorder

Secondary Complications: Increased intracranial pres-
sure, left- sided weakness, left- sided sensory loss.

Treatment Complications: Complications of thromboly-
sis, i.e., intracerebral hemorrhage, systemic bleed-
ing, and angioedema.
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Anterior Choroidal Artery (AChA) Infarction
Epidemiology and Demographics: Anterior choroidal 

artery (AChA) infarction has been found in 8.3% of 
patients with cerebral infarction.

Disorder Description: The AChA supplies the ipsilateral 
optic tract, posterior limb of the internal capsule, 
lateral thalamus, and lateral aspects of the midbrain. 
Infarction of the AChA territory can cause hemi-
paresis, hemianopia, and hemisensory symptoms. 
Infrequently, pseudobulbar mutism and abulia 
have been described in bilateral AChA infarction. 
Arteriosclerosis and atherosclerosis are the most 
common causes of AChA disease, followed by 
cardioembolism.

Symptoms

Localization site Comment

Cerebral hemispheres Weakness, spasticity, 
hemisensory loss, thalamic pain 
syndrome, visual loss

Brainstem Ischemia to midbrain can 
cause tremor (red nucleus), 
hemiparesis

Secondary Complications: Visual loss.
Treatment Complications: Intracerebral hemorrhage, 

systemic bleeding, and angioedema if tissue plas-
minogen activator is administered.
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Anterior Spinal Artery Disease (Beck’s 
Syndrome)
Epidemiology and Demographics: Spinal cord ischemia is 

rare, accounting for 5–8% of all acute myelopathies 
and 1–2% of all neurovascular disease.

Disorder Description: Acquired condition caused by 
anterior spinal artery (ASA) occlusion. Ischemia 
and infarction of the ASA territory, which includes 
the anterior two- thirds of the spinal cord, can cause 
loss of motor function and sensory modalities (pain 
and temperature) that travel in the anterior col-
umns below the level of the lesion. Proprioception 
is unaffected. Most often seen with aortic artery 
aneurysms and dissections, but may also be caused 
by thrombosis or hypotension.

Symptoms

Localization site Comment

Spinal cord Ischemic myelopathy with paraplegia below 
the level of infarct; loss of spinothalamic tract 
sensory modalities (pain and temperature) 
at and below level of infarct, bladder 
dysfunction

Secondary Complications: Autonomic dysfunction includ-
ing orthostatic or frank hypotension, bladder and 
bowel dysfunction, and sexual dysfunction.

Treatment Complications: Mostly due to surgical repair of 
aortic aneurysm/dissection when these are the etiology.
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Anticholinergic Poisoning
Epidemiology and Demographics: Anticholinergic poi-

soning is rare; more common in elderly patients and 
“naturopaths.”

Disorder Description: Medications and natural herbs 
(Datura stramonium – jimsonweed; Lamprocapnos 
spectabilis – bleeding heart) that are antagonists at 
muscarinic cholinergic receptors may result in para-
sympathetic block in the peripheral nervous system 
(PNS) and cause tremors, confusion, euphoria, or 
seizures when the central nervous system (CNS) 
receptors are affected. Mild manifestations related 
to peripheral anticholinergic effects of medications 
are common, but development of the full- blown 
syndrome is rare.

Symptoms

Localization site Comment

Cerebral hemispheres Bilateral – delirium and 
cognitive impairment, 
coma, seizures

Mental status and psychiatric 
aspects/complications

Delirium and cognitive 
impairment, coma. Visual, 
auditory, and sensory 
hallucinations

Brainstem Diplopia

Cranial nerves Pupillary dilation 
(autonomic), blurred vision

Autonomic nervous system Parasympathetic blockade 
with dry mouth, urinary 
retention, pupillary 
dilation, increased body 
temperature, tachycardia
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Anti-Hu Syndrome
Epidemiology and Demographics: Anti- Hu is a paraneo-

plastic syndrome found predominantly in patients 
with small cell lung carcinoma. Like many auto-
immune conditions, it is more frequent in women 
(55%). The median age at onset is 60 years. However, 
it has been reported in childhood as well, the young-
est patient being a 4-year-old girl with neuroblas-
toma and bulbar dysfunction.

Disorder Description: Anti- Hu is an immune- mediated 
paraneoplastic disorder mainly presenting as a 
painful sensory neuropathy. The neurologic symp-
toms usually precede the diagnosis of cancer. The 
presentation is usually asymmetric dysesthesias 
and sensory loss in the limbs. The sensory symp-
toms later progress to involve the torso and the face. 
Other symptoms include sensory ataxia, with ina-
bility to walk, stand, or even sit without support due 
to prominent proprioception loss. Hu is a family of 
RNA- binding proteins (HuD, HuC, and Hel- N1), 
which are only expressed in neurons. These same 
proteins are also usually expressed by cancer cells, 
triggering the patient’s antibodies to cross- react 
with the Hu proteins in the dorsal root ganglion. 
Sensory neuronopathy is the most common man-
ifestation; however, limbic encephalitis, seizures, 
brainstem encephalitis (vestibular, ophthalmopare-
sis, bulbar palsy, or hearing loss), asymmetric weak-
ness, cerebellar ataxia, autonomic failure, myelitis, 
and rarely opsoclonus–myoclonus syndrome can 
also be present. There are two types of treatments: 
first is to treat the cancer and the second is immune 
suppression with use of corticosteroids, cyclophos-
phamide, azathioprine, plasma exchange, and intra-
venous immunoglobulin. However, most cases are 
unresponsive to treatment.

Symptoms

Secondary Complications: Autonomic signs: intestinal 
pseudo- obstruction, orthostatic hypotension, and 
cardiac arrhythmias.

Treatment Complications: Complications of the treat-
ment include the associated side effects of the med-
ications used.
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Anti-MAG Paraproteinemic Demyelinating 
Polyneuropathy
Epidemiology and Demographics: Limited data on inci-

dence. Mean age of onset is 61.
Disorder Description: Paraproteinemic neuropathy is 

caused by the presence of homogeneous immuno-
globulin in the serum. Abnormal clonal prolifer-
ation of B lymphocytes or plasma cells produces 
increased production of immunoglobulins. Anti- 
MAG paraproteinemic demyelinating polyneurop-
athy is an immune- mediated polyneuropathy with 
antibodies against myelin- associated glycoprotein, 

Localization site Comment

Autonomic failure Orthostatic hypotension, 
abnormal pupillary responses, 
urinary retention, cardiac 
arrhythmias

Mental status and psychiatric 
aspects/complications

Limbic encephalitis: confusion, 
disordered affect, cognitive 
decline, hallucinations, and 
short- term memory loss

Localization site Comment

Brainstem Brainstem encephalitis: 
diplopia, oscillopsia, 
dysarthria, dysphagia, 
supra- and internuclear gaze 
abnormalities, sensorineural 
deafness, facial numbness, or 
palsy

Cerebellum Cerebellar degeneration: 
cerebellar ataxia and tremors

Motor neuron involvement Muscle atrophy and 
fasciculation associated with 
asymmetric loss of strength

Dorsal root ganglia Dysesthesias and sensory 
loss of the distal extremities, 
proprioceptive and nociceptive 
sensory loss, sensory ataxia
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ultimately causing damage to Schwann cells. It is a 
slowly progressive distal acquired demyelinating 
symmetric sensory and motor neuropathy. It pre-
sents with minimal weakness, distal sensory ataxia, 
and frequent tremor.

Symptoms

Localization Site Comment

Peripheral neuropathy Distal sensory ataxia, minimal weakness

Secondary Complications: Twenty- four percent of 
patients are disabled after 10 years from onset.

Treatment Complications: Rituximab can lead to hepa-
titis B reactivation, JC virus (John Cunningham 
virus) infection, and subsequent progressive multi-
focal leukoencephalopathy (PML), or death.

Intravenous immunoglobulin complications 
include anaphylaxis secondary to IgA deficiency, 
renal failure, proteinuria, severe headache, and 
aseptic meningitis.

Steroid therapy can lead to psychosis, confusion, 
weight gain, hyperglycemia, myopathy, glaucoma, 
cataracts, osteoporosis, or vertebral fractures.
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Antithrombin Deficiency
Epidemiology and Demographics: Prevalence rates of 

inherited antithrombin deficiency range from 1/500 
to 1/5000 depending on assay and confirmation. 
Equal occurrence in males and females.

Disorder Description: Antithrombin inhibits clotting fac-
tors thrombin and factor Xa and is activated physio-
logically a thousand times in the presence of heparin. 
In inherited forms, heterozygous mutations lead to 

decreased quantity or reduced activity of antithrom-
bin. Acquired forms result from reduced produc-
tion of antithrombin, such as in liver cirrhosis, or 
increased losses, such as in nephrotic syndrome or 
protein- losing enteropathy.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral venous sinus thrombosis – 
increases relative risk by three- fold, 
with associated venous infarction 
or hemorrhage. Whether there is 
increased risk of arterial ischemic 
stroke is unclear

Secondary Complications: There is high risk of venous 
thromboembolism systemically (50- fold increased 
risk) that can complicate recovery from initial neu-
rologic injury.

Treatment Complications: Because heparin potentiates 
antithrombin for anticoagulation, higher doses of 
heparin may be required to achieve similar partial 
thromboplastin time (PTT) values.
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Anxiety Disorder Due to Another Medical 
Condition
Epidemiology and Demographics: Prevalence of anx-

iety disorder due to another medical condition 
is unclear; however, there appears to be an ele-
vated prevalence in patients with medical condi-
tions including asthma, hypertension, ulcers, and 
arthritis. Late age of onset, atypical symptoms, and 
absence of a personal or family history of anxiety 
disorders suggest the need for a thorough evalua-
tion for potential medical conditions that may be 
causing anxiety.

Disorder Description: The defining feature of anxiety 
disorder due to another medical condition is clin-
ically significant anxiety that is best explained as 
a physiologic effect of another medical condition 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.001
https://www.cambridge.org/core


Section 1 Diagnostics

32

that is known to include anxiety as a symptomatic 
manifestation and preceded the onset of anxiety. 
Symptoms may include prominent anxiety or panic 
attacks. Symptoms do not occur exclusively within 
the course of delirium and are not better explained 
by the effects of a substance/medication or primary 
psychiatric disorder, such as adjustment disor-
der with anxiety in which the stressor is a medical 
condition.

Symptoms

Localization Site Comment

Mental status and psychiatric 
aspects/complications

Prominent anxiety, panic 
attacks

Secondary Complications: Depressive disorders, alcohol/
substance abuse, sleep disorders.

Treatment Complications: Treatment of anxiety disorder 
due to another medical condition relies on appro-
priate treatment of the underlying medical condi-
tion. Symptomatic treatment with benzodiazepines 
may be helpful for panic symptoms; however, cau-
tion must be used given the risks of sedation, poten-
tial worsening of the underlying medical condition, 
and cognitive side effects, as well as tolerance and 
dependence if used chronically.
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Aortic Arteritis/Aortitis
Epidemiology and Demographics: May vary based on eti-

ology of the arteritis/aortitis.
Disorder Description: Aortic arteritis/aortitis is inflam-

mation of the aorta that occurs as a result of infectious 
or noninfectious causes. Infectious causes include 
bacteria (from seeding due to trauma, bacterial 

endocarditis, impaired immunity, and infection 
of the vasa vasorum) and syphilis. Most common 
causative bacteria are Staphylococcus aureus and 
Salmonella. Rarer causes include Pseudomonas, 
Klebsiella, Bacteroides fragilis, and Neisseria gon-
orrhoeae. Noninfectious causes include Takayasu 
disease and giant cell arteritis. Other, less common 
causes include Bechet’s disease, rheumatoid arthri-
tis, systemic lupus erythematosus, Crohn’s disease, 
and sarcoidosis.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Aortic arteritis secondary to 
infection can be associated 
with a variety of symptoms. 
If etiology is septic emboli, 
patients can get confusion, 
stroke, renal dysfunction, 
pulmonary emboli, and other 
symptoms

In temporal arteritis, patients 
can present with depression, 
dementia, ataxia, auditory 
and visual hallucinations, 
cognitive decline, and ischemic 
mononeuropathy because of 
multiple artery involvement

Syphilis causing aortitis is 
considered tertiary syphilis. 
Neurosyphilis can also occur 
and patients may present 
with confusion, dementia, 
hallucinations, or psychosis

Syndromes with combined 
spinal cord and peripheral nerve 
lesions

Syphilis at tertiary stage can 
cause not only aortitis but also 
tabes dorsalis and general 
paresis

Unclear localization Aortic arteritis secondary to 
infection can be associated 
with a variety of symptoms. 
If etiology is septic emboli, 
can get confusion, stroke, 
renal dysfunction, and other 
symptoms

In giant cell arteritis, 
nonspecific headaches, 
visual loss, jaw claudication, 
transient ischemic attacks, 
cerebral infarction, and acute 
confusional states can occur

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.001
https://www.cambridge.org/core


Aortic Dissection

33

Secondary Complications: In giant cell arteritis, visual 
loss and strokes may occur. In syphilis, permanent 
paresis and sensory ataxia can result if not treated 
appropriately. With aortitis due to bacterial infec-
tions, sepsis can develop and result in death.
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Aortic Coarctation
Epidemiology and Demographics: Coarctation of the aorta 

has a prevalence of approximately 4/10,000 live births 
and represents about 5% of congenital heart defects. 
Incidence is greater in males (~60%) vs. females 
(~40%). Thirty percent of patients with Turner syn-
drome have coarctation of the aorta as well.

Disorder Description: Narrowing of the descending aorta 
occurs, typically distal to the left subclavian artery, 
at or around the insertion of the ductus arteriosus. 
Most cases are congenital (likely secondary to dimin-
ished intrauterine blood flow leading to underdevel-
opment of the fetal aortic arch), but genetic (Turner) 
and acquired cases (i.e., Takayasu’s arteritis) occur 
as well. Intrauterine compensation for decreased 
blood flow through the descending aorta is achieved 
via the foramen ovale and ductus arteriosus, but at 
birth, shunt closure leads to hemodynamic changes 
that may range from mild systolic hypertension to 
severe heart failure, depending on the severity of 
aortic narrowing and other cardiac anomalies. Left 
ventricular hypertrophy will often develop from 
increased pressure, along with increased collateral 
flow through intercostal, internal mammary, and 
scapular vessels. Absent or delayed femoral pulse 
with an elevated brachial pulse (brachial– femoral 
delay) is a diagnostic finding, and cyanosis of lower 
extremities from right-to-left shunting can be seen 
with a patent ductus arteriosus (PDA) and severe 
coarctation. Less severe cases may present with 
hypertension in younger age groups.

Symptoms

Localization site Comment

Cerebral hemispheres Intracranial aneurysms, especially 
more common in older patients 
or in those with more severe 
coarctation and/or hypertension; 
mycotic aneurysms in those with 
previous endocarditis (patients with 
coarctation are at increased risk for 
infective endocarditis); intracerebral 
and intraventricular hemorrhages 
with resultant complications of 
stroke; cerebral abscess

Vestibular system (and 
nonspecific dizziness)

Vertigo, usually secondary to 
intracranial aneurysms

Spinal cord Spinal cord compression secondary 
to dilated collateral arteries within 
spinal canal

Secondary Complications: Ruptured intracranial aneu-
rysms can lead to hemorrhagic stroke.

Treatment Complications: Septic emboli can spread 
through cerebral vasculature during coarctation 
repair. Aneurysms may develop, enlarge, or rup-
ture during stenting procedures. Intraoperative 
sacrifice of intercostal arteries can worsen spinal 
cord ischemia and cause subsequent paralysis in a 
patient who already has poor collateral circulation.
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Aortic Dissection
Epidemiology and Demographics: Estimated 2.6–

3.5/100,000 person- years, with higher incidence 
and lower mean age of onset in men (60 years vs. 67 
years in women).

Disorder Description: Primary event involves tear in 
aortic intima; blood passes through tear into aor-
tic media, causing separation of intima from sur-
rounding media/adventitia and creation of a false 
lumen, which can spread proximally or distally. 
Compression and loss of perfusion can lead to 
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symptoms from affected structures (coronary, cer-
ebral, spinal, visceral). Hypertension is the most 
important predisposing factor but other risk factors 
include collagen vascular disorders (e.g., Marfan, 
Ehlers–Danlos), prior aortic aneurysm, bicuspid 
aortic valve, aortic instrumentation, aortic coarc-
tation, Turner syndrome, vasculitis, trauma, and 
pregnancy and delivery.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral ischemia/infarction 
from direct extension of 
dissection into carotid 
arteries or diminished carotid 
blood flow

Cranial nerves Hoarseness from vocal cord 
paralysis due to compression 
of left recurrent laryngeal 
nerve

Spinal cord Acute paraplegia from 
spinal cord ischemia, from 
interruption of intercostal 
vessels

Syndromes with combined spinal 
cord and peripheral nerve lesions

Horner syndrome from 
compression of superior 
cervical ganglion

Secondary Complications: Alterations in consciousness 
or syncope can result from hypotension, aortic 
insufficiency, cardiac tamponade due to rupture 
into pericardium.

Treatment Complications: Risk of periprocedural stroke 
and paraplegia with endovascular surgical repair.
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Aortic Regurgitation
Epidemiology and Demographics: The rate of develop-

ment of symptoms in aortic regurgitation (AR) is 
greater in patients over the age of 60 years. Including 
mild or trace cases, overall prevalence rates between 
9 and 13% have been estimated.

Disorder Description: The primary causes of AR include 
aortic stenosis that resulted from calcification of the 
aortic valve, aortic root disease, infective endocar-
ditis, rheumatic fever, and a complication of valvu-
loplasty. Patients experience enlargement of the left 
ventricle because AR results in an increase in left 
ventricular output. Symptoms may be indolent and 
may take many years to develop.

Symptoms

Localization site Comment

Cerebral hemispheres Severe AR may result in cerebral 
hemispheric hypoperfusion

Mental status and 
psychiatric aspects/
complications

Severe AR with associated heart 
failure may lead to confusion/
disorientation as a result of cerebral 
hypoperfusion

Brainstem Same as above

Cerebellum Same as above

Vestibular system (and 
nonspecific dizziness)

Same as above

Secondary Complications: AR may lead to heart failure 
caused by the hypertrophied heart muscles, which 
leads to an inability to properly supply the body with 
blood. The aorta may also enlarge, creating areas 
with increased proclivity to aortic aneurysm.

Treatment Complications: Complications of aortic valve 
replacement include death, stroke, blood loss, 
myocardial infarction, atrial fibrillation, and atrial 
flutter, and complications of the prosthetic valve 
include thrombosis and infective endocarditis.
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Aortic Stenosis (AS)
Epidemiology and Demographics: Prevalence increases 

with age (0.2% ages 50–59, 1.3% ages 60–69, 3.9% 
ages 70–79, 9.8% ages 80–89). A common cause of 
aortic stenosis (AS) is congenital bicuspid aortic 
valve, which is seen in about 1% of the population 
and is the most common cause in children.

Disorder Description: Left ventricular outflow obstruc-
tion across abnormal aortic valve. Stenosis can be 
due to valvular (most common), supravalvular 
(high frequency in Williams syndrome), or subval-
vular disease (e.g., dynamic obstruction of hyper-
trophic cardiomyopathy).

The primary causes of AS include calcification of 
a congenital bicuspid valve or normal aortic valve 
and/or rheumatic fever that results in rheumatic 
disease. A decrease in size of the opening of the aor-
tic valve, which results in an outflow tract obstruc-
tion of the left ventricle, is the consequence of AS.

Symptomatic disease presents with dyspnea 
on exertion, presyncope/syncope, and exertional 
angina, though these are nonspecific. Heart fail-
ure, syncope, and angina reflect end- stage disease. 
Primary causes of valvular aortic stenosis include 
a congenitally abnormal valve with superimposed 
calcification, calcific disease of a trileaflet valve, and 
rheumatic valve disease (most common worldwide, 
most patients also have mitral disease). Risk factors 
for progression of disease are increased aortic jet 
velocity and decreased valve area, degree of valve 
calcification, older age, male gender, hyperlipi-
demia, renal insufficiency, hypercalcemia, smoking, 
metabolic syndrome, and diabetes mellitus.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Exertional dizziness (presyncope) and syncope; 
result of decreased cerebral perfusion. Proposed 
mechanisms include hypotension from 
exercise- induced vasodilation in presence of 
obstruction with fixed cardiac output; post- 
exertional transient bradyarrhythmia; inability 
to appropriately increase blood pressure due to 
abnormal baroreceptor response; arrhythmia is 
uncommon cause

Secondary Complications: Sudden cardiac death, arrhyth-
mia (atrial fibrillation), infective endocarditis, 
embolic events, coronary artery disease.

Treatment Complications: In patients undergoing valve 
replacement: bleeding, shock, low cardiac output 
during and following deployment, annular rupture, 
valve leaflet thrombosis, myocardial injury, heart 
block, aortic regurgitation, stroke, death.
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Aortic Surgeries and Other Procedures, 
Including Abdominal Aortic Aneurysm 
Repair, Sympathectomy, Aortography, and 
Intra- aortic Balloon Assistance
Procedure Descriptions: Abdominal aortic aneurysm 

repair with endovascular grafts or open surgery can 
lead to a variety of complications, including paraly-
sis, paresis, and stroke.

Sympathectomy involves cauterizing, severing, 
or clipping the sympathetic chain or nerves and is 
used as treatment for patients with debilitating pri-
mary focal hyperhidrosis, ischemic rest pain sec-
ondary to peripheral artery disease, or Raynaud’s 
phenomenon.
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Aortography involves catheter placement in the 
aorta and injection of contrast material while x- ray 
images are captured; previously the gold standard to 
diagnose aortic dissections.

Intra-aortic balloon assistance is used to support 
cardiac output and oxygenation or blood in a variety 
of conditions, including cardiogenic shock or com-
plications from myocardial infarctions.

Symptoms

Localization site Comment

Cerebral hemispheres Ischemic strokes can occur with 
abdominal aneurysm repair. Embolic 
strokes can occur from intra- aortic 
balloon assistance

Spinal cord Paraplegia and paraparesis do occur 
with abdominal aneurysm repair, and 
occur largely because of ischemia 
to the spinal cord. Schemia to spinal 
cord after intra- aortic balloon pump 
or aortography may occur as well, but 
is rare

Unclear localization Cholesterol embolization causing 
livedo reticularis, acute kidney 
injury, intestinal ischemia can occur 
secondary to plaque embolization. 
Infections can occur with procedures. 
With thoracic sympathectomies, 
complications such as pneumothorax 
or hemothorax can occur. With 
intra- aortic balloon pumps, arterial 
dissection can occur

Secondary Complications: Hematoma, anemia, throm-
bocytopenia, endograft migration after abdominal 
aneurysm repair, surgical complications post sym-
pathectomy, infection, death.
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Aortic Trauma
Epidemiology and Demographics: The majority of aortic  

trauma occur secondary to motor vehicle accidents, 
causing blunt thoracic trauma. It is a major cause of 
death from blunt trauma. It occurs more frequently 
in men than women, but women have a greater risk 
of death or major complications from the aortic 
trauma. Risk factors include age greater than 60 
years, front seat occupancy, and not wearing a seat 
belt.

Disorder Description: Aortic trauma in the setting of blunt 
thoracic injury usually occurs due to rapid deceler-
ation and high- energy impact. The most common 
cause includes motor vehicle accidents, but other 
causes include falls, crush injuries, motorcycle and 
aircraft crashes, and collision with a motor vehicle. 
There are often several associated injuries, including 
head and neck injuries, cardiac and lung contusions, 
bone and pelvic fractures, intra- abdominal hemor-
rhages, and diaphragmatic rupture.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Abnormal Glasgow Coma Scale

Spinal cord Paraplegia can occur and 
has been reported to occur 
postoperatively during aortic 
repair

Unclear localization Head injury/trauma, difficulty 
breathing/swallowing, 
abdominal trauma, splenic 
rupture, bone fractures can all 
occur in the setting of blunt 
trauma. Other findings that 
can assist with diagnosis of 
aortic injury/trauma include 
midscapular back pain, upper 
extremity hypertension, 
bilateral femoral pulse deficit, 
or unexplained hypotension

Secondary Complications: Death, paraplegia, head trauma,  
coma.
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Aqueductal Stenosis
Epidemiology and Demographics: In children, 15–60% of 

cases of hydrocephalus are attributed to aqueductal 
stenosis. In adults, 10–40% of cases of hydrocepha-
lus are attributed to aqueductal stenosis. There are 
two peaks of distribution for age: one in the first year 
of life and the other in adolescence. There is a slight 
male prevalence for this condition.

Disorder Description: Aqueductal stenosis is due to narrow-
ing of the aqueduct of Sylvius, causing blockage of flow 
of cerebrospinal fluid and resulting in hydrocephalus, 
which may be congenital and/or obstructive. CT scan 
and MRI are typically used to diagnose this condition.

Causes
Adapted in part from CheckOrphan.1

•	 Tumor compression mainly in the pineal region: 
tectal glioma is one example.

•	 Narrow aqueduct: a defect from birth, can be due 
to abnormal folding of the neural plate.

•	 Forking: aqueduct split into multiple separate 
channels as a result of incomplete fusion of the 
median fissure.

•	 Septum formation through gliosis of membrane 
or glial cells develops across the aqueduct. This 
abnormal membrane forms at the lower and dis-
tal portion of the aqueduct, causing obstruction 
predominantly.

•	 Gliosis: aqueduct begins as partially blocked. To 
compensate for the blockage, pressure is increased 
in the third ventricle, which in turn increases cere-
brospinal flow to normal rates. There is an increase 

in the third ventricle. Therefore, the increase in 
velocity is noted. This in turn increases the shear 
stress in the aqueduct, causing more damage to 
epithelial cell linings and ventricles, and resulting 
in gliosis and proliferation of glial cells.

•	 Bickers–Adams–Edwards syndrome or X- linked 
hydrocephalus: caused by point mutation in the 
gene for neural cell adhesion. Males with this 
disorder have severe hydrocephalus, adducted 
thumbs, spastic motion, and intellectual delays.

•	 Bacterial meningitis.
•	 Giant fusiform aneurysm of basilar artery can cause 

pressure on the aqueduct and cause obstruction.
•	 Neurofibromatosis, nontumoral aqueductal ste-

nosis in 5% of children with neurofibromatosis I.

Symptoms

Localization site Comment

Cerebral hemispheres Headaches, deterioration of the 
patient level of consciousness, 
upward gaze palsy, and 
developmental delay. The 
developmental delay can range 
from mild to severe to the extent 
that the child may be unable 
to use spoken language or 
control movements or interact 
with others. Tremors have been 
reported rarely

Cranial nerves Upward gaze palsy in which a 
person has difficulty looking up

Treatment Complications: An extracranial shunt, either 
ventriculoperitoneal or ventriculoatrial, can be 
placed. An endoscopic surgery with low mortality rate 
can also be used. There is a 50% failure rate in 2 years. 
Shunt malfunctions and associated complications 
can lead to a death rate of 1.2% per year. Secondary 
surgery sometimes needed to repair mechanical fail-
ure, incorrect catheter size, valve drainage pressure 
problems, and mechanical difficulties that could pre-
dispose to infection. Change in mental status can be 
seen when shunt malfunction occurs.
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Arachnoid Cysts
Epidemiology and Demographics: Arachnoid cysts are 

seen in about 1% of the population. Male-to-female 
gender distribution is 2:1.

Disorder Description: Arachnoid cysts are cerebrospi-
nal fluid sacs lined with arachnoid cells and colla-
gen that develop between the surface of the brain 
and the cranial base. They are congenital. Most 
arachnoid cyst cases manifest themselves as early 
as infancy. They can occur on the brain or on the 
spine. Spinal arachnoid cysts may be extradural or 
intradural as well as perineural. The exact cause is 
not known, although developmental malformation 
is suspected. Diagnosis is with neuroimaging.

Symptoms

Localization site Comment

Cranium Cranium deformation or 
macrocephaly in children

Suprasellar region in children Bobbing and nodding of 
head, called bobble- head doll 
syndrome

Left middle cranial fossa Attention deficit hyperactivity 
disorder, alexithymia, psychosis

Temporal lobe Headaches

Cerebral hemisphere Seizures, increased intracranial 
pressure, hydrocephalus, 
developmental delay, 
hemiparesis, musical 
hallucinations, pre- senile 
dementia

Supratentorial Ménière’s disease

Frontal lobe Depression

Specific spinal roots Radiculopathies are reported

Secondary Complications: Minor head injury can cause 
damage to cyst, causing the fluid within the cyst 
to leak. Arachnoid cyst secondary to Marfan syn-
drome, arachnoiditis, or agenesis of corpus callo-
sum has been described.

Treatment: Most of the arachnoid cysts do not require 
any treatment. If symptomatic, an internal or external 
shunt may be placed. Fenestration involves drainage 
by needle aspiration or burr hole. Surgery can resolve 
psychiatric manifestation in some patients.
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Arachnoiditis
Epidemiology and Demographics: Most common age of 

onset is between 40 and 60 years. No clear gender 
or race predisposition is apparent, though may be 
higher in females, as a result of spinal and epidural 
anesthesia prior to giving birth. Precise incidence is 
unknown, but is reported to be as high as 1.6–3% 
following spinal procedures.

Disorder Description: Nonspecific inflammation of the 
arachnoid layer with consequent membrane thick-
ening and nerve root adhesions. Arachnoid layer is 
susceptible to poor healing due to lack of vascular-
ization. Most common etiologies include myelog-
raphy with oil- based agents and surgical trauma/
procedures of the lumbar spine. Additional causes 
include subarachnoid hemorrhage, infections, and 
tumors. The condition and symptoms progress over 
6–18 months because of tethering of the spinal cord.

Symptoms

Localization site Comment

Specific spinal roots Radiculopathy – low back pain, mono- 
and multiradicular pain

Syndromes with 
combined spinal 
cord and peripheral 
nerve lesions

Partial or complete paralysis of the 
lower extremities. Urinary urgency, 
frequency, incontinence. Spasms of the 
back and lower extremities. Paresthesias, 
hypoesthesia, dysesthesia. Unexplained 
skin rashes and itching. Burning of ankles 
and feet
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Secondary Complications: Late complications include 
cauda equina syndrome, ossification of the spinal 
meninges, and failed back syndrome resulting in 
worsening of pain and neurologic symptoms.

Treatment Complications: Treatment options are limited 
to symptomatic pain relief and rare surgical inter-
vention. Chronic pain and opioid use may lead 
to chronic fatigue, major depression, addiction, 
opioid- induced constipation.
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Arteriovenous Fistula
Epidemiology and Demographics: Brain arteriovenous 

(AV) malformations occur in about 0.1% of the 
population. Ninety percent of brain AV fistulas are 
supratentorial. Patients usually present between 
ages 10 and 40 years. Higher prevalence in patients 
with hereditary hemorrhagic telangiectasia (Osler–
Weber–Rendu syndrome). Overall annual hemor-
rhage rate of 3%. Spinal dural AV fistula makes up 
about 70% of all spinal AV malformations and is the 
most frequent of all spinal vascular diseases. Brain 
AV fistulas account for 1–2% of all strokes, 3% of 
strokes in young adults, and 9% of subarachnoid 
hemorrhages.

Disorder Description: Characterized by abnormal shunt-
ing of blood between arterial and venous systems, 
without the presence of the normal capillary bed 
in between. AV malformations cause neurologic 
symptoms through reduction of oxygen delivery to 
neurologic tissue, hemorrhage, or compression or 
displacement of parts of the brain or spinal cord. 
Abnormally rapid rate of blood flow from arte-
rial to venous circulation leads to chronically ele-
vated venous pressure, reduced oxygenation, and 
structural changes such as aneurysm formation. 
Vascular steal is also one of the mechanisms that is 
known to cause clinical symptoms. Increased risk 
of hemorrhage in patients with associated aneu-
rysms, exclusive deep venous drainage, and deep 
brain location.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Intracranial hemorrhage, symptoms 
depending on anatomic location

Mental status and 
psychiatric aspects/
complications

Headaches related to stretching of 
dural structures, venous thrombosis/
hemorrhage, seizures (focal or 
generalized). Repetitive microbleeds over 
time can lead to increased risk of dementia

Brainstem Impaired consciousness

Cerebellum Dizziness, tremors, impaired coordination

Cranial nerves Cranial nerve involvement related to 
anatomic location (e.g., headaches from 
pressure on CN  V, diplopia from CN III, IV, or VI)

Spinal cord Myeloradiculopathy related to venous 
hypertension is most common clinical 
presentation of dural AV fistulas. Usually 
present in the fifth decade of life, more 
common in men

Unclear localization Compression causing impaired 
cerebrospinal fluid flow leading to 
hydrocephalus

Secondary Complications: Risk of cerebral sinus throm-
bosis from dural AV fistulas, leading to intracranial 
hemorrhage, venous infarction, seizure, altered 
mental status, intracranial hypertension.

Treatment Complications: With stereotactic radiosur-
gery, there is a risk of hemorrhage during lesion 
obliteration, and later radiation necrosis causing 
new neurologic deficits.
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Arteriovenous Malformations (AVMs)
Epidemiology and Demographics: Incidence for arterio-

venous malformations (AVMs) is approximately 
2/100,000 person- years, with most cases revealed 
in adulthood despite the congenital nature of the 
lesion. Death rates in those with ruptured arterio-
venous malformations are 10–15%. Rupture is more 
likely to occur in men, and this risk increases in both 
sexes by about 1–3% per year. About 66% of patients 
with AVMs have comorbid learning disabilities.

Disorder Description: AVMs are complex networks of 
aberrant blood vessels in the brain. Blood travels 
directly from artery to vein, without intermediary 
capillary connections. The nidus is characterized by 
arteries lacking a muscularis layer, absent capillary 
bed, and dilated veins with increased intravascular 
pressure. No specific cause for AVMs has been eluci-
dated, but there is an increased prevalence of AVMs 
in patients with certain genetic disorders, includ-
ing neurofibromatosis and Osler–Weber–Rendu, 
Sturge–Weber, and von Hippel–Lindau syndromes. 
Neurologic dysfunction caused by AVMs usually 
results from hemorrhages or progressive decline 
in blood flow secondary to steal phenomenon. 
AVMs can by themselves cause localization- related 
seizures as well. AVMs can occur anywhere along 
the neuroaxis, and symptoms depend predomi-
nantly on the involved location. Patients with a his-
tory of prior AVM rupture are at increased risk for  
re- rupture. AVMs are classified as true AVMs, 
occult/cryptic AVMs or vascular malformations, 
venous malformations, hemangiomas, or dural 
fistulas. For all types, the Spetzler–Martin grading 
scheme is used to assess surgical treatment risks, 

assigning points based on AVM size, location, and 
absence or presence of venous drainage; higher 
scores correlate to greater surgical risks. Surgical 
options include resection, super selective emboliza-
tion, radiosurgery, or any combination thereof.

Symptoms

Localization site Comment

Cerebral hemispheres Seizure (usually simple, partial, 
or secondarily generalized) 
seen in about 50% of patients 
with AVM; hemorrhagic stroke 
secondary to bleeding or 
rupture of the AVM, producing 
deficits characteristic of the 
area of subsequent ischemia 
(i.e., language, corticospinal 
tract). Bleeding can be 
parenchymal, subarachnoid, 
or intraventricular. Blood flow 
may be reduced to other 
areas of the brain via a “steal 
phenomenon” in which flow 
is reduced to brain tissue 
adjacent to unruptured AVM

Mental status and psychiatric 
aspects/complications

Minor learning disability seen in 
approximately 66% of patients

Brainstem Dysarthria, dysphagia, vertigo

Cerebellum Ataxia, gait instability

Meninges Headache

Cranial nerves Optic nerve/optic radiations 
compression, producing 
deficits in vision

Secondary Complications: Kinking of draining veins 
from an AVM can promote thrombus formation, 
which can spread to brain parenchyma and cause an 
ischemic stroke.

Treatment Complications: Antiepileptic drugs (AEDs) 
are used to treat seizures in patients with unrup-
tured AVMs. Neurologic side effects of AEDs are 
agent- dependent but broadly include sedation, 
fatigue, dizziness, dyscoordination, tremor, cogni-
tive deficits, and behavioral disturbances.

Surgical management includes resection, embo-
lization, or radio- ablation. All carry risk of hemor-
rhage and brain ischemia. Embolization procedures 
can inadvertently induce embolization and sub-
sequent ischemia to nearby healthy parenchyma. 
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Radiosurgery can produce white matter edema 
and radiation- induced necrosis. Radiotherapy can 
also induce thrombosis of the arterial feeders of an 
AVM, which can in turn promote re- hemorrhage 
of the already weak arteries of the AVM. Seizure 
frequency has also been found to be increased in 
patients after radiotherapy. Finally, radiotherapy is 
a risk factor for atherosclerosis.
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Arteritic Anterior Ischemic Optic Neuropathy 
(AAION)
Epidemiology and Demographics: The incidence of arte-

ritic anterior ischemic optic neuropathy (AAION) 
increases with age and is approximately 0.36/100,000 
in the United States. The disease is most prevalent 
in the 50- year and older age group. It is more com-
mon in women (2:1) and in Caucasian ethnicities, 
i.e., Scandinavian, German, and other European 
ancestry.

Disorder Description: For a description of anterior 
ischemic optic neuropathy, see entry for Non-arteritic 
Anterior Ischemic Optic Neuropathy (NAION).

AAION is most often a form of giant cell arteritis 
(GCA), affecting the ophthalmic artery, central reti-
nal artery, and/or the distal posterior ciliary arteries. 
Pathologically, affected blood vessels demonstrate 
focal granulomatous inflammation with giant cells. 

Elevated serum erythrocyte sedimentation rate and 
C- reactive protein are commonly found. AAION 
can be seen in other vasculitides, including polyar-
teritis nodosa, systemic lupus erythematosus, and 
others.

Symptoms

Localization site Comment

Cerebral hemispheres Stroke involving the large intracranial 
vessels when GCA is diffuse

Cranial nerves Unilateral and bilateral visual loss 
(50% of cases), with chalky white, 
pale, and swollen disc seen on 
funduscopic exam; diplopia secondary 
to extraocular muscle ischemia; facial 
pain secondary to jaw claudication

Other Prominent temporal arteries to 
palpation, polymyalgia rheumatica

Treatment Complications: Temporal artery biopsy is help-
ful for suspected AAION. Risks of biopsy include 
damage to facial nerve.

Pulse IV steroids are the mainstay of treatment 
when visual loss is present. Neurologic compli-
cations of steroids include mood disturbance, 
decreased concentration, and insomnia.
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Aspergillosus
Epidemiology and Demographics: Mean age 42.6 years 

(range 2 days to 78 years), with male predomi-
nance.1 Central nervous system (CNS) aspergillosis 
accounts for less than 5% of all CNS infections.2

Disorder Description: Aspergillus species are ubiquitous 
septated fungi in soil, water, or decaying vegetation 
and are generally opportunistic and angio- invasive. 
A. fumigatus is the most commonly identified human 
pathogen.1 Infection is commonly by airborne 
spores via lungs or paranasal sinuses. Intracranial 
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spread may be involved through hematogenous 
spread or as a result of direct invasion from adjacent 
structures and may occur in 10–20% of cases, with 
focal abscesses being the most common sequelae.1,3

Risk factors for development include immuno-
suppression, especially in HIV or AIDS, solid organ 
transplantation, hematologic malignancies, prior 
brain pathology, or autoimmune diseases.1–3

It affects immunocompromised hosts world-
wide, but affected immunocompetent hosts have 
also been reported in India, Sudan, Pakistan, Saudi 
Arabia, UAE, and some African countries.1

Symptoms

Localization site Comment

Cerebral hemispheres Abscesses

Cerebritis

Headaches

Mycotic aneurysms, may 
cause subarachnoid 
hemorrhage

Meningitis

Seizures

Vision changes

Vasculitis

Ischemic stroke (anterior 
cerebral artery or middle 
cerebral artery mostly 
involved)

Hemorrhagic stroke

Mental status and psychiatric 
aspects/complications

Encephalopathy

Brainstem Abscesses

Strokes

Hemorrhages

Cerebellum Abscesses

Strokes

Hemorrhages

Base of skull Meningitis

Cavernous sinus thrombosis

Cranial nerves Cranial neuropathies

Spinal cord Epidural abscesses (rare)

Secondary Complications: Long- term complications 
include seizures or hydrocephalus.

Treatment Complications: Amphotericin B has nephro-
toxic side effects, which may further depress mental 
status. Voriconazole may lead to visual disturbances 
or hallucinations.
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Astrocytomas
Disorder Description: Astrocytomas arise from specific 

glial cells called astrocytes that form the supportive 
tissue of the brain. Astrocytomas can appear in vari-
ous parts of the brain and nervous system, including 
the cerebellum, the cerebrum, the central areas of 
the brain, the brainstem, and the spinal cord. There 
are varying types of astrocytomas: pilocytic, diffuse, 
anaplastic, grade IV, and subependymal giant cell.

WHO Classification of Diffuse Astrocytic/
Oligodendroglial Tumors
Grade I: Pilocytic astrocytomas, subependymal giant 

cell astrocytomas
Grade II: Pleomorphic xanthoastrocytoma, diffuse 

astrocytoma (isocitrate dehydrogenase [IDH] 
mutant), oligodendroglioma (IDH mutant and 
1p/19q co-deleted)

Grade III: Anaplastic astrocytoma (IDH- mutant), 
anaplastic oligodendroglioma (IDH mutant 
and 1p/19q co- deleted), anaplastic pleomorphic 
xanthoastrocytoma

Grade IV: Glioblastoma (IDH mutant and IDH wild 
type)

Descriptions of Various Astrocytic Tumors
Pilocytic astrocytoma (also called juvenile pilocytic 
astrocytoma) – Grade I astrocytomas that rarely spread 
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out from origin site and are considered the “most 
benign” of all the astrocytomas. Other grade I astro-
cytomas are cerebellar astrocytoma and desmoplastic 
infantile astrocytoma. Histologically, most pilocytic 
astrocytomas form cysts or are enclosed within one; 
slow growing, but can become very large.
Diffuse astrocytoma (also called low- grade or astrocy-
toma grade II) – Although growth rate is slow, they tend 
to invade adjoining structures. The labels fibrillary, 
gemistocytic, protoplasmic describe their operational 
and histologic preferences. They are more likely to con-
tain microcysts and mucus- like fluid.
Anaplastic astrocytoma – A grade III tumor. They 
form projectile appendages, invade into surrounding 
tissues; rare.
Astrocytoma grade IV (also called glioblastoma, previ-
ously labeled glioblastoma multiforme, grade IV glioblas-
toma, and GBM) – There are two types of astrocytoma 
grade IV: primary, or de novo, and secondary. Primary 
tumors are very aggressive and the most common form 
of astrocytoma grade IV. The secondary tumors are 
those that originate as a lower- grade tumor and evolve 
into a grade IV tumor. May contain cystic material, cal-
cium deposits, blood vessels, and/or a mixed grade of 
cells.
Subependymal giant cell astrocytoma – These astro-
cytomas are ventricular tumors associated with tuber-
ous sclerosis.

Astrocytoma, Cerebellum: Pilocytic
Epidemiology and Demographics: The overall adult inci-

dence rate of primary malignant brain tumors 
(including gliomas: oligodendrocytes, glioblasto-
mas, etc.) is 7.23/100,000. Females in the United 
States have higher rates of overall malignant and 
non- malignant brain and central nervous system 
(CNS) tumors; this varies from worldwide inci-
dence, in which males have higher incidence rate as 
compared with females.1

Pediatric and adolescent incidence rate (0–19 
years) is 5.57/100,000 for primary malignant and 
nonmalignant brain and CNS tumors, with higher 
rates in males than females.

Disorder Description: Rates of primary malignant brain 
tumors are higher in developed countries. Only a 
few specific factors have been convincingly linked 
with the risk of incurring a glioma. For example, 
therapeutic or high- dose radiation, particularly 
in the presence of a genetic predisposition such as  

germline polymorphisms leading to reduced thio-
purine methyltransferase activity, can increase the 
risk of developing a brain neoplasm.2 Several studies 
have shown lower incidence rates in patients with 
higher IgE levels, e.g., with asthma or allergies.

Glioblastoma
Epidemiology and Demographics: This tumor represents 

about 15.4% of all primary brain tumors and about 
60–75% of all astrocytomas. Glioblastomas increase 
in frequency with age, and affect more men than 
women; they generally affect adults aged 45–65. 
Only 3% of childhood brain tumors are glioblas-
tomas. Most common of all the brain cancers and 
most aggressive (Grade IV).

Disorder Description: Uncommon risk factors include 
genetic disorders such as neurofibromatosis and 
Li–Fraumeni syndrome and previous radiation 
therapy. Associated with viruses SV40 and HHV6 
and cytomegalovirus. Some studies have linked 
glioblastoma with malaria, either the disease or the 
immunosuppressive therapy used in malaria.

Astrocytoma Glioma, Cerebellum
Epidemiology and Demographics: They are the second 

most common childhood tumor (15–20% of all 
pediatric tumors). More common in children, pre-
senting from childhood to adolescence.

Disorder Description: The majority of brain tumors are 
not hereditary. Brain tumors caused by a genetically 
inherited syndrome, such as neurofibromatosis, 
Li–Fraumeni, von Hippel–Lindau and Turcot syn-
dromes, and tuberous sclerosis, affect only 5% of 
patients.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Vary from mild to severe; memory 
deficit, slurry speech, nausea, vomiting, 
vertigo, unsteadiness, uncoordinated 
limb movements, headache possible in 
occipital, frontal, or upper cervical areas

Cerebellum Difficulties with walking, clumsiness, 
nausea, headache, and vomiting

Unclear Depending on the location in the 
cerebral hemispheres
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Treatment Complications: Wide range of potential com-
plications such as incurring new focal neurologic 
deficits as result of therapies including surgery and 
radiation. Chemotherapy may cause depressed 
blood cell counts which in turn can predispose to 
coagulopathies and immunosuppression, which 
themselves can ultimately result in systemic and 
neurologic complications.
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Atlantoaxial Subluxation (Atlanto- Occipital 
Instability)
Epidemiology and Demographics: Atlantoaxial instabil-

ity/subluxation is rare without predisposing fac-
tors. In patients with Down syndrome, frequency 
of asymptomatic atlantoaxial insufficiency is about 
13.1%. Symptomatic atlantoaxial insufficiency in 
Down syndrome is about 1.5%. Odontoid fractures 
are associated with severe atlantoaxial insufficiency 
with a 2- fold increase in mortality. In patients with 
rheumatoid arthritis, the frequency is 20–49%. 
Rheumatoid arthritis affects women more than men.

Disorder Description: Sometimes atlantoaxial sublux-
ation is a congenital condition, but in adults it is 
mainly caused by acute trauma or degenerative 
disease due to inflammatory pannus of rheumatoid 
arthritis. Superimposed infection can contribute 
to instability. Congenital conditions include Down 
syndrome, osteogenesis imperfecta, and neuro-
fibromatosis. Congenital abnormalities do not 
become symptomatic before the third decade of life.

Grisel syndrome is defined as atlantoaxial sublux-
ation following inflammation of adjacent soft tissues 
after a pharyngeal infection or surgical intervention. 
It is seen in children aged 5 to 12 years, though some 
cases are reported in adults. In patients with Down 
syndrome, the primary etiology of atlantoaxial 
instability is a laxity of the transverse ligament.

Diagnosis is facilitated through use of neuroim-
aging including x- ray, CT scan, or MRI.

Symptoms

Localization site Comment

Cranial nerves Lower cranial neuropathies

Cerebellum Vertigo

Spinal cord Myelopathy

Pyramidal signs Hyperreflexia, positive Babinski, 
proprioceptive loss

Specific spinal roots Radiculopathy

Treatment Complications: Unless symptoms of spinal 
cord compression present, no treatment is neces-
sary. If symptomatic, cervical spine stabilization 
C1–C2 fusion can be considered. Postsurgical com-
plications are possible.

Localization site Comment

Focal Focal signs: hemiparesis, sensory loss, 
visual loss, aphasia

Cerebellum Headaches, nausea and vomiting, poor 
coordination and difficulty walking 
(ataxia)

Spinal cord Symptoms depend on the location of 
the tumor
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Atonic Seizures (Akinetic Seizures or Drop 
Attacks)
Epidemiology and Demographics: Atonic seizures often 

begin in childhood, often in the context of multi-
ple seizure types as part of certain types of epilepsy 
syndromes.

Disorder Description: Brief abrupt loss of muscle tone 
secondary to an epileptic seizure, with or without 
loss of consciousness; typically duration of <15 sec-
onds. May result in falls or dropping of the head. 
Associated with generalized epilepsy syndromes, 
most commonly Lennox–Gastaut syndrome. Rarely 
the sole seizure type. EEG may show electrodecre-
ment or slow, repetitive polyspike wave complexes. 
Valproate, lamotrigine, topiramate, rufinamide, 
and clobazam appear to be helpful, as well as corpus 
callosotomy or vagal nerve stimulation.

Symptoms

Localization site Comment

Cerebral hemispheres Drop attacks (abrupt loss of 
tone during seizures)

Secondary Complications: Injuries including head 
trauma, fractures, and dental damage secondary to 
unprotected falls.

Treatment Complications: Valproate side effects include 
weight gain, hyperactivity, transaminitis, throm-
bocytopenia, pancreatitis. The combination of val-
proate acid and lamotrigine may increase the risk 
of Stevens–Johnson syndrome. Topiramate is com-
monly associated with weight loss. Felbamate is 
associated with aplastic anemia and hepatic failure. 
Vagal nerve stimulation is most commonly associ-
ated with hoarseness. Corpus callosotomy may be 
associated with a disconnection syndrome.
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Atrial Fibrillation
Epidemiology and Demographics: Atrial fibrillation (AF) 

is the most common arrhythmia seen, as approxi-
mately 33% of hospitalizations for arrhythmias are 
for AF. The incidence of AF in patients under the age 
of 40 years is 0.1%, while in patients over the age of 
80 years, the incidence is over 1.5% for women and 
over 2.0% for men.

Disorder Description: Atrial fibrillation is a very rapid 
and irregular tachycardia of the atria leading to 
ineffective movement of blood into the ventricles. 
AF can run in families and is linked to several poly-
morphisms that affect proper conduction in the 
heart. Etiologies of AF include hyperthyroidism, 
mitral valve disease, myocardial ischemia/infarc-
tion, hypertension, hypertrophic obstructive cardi-
omyopathy, status post-open heart surgery, alcohol 
abuse, and other direct and indirect insults/abnor-
malities of the myocardium.

Symptoms

Localization site Comment

Cerebral hemispheres Embolic events that result from 
atrial fibrillation may cause 
focal injury and infarction 
to the following areas (*). 
In addition unabated rapid 
atrial fibrillation may cause 
presyncope/syncope

Mental status and psychiatric 
aspects/complications

*

Brainstem *

Cerebellum *

Vestibular system (and 
nonspecific dizziness)

*

Base of skull *
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Secondary Complications: When untreated, there is a 4- 
to 5- fold increase in thromboembolic events and a 
2- fold increase in mortality associated with prob-
lems of the heart.

Treatment Complications: Complications of treatment 
include bleeding as a result of anticoagulation and 
thromboembolic events/cerebrovascular accidents/
transient ischemic attacks as a result of a left atrial 
thrombus dislodging and traveling to the central 
nervous system. Anticoagulation either with war-
farin or novel oral anticoagulants may help lower 
the incidence of cerebrovascular events in patients 
with AF. In addition, devices such as the Watchmen® 
(Boston Scientific) could be placed percutane-
ously via the transseptal approach and plug the left 
atrial appendage. In addition, the LARIAT® device 
(Sentreheart) may be used percutaneously to tie 
off the left atrial appendage using a pericardial and 
transseptal approach.
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Atrial Septal Defect
Epidemiology and Demographics: Disorders of the atrial 

septum occur in approximately 2/1000 live births, 
accounting for about 13% of congenital heart dis-
orders. Most occur sporadically and are isolated 
defects; however, some are genetic (e.g., Holt–Oram 
syndrome). Foramen ovale does not completely seal 
in about 25% of adults.

Disorder Description: Congenital heart defect in which 
blood flows between the atria of the heart. Primum 
atrial septal defect (ASD) and secundum ASD are 
the two most common types of atrial septal defects. 
Pathophysiology depends on size of the defect, 

relationship between pulmonary and systemic 
resistances, and compliance of right and left ven-
tricles. Differing pressure gradients between right 
and left atria may occur transiently, with oxygen-
ated blood from left atrium recirculating into right 
atrium, or deoxygenated blood from right atrium 
entering into systemic circulation. Increases in 
right atrial pressure occur during early ventricular 
systole, during Valsalva maneuver, and with repet-
itive cough. In adults with an atrial septal defect, 
emboli from systemic circulation can pass through 
ASD (paradoxical embolus) and result in embolic 
stroke through right to left shunting. Additionally, 
patients with hemodynamically significant atrial 
septal defects may develop arrhythmias (e.g., atrial 
fibrillation), which is another source of emboli. 
While 25–40% of strokes are cryptogenic, identi-
fication of atrial septal defect in a patient does not 
prove a cause–effect relationship, as many patients 
have multiple potential sources for embolization. 
Therefore, stroke due to ASD is typically a diagno-
sis of exclusion. Should be considered as a cause of 
cryptogenic embolic stroke or transient ischemic 
attack in patients ≤60 years of age with no other 
identifiable cause. Risk factors include history of 
Valsalva maneuver (e.g., straining) prior to embolic 
event, history of multiple strokes, and hypercoagu-
lable state.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Embolic stroke phenomenon, 
neuroimaging reveals infarcts in multiple 
vascular territories, or a single wedge- 
shaped infarct involving cortex and 
underlying subcortical white matter. 
Neurologic deficit is typically maximal from 
onset with a tendency to improve quickly

Secondary Complications: Arrhythmias, Eisenmenger 
syndrome, migraine with aura (possible link with 
right to left shunt, although evidence is conflicting).

Treatment Complications: Risk of intracerebral hem-
orrhage due to anticoagulation or antithrombotic 
therapy after stroke; acute deep vein thrombosis, 
pulmonary embolism. Closure of atrial septal defect 
for secondary prevention of recurrent stroke has not 
been established.
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Attention Deficit Hyperactivity Disorder 
(ADHD)
Epidemiology and Demographics: Attention deficit hyper-

activity disorder (ADHD) occurs in most cultures 
in approximately 5% of children and 2.5% of adults. 
More frequent in males than females, with a male 
to female ratio of 2:1 in children and 1.6:1 in adults. 
Females are more likely to present with inattentive 
features. Rarely, a genetic etiology can be identified 
(e.g., fragile X syndrome, 22q11 deletion syndrome).

Disorder Description: Defined by a persistent pattern of 
inattention and/or hyperactivity– impulsivity that 
has been present for at least 6 months and signifi-
cantly interferes with functioning or development. 
Symptoms must be present prior to age 12 and occur 
in two or more settings (e.g., home, school, work). 
Furthermore, symptoms must be inconsistent with 
developmental level and are not better explained by 
another psychiatric disorder or the effects of a sub-
stance. Comorbid disorders are frequent and may 

include depression, anxiety, obsessive- compulsive 
disorder, tic disorders, autism spectrum disorders, 
substance use disorders, oppositional defiant dis-
order, conduct disorder (adolescents), or antisocial 
personality disorder (adults).

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Inattention, hyperactivity, impulsivity, low 
frustration tolerance, irritability, mood 
lability, suicidality. Mild delays in speech, 
motor, or social development may occur

Secondary Complications: Depression, anxiety, substance 
use disorders, social rejection, interpersonal conflict, 
frequent injuries, impaired academic or work per-
formance, unemployment, increased risk of suicide 
attempts by adulthood particularly when comorbid 
with mood, conduct, or substance use disorders.

Treatment Complications: Stimulants frequently used 
for the treatment of ADHD may result in insomnia, 
weight loss, worsening or new onset of tics, cardio-
vascular side effects, mood changes (e.g., irritability, 
dysphoria), psychosis (rare), as well as misuse and/
or addiction.
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Atypical Facial Pain
Epidemiology and Demographics:  Limited data availa-

ble on frequency of atypical facial pain. Trigeminal 
neuralgia, a related form of this condition, is a more 
common form of this facial neuralgia. Trigeminal 
neuralgia has an incidence of 5/100,000 people. 
Another variant of this neuralgia is burning mouth 
syndrome, and the incidence is more common in 
middle- aged and older women with a prevalence 
rate of 0.6–12.22%.

Disorder Description: Atypical facial pain is also called 
persistent idiopathic facial pain (PIFP) and involves 
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the territory of the trigeminal nerve. The etiology of 
this condition is unknown and the diagnosis is given 
when there is persistent facial pain with no known 
pain mechanism or underlying cause discovered. 
The pain is often described as deep in nature, poorly 
localized, and typically unilateral  – often in the 
nasolabial fold or side of the chin. The pain does not 
follow classic dermatomal patterns and may spread 
to upper or lower jaw or a wider area of the face and 
neck. The pain is continuous, unlike other forms of 
neuralgia, with no periods of remission. There are 
no autonomic symptoms associated with this con-
dition. The Headache Classification Subcommittee 
also defines this condition as having no association 
with sensory loss or other physical sign and no labo-
ratory or imaging abnormalities.

Symptoms

Localization site Comment

Cerebral hemispheres Some studies suggest the role 
of dopaminergic pathways 
and their involvement in pain 
symptoms, especially in the 
basal ganglia. Often associated 
with depression and anxiety

Cranial nerves Some studies suggest 
involvement of trigeminal 
nerve, but often the 
symptoms do not fit the classic 
dermatome and distribution of 
pain is diffuse

Secondary Complications: There are no established treat-
ment modalities for this condition. Often, if the 
patient is not well informed on the pathophysiol-
ogy of this disease, they are prone to seek multiple 
medical professionals for advice and diagnostic 
workup.

Treatment Complications: The mainstay of treatment 
is tricyclic antidepressants. Side effects associated 
with any tricyclic antidepressant can be a complica-
tion of treatment.
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Atypical Parkinsonism (Parkinson’s-Plus)
Epidemiology and Demographics: Of new patients seek-

ing evaluation by movement disorder clinics in the 
United States, 71.5% are diagnosed with Parkinson’s 
disease (PD), while the majority of the other 28.5% 
are diagnosed with Parkinson’s- plus syndromes.1 
Parkinson’s plus specifically means that patients have 
parkinsonism with coexisting signs and symptoms 
that are not typical for idiopathic Parkinson’s disease. 
Parkinson’s- plus syndromes include progressive 
supranuclear palsy (PSP), multiple system atrophy 
(MSA)/(formerly, Shy–Drager syndrome), cortico-
basal ganglionic degeneration (CBD), dementia with 
Lewy bodies (DLB), and parkinsonism–demen-
tia–amyotrophic lateral sclerosis complex of Guam 
(PDACG) (see entries for Parkinson’s Disease and 
Amyotrophic Lateral Sclerosis (ALS)–Parkinsonism-
Dementia Complex for more information). The 
age- adjusted prevalence of PSP is estimated to be 
1.39/100,000 in the United States, 1 to 6.5/100,000 
in the United Kingdom, and 5.82/100,000 in Yonago, 
Japan.2 The age- adjusted prevalence of MSA is esti-
mated as being up to 4.4/100,000.2 MSA is more com-
mon in men than women with symptoms typically 
beginning in the sixth decade. Smoking tobacco is 
significantly less frequent in MSA. Farming has been 
considered an independent risk factor for MSA. The 
prevalence of DLB among the general population 
is not clear, but DLB prevalence is estimated to be 
3.8–4.5% of all diagnosed dementias.2 CBD is a rare 
disease of unknown distribution.1

Disorder Description: Parkinson’s- plus syndromes are 
hypokinetic neurodegenerative diseases patho-
logically associated with either a tauopathy or 
a synucleinopathy affecting multiple systems. 
Parkinson’s- plus syndromes include PSP, MSA with 
subtypes MSA- P (formerly striatal nigral degener-
ation) or MSA- C (formerly, olivopontocerebellar 
atrophy), CBD, DLB, and PDACG. The main motor 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.001
https://www.cambridge.org/core


Atypical Parkinsonism (Parkinson’s-Plus)

49

feature of Parkinson’s- plus syndromes is bradykin-
esia with decrement and degradation of repetitive 
movements.1

PSP accounts for approximately 5% of parkinso-
nian patients in a typical movement disorder center. 
PSP is considered a tauopathy. It appears to be spo-
radic rather than genetic. It is often misdiagnosed as 
PD in the early stages because of marked rigidity and 
bradykinesia. However, unlike idiopathic PD, PSP 
presents with pronounced axial rigidity (especially 
in the neck) that is more pronounced than appendic-
ular rigidity. A tremor may be present in 5–10%, but 
it is more common with action rather than at rest. 
Generally, the eye movement abnormalities, which 
are the hallmark of this condition, do not become 
evident until approximately 4 years after the onset of 
the disease.3 Although the eye movements will even-
tually be affected in all directions of gaze, it begins as 
an impairment of down gaze. Another component 
to this diagnostic challenge is that in the early stages 
of PSP, approximately 40–50% of patients will have a 
mild transient response to levodopa.3

Gait and balance impairment with postural insta-
bility may occur early in the course of the disease, 
especially with frequent falls. Cognitive disturbance 
is also a prominent but early feature. There may be 
mental slowing, irritability, social withdrawal, and 
pseudobulbar affect or depression. Bradykinesia can 
manifest as start hesitation, freezing, motor blocks, 
and festinating gait. The cranial manifestations 
include stuttering, hypophonia, blepharospasm, 
eyelid apraxia, and severe dysarthria and dyspha-
gia later in the course of the disease.1,4 The typical 
appearance of a patient with PSP is that of a hyper-
extended neck and contracted facial muscles with a 
distinctive look of surprise.1 In terms of diagnostic 
imaging, atrophy of the pons is better quantified on 
MRI by measuring the area on sagittal projection 
(less than 105 mm2).2 Pathologically, this condition 
has neurofibrillary tangles rather than Lewy bodies.

MSA is a sporadic synucleinopathy characterized 
by adult onset, progressive parkinsonism, dysau-
tonomia, and cerebellar ataxia. These aspects of the 
disorder occur in combinations of varying severity, 
and MSA may be subcategorized by the predomi-
nant area affected. The dysautonomia- dominant 
condition was temporarily classified as MSA- A 
in 1996 and named Shy–Drager syndrome (SDS) 
prior to that (see entry for Multiple System Atrophy  
[MSA; Shy- Drager Syndrome] for more information).  

As all patients diagnosed with MSA have progres-
sive dysautonomia, this subtype has been dissolved 
into the other two subtypes. The parkinsonism- 
dominant type is MSA- P, which was previously 
named striatonigral degeneration (SND). Finally, 
the cerebellar ataxia- dominant subtype is MSA- C, 
which was previously identified as olivopontocere-
bellar atrophy (OPCA). Features of MSA- P include 
parkinsonism, with bradykinesia and rigidity, 
which is asymmetric at onset, and postural instabil-
ity. As in other Parkinson’s- plus syndromes, there is 
absence of classic tremor at rest. The onset is typ-
ically after age 40 years in the absence of a family 
history, and disease duration is typically less than 
10 years. Approximately one- third to one- half of 
patients may have a good levodopa response at some 
point in their condition. Other features that distin-
guish MSA- P from PD include early onset of fall-
ing, severe dysarthria and dysphonia, obstructive 
sleep apnea, respiratory stridor, hyperreflexia, and 
extensor plantar responses. Survival ranges from 3 
to 8 years. In MSA- C, there is progressive parkin-
sonism and cerebellar ataxia (wide gait) as well as 
atrophy of the ventral pons, inferior olives, and cer-
ebellar cortex. Dystonia, specifically anterocollis, is 
not uncommonly seen in MSA.1,2,5 Neuroimaging 
can be helpful in distinguishing MSA from other 
Parkinson’s- plus disorders. The classic MRI in MSA 
reveals cruciform hyperintensity of the pontocere-
bellar fibers while sparing the corticospinal tracts 
on T2- weighted (T2W) MR. In MSA- P, there may 
also be infratentorial hyperintensity and cerebellar 
atrophy. In MSA- C neuroimaging, there typically is 
middle cerebellar peduncle atrophy and 4th ventri-
cle dilation in addition to signs of cerebellar atro-
phy.2 On positron emission tomography (PET), the 
pattern of neurodegeneration is often diagnostic.

Anal sphincter EMG indicates denervation 
secondary to loss of anterior horn cells in Onuf ’s 
nucleus. It is therefore a sensitive and specific diag-
nostic test for MSA.3 With regard to pathology, glial 
cytoplasmic inclusions (GCIs), which are found in 
oligodendrocytes, are considered to be pathogno-
monic for MSA.3

Corticobasal ganglionic degeneration (CBD) is 
a tauopathy. It often presents as asymmetric hand 
clumsiness, which is the most common presenting 
symptom. It is characterized by asymmetric focal 
rigidity and dystonic posturing of the arm and hand 
with or without tremor. When tremor is present,  
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it occurs with action, improves with rest, and may be 
associated with myoclonic jerking (which is stimu-
lus sensitive). Ideomotor apraxia occurs commonly 
with this condition. Alien limb phenomenon occurs 
in about half of patients later on in the course of the 
disease.3 This condition may be as simple as levita-
tion, or more complex, where the limb is perform-
ing actions without the patient’s voluntary control. 
The cognitive decline or cortical dementia may not 
always precede the motor symptoms. Other symp-
toms include cortical sensory deficit, language and 
speech changes, frontal lobe impairment, depres-
sion, apathy, irritability, and agitation. Survival 
ranges from 2.5 to 12.5 years.1,2 Neuroimaging may 
reveal neurodegeneration predominantly in the 
frontoparietal cortex, basal ganglia, and substantia 
nigra and asymmetric enlargement of the lateral 
ventricles contralateral to the more affected side.2

DLB is the second most common cause of 
dementia in the elderly. DLB patients manifest par-
kinsonism and dementia with or without psychosis. 
The three essential features of DLB are fluctuations 
in cognitive performance, visual hallucinations, and 
parkinsonism. Fluctuations are a marked variation 
in a patient’s cognition or decreased responsiveness 
fluctuating with lucidity.3 Although visual hallu-
cinations may be seen frequently with antiparkin-
sonian medication use, the visual hallucinations 
in DLB may also be attributable to the hypoperfu-
sion of the occipital areas. Patients with DLB may 
be less responsive to levodopa or more susceptible 
to side effects. The cognitive problems of DLB have 
been classified as a subcortical dementia. Deficits in 
memory, attention, language, executive functions, 
and visuospatial and visuoconstructional abilities 
are prevalent. Supportive features include repeated 
falls, syncope, transient loss of consciousness, neu-
roleptic sensitivity, and systematized delusions and 
other aspects of psychosis. REM sleep behavior dis-
order is often associated with this condition.3

As in typical PD, there is neuronal loss in the 
substantia nigra in DLB as well as other subcortical 
structures.2,6 On neuroimaging, the mesial tempo-
ral lobe, including the hippocampus, is relatively 
spared compared with imaging of patients with 
Alzheimer’s dementia. Studies have found changes 
in the subcortical regions with striatal and putami-
nal atrophy as well as hypoperfusion of the occipital 
lobes on functional imaging.2

Symptoms

Localization site Comment

Cerebral hemispheres CBD – ideomotor apraxia in 
supplemental motor area

CBD – degeneration of cortical 
sensory and motor areas. Focal 
cortical myoclonus, mirror 
movements, hyperreflexia,  
Babinski sign

Mental status and 
psychiatric aspects/
complications

MSA-P associated with mild 
memory and executive function 
impairment

MSA-C associated with emotionality, 
anxiety, and a tendency toward 
depression with or without a 
cognitive decline

Brainstem CBD – oculomotility disturbance in 
the form of impaired convergence, 
vertical and horizontal gaze palsy – 
increased horizontal saccade 
latency

PSP – pons atrophy and dilated 3rd 
ventricle on sagittal neuroimaging, 
referred to as the “hummingbird” 
or “penguin silhouette” sign

MSA – cruciform hyperintensity 
referred to as “hot cross bun” sign 
on transverse T2W neuroimaging 
due to degeneration of 
pontocerebellar fibers while 
sparing the corticospinal tracts

Cerebellum Cerebellar ataxia in MSA- C and 
middle cerebellar peduncle 
atrophy with 4th ventricle dilation

Vestibular system (and 
nonspecific dizziness)

Dizziness seen with MSA may be 
secondary to orthostasis

Depression and anxiety are often comorbid with 
these disorders and can often precede the motor 
symptoms, making the diagnosis challenging. 
Visual hallucinations are also prominent in diffuse 
Lewy body dementia and can therefore be mis-
taken for psychosis.

Secondary Complications: Aspiration pneumonia can 
result from dysphagia, and complications sustained 
from a fall are the usual causative factors that lead 
to mortality.

Treatment Complications: Please refer to complications 
in the entry Parkinson’s Disease with regard to med-
ication use.
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Autism Spectrum Disorder
Epidemiology and Demographics: Prevalence numbers for 

autism spectrum disorder (ASD) have progressively 
increased over recent decades. It is unclear how 
much of this is due to a truly increased prevalence 
rate versus increased awareness and identification of 
cases and inclusion of more subtle cases. Currently, 
ASD is felt to affect approximately 1% of the pop-
ulation1 and is more common in males. Symptoms 
develop in the early developmental period but may 
not be appreciated until later in life. The term “spec-
trum” connotes the wide range of severity and pres-
entations that fit within this disorder.

Disorder Description: Autism spectrum disorder is a clin-
ical diagnosis based on the identification of specific 
symptoms and signs that meet criteria for the condi-
tion. As described in DSM-5,2 ASD is characterized 
by “persistent deficits in social communication and 
social interaction.” This involves problems in “social 
reciprocity, nonverbal communicative behaviors 
used for social interactions, and skills in devel-
oping, maintaining, and understanding relation-
ships.” These may be subtle as in “failure of normal 
back-and-forth conversation” or “failure to initiate 
or respond to social interactions.” Impairments in 

communication may be verbal and non- verbal such 
as abnormal eye contact and failure to comprehend 
or use communicative gestures. Varying severity 
of impairment in “developing, maintaining and 
understanding relationships” is noted.

DSM-5 also describes “restricted, repetitive pat-
terns of behavior, interests, or activities.” Repetitive 
motor activity and stereotypies may occur. Other 
features include ritualized behaviors, excessive fix-
ations and highly restricted interests, and exagger-
ated or severely diminished reactions to sensory 
input.

Symptoms impair daily functioning. DSM- 5 
envelops disorders previously cited in DSM- IV such 
as Asperger’s disorder (high functioning autism), 
pervasive developmental disorder not otherwise 
specified (PDD- NOS), and childhood disintegra-
tive disorder.1

There is no unifying etiology or theory of patho-
genesis, although a complex interaction between 
genetics and environmental factors is posited.3 
There is no evidence to support the notion that vac-
cines are etiologically responsible.

Symptoms

Impairment Comment (examples)

Social communication Failure to exhibit normal facial 
expressions, bodily movements, 
or verbal responses expected in 
social communication. Appearing 
not to appreciate needs or social 
experiences of others

Communication Verbal skills acquired late or never 
acquired. Language production 
sounds abnormal and lacks 
spontaneous fluidity. Diverse 
abnormalities such as abnormal 
sound quality or repetitive 
nonsensical- sounding word or phrase 
repetition. Words or sounds that are 
incomprehensible. Abnormal social 
use of language

Restricted behaviors and 
interests

Stereotypies such as repetitive hand 
clapping or flapping are classic. Rigid 
adherence to eating the same kind 
of food or peculiar preoccupations. 
Attachments to odd types of objects

Cognition Often impaired to varying degrees 
and often with more severe deficits in 
some domains compared with others

Adapted from discussion in reference 1.
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Secondary Complications: Numerous potential comor-
bidities with assorted degrees of severity in areas 
including intellectual impairments, language 
deficits, behavioral problems, and the symptoms 
and signs that may accompany associated poten-
tial “medical/genetic or environmental/acquired” 
conditions.2 These may include deficits in many 
neurologic functions including motoric, sensory, 
cognitive, language- based, and coordination sys-
tems. Hyperactivity, attentional difficulties, and 
impulsive behaviors are common. There is a height-
ened risk of seizures with widely varying estimates 
depending in part on other coexisting conditions. 
One series suggests that 44% of children with ASD 
will ultimately receive a diagnosis of epilepsy.4

Treatment Complications: Psychosocial interventions are 
often instituted and intensive language and behav-
ioral interventions early on in life may be helpful.5 
Psychopharmacologic interventions can be helpful 
to treat the comorbidities associated with autism 
(e.g., attention deficit hyperactivity disorder). 
However, there are numerous potential adverse 
effects of pharmacotherapy used for aberrant behav-
iors and emotional symptoms. The reader is directed 
to the pharmacology section of this text for reviews 
of adverse events associated with drug classes 
including neuroleptics, anxiolytics (e.g., benzodi-
azepines), selective serotonin reuptake inhibitors 
(SSRIs), and selective serotonin- norepinephrine 
reuptake inhibitors (SNRIs). Antiepileptic drugs 
such as valproate are also sometimes tried.6
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Avoidant/Restrictive Food Intake Disorder
Epidemiology and Demographics: Prevalence of avoidant/

restrictive food intake disorder varies from 5% to 
23% in tertiary treatment settings. More common 
in children than adults. Equal in males and females 
in the general population; more common in males 
when comorbid with autism spectrum disorder. 
Increased risk with anxiety disorders, obsessive- 
compulsive disorder, neurodevelopmental disorders 
(e.g., autism spectrum disorders, attention deficit 
hyperactivity disorder, intellectual disability), gas-
trointestinal disease, and child abuse/neglect.

Disorder Description: Avoidance or restriction of food 
intake manifested by persistent failure to meet 
appropriate nutritional and/or energy needs asso-
ciated with one or more of the following: significant 
weight loss (or failure to achieve expected weight 
gain), significant nutritional deficiency, depend-
ence on enteral feeding or oral nutritional supple-
ments, or marked interference with psychosocial 
functioning. The symptoms are not better explained 
by developmentally normal behaviors, lack of avail-
able food, cultural practices, underlying medical 
condition, or another psychiatric or eating disorder.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Lack of interest in eating or 
food, heightened sensitivity 
to textures of food, fear of 
consequences of eating (e.g., 
choking), anxiety, obsessive- 
compulsive traits, emotional 
rigidity

Secondary Complications: Physiologic disturbances due 
to malnutrition and dehydration, impaired devel-
opment and learning, anorexia nervosa (rare), 
death due to medical complications.
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Treatment Complications: During aggressive nutritional 
rehabilitation of malnourished patients, fluid and 
electrolyte shifts can cause refeeding syndrome, 
which is potentially fatal.
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Babesiosis
Epidemiology and Demographics: Median age 62, range of 

age <1 to 103. Approximately two- thirds are male.1 
Babesiosis may occur in all seasons, but mostly in 
spring and summer when ticks thrive.1,2

Disorder Description: Babesiosis is caused by intra- 
erythrocytic protozoa that are transmitted by ixo-
did ticks. Most common is Babesia microti, which is 
found in the northeastern and midwestern United 
States and in Europe. Infection is either through 
cytokine inflammation or adherence to vascular 
endothelium.1,2

Risk factors include being bitten by an infected 
tick in outdoor activities, congenitally through vag-
inal delivery, blood transfusions, or immunocom-
promised states.2

Symptoms

Localization site Comment

Cerebral hemispheres Headache

Mental status and psychiatric aspects/
complications

Coma (rare)
Lethargy

Muscle Myalgias

Secondary Complications: Complications may include 
disseminated intravascular coagulation (DIC), 
which may cause intracranial hemorrhage or other 
systemic bleeding.1,2

Treatment Complications: Clindamycin and quinine may 
cause vertigo and hearing loss.3
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B
Back Strain/Sprain
Epidemiology and Demographics: In the United States 

7–13% of all sports injuries in college athletes are 
of the low back, the most common being muscle 
strain 60% and disc injury 7%. American football 
and gymnastics participants are at high risk of low 
back injury.

Disorder Description: Sprains are caused by a sudden 
violent contraction, which results in ligamentous 
injuries. All major components can sustain sprain, 
but longitudinal ligaments are more prone. Trauma, 
disease, and surgery are further causes.

Symptoms

Localization site Comment

Lower back Pain and spasms localized over the 
posterior lumbar spine muscles. Range 
of motion may be restricted and flexion 
in particular is usually painful and 
decreased

Workup usually not indicated in routine cases. 
However, x- rays can be done to rule out degenerative 
or neoplastic causes. If no response to treatment, CT 
scan/MRIs can be performed.
Secondary Complications: Chronic low back pain has 

been associated with depression.
Treatment Complications: Physical therapy, nonsteroidal 

anti- inflammatories, and lightweight lumbosacral 
corset. Robaxin, which is used as a muscle relaxant, 
can cause drowsiness, light- headedness, seizures, 
and sedation.
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Bacteroides
Epidemiology and Demographics: Meningitis occurs 

mostly in the very young or elderly people.1

Disorder Description: Bacteroides species are anaerobic, 
bile- resistant, non-spore-forming, gram- negative 
rods that are components of the normal flora of 
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the mucous membranes.2 Infection usually occurs 
when mucosal barriers break down or immune 
defense is compromised. Bacteroides infections 
can develop in all body sites, including the central 
nervous system. Its capsule is thought to initiate an 
immune response, resulting in abscess formation.1,2 
Brain abscesses may be formed by Bacteroides spe-
cies from spread of infection from the paranasal 
sinuses. Risk factors include ventriculoperitoneal 
shunts and poor oral hygiene.

Symptoms1,3

Localization site Comment

Cerebral hemispheres Abscesses

Spinal cord Epidural abscess

Secondary Complications: Seizures.
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Balint Syndrome
Epidemiology and Demographics: The epidemiology of 

Balint syndrome is unclear.
Disorder Description: Balint syndrome refers to a triad 

of simultagnosia, ocular apraxia, and optic ataxia, 
described classically in patients with bilateral lesions 
of the parieto- occipital cortex. Causes include 
watershed infarctions, tumor, trauma, neurode-
generative causes such as Alzheimer’s disease, and 
infectious causes such as Creutzfeldt–Jakob disease.

Simultagnosia refers to an inability to attend to 
multiple visual stimuli simultaneously, and in par-
ticular impaired switching of attention between local 
details and global structure. Specifically, Mevorach 
et al. posit that a failure of top- down directed atten-
tion causes simultagnosia, through impaired ability 

to shift attention from one level of processing to 
another.1 For example, a patient with simultagnosia 
when presented with the American flag, may iden-
tify stars and stripes without being able to identify 
the entire object as a flag. To assess for simultagno-
sia, the patient can be asked to describe a complex 
visual scene such as the Boston Cookie Theft pic-
ture, or a hierarchical figure such as Navon’s figure (a 
large number or letter made up of smaller numbers 
or letters). Significantly, simultagnosia may cause 
impairment with reading (alexia), and the patient 
may be able to read single letters, but not words.2 
Computational models predict that a disconnection 
between the dorsal “where/how” visual pathway 
and the ventral “what” visual pathway could cause 
this syndrome.3

Ocular apraxia, initially termed by Balint a 
“psychic paralysis of gaze,”4 refers to an inability to 
voluntarily direct eye movements to a new visual 
target. When asked to look at an object, the patient 
is unable to follow the command. The deficit in eye 
movement is not due to neglect and not confined to 
a particular side. Indeed, the patient’s eyes can move 
spontaneously in all quadrants.2

Optic ataxia refers to an inability to reach the 
hand toward an object under visual guidance, 
despite intact motor function and intact visual 
acuity. To assess for optic ataxia, the patient can be 
asked to touch the examiner’s ear, while looking at 
the examiner’s nose.5

The three features of Balint syndrome may occur 
in isolation or in combination with each other, sug-
gesting distinct underlying physiologic substrates. 
As we gain more understanding of these underly-
ing mechanisms, the existence of Balint syndrome 
as a fixed triad archetype is increasingly called into 
question.4

Symptoms: Simultagnosia, ocular apraxia, and optic 
ataxia.

Secondary Complications: The higher- order perceptual 
deficits of Balint syndrome can cause significant dif-
ficulties with activities of daily living (ADLs), as well 
as profound difficulties with ambulation, leading to 
falls and injuries. Occupational therapy and adap-
tive strategies are important for preventing these 
complications.

Treatment Complications: Balint syndrome deficits are 
managed symptomatically, and adaptive meas-
ures are critical for recovery of function and 
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maintenance of independence. Examples of adap-
tive strategies include putting bright yellow tape on 
edges of objects such as cabinets to distinguish them 
from the background, putting toothpaste directly in 
the mouth rather than on the toothbrush, and using 
audiobooks to compensate for alexia.6
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Bariatric Surgery
Epidemiology and Demographics: Obesity is a problem 

in the United States, with an estimated 30% prev-
alence. Bariatric surgery is considered one of the 
most effective long- term treatments for obesity 
and thus has been gaining popularity. The number 
of procedures done in the United States has been 
increasing over recent years, estimated at more than 
180,000 procedures done per year.

Disorder Description: The incidence of neurologic com-
plications after bariatric surgery has been estimated 
at between 2 and 5%. Mechanisms by which neu-
rologic complications happen are nutritional defi-
ciencies (most common by far) and mechanical and 
entrapment neuropathies during the procedure or 
as a result of rapid weight loss.

Symptoms and Psychiatric Aspects/Complications

Localization site Comment

Cerebral hemispheres Wernicke’s encephalopathy (vitamin B1)
Korsakoff syndrome (vitamin B1)

Cranial nerves Optic neuropathy

Spinal cord Myelopathy

Specific spinal roots Polyradiculoneuropathy 

Plexus Plexopathy

Mononeuropathy or 
mononeuropathy 
multiplex

Entrapment neuropathies

Peripheral neuropathy Distal symmetric polyneuropathy
Small fiber neuropathy

Muscle Myopathy
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Basilar Invagination
Epidemiology and Demographics: Basilar invagination is 

a very rare condition. Specific epidemiologic infor-
mation is not available.

Disorder Description: Basilar invagination is defined as 
infolding of the base of the skull that occurs when 
the top of the C2 vertebra migrates upward. It can 
cause narrowing of the foramen magnum. It can 
be present at birth. If after birth, it is usually the 
result of injury or disease. Motor vehicle and bicycle 
accidents can result in basilar invagination. Basilar 
invagination can be seen in rheumatoid arthri-
tis, osteomalacia, Paget’s disease, Ehlers–Danlos 
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syndrome, Marfan syndrome, osteogenesis imper-
fecta. Workup includes x- rays, CT/MRI.

Platybasia is a developmental anomaly of the cra-
nium or an acquired softening of the cranial bones 
such that the floor of the posterior cranial fossa bulges 
upward in the region around the foramen magnum.

Symptoms

Localization site Comment

Cerebral hemispheres Confusion 

Mental status and 
psychiatric aspects

Confusion

Brainstem Dysarthria, deficits of lower cranial 
nerves

Cerebellum Vertigo

Cervical spine Lhermitte sign, pain, pseudo- ulnar 
hand with tingling and numbness in 
the fourth and fifth digits

Treatment Complications: If no neurologic symp-
toms, consider treatment with nonsteroidal anti- 
inflammatories (see Medication Adverse Effects 
section for potential complications). Cervical collar 
and/or traction is recommended. If symptomatic, 
surgery is recommended
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Becker Muscular Dystrophy
Epidemiology and Demographics: Becker muscular dystro-

phy (BMD) is an X- linked disease that has an incidence 
reported as approximately one- tenth to one- fifth that of 
Duchenne muscular dystrophy (DMD). Boys are more 
affected than girls. Weakness may begin as early as 5 to 
6 years of age or may start in the fifth or sixth decade. 
There is no major geographic distribution for BMD.

Disorder Description: BMD and DMD occur as a result 
of mutations (mainly deletions) in the dystrophin 
gene DMD. Variable phenotypic expression relates 
mainly to the type of mutation and its effects on the 
production of dystrophin.

BMD is an X- linked recessive mutation in the 
DMD gene located at Xp21.2. Mutations lead to 
a defect in the protein dystrophin, which results 
in progressive muscle degeneration. Diagnosis is 
based on genetic analysis.

Symptoms

Localization site Comment

Cerebral hemispheres In BMD, intellectual function is 
generally normal, although learning 
disabilities are slightly more common

Muscles Delayed motor milestones and falls, 
along with difficulty running and 
jumping starting at age 5–6 years. By 
convention, at age of 12 years should 
be ambulatory. Less severe than DMD. 
On average, older onset of disease 
correlates with slower progression of 
weakness. Patient also can present 
with isolated hyperCKemia, limb- 
girdle phenotype

Secondary Complications: Less common than in DMD; 
however, they can present with joint contractures, 
cardiac involvement that is not correlated with the 
degree of muscle weakness, and respiratory dys-
function that tends to be milder in BMD than in 
DMD.

Treatment Complications: There is no cure for BMD, and 
management is largely supportive. There is some 
discussion of whether steroids can slow the progres-
sion, but usually they are not used.

Management of BMD requires a multidiscipli-
nary health care team as in DMD. Mean life span 
is shortened for men with major cardiac and dia-
phragmatic involvement. Corticosteroids are not 
typically indicated.
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Benign Epilepsy of Childhood with 
Centrotemporal Spikes (BECTS; Rolandic 
Epilepsy)
Epidemiology and Demographics: Incidence of benign 

epilepsy of childhood with centrotemporal spikes 
(BECTS) is 1–2/10,000, occurring between 1 and 
14 years of age, peak incidence 7–10 years. Male-to-
female ratio is 3:2.

Disorder Description: Hemifacial sensorimotor par-
tial seizures often with oropharyngolaryngeal or 
brachial involvement, anarthria, and hypersali-
vation. May progress to loss of consciousness and 
more hemi- or full- body convulsive activity. Most 
frequently occurring during non- REM sleep. 
Syndrome linked to chromosomes 11p13 and 
15q14. Remission before age 16 years. Neurologic 
examination and neuroimaging typically normal, 
though Todd’s paralysis may occur. Antiepileptic 
drugs (AEDs) may be deferred in relatively milder 
cases, though rescue medications such as benzodi-
azepines may be considered.

Symptoms

Localization site Comment

Cerebral hemispheres Focal sensorimotor, complex 
partial, and secondarily 
generalized seizures originating 
from the Rolandic cortex

Postictal paresis may occur

EEG with bilaterally independent 
centrotemporal epileptiform 
discharges. MRI normal

Mental status and 
psychiatric aspects/
complications

Mild linguistic, cognitive, and 
behavioral disturbances may be 
observed around the time that 
seizures manifest. Prognosis for 
later development and social 
and occupational functioning is 
excellent

Treatment Complications: AEDs, if utilized, are asso-
ciated with a number of idiosyncratic reactions. 
Opercular focal status epilepticus has been precipi-
tated with the use of lamotrigine or carbamazepine 
in this condition. Benzodiazepines may be associ-
ated with excessive sedation, hypotension, or res-
piratory depression.
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Benign Familial Infantile Convulsions and 
Choreoathetosis (ICCA)
Epidemiology and Demographics: Rare. Onset between 

birth and 17 months. Autosomal dominant inher-
itance, though sporadic mutations may occur.

Disorder Description: Infantile onset convulsions that 
resolve by age 2, then paroxysmal kinesigenic dyski-
nesias occurring later in childhood or adolescence. 
Movements may include choreoathetosis, ballism, 
or dystonia induced by abrupt voluntary action 
lasting 5 seconds to 5 minutes. Due to mutations in 
the proline- rich transmembrane protein 2 (PRRT2) 
gene on chromosome 16, affecting synaptic neuro-
transmitter release. Mutations in PRRT2 may also 
be responsible for the syndromes of benign familial 
infantile seizures (BFIS), paroxysmal kinesigenic 
dyskinesia (in the absence of seizures), and hemi-
plegic migraine. Both seizures and dyskinesias 
may respond to phenytoin, carbamazepine, and 
topiramate.

Symptoms

Localization site Comment

Cerebral hemispheres Focal and secondarily generalized 
convulsions in infancy. Interictal 
EEG usually normal, though focal 
epileptiform discharges may be 
observed

Mental status and psychiatric 
aspects/complications

Intellectual disability is 
uncommon, but may occur with 
biallelic mutations

Basal ganglia Kinesigenic choreoathetosis, 
ballism, or dystonia

Unclear localization Migraines with aura may occur

Treatment Complications: Antiepileptic drugs may be 
associated with a number of idiosyncratic reactions. 
Phenytoin and carbamazepine may cause rash or 
abnormalities in blood counts, hepatic function, 
and bone density. Topiramate may cause metabolic 
acidosis, anorexia, closed angle glaucoma, and 
nephrolithiasis.
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Benign Familial Neonatal Infantile Seizures 
(BFNIS)
Epidemiology and Demographics: Onset between 2 days 

and 7 months old. Autosomal dominant inheritance.
Disorder Description: Generalized afebrile convulsions 

in early infancy, which usually resolve by age 12 
months. Associated with mutations in the sodium 
channel neuronal type 2 alpha subunit (SCN2A) 
gene on chromosome 2. Antiepileptic drugs (AEDs) 
often successful at reducing seizures, repetitive con-
vulsions, and risk for status epilepticus. Long- term 
treatment is not usually necessary.

Genetically distinguished from the phenotyp-
ically similar autosomal dominant syndromes of 
benign familial infantile seizures (BFIS) with focal 
onset seizures in later infancy due to mutations on 
chromosomes 1, 16, or 19; and benign familial neo-
natal seizures (BFNS) with convulsions in the first 
week of life due to mutations in the voltage- gated 
potassium channel.

Symptoms

Localization site Comment

Cerebral hemispheres Focal and generalized 
convulsions in infancy. 
Interictal EEG normal, 
sometimes with posterior 
temporal parietal epileptiform 
discharges

Mental status and psychiatric 
aspects/complications

Intellectual development 
normal

Treatment Complications: AEDs may be associated with 
a number of idiosyncratic reactions, including mul-
tiorgan issues, and possible long- term cognitive 
effects.
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Benign Familial Neonatal Seizures (BFNS)
Epidemiology and Demographics: Occurring in the first 

week of life and remitting by 4 months. Autosomal 
dominant inheritance.

Disorder Description: Familial neonatal focal or gener-
alized convulsions, which may be associated with 
ocular findings or apnea. Linked to abnormalities in 
the voltage- gated potassium channel genes KCNQ2 
on chromosome 20q13.3 and KCNQ3 on chromo-
some 8q24, resulting in neuronal hyperexcitability. 
Antiepileptic drugs (AEDs) such as phenytoin, pheno-
barbital, or valproate are often successful at reducing 
seizures, repetitive convulsions, and risk for status epi-
lepticus. Long- term treatment is not usually necessary. 
Childhood seizures may develop in 10–15% of cases.

Symptoms

Localization site Comment

Cerebral hemispheres Focal or generalized seizures. EEG 
may be normal or show transient 
multifocal abnormalities

Mental status and psychiatric 
aspects/complications

Neurocognitive development is 
usually normal

Unclear localization Apnea

Treatment Complications: AEDs may be associated with a 
number of idiosyncratic reactions, including multi-
organ issues, and possible long- term cognitive effects.
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Benign Fasciculation Syndrome
Epidemiology and Demographics: Fasciculations are com-

mon, and spontaneous fasciculations can occur in 
up to 70% of people. Some of these patients will have 
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relatively frequent fasciculations that may be wide-
spread or relatively focal and may be accompanied 
by cramps (see entry for Muscle Cramps). There is no 
sex, age, or geographic predominance.

Disorder Description: Fasciculations are defined as a 
brief, spontaneous contraction affecting a small 
number of muscle fibers, often causing a flicker of 
movement under the skin. While it can be associ-
ated with motor neuron disease, it can occur spon-
taneously and is benign in most people.

Benign fasciculation syndrome is likely meta-
bolic in origin, although exact etiology is not clear. 
Magnesium deficiency has been thought to contrib-
ute. Medication side effect is possible.

Nerve conduction studies will be normal, as will 
electromyography for the most part. There should 
be no clinical weakness.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

It can cause distress/anxiety to 
some patients

Muscle Benign fasciculations, not 
associated with weakness

Treatment: Magnesium supplementation has been used 
to treat benign fasciculation syndrome, though 
there are no supporting studies. Most of treatment 
is based on anxiety control.

Bibliography
Amato AA, Russell JA. Neuromuscular disorders. New 

York: McGraw-Hill; 2008. pp. 143–56.
Blexrud MD, Windebank AJ, Daube JR. Long-

term follow- up of 121 patients with benign 
fasciculations. Ann Neurol. 1993;34:622.

Longo DL, Kasper DL, Fauci A, et al., eds. Harrison’s 
principles of internal medicine. 17th ed. New York: 
McGraw-Hill; 2016. pp. 1292, 1412, 1462–1464

Benign Paroxysmal Positional Vertigo (BPPV; 
Benign Positional Vertigo)
Epidemiology and Demographics: Sporadic disorder of the 

inner ear. Usually idiopathic but may follow head 
concussion or chronic otitis media. Equal gender 
distribution. The prevalence of benign paroxysmal 

positional vertigo (BPPV) in the United States is 
approximately 64/100,000.

Disorder Description: Brief episodes of spinning vertigo, 
lasting less than 1 minute, elicited by the head- 
hanging position with the affected ear down. Vertigo 
typically occurs when turning in bed, reaching for 
the top shelf, or stooping. Some cases are preceded 
by a typical episode of acute vestibular neuritis (see 
entry for Vestibular Neuritis).

The pathophysiology is canalithiasis, or 
microparticles of calcium entrapped within the 
limb of the posterior semicircular canal. These cal-
cium particles are dislodged otoliths from the utri-
cle or saccule. Variants include cupulolithiasis, in 
which particles adhere to the vestibular end- organ, 
and lateral and anterior semicircular canal BPPV, in 
which the inciting position varies.

Symptoms

Localization site Comment

Inner ear Canalithiasis, or microparticles of 
calcium carbonate, trapped within 
lumen of the posterior semicircular canal

Cranial nerves The cochleovestibular nerve is not 
affected

Central nervous system The central nervous system is not 
affected

Secondary Complications: Sudden onset of positional 
vertigo may pose risk of injury from falling, and 
may create a hazard for driving.

Treatment Complications: BPPV is effectively treated with 
a particle repositioning procedure (“Epley maneu-
ver,” named for its originator) in which the head is 
placed in the inciting position and then rotated 180 
degrees, so as to redistribute the particles out of the 
posterior semicircular canal. Untreated cases will 
usually resolve spontaneously after about 3 months. 
Surgical occlusion of the posterior semicircular 
canal can be performed in refractory cases. Physical 
therapy can cause neck injury. Surgical therapy can 
cause sensorineural hearing loss or prolonged con-
tinuous vertigo.
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Binge Eating Disorder
Epidemiology and Demographics: Female predominance, 

with lifetime prevalence of 3.5% in women versus 2% 
in men. Binge eating behaviors have been observed 
in children and are commonly seen in adolescents 
and young adults.

Disorder Description: Characterized per the DSM- 5 as 
recurrent episodes of binge eating as defined by eat-
ing a significantly larger portion of food within a 
discrete time period (e.g., 2 hours) along with lack of 
sense of control of eating behavior. Episodes are asso-
ciated with three or more of the following: (1) eating 
much faster than normal, (2) eating until uncom-
fortably full, (3) eating large amounts when not 
feeling hungry, (4) eating alone because of embar-
rassment about quantity of food intake, (5) feeling 
disgusted with self, depressed, or excessively guilty 
after episode. Frequency of episodes is at least 1 per 
week for 3 months, with marked distress regarding 
behaviors. No compensatory measures such as in 
bulimia nervosa and it does not occur exclusively in 
the context of anorexia or bulimia nervosa.

Causes are unknown, but there is a probable her-
itable component. Seen in similar frequency across 
industrialized countries. Risk factors are poorly 
defined but may include those that predispose to 
psychiatric illness as well as obesity.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Hyperphagia during discrete time 
period, depressed mood, anxiety, guilt. 
Can demonstrate cognitive rigidity, 
perfectionistic tendencies, ritualistic 
behaviors around food. Symptoms related 
to comorbid disorders such as bipolar, 
depressive, and anxiety disorders, as well 
as substance use

Secondary Complications: Isolating behavior, especially 
around meals, which can be part of wider range of 
psychosocial functional impairment. Increased use 
of health care services as well as increased risk for 
obesity.

Treatment Complications: Treatments include medica-
tions such as selective serotonin reuptake inhibi-
tors (SSRIs), norepinephrine/dopamine reuptake 
inhibitors, cognitive behavioral therapy. Side effects 
of pharmacotherapy depend on the agent and can 
include headache, insomnia, anxiety, and gastroin-
testional disturbance and/or hemodynamic changes 
that require monitoring.
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Binswanger’s Disease
Epidemiology and Demographic: Binswanger’s disease is 

most frequently seen in the sixth and seventh dec-
ades of life but can still be seen in those aged 50 or 
above 80. Men and women are affected equally. Most 
commonly seen in patients with chronic hyperten-
sion, diabetes, history of stroke, obesity, states of 
malnourishment (alcoholics), and smokers, but can 
be seen in any disease in which small artery flow is 
disturbed, e.g., antiphospholipid syndrome and cer-
ebral amyloidosis.

Disorder Description: Binswanger’s disease, also known 
as subcortical leukoencephalopathy, subcortical 
ischemic encephalopathy, or subcortical arterioscle-
rotic encephalopathy, is a type of vascular dementia 
associated with white matter disease and atrophy. 
The clinical phenotype is variable but includes intel-
lectual/executive dysfunction, short- term memory 
loss, and behavioral changes. Ischemia to the sub-
cortical white matter secondary to atherosclerosis 
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to arterioles is seen in this condition. Histologically, 
myelin loss, diffuse gliosis, and axon loss are 
observed. CT or MRI demonstrates leukoaraiosis – 
attenuation of white matter (CT) or white matter 
hyperintensities (MRI T2 images). The disease was 
first defined by Binswanger in 1894 with gross find-
ings of atherosclerotic cerebral arteries, lesioned 
white matter, large ventricles, and preserved cortex. 
The disease progresses gradually, often in a step-
wise manner with sudden changes, but may show 
some gradual changes as well. For diagnosis of 
Binswanger’s disease, a proposed scheme involves:
Confirmation of dementia via clinical exam/

Montreal Cognitive Assessment (MOCA).
At least two of the following: 

history of hypertension, coronary artery 
disease, or peripheral vascular disease; 

evidence of cerebrovascular disease (i.e., 
stroke); 

subcortical brain dysfunction.
Bilateral subcortical leuokoaraiosis on CT or MRI.

Symptoms

Localization site Comment

Cerebral hemispheres Any region of subcortex can 
be affected, including basal 
ganglia, pons, and white 
matter, producing deficits 
in short- term memory, 
attention, and motivation 
(executive functions); urinary 
incontinence; clumsiness; gait 
disorder; seizures

Mental status and psychiatric 
aspects/complications

Potential positive psychotropic 
effects: forgetfulness (though 
not as severe as in Alzheimer’s 
disease), mood changes (most 
commonly apathy, abulia, 
irritability, depression, but can 
see psychosis, hallucinations, 
delusions, paranoia, euphoria)

Brainstem Reflex asymmetries, 
hemiparesis, rigidity, 
pseudobulbar palsy including 
pathologic laughing/crying

Cerebellum Limb and gait ataxia

Treatment Complications: Treatment is largely sympto-
matic, i.e., antidepressants or antipsychotics for mood 
changes. Complications reflect the adverse effects of 
individual antidepressants or psychotropics.
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Biotinidase Deficiency (BTD) (Late- Onset 
Biotin- Responsive Multiple Carboxylase 
Deficiency, Late- Onset Multiple Carboxylase 
Deficiency)
Epidemiology and Demographics: The incidence of bioti-

nidase deficiency (BTD) is 1/137,401 for profound 
BTD; 1/109,921 for partial BTD; and 1/61,067 for 
the combined incidence of profound and partial 
BTD. In the United States, incidence is estimated 
at 1/80,000 births and that of partial BTD between 
1/31,000 and 1/40,000. Incidence is higher in pop-
ulations with a high rate of consanguinity. Carrier 
frequency in the general population is approxi-
mately 1/120.

Disorder Description: Autosomal recessively inherited 
disorder of biotin recycling that is associated with 
neurologic and cutaneous consequences. The initial 
clinical presentation and expression of profound 
BTD are variable, even within the same family. 
Affected individuals may have features ranging 
from multiple mild episodes of seizures and ataxia 
to severe metabolic compromise, which can result 
in coma or death. Patients with profound BTD have 
10% mean normal serum activity, whereas patients 
with the partial BTD variant have 10–30% of mean 
normal serum activity and are largely asymptomatic.

Symptoms in untreated patients usually appear 
between 2 and 5 months of age, but may not be evi-
dent until several years of age. Seizures and hypo-
tonia are frequently the first features. Children 
may also exhibit rash or alopecia before diagnosis 
and treatment. Other common symptoms include: 
ataxia, developmental delay, conjunctivitis, visual 
problems, and hearing loss. The hearing loss, visual 
abnormalities, and developmental delay do not seem 
to be reversible with biotin therapy once they occur. 
When symptoms develop later in childhood or dur-
ing adolescence, they exhibit motor limb weakness, 
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spastic paresis, and visual problems, such as loss of 
acuity and scotoma. Biochemically, untreated indi-
viduals may exhibit metabolic ketoacidosis, lactic 
acidosis, and/or hyperammonemia.

Older age of onset presentations include pro-
gressive spastic paraparesis and myelopathy. 
Neuroimaging findings may reveal cortical and/or 
cerebellar atrophy and basal ganglia abnormalities.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures usually myoclonic, but 
epilepsy may be generalized 
or focal. Some children with 
infantile spasms. Diffuse 
cerebral atrophy. Frontoparietal 
leukoencephalopathy. Basal 
ganglia involvement

Mental status and psychiatric 
aspects/complications

Cognitive impairment and 
neurodevelopmental delays

Cerebellum Ataxia. Diffuse atrophy or 
atrophy of the superior vermis

Cranial nerves Visual loss, scotoma, optic 
atrophy (cranial nerve II), 
sensorineural hearing loss 
(cranial nerve VIII)

Spinal cord Progressive spastic paraparesis, 
myelopathy

Conus medullaris Signal abnormalities

Peripheral neuropathy Axonal motor polyneuropathy

Muscle Muscle atrophy, weakness

Other Respiratory difficulties. 
Untreated disease may 
progress to coma and death

Secondary Complications: Biotin supplementation seems 
to prevent the development of symptoms in pre-
symptomatic children with profound BTD, and 
all symptomatic children that are treated show 
improvements. Seizures and ataxia resolve within 
hours to days, and the cutaneous manifestations 
resolve within weeks. Patients with partial BTD may 
develop symptoms when under stress (infection or 
starvation), but these resolve with biotin therapy.

The lack of the biotinidase enzyme prevents recy-
cling and therefore deficiency of biotin, which is 
needed for biotin- dependent carboxylases that par-
ticipate in gluconeogenesis, amino acid catabolism, 

and fatty acid synthesis. Metabolic consequences 
include acidosis, elevated lactate (in blood and 
cerebrospinal fluid), elevated urine organic acids 
(3- hydroxyisovaleric acid), and hyperammonemia. 
These metabolic derangements may cause altered 
mental status.

Treatment Complications: Treatment is necessary with 
lifelong biotin supplementation. Biotin will not 
reverse all manifestations; vision loss may require 
additional visual aids and hearing loss may require 
aids or cochlear implants. Developmental delay 
should be treated with appropriate therapies and 
rehabilitative equipment.

Biotin has not shown any adverse effects and is 
well tolerated.
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Bipolar I Disorder
Epidemiology and Demographics: The 12- month preva-

lence in the United States is 0.6% with a 1.1:1 male-
to-female ratio. Strong genetic component with a 
10- fold increased risk among adult relatives of indi-
viduals with bipolar I and II disorders.

Disorder Description: Bipolar I disorder requires at least 
one lifetime manic episode, which is defined as a 
distinct period of abnormally and persistently ele-
vated, expansive, or irritable mood and persistently 
increased activity or energy lasting at least 1 week 
(or any duration if hospitalization is necessary). The 
mood disturbance must be sufficiently severe as evi-
denced by marked impairment in social or occupa-
tional functioning, hospitalization to prevent harm 
to self or others, or associated psychotic features. 
The manic episode may have been preceded or fol-
lowed by hypomanic or major depressive episodes; 
however, these are not required for a diagnosis of 
bipolar I disorder. The manic episode is not better 
attributable to the effects of a substance, medica-
tion, or another medical condition. However, a full 
manic episode that emerges during antidepressant 
treatment but persists beyond the physiologic effect 
of that treatment is sufficient evidence for the diag-
nosis of a manic episode.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Symptoms of mania may include 
elevated, expansive, or irritable 
mood; mood lability; increased 
energy; increased goal- directed 
activity; inflated self- esteem or 
grandiosity; decreased need for 
sleep; rapid and/or pressured speech; 
racing thoughts (flight of ideas); 
distractibility; psychomotor agitation; 
impulsivity; poor judgment and 
insight; increased involvement in 
activities that have a high potential for 
painful consequences (e.g., shopping 
sprees, sexual indiscretions); antisocial 
behavior; psychosis; suicidality

Symptoms of depression may also 
occur during the course of bipolar I 
disorder

Secondary Complications: Substance use disorders, cogni-
tive impairment, occupational difficulties, high rates 
of serious and/or untreated co- occurring medical 
conditions, increased lifetime suicide risk with esti-
mates of at least 15 times that of the general population.

Treatment Complications: Mood stabilization with lith-
ium can result in lithium toxicity due to its nar-
row therapeutic index. Long- term use of lithium 
can adversely affect cognitive, cardiac, kidney, and 
thyroid functions. Anticonvulsants used for mood 
stabilization including valproic acid and carba-
mazepine have been associated with an increased 
risk of suicide and should be monitored closely in 
this population. Antipsychotics are also commonly 
used for mood stabilization and can result in vary-
ing degrees of extrapyramidal symptoms and met-
abolic syndrome. Benzodiazepines can be useful as 
adjunctive treatment for insomnia, agitation, and 
anxiety; however, they pose the risk of dependence 
and tolerance if used chronically. Because of the risk 
of inducing a hypomanic/manic episode,  significant 
caution should be exercised when using antidepres-
sants for the treatment of depression in  bipolar 
disorder and they should only be considered in 
combination with adequate doses of a mood stabi-
lizer. Finally, special consideration should be given 
to the pharmacologic treatment of bipolar I disor-
der during pregnancy due to the teratogenic risks 
associated with many of these agents, particularly 
lithium and anticonvulsants.
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Bipolar II Disorder
Epidemiology and Demographics: The 12- month preva-

lence of bipolar II disorder in the United States is 
approximately 0.8%. Findings on gender differences 
are mixed and range from no evidence of gender dif-
ference to a female predominance. Approximately 
5–15% of individuals with bipolar II disorder will 
eventually develop a manic episode, which converts 
the diagnosis to bipolar I disorder.

Disorder Description: Bipolar II disorder requires at least 
one lifetime hypomanic episode and one or more 
major depressive episode. To meet diagnostic cri-
teria, the hypomanic episode must last at least 4 
days and the major depressive episode must last at 
least 2 weeks. In contrast to a manic episode, the 
hypomanic episode is not associated with psychotic 
symptoms and is not severe enough to impair social 
or occupational functioning or necessitate hospital-
ization. The hypomanic episode is not better attrib-
utable to the effects of a substance, medication, or 
another medical condition. However, a full hypo-
manic episode that emerges during antidepres-
sant treatment but persists beyond the physiologic 
effect of that treatment is sufficient evidence for the 
diagnosis of a hypomanic episode. Compared with 
individuals with bipolar I disorder, individuals with 
bipolar II disorder have greater chronicity of illness 
and spend more time on average in the depressive 
phase of their illness.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Symptoms of hypomania may include 
elevated, expansive, or irritable mood; 
mood lability; increased energy; increased 
goal- directed activity; inflated self- esteem 
or grandiosity; decreased need for sleep; 
rapid and/or pressured speech; racing 
thoughts (flight of ideas); distractibility; 
psychomotor agitation; impulsivity; 
poor judgment and insight; increased 
involvement in activities that have a high 
potential for painful consequences (e.g., 
shopping sprees, sexual indiscretions); 
antisocial behavior; suicidality

Symptoms of depression may include 
depressed mood, anhedonia, changes 
in appetite and/or weight, insomnia or 
hypersomnia, psychomotor agitation or 
retardation, fatigue, poor concentration, 
indecisiveness, guilt, worthlessness, 
hopelessness, suicidality

Secondary Complications: Substance use disorders, 
cognitive impairment, occupational difficulties, 
increased risk of suicide attempts, increased lethal-
ity of suicide attempts in individuals with bipolar II 
disorder compared with bipolar I disorder.

Treatment Complications: Mood stabilization with 
lithium can result in lithium toxicity due to its 
narrow therapeutic index. Long- term use of lith-
ium can adversely affect cognitive, cardiac, kid-
ney, and thyroid functions. Anticonvulsants used 
for mood stabilization including valproic acid 
and carbamazepine have been associated with an 
increased risk of suicide and should be monitored 
closely in this population. Antipsychotics are also 
commonly used for mood stabilization and can 
result in varying degrees of extrapyramidal symp-
toms and metabolic syndrome. Benzodiazepines 
can be useful as adjunctive treatment for insom-
nia, agitation, and anxiety, however pose the risk 
of dependence and tolerance if used chronically. 
Due to the risk of inducing a hypomanic/manic 
episode, significant caution should be exercised 
when using antidepressants for the treatment 
of depression in bipolar disorder and should be 
considered only in combination with adequate 
doses of a mood stabilizer. Finally, special con-
sideration should be given to the pharmacologic 
treatment of bipolar II disorder during pregnancy 
because of the teratogenic risks associated with 
many of these agents, particularly lithium and 
anticonvulsants.
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Bipolar and Related Disorder Due to Another 
Medical Condition
Epidemiology and Demographics: Prevalence of bipolar 

and related disorder due to another medical con-
dition is unclear and depends on the underlying 
medical condition. Gender differences also pertain 
to those associated with the underlying medical 
condition. Medical conditions best known to cause 
hypomania/mania are Cushing’s disease, hyperthy-
roidism, multiple sclerosis, stroke, brain tumors, 
traumatic brain injuries, tertiary neurosyphilis, and 
neurodegenerative disorders.

Disorder Description: Characterized by a prominent and 
persistent period of abnormally elevated, expansive, 
or irritable mood and abnormally increased activ-
ity or energy that is attributable to another medical 
condition. The mood disturbance must be suffi-
ciently severe as evidenced by marked impairment 
in social or occupational functioning, hospitaliza-
tion to prevent harm to self or others, or associated 
psychotic features. Furthermore, the mood distur-
bance is not better explained by another psychiatric 
disorder and does not occur exclusively within the 
course of delirium.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Symptoms of hypomania or 
mania may include elevated, 
expansive, or irritable mood; 
mood lability; increased 
energy; increased goal- 
directed activity; inflated 
self- esteem or grandiosity; 
decreased need for sleep; 
rapid and/or pressured 
speech; racing thoughts 
(flight of ideas); distractibility; 
psychomotor agitation; 
impulsivity; poor judgment 
and insight; increased 
involvement in activities 
that have a high potential 
for painful consequences 
(e.g., shopping sprees, sexual 
indiscretions); antisocial 
behavior; suicidality

Depressive symptoms may 
also occur; however, they 
do not predominate in the 
clinical picture

Secondary Complications: Bipolar symptoms may exac-
erbate impairments associated with the underlying 
medical condition as well as interfere with the nec-
essary medical treatment.

Treatment Complications: Treatment of bipolar and 
related disorder due to another medical condition 
relies on appropriate treatment of the underlying 
medical condition. Acute symptomatic treatment 
with antipsychotics and/or benzodiazepines may be 
helpful; however, caution should be used given the 
risks of extrapyramidal symptoms as well as seda-
tion and tolerance/dependence, respectively.
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Black Widow Spider Envenomation 
(Latrotoxin)
Epidemiology and Demographics: Within the United 

States, black widow spider envenomation (latro-
toxin) is most frequent in the southeastern states 
but is present in every state except Alaska. More 
 frequent in September in the United States, least 
likely in January and February. Small children and 
the elderly are more likely to develop symptoms.

Disorder Description: Adult female spiders only are toxic; 
males and juveniles are harmless. The spiders are 
shiny black with a red hourglass or anvil- shaped 
mark on the underside of the abdomen. The toxin 
causes release of acetylcholine from the motor 
nerve terminal with depolarization of the periph-
eral nerves and neuromuscular junction. Can cause 
severe abdominal pain mimicking acute abdomen. 
Motor activity manifests as tremor, rigidity, spasms, 
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and paralysis, while sensory and autonomic overac-
tivity also can occur.

Majority of cases are mild (two- thirds). If mus-
cle cramps happen, the person should probably be 
taken to the emergency room. The bite is rarely fatal 
(far less than 1%), with no deaths reported in the 
United States during the past 10 years.

Symptoms

Localization site Comment

Peripheral nerve Depolarization of peripheral nerves with 
generalized pain and hyperesthesia

Autonomic nervous 
system

Salivation, lacrimation, priapism, sweating, 
tachycardia

Neuromuscular 
junction

Alpha-latrotoxin causes spontaneous 
release of acetylcholine from the 
presynaptic terminal with resultant 
overactivity of muscles with rigidity and 
pain. Once transmitter is exhausted, 
paralysis ensues

Treatment Complications: Anti- venom has a risk of sys-
temic hypersensitivity in 3–4% of cases, and very 
few cases really need to be treated with anti-venom.
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Bladder Cancer
Epidemiology and Demographics: Bladder cancer accounts 

for approximately 5% of all newly diagnosed cancers 
and is the fourth most common cancer in men; less 
common in women in the United States. The incidence 

is 3 times higher in men than women and 2 times higher 
in whites than blacks. The median age of diagnosis is 73.

Disorder Description: Bladder cancers start in the inner-
most lining of the bladder, which is called the urothe-
lium or transitional epithelium. As the cancer grows 
into or through the other layers in the bladder wall, 
it becomes more advanced. Urothelial carcinoma, 
also known as transitional cell carcinoma (TCC), is 
by far the most common type of bladder cancer.

Urothelial cells also line other parts of the uri-
nary tract, such as the part of the kidney that con-
nects to the ureter, the ureters, and the urethra. Over 
time, the cancer might grow outside the bladder 
and into nearby structures, lymph nodes, or other 
organs. (If bladder cancer spreads, it often goes first 
to distant lymph nodes, the bones, the lungs, or the 
liver.) Squamous cell carcinoma is an infrequent but 
second most common form of bladder cancer. Even 
rarer types include adenocarcinoma, small cell car-
cinoma, and sarcoma. Hematuria is the most com-
mon symptom for all bladder cancers.

Cigarette smoking has a strong link and smok-
ers are three times more likely to develop bladder 
cancer. The following drugs or chemicals are linked 
to bladder cancer: benzidine; beta- napthylamine; 
organic chemical exposure in industries of rubber, 
leather, textiles, paint products, machinists, print-
ers, hairdressers, truck drivers. Aristolochic acid has 
also been linked with higher risk of bladder cancer 
along with pioglitazone for more than 1 year of use, 
although the latter is still an area of active research. 
Arsenic in drinking water can also increase risk of 
bladder cancer along with positive family history, 
past cyclophosphamide use for treatment, and per-
sonal history of bladder cancer.

Symptoms

Localization site Comment

Unclear localization Small cell carcinoma can rarely lead 
to paraneoplastic syndromes such as 
ectopic adrenocorticotropic hormone 
secretion and hypercalcemia

Treatment Complications: Rarely, intravesical Bacillus 
Calmette– Guérin treatment may produce a sys-
temic illness that may require antituberculin 
therapy. Gemcitabine and cisplatin treatment some-
times can lead to anemia and thrombocytopenia.
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Blastomycosis
Epidemiology and Demographics: Blastomycosis has an 

incidence of 1–2 cases/100,000 people.1 Forty per-
cent of patients with AIDS who have blastomycosis 
have concomitant neurologic disease.2

Disorder Description: Blastomycosis is caused by the 
dimorphic fungus Blastomyces dermatitidis, which 
lives in soil, is associated with decaying vegetation, 
and is endemic to the midwestern and southwestern 
United States and Canada, but also ocurs world-
wide. Most commonly, the lungs are the primary 
site of infection because of inhalation of spores; 
however, accidental skin penetration or dog bites 
may also cause cutaneous infections. Infection may 
disseminate to other parts of the body such as bones, 
urinary tract, and central nervous system (CNS).1

CNS blastomycosis has mostly been associated 
with concomitant infection of other sites; how-
ever, isolated infections have been reported. CNS 
involvement represents 5–10% of cases of dissemi-
nated blastomycosis and 33% on autopsy.3

Risk factors include diabetes, immunosup-
pression, solid organ or stem cell transplantation. 
Farmers, forestry workers, hunters, and campers 
are also at higher risk because of their exposure to 
wooded areas.1,3

Symptoms

Secondary Complications: Seizures, hydrocephalus.
Treatment Complications: Nephrotoxicity is a common 

adverse effect of amphotericin B use, which may 
further depress mental status.2
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Blepharospasm
Epidemiology and Demographics: Blepharospasm has a 

prevalence of 3–13/100,000 with a 3:1 female pre-
ponderance and presents usually in the 5th to 7th 
decades of life.

Localization site Comment

Cerebral hemispheres Abscess

Headache

Hydrocephalus

Meningitis

Seizures

Vision changes

Focal neurologic deficit

Localization site Comment

Mental status and psychiatric 
aspects/complications

Altered mental status

Cerebellum Dysfunction due to basilar 
meningitis

Base of skull Basilar meningitis

Cranial nerves Optic neuropathy causing 
vision loss

Diplopia due to increased 
intracranial pressure

Spinal cord Intramedullary lesion causing 
myelopathy (rare)

Abscess

Epidural abscess causing 
compression

Specific spinal roots Radiculopathy
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Disorder Description: Blepharospasm is characterized 
by involuntary, bilateral, and symmetric spasms of 
the orbicularis oculi muscles that lead to partial or 
total eyelid closure. The spasms may be triggered by 
bright lights, chewing, or speaking, and they may be 
lessened by attention, such as during a doctor’s exam.

Symptoms

Localization site Comment

Basal ganglia Parkinson’s disease is associated 
with apraxia of eyelid opening and 
blepharospasm

Cranial nerves Hemifacial spasm (HS) is distinguished 
from blepharospasm by being 
unilateral and involving other muscles 
of facial expression. HS can result from 
neurovascular compression of the facial 
nerve at the root exit zone as it leaves the 
brainstem

Muscle Meige syndrome is a segmental 
craniocervical dystonia affecting the 
head and neck that can include features 
of blepharospasm

Secondary Complications: Severe blepharospasm may 
lead to functional blindness as a result of occlusion 
of the visual axis.

Treatment Complications: The mainstay of treatment of 
blepharospasm is botulinum toxin injections, the 
main complication being eyelid ptosis from toxin 
diffusing across the septum and affecting the levator 
muscle. This ptosis is reversible, as the toxin wears 
off in 3–4 months.
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Body Dysmorphic Disorder
Epidemiology and Demographics: In the United States, 

point prevalence is 2.4% with slight predominance 
in females. Most commonly, onset is between 12 and 
13 years of age, with two- thirds demonstrating cri-
teria for disorder by age 18.

Disorder Description: Characterized by preoccupation 
with one’s physical appearance, with perception of 
defects not noticed by others or found to be minor. 
Per the DSM-5, repetitive behaviors occur and 
may include checking oneself in mirrors, frequent 
grooming, picking at skin, and eliciting reassurance 
from others. May excessively compare appearance 
with that of others. Must cause significant distress 
or functional impairment and not better represent 
the type of body perceptual disturbance seen in an 
eating disorder. There are additional specifiers for 
muscle dysmorphia (present mostly in males) and 
degree of insight.

Similar rates of cross- cultural representation. 
Risk factors include childhood abuse, family his-
tory of the disorder, obsessive- compulsive disorder 
(OCD) and tendency toward perfectionism.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Anxiety, depressed mood, 
delusional beliefs about 
body appearance, suicidal 
ideation, cognitive rigidity 
(perfectionism), avoidance

Executive and visual processing 
dysfunction

When comorbid with 
depression, OCD, substance 
abuse, symptoms of those 
disorders may be present

Secondary Complications: Increased risk of suicidal ide-
ation and attempts, additive risk when comorbid 
with depressive disorders. Many pursue cosmetic 
surgery, which may not improve condition and may 
worsen it. May have significant impairment in social 
and occupational realms. Many have hospitaliza-
tion history.

Treatment Complications: Supportive psychotherapy and 
cognitive behavioral therapy found to be helpful, as well 
as treatment of psychiatric comorbidity when present.
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Botulism
Epidemiology and Demographics: According to CDC, an 

average of 110 cases of botulism are reported each 
year in the United States. About 72% of these cases 
are infant botulism.

Disorder Description: Botulism is a rare syndrome caused 
by toxin released by Clostridium botulinum, an 
anaerobic gram- positive, spore- forming rod. The 
toxin enzymatically cleaves proteins essential for the 
release of the excitatory neurotransmitter acetyl-
choline (ACh) from the presynaptic cholinergic  
nerve terminals at the neuromuscular junction 
(NMJ) and the autonomic nerve terminals (sym-
pathetic and parasympathetic). The most common 
cause of botulism is ingestion of improperly pre-
pared food containing the toxin. Botulism spores 
may also germinate in wounds. In infants, the pores 
usually germinate in the gastrointestinal (GI) tract 
and release the toxin. The typical presentation is 
bulbar weakness (diplopia, dysphagia, and dysar-
thria). The weakness may spread to limbs and, in 
severe cases, the diaphragm, causing respiratory 
failure. The deep tendon reflexes may be normal 
early in the disease but then diminish as disease pro-
gresses. Mentation and sensation are usually intact. 
Autonomic findings include constipation, urinary 

retention, hypotension, bradycardia, and poorly 
reactive pupils; dry mouth and skin may be pres-
ent. Treatment is usually supportive with ventilator 
support and nutrition. Antitoxin should be given as 
early as possible to be effective.

Symptoms

Localization site Comment

Muscle Diffuse muscle weakness from 
lack of ACh at NMJ

Brainstem Ptosis, ophthalmoparesis, 
dysphagia, dysarthria

Neuromuscular junction Inhibition of ACh release

Secondary Complications: Respiratory failure, nutritional 
deficiencies, deep venous thrombosis.

Treatment Complications: Possible pneumonia caused 
by ventilator support, discomfort due to deep vein 
thrombosis prophylaxis injection.
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Bovine Spongiform Encephalopathy (BSE)
Epidemiology and Demographics: Bovine spongiform 

encephalopathy (BSE) occurred chiefly in the 
United Kingdom. Epidemic peaked around 1992–
1993 and had been controlled by early 2000s.1 By the 
end of 2010, more than 184,500 cows with BSE were 
confirmed in the United Kingdom alone.2

Disorder Description: BSE, also known as “mad cow dis-
ease,” is a fatal neurodegenerative disease seen in 
cattle. It is thought to have occurred because of the 
practice of feeding cattle infected sheep products, 
which were contaminated with the prion disease 
scrapie. It is thought that the outbreak was amplified 
and spread throughout the United Kingdom cattle 
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industry by feeding prion- infected bovine meat-
and-bone meal to young calves.1,2

There is a strong causal association with the human 
disease variant Creutzfeldt–Jakob disease (vCJD); 
231 cases reported. The disease can be transmitted to  
humans via ingestion of meat from infected cattle.1

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Progressive dementia 
(aggression in cows)

Secondary Complications: May cause vCJD- like disease 
in humans.1
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Brachial Plexopathy
The plexus is formed from the C5– T1 nerve roots that 
then run distally to form the trunks, divisions, cords, 
branches, and nerves. The C5 and C6 have the largest 
percentages of motor fibers and the least are from C7 
and T1 roots. The greatest number of sensory fibers is 
from the C7 root and the remainder are from C5– C6 
and C8– T1 nerve roots. Postganglionic sympathetic 
nerve fibers from the vertebral ganglia travel through 
the brachial plexus.
Epidemiology and Demographics: Rare. About 0.4% of 

plexopathies are associated with cancer, and 2–5% 
of those treated with radiation. Idiopathic bra-
chial plexopathy has estimated annual incidence 
of 2–3/100,000. Reported male-to-female ratio is 
2:1. Nerve compression is uncommon because the 
plexus is protected by surrounding bony structures.

Disorder Description: The causes of brachial plexopathy 
include: compression, inflammation, metabolic 
abnormalities, neoplasia, and ischemia. Trauma 
is the most common cause in children and adults, 

with contact sports the most common etiology. 
Diabetes mellitus is the most common metabolic 
abnormality leading to plexus dysfunction. The 
most common symptoms include pain, numbness, 
and weakness. On exam, muscle weakness, atrophy, 
sensory loss, and reduced reflexes may be detected. 
Diagnostic tools include electromyography and 
radiologic images. The management and outcome 
vary depending on the etiology of the dysfunction.

Location

Localization site Comment

Plexus Brachial plexus

Secondary Complications: Deep vein thrombosis.
Treatment Complications: Narcotic used for pain man-

agement may result in altered mental status.
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Brachial Plexopathy (Burner Syndrome)
Epidemiology and Demographics: Common. Reported 

in up to 52% of college football players in a single 
season. About 70% of college football players have 
experienced Burner syndrome.

Disorder Description: Burner syndrome, or “stingers,” is 
a result of upper plexus traction injury, which can 
be caused by force applied to the head or shoulder, 
creating deviation away from each other. The symp-
toms include sudden pain and numbness along the 
neck and shoulder, radiating down to forearm and 
hand. The majority of injuries occur in males play-
ing contact sports, i.e., football or rugby. All ath-
letes complaining of burning should be examined 
thoroughly for injury to the spine and shoulder. If 
symptoms persist beyond a few minutes, then radi-
ologic tests including MRI should be considered 
to exclude disc herniation or other compression  
injury. If symptoms continue for 2–3 weeks, then 
EMG should be considered. Treatment includes 
rehab exercises to strengthen the muscles. Prognosis 
is usually favorable.

Potential Sites of Involvement: Plexus, brachial plexus.
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Brachial Plexopathy (Neoplasm Related)
Epidemiology and Demographics: Rare. Incidence is about 

0.5% of breast cancer patients. After radiation- 
induced fibrosis, metastatic lung and breast cancers 
are the most common nontraumatic causes of bra-
chial plexopathy.

Disorder Description: Pain in the shoulder and axilla and 
radiating down the arm is the most common pre-
senting symptom, with the lower plexus more com-
monly involved then the upper portion. Pancoast 
syndrome is a result of non-small-cell lung cancer in 
the apex of the lung invading the lower trunk of the 
brachial plexus. Often this is associated with Horner 
syndrome (miosis, ptosis, and anhidrosis) with 
weakness and sensory loss in the distribution of the 
lower plexus. Radiation therapy leading to fibrosis 
can also affect the plexus and is difficult to distin-
guish from malignant spread from lymph nodes 
or bone. This can occur from months to years after 
treatment. Primary plexus tumors, i.e., schwanno-
mas or neurofibromas, are less common. The diag-
nostic modalities include chest x- ray, CT, or MRI. 
Management is predominantly geared toward pain 
management and primary tumor treatment.

Location

Localization Site Comment

Plexus Brachial plexus – lower more common 
than the upper plexus

Secondary Complications: Neoplasms are associated with 
hypercoagulable state and deep vein thrombosis.

Treatment Complications: Narcotic analgesic use may 
lead to altered mental status. Chemotherapies have 
neurotoxic effects.
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Brain Metastasis
Epidemiology and Demographics: Brain metastases are 

the most common direct neurologic complication 
of systemic cancer. They are more common than 
the primary brain tumors. The exact incidence is 
not known, but the risk of brain metastasis varies 
with the primary tumor type. For example, the brain 
metastasis rate for lung cancer is between 18 and 
63% and for breast cancer between 20 and 30%.

Disorder Description: Brain metastases are tumors that 
have spread to the brain from primary tumors else-
where in the body. The most common primary site 
is lung. Other common primary sources of brain 
metastases are melanoma, renal, breast, and colorec-
tal cancers. Eight- five percent of brain metasta-
ses are found in the cerebral hemisphere, 10–15% 
in the cerebellum, and 1–3% are in the brainstem. 
Hemorrhagic metastases account for 3–14% of all 
brain metastases. They are most commonly from 
melanoma, choriocarcinoma, thyroid, renal cell, 
hepatocellular carcinoma, lung, and breast (as lung 
and breast are extremely common although they 
hemorrhage less).

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, hemiparesis, 
aphasia (dominant), 
neglect (nondominant), 
homonymous hemianopia

Mental status and psychiatric 
aspects/complications

Progressive worsening of 
memory and functioning

Brainstem Cranial nerve palsies 
(meningeal carcinomatosis 
usually), depending on the 
extent involved

Reduced level of 
consciousness, interruption 
of reticular activating system 
fibers

Cerebellum Unsteadiness and gait 
disturbances
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Treatment Complications
Surgical resection (in isolated metastasis or cerebellar 

metastasis causing obstructive hydrocephalus) can 
lead to permanent focal deficits.

Chemotherapy-related side effects depend on regimen 
chosen for primary tumor.

Radiation therapy may lead to dementia 
(leukoencephalopathy), secondary brain tumors, 
stroke (accelerated atherosclerosis).
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Brainstem Concussion
Epidemiology and Demographics: Central vestibular 

dysfunction secondary to brainstem injury arising 
in patients with varying degrees of head trauma. 
The incidence of traumatic brainstem injury varies 
between 8 and 52% of head injuries.

Disorder Description: Mild to severe head trauma leads to 
shearing forces on the cranial nerve root entry zone 
resulting in petechial hemorrhages. These hemor-
rhages occur in the brainstem and specifically in the 
vestibular nuclei. MRI can display the hemorrhages.

Patients have symptoms of vertigo, unsteadi-
ness, and imbalance with a limited ability for cen-
tral compensation. The damage to the vestibular 
nucleus prevents central compensation from occur-
ring, resulting in perpetual vestibular dysfunction.

Symptoms

Localization site Comment

Inner ear Not affected

Cranial nerves CN VIII is subject to shearing 
and stretching

Central nervous system Damage to the vestibular 
nuclei

Secondary Complications: These patients are at risk for 
falls due to the perpetual nature of the disorder.

Treatment Complications: There is no treatment for the 
condition other than vestibular therapy. The results 
of therapy depend on the ability for central compen-
sation to occur, and thus recovery may be incom-
plete in severe cases. There are no complications 
associated with vestibular rehabilitation.
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Breast Cancer
Epidemiology and Demographics: Metastases occur in 

10–16% of breast cancer patients. Female predomi-
nance. Most common cancer in women worldwide. 
White women are more likely to develop breast can-
cer than are African American women.

Disorder Description: Risk factors include family his-
tory, some genetic mutations (BRCA1/BRCA2/
p53), prolonged exposure to endogenous estrogens 
(early menarche, late menopause, late age at first 
childbirth), Western diet, radiation to chest. Danaei 
et al. calculated that 21% of worldwide breast cancer 
deaths are related to alcohol use, overweight/obe-
sity, physical inactivity.1

Incidence rates vary: WHO reported 19.3/ 
100,000 women in eastern Africa compared with 
89.7/100,000 women in western Europe. In devel-
oping regions, 40/100,000. WHO also reported that 
lowest incidence rates occur in most African coun-
tries, but these rates are increasing.2

Localization site Comment

Cerebellum Obstructive hydrocephalus 
if effacement and 
obstruction of fourth 
ventricle with drowsiness, 
nausea, vomiting

Unclear localization Headache, nuchal rigidity, 
and photophobia indicate 
meninges involvement 
(meningeal carcinomatosis) 
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Symptoms

Localization Comment

Mental status and 
psychiatric aspects/
complications

Less common symptoms include 
changes in behavior, confusion, 
memory problems

Difficulty with speech

Cerebellar Paraneoplastic cerebellar 
degeneration

Cerebral hemisphere Limbic encephalitis

Paraneoplastic and 
associated syndromes

Syndrome of inappropriate 
secretion of antidiuretic hormone

Hypercalcemia

Paraneoplastic neurologic 
syndrome

Dermatomyositis

Sweet syndrome

Paraneoplastic granulocytosis

Subacute (peripheral) sensory 
neuropathy

Polymyalgia rheumatica

Eosinophilia, granulocytosis, 
thrombocytosis

Unclear localization Headache, nausea and/or 
vomiting, fatigue, weakness or 
feeling numb down one side of the 
body, unsteadiness, seizures (fits), 
double or wavy vision. Symptoms 
vary depending on the site of 
metastasis

Treatment Complications: Chemotherapy/radiation side 
effects, hormone treatment side effects, surgical 
complications.
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Brief Psychotic Disorder
Epidemiology and Demographics: Brief psychotic disor-

der is rare, with limited epidemiologic data. Higher 
incidences have been reported in developing coun-
tries compared with developed countries. Twice as 
common in females than males.

Disorder Description: Brief psychotic disorder involves 
the sudden onset of at least one positive psychotic 
symptom such as delusions, hallucinations, disor-
ganized speech, or grossly disorganized or catatonic 
behavior. Symptoms must be present for at least 
1 day with full remission of all symptoms within 
1 month, and are not better explained by another 
psychiatric disorder, the effects of a substance or 
medication, or another medical condition. The dis-
turbance may be preceded by marked stressors such 
as stressful life events, immigration, or the peripar-
tum period.

Symptoms

Localization site Comment

Mental status 
and psychiatric 
aspects/
complications

Delusions including persecutory, grandiose, 
referential, somatic, jealous, erotomanic, 
nihilistic, control, mixed, or unspecified types; 
hallucinations most commonly occur as 
auditory hallucinations, however may occur in 
any sensory modality; disorganized speech as 
evidenced by derailment, loose associations, 
tangentiality, or “word salad”; disorganized 
behavior, agitation, or catatonia; poor 
judgment and cognitive impairment
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Secondary Complications: Increased risk of suicide, 
particularly during the acute episode. Many indi-
viduals who initially meet criteria for a brief psy-
chotic disorder go on to develop other primary 
psychotic disorders or affective disorders with 
psychosis.

Treatment Complications: Antipsychotics are recom-
mended for the treatment of psychotic symptoms; 
however, they can result in varying degrees of 
extrapyramidal symptoms and metabolic syn-
drome. Benzodiazepines may be useful for treat-
ing acute agitation; however, they pose the risk of 
dependence and tolerance if used chronically.
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Brucellosis
Epidemiology and Demographics: More than 500,000 new 

cases occur annually. In 2010, there were 115 cases of 
brucellosis reported in the United States. Persons of 
any age can be affected and peak incidence is during 
spring and summer in developing countries.1 The 
frequency of neurobrucellosis has been reported as 
0.5–25%.2

Disorder Description: Brucellosis is the most common 
zoonotic disease in the world, caused by Brucella 
bacteria, a family of gram- negative, facultative 
intracellular coccobacilli. Transmission occurs to 
humans by direct contact with infected animals, 
through cuts and abrasions, or inhalation of con-
taminated aerosols, or by ingestion of unpasteur-
ized milk or milk products.1,2

Brucellosis is endemic in the Middle East, 
Mediterranean basin, India, eastern Europe, Mexico, 
and Central/South America.

Symptoms

Localization site Comment

Cerebral hemispheres Abscess

Granuloma

Encephalitis

Meningitis

Subarachnoid hemorrhage

Headache

Seizures

Vasculitis (rare), may cause 
ischemic or hemorrhagic 
strokes2,3

Mental status and psychiatric 
aspects/complications

Encephalopathy
Behavioral changes

Agitation

Depression3

Cranial nerves Cranial neuropathies

Spinal cord Epidural abscess causing 
compression

Intramedullary abscess

Conus medullaris Abscess 

Specific spinal roots Radiculopathy/
polyradiculopathy

Syndromes with combined 
spinal cord and peripheral 
nerve lesions

Myeloradiculoneuritis

Secondary Complications: Seizures and hydrocephalus 
may be complications.

Treatment Complications: Rifampin may be added to 
antibacterials; however, it may lead to hepatotoxicity  
or blood dyscrasias.1
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Buckthorn Fruit (Karwinskia  
humboldtiana)
Epidemiology and Demographics: Children and livestock 

are more susceptible to poisoning by the buckthorn 
fruit plant.

Disorder Description: Most common in the southwest-
ern United States and Mexico. Symptoms may be 
delayed 5–20 days after ingestion. Fleshy part of the 
fruit does not seem to be toxic; seeds and the stone 
are responsible. Weakness is the primary manifesta-
tion and can involve bulbar muscles.

Symptoms

Localization site Comment

Cranial nerves Bulbar muscle weakness due to involvement 
of motor cranial nerves

Peripheral nerve Segmental demyelination and axonal 
degeneration preferentially in motor nerves 
results in weakness and areflexia
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Bulimia Nervosa
Epidemiology and Demographics: The 12- month preva-

lence among young females is 1–1.5%. Prevalence 
peaks in older adolescence and young adulthood. 
More common in females, with an approximately 
10:1 female-to-male ratio. Risk factors include 
depression, social anxiety disorder, overanxious 
disorders of childhood, low self- esteem, internali-
zation of a thin body ideal, childhood obesity, early 
pubertal maturation, childhood sexual or physical 
abuse, and family history of bulimia nervosa.

Disorder Description: As defined by the DSM-5, a 
 diagnosis of bulimia nervosa requires three essential 
features: (1) recurrent episodes of binge eating; (2) 
recurrent inappropriate compensatory behaviors 
to prevent weight gain; and (3) self- evaluation that 
is unduly influenced by body shape and weight. An 
episode of binge eating is characterized by eating an 
amount of food that is larger than what most individ-
uals would eat in a similar period of time as well as 
an associated sense of lack of control. Compensatory 
behaviors may include self- induced vomiting, fast-
ing, excessive exercise, or misuse of laxatives, diuret-
ics, or other medications. Episodes of binge eating 
and inappropriate compensatory behaviors must 
occur at least once per week for 3 months, on aver-
age. Finally, the disturbance does not occur exclu-
sively during episodes of anorexia nervosa.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Symptoms of depression, anxiety, low 
self- esteem, impulsivity, perfectionism, 
compulsivity. Higher rates of comorbid 
psychiatric disorders including mood and 
anxiety disorders, posttraumatic stress 
disorder, body dysmorphic disorder, 
personality disorders, and substance abuse. 
Elevated suicide risk (6–8 times greater in 
patients with bulimia nervosa)

Secondary Complications: Complications from repeated 
vomiting may occur including electrolyte dis-
turbances, esophageal tears, gastric rupture, and 
cardiac arrhythmias. Increased risk for substance 
abuse, all- cause mortality, and suicide.
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Treatment Complications: Bupropion is contraindicated in 
patients with active symptoms of bulimia nervosa given 
the increased risk of seizures in this patient population.
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Burkitt Lymphoma
Epidemiology and Demographics: Burkitt lymphoma 

occurs endemically in Africa, sporadically in the 
United States and Western Europe (primarily in chil-
dren; peak incidence at age 11), and in association 
with immunosuppression such as with HIV infec-
tion or following bone marrow transplantation. The 
incidence of sporadic disease is 3 cases/million per 
year. Central nervous system (CNS) involvement is 
present in 15% of sporadic cases at presentation.

Disorder Description: Burkitt lymphoma is associated 
with translocation and unregulated expression of c- 
myc oncogene. The tumor is rapidly growing, with 
doubling time of approximately 1 day. Endemic 
forms primarily present with jaw or facial bone 
tumor with secondary spread. Sporadic forms usu-
ally arise in the abdomen. Reports of primary CNS 
Burkitt lymphoma also exist but are rarer.

Symptoms

Secondary Complications: Because sporadic disease 
commonly arises in the abdomen, there can be 
associated ascites, gastrointestinal obstruction, or 
bleeding. Endemic disease affecting the jaw can 
cause difficulty eating and is disfiguring.

Treatment Complications: Intrathecal chemotherapy 
is often given with methotrexate and cytarabine 
for prophylaxis or treatment of CNS disease. Both 
intrathecal methotrexate and cytarabine can cause 
arachnoiditis or neurologic dysfunction including 
somnolence and confusion.
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Localization site Comment

Cerebral hemispheres Can present as solitary or multifocal 
masses in the cerebral hemispheres. 
Symptoms related to site of involvement. 
Hydrocephalus from meningeal or 
ventricular involvement can also cause 
secondary hemispheric dysfunction

Localization site Comment

Cerebellum Can present as cerebellar mass

Base of skull Dural masses can compress associated 
structures such as the sella or destroy 
the overlying bone

Cranial nerves Cranial neuropathy can occur either 
from leptomeningeal involvement or 
compression from masses

Pituitary gland Sellar compression can cause pituitary 
dysfunction

Spinal cord Spinal epidural masses causing cord 
compression

Specific spinal roots Radiculopathy either from compression 
or leptomeningeal disease
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Campylobacter Enteritis
Epidemiology and Demographics: Annual cases of cam-

pylobacter enteritis diagnosed at 14/100,000, but 
many are undiagnosed or unreported. Estimated 
to affect more than 1.3 million persons every year. 
Tends to occur much more frequently in the sum-
mer months. Males more frequently affected, with 
infants and young adults affected the most; however, 
bimodal distribution has also been suggested with 
increased number of cases in the elderly.1,2

Disorder Description: Campylobacter enteritis is an infec-
tion of the intestine caused by the gram- negative 
Campylobacteraceae family and is the leading cause 
of bacterial enteritis in the world. Most infections are 
caused by C. jejuni or C. coli. Infection is usually food- 
borne via raw poultry, fresh produce, or contaminated 
water or milk (mostly unpasteurized). Infection can also 
be fecal–oral. While infection is found worldwide, risk  
of infection is highest in Africa and South America.1

Campylobacter infection is the most identifiable 
preceding infection associated with the development 
of Guillain– Barré syndrome (GBS), an immune- 
mediated demyelinating polyneuropathy. Twenty- 
five to 40% of GBS patients worldwide suffer from a 
preceding C. jejuni infection; however, only 1/1000 
patients who have campylobacter infection actually 
develops GBS. Mechanism leading to GBS is thought 
to be through molecular mimicry and a cross- 
reactive immune response with antibodies to gangli-
osides, resulting in damage to the peripheral nerves.2

Symptoms

Localization site Comment

Cranial nerves May precede cranial neuropathy 
(Miller–Fisher syndrome)

Specific spinal roots May precede GBS, which may cause 
polyradiculopathy

Peripheral neuropathy May precede GBS, leading to either 
demyelinating or axonal neuropathy

C
Secondary Complications: Dehydration, bacteremia, or 

septicemia may occur. As mentioned above, may 
lead to GBS.

Treatment Complications: Resistance to fluoroquinolo-
nes is common.

References
 1. Centers for Disease Control and Prevention. 
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Candida
Epidemiology and Demographics: Incidence rate  

is 72.8 cases/million/year for all Candida  
infections; invasive candidemia (IC) is 22–24 infec-
tions/100,000 population/year. IC- associated mor-
tality has remained stable, at approximately 0.4 
deaths/100,000 population, since 1997. The highest 
rates of candidemia are found in infants younger 
than 1 year and in adults older than 65 years, with 
blacks noted to have higher rates.1 Half of patients 
with candidemia have central nervous system 
(CNS) involvement.2

Disorder Description: Most disseminated infections to 
the CNS are due to Candida albicans, but C. par-
apsilosis, C. tropicalis, and C. glabrata have also 
been isolated. A primary risk factor for dissem-
inated candidiasis is neutropenia, but other risk 
factors include immunosuppression, diabetes, solid 
organ transplantations, certain genetic disorders, 
malignancy, prolonged hospitalizations, indwelling 
catheters, injectable drug use, total parenteral nutri-
tion, and infected hardware or prosthetics. There 
is a higher risk in premature neonates and those 
that undergo neurosurgery or procedures. CNS 
infection is due to hematogenous dissemination, or 
direct access through craniotomy procedures and 
device implantation.2
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Localization site Comment

Cerebral hemispheres Headache

Meningitis (acute in neonates, 
chronic in adults)

Ventriculitis

Encephalitis

Abscesses (usually small)

Vasculitis, causing ischemic or 
hemorrhagic strokes

Subarachnoid hemorrhage due to 
mycotic aneurysm formation

Mental status and psychiatric 
aspects/complications

Encephalopathy

Cranial nerves Cranial neuropathy

Spinal cord Myelopathy (rare)

Symptoms

Secondary Complications: Seizures or hydrocephalus 
may result.

Treatment Complications: Amphotericin B may cause 
hepatotoxicity, further depressing mental status. 
Flucytosine may cause thrombocytopenia or neu-
tropenia.1 In complicated cases, intrathecal ampho-
tericin B may be used, but adverse effects include 
headache, radicular pain, cranial nerve palsies, 
myelopathy, foot drop, vision changes, and sphinc-
ter dysfunction.2

References
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Cannabis Intoxication and Chronic Abuse
Epidemiology and Demographics: After alcohol, cannabis 

is the most frequently used psychoactive compound 
in the United States. Cannabis use affects a growing 
number of Americans, with the highest level in the 

20–29 age- group; more common in men, with no 
race or ethnicity predilection. Parallel to increased 
usage, there has been a significant increase in 
marijuana- related medical emergencies since 
2009–2011.

Disorder Description: Cannabis users smoke marijuana 
and sometimes mix it with food or brew it as a tea. 
Tetrahydrocannabinol (THC) and other related 
compounds in the hemp plant Cannabis sativa act on 
specific brain cell receptors that ordinarily react to 
natural THC- like chemicals. The short- term effects 
include altered mental status, increased tolerance to 
pain, impaired memory and concentration, altered 
sense of time, changes in mood, impaired body 
movement, and difficulty with thinking and prob-
lem solving. Long- term use affects brain develop-
ment; especially when used in early teenage years, it 
leads to deterioration of higher cognitive functions 
and loss of an average of eight IQ points. Some indi-
viduals using this substance will ultimately go on 
to use other illicit drugs. An estimated 182 million 
individuals worldwide use cannabis.

Symptoms

Localization site Comment

Cerebral hemispheres Gray matter degeneration – 
diffuse, especially areas with 
cannabinoid receptor (chronic)

Cerebral ischemia (acute)

Mental status and psychiatric 
aspects/complications

Confusion (acute), amnesia 
(chronic), delusions (acute), 
hallucinations (acute), anxiety 
(acute), and agitation (acute), 
paranoia panic disorder, 
dysphoria

Cognitive dysfunction 
(chronic/acute)

Decrease in executive function 
(chronic/acute)

Schizophrenia (chronic)

Mood disorder (chronic)

Brainstem Dysregulation of pain sensation 
(acute)

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.003
https://www.cambridge.org/core


Section 1 Diagnostics

80

Secondary Complications
Indirect effects on nervous system.
Cardiovascular complications: Dysrhythmias 

resulting in subsequent stroke risk.
Respiratory complications: Respiratory compromise 

results in cerebral ischemia.
Treatment Complications: Benzodiazepines sometimes 

used in marijuana withdrawal or anxiety have 
potential adverse events of sedation, ataxia or con-
fusion, or risk of addiction.
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Cannabis Withdrawal
Epidemiology and Demographics: Predominant users are 

16–30 years of age; no gender or ethnicity predilection.
Disorder Description: An individual will experience a 

variety of symptoms and physiologic, behavioral, 
and psychologic effects, such as anxiety, decreased 
appetite, depressed mood, disturbed sleep, gastro-
intestinal symptoms, and irritability.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral perfusion (chronic), 
abnormalities in cerebral cortical 
activity

Mental status and psychiatric 
aspects/complications

Anxiety (acute and chronic)

Depressed mood (chronic)

Irritability (chronic)

Mood swings (chronic)

Brainstem Insomnia (chronic)

Cerebellum Ataxia (acute)

Vestibular system (and 
nonspecific dizziness)

Nonspecific dizziness (acute)

Muscle Tremors (chronic)

Neuromuscular junction Dysregulation of dopamine 
receptors (chronic)

Localization site Comment

Cerebellum Gray matter degeneration 
(chronic)

Ataxia (acute)

Vestibular system (and 
nonspecific dizziness)

Ataxia (acute)

Cranial nerves Paresis of fourth cranial nerve 
(chronic)

Pituitary gland Neuroendocrine dysregulation 
increase in hypothalamic–
pituitary–adrenal axis activation

Spinal cord Analgesic effect (acute)

Anterior horn cells Decreased motor coordination 
(acute)

Dorsal root ganglia Analgesic – dysregulation of 
sensory stimuli (acute)

Specific spinal roots Analgesic effects (acute)

Plexus Analgesic effects (acute)

Mononeuropathy or 
mononeuropathy multiplex

Peripheral neuropathy Analgesic – dysregulation of 
sensory stimuli (anesthetic)

Muscle Muscle weakness

Neuromuscular junction Dysregulation of cannabinoid 
receptors in brain, leading to 
decreased functional capacity of 
naturally occurring cannabinoids

Dysregulation of dopamine 
and norepinephrine
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CANOMAD Syndrome
Epidemiology and Demographics: Chronic ataxic neurop-

athy, ophthalmoplegia, IgM paraprotein, cold agglu-
tinins, and anti- disialosyl antibodies (CANOMAD) 
syndrome is a rare disorder with fewer than 30 cases 
reported in the literature. Prevalence is unknown.

Disorder Description: An immune- mediated demyeli-
nating polyneuropathy. It presents as chronic neu-
ropathy with sensory ataxia and areflexia. Motor 
function is preserved in the extremities; however, 
motor weakness may occur in the oculomotor and 
bulbar muscles in either a relapsing–remitting or 
fixed course. It is associated with anti- GQ1b and 
anti- disialosyl antibodies; it is similar to Miller–
Fisher syndrome but symptoms follow a chronic 
time course.

Symptoms

Localization site Comment

Cranial nerves Oculomotor and bulbar weakness

Peripheral neuropathy Sensory ataxia, areflexia

Treatment Complications: Plasma exchange complica-
tions include anaphylaxis, hypocalcemia, and deple-
tion of immunoglobulins and coagulation factors.

Intravenous immunoglobulin complications 
include anaphylaxis secondary to IgA deficiency, 
renal failure, proteinuria, severe headache, and 
aseptic meningitis. Steroid therapy can lead to 
psychosis, confusion, weight gain, hyperglycemia, 
myopathy, glaucoma, cataracts, osteoporosis, or 
vertebral fractures.
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Capillary Telangiectasia
Epidemiology and Demographics: Capillary telangiecta-

sia accounts for 4–12% of vascular malformations. 
Estimated prevalence by autopsy studies is 0.68%. 
May be associated with other vascular disorders 
such as Osler–Weber–Rendu disease.

Disorder Description: Capillary telangiectasias of the 
brain are congenital vascular malformations that 
are usually asymptomatic. They are best seen by 
contrast- enhanced MRI, and usually found inci-
dentally. One series found 28.6% of large (>1 cm) 
capillary telangiectasias become symptomatic, 
likely because of hemorrhage or compression of 
neighboring tissue. Most commonly found in the 
pons, but have also been seen in the temporal cor-
tex, basal ganglia, medulla, and spinal cord.

Symptoms: Capillary telangiectasias are usually asymp-
tomatic, and found incidentally on imaging. 
Symptomatic cases listed below:

Localization site Comment

Cerebral hemispheres Headache, seizures, confusion. Rarely 
hemorrhage

Brainstem Headache, disequilibrium, dizziness 
or vertigo, tinnitus, facial or limb 
weakness, gait abnormality, hearing 
loss, slurred speech, transient aphasia

Secondary Complications: Rare hemorrhage.
Treatment  Complications: Usually no treatment is indicated.
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Carbon Disulfide Toxicity
Epidemiology and Demographics: Most exposures are 

occupational, classically in the viscose rayon indus-
try, and the toxin is absorbed by inhalation or der-
mal contact.

Disorder Description: Acute, high- level exposure causes 
central nervous system dysfunction while chronic 
lower- level exposure causes neuropathy. The neu-
ropathy is length dependent and axonal.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Confusion, hallucinations, 
memory impairment and 
emotional lability with acute, 
high- level exposure

Corticospinal tracts Spasticity

Basal ganglia Tremor, rigidity, and 
bradykinesia have been 
reported

Peripheral neuropathy Chronic low- level exposure 
causes distal sensorimotor 
neuropathy. Axonal swellings 
are seen on nerve biopsy
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Carbon Monoxide Poisoning
Epidemiology and Demographics: Leading cause of poi-

soning mortality in the United States and possibly 
half of all poisoning deaths worldwide. Exposure 

happens with suicide attempts using automobile 
exhaust or accidentally with faulty heating systems, 
fires, or heaters.

Disorder Description: Carbon monoxide occupies 
oxygen- binding sites on hemoglobin, creating 
carboxyhemoglobin. Symptoms are usually non-
specific with headache, nausea, and fatigue but 
can progress to confusion, lethargy, and coma. 
Respiratory failure, cardiac arrhythmia, and cardiac 
arrest may occur. There is controversy about the 
role of hyperbaric oxygen therapy in the treatment 
of carbon monoxide poisoning in terms of whether 
there is any benefit. Also, whether carboxyhemoglo-
bin levels are useful in clinical evaluation is unclear.

Symptoms

Localization site Comment

Cerebral hemispheres Headache

Mental status and psychiatric 
aspects/complications

Fatigue, lethargy, and coma
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Carcinoid Tumor
Epidemiology and Demographics: Each year, about 8000 

adults in the United States are diagnosed with a car-
cinoid tumor in the gastrointestinal tract (GI) tract, 
the most common site being the small intestine. 
African American men are more affected compared 
with white men, as well as compared with African 
American women. White males and white females 
are equally affected. Average age at diagnosis is 
55–65. Average age for diagnosis in the appendix is 
40 and in the lung is between 45 and 55; children are 
rarely affected.

Disorder Description: The cause of carcinoid tumors is 
unknown, and no avoidable risk factors have been 
found. However, the following factors may raise 
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a person’s risk of developing a carcinoid tumor: 
multiple endocrine neoplasia type 1; age and sex 
as described above; any condition that leads to 
decreased stomach acid content.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Neurosis and psychosis 
associated with carcinoid 
syndrome

Unclear localization GI carcinoid: diarrhea, abdominal 
pain, asthma, rash, heart disease, 
intestinal bleeding, pellagra, 
melena, facial flushing

Lung carcinoid: cough with or 
without sputum production, 
wheezing, post- obstructive 
pneumonia

Carcinoid syndrome: GI carcinoid 
symptoms plus shortness 
of breath, heart murmur, 
palpitations, weakness, secondary 
diabetes, increased body and 
facial hair. Carcinoid crisis: above- 
mentioned symptoms occur 
together

Treatment Complications
Surgical complications
Liver metastases such as hepatic artery occlusion/

embolization can have severe side effects
Lymph node dissection: risk of spreading the cancer
Radiation and chemotherapy side effects
Immunotherapy side effects
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Carcinomatous Meningitis
Epidemiology and Demographics: Overall, about 5/100 

people who have cancer (5%) develop carcino-
matous meningitis. It happens most often with 
some types of leukemia and lymphomas. It can 
also happen with melanomas and lung and breast 
cancers.

The incidence of clinically diagnosed leptome-
ningeal metastases (LM) in patients with solid 
tumors is approximately 5%, but the incidence of 
undiagnosed or asymptomatic LM may be 20% 
or more with many solid tumors. Three affected 
domains of neurologic function: cerebral hemi-
sphere (15%), cranial nerves (35%), spinal cord and 
roots (60%).

Disorder Description: The most common causes of solid 
tumor- related LM include: breast cancer (12–35%), 
lung cancer (10–26%), melanoma (5–25%), gastro-
intestinal cancer (4–14%), and cancers of unknown 
primary (1–7%).

In breast cancer, risk factors for LM include an 
infiltrating lobular carcinoma and cancers nega-
tive for estrogen receptor (ER) and progesterone 
receptor (PR). Triple- negative status of breast can-
cer (human epidermal growth factor receptor 2 
[HER2]/neu negative; ER negative; PR negative) has 
been reported to be a risk factor for LM.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Vary from mild to severe; memory 
deficit, dysarthria, nausea, vomiting, 
vertigo, unsteadiness, uncoordinated 
limb movements, headache possible in 
occipital, frontal or upper cervical areas, 
depression, somnolence
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Secondary Complications:

Hydrocephalus, increased intracranial pressure, and 
associated symptoms

Aseptic meningitis: mimics bacterial meningitis
Acute/subacute encephalopathy: seizures, confusion, 

etc.
Myelopathy
Acute cerebellar syndrome
Delayed leukoencephalopathy
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Cardiac Arrhythmia
Epidemiology and Demographics: Can be congenital or 

acquired. Arrhythmia in infancy occurs in about 
24.4/100,000 live births. Atrial fibrillation is present 
in 1–2% of population; lifetime risk 25%, mean age 
at presentation 75 years.

Disorder Description: Causes can be pathogenic (con-
genital, acquired) or iatrogenic (e.g., atrioven-
tricular [AV] nodal blocking agents). They include 
myocardial infarction, structural heart disease, 
coronary artery disease, thyroid abnormalities, 
substance- induced (e.g., medication, caffeine, 
alcohol, illicit substances), sleep apnea, infection, 
metabolic derangements (e.g., hyperkalemia, hypo-
magnesemia). Tachyarrhythmias can be regular or 
irregular, narrow or wide QRS complex. AV block 
bradyarrhythmias include first- degree, second- 
degree Mobitz I (Wenckebach), second- degree 
Mobitz II, third- degree (complete). Ischemic heart 
disease accounts for about 40% of cases of AV block. 
Common causes in children include atrioventricu-
lar reentry tachycardia, complete AV block, and 
atrial flutter.

Symptoms

Localization site Comment

Cerebellum Ataxia

Increased intracranial pressure symptoms

Encephalopathy

Seizures

Stroke

Hemiparesis

Aphasias

Vestibular system (and 
nonspecific dizziness)

Vertigo

Brainstem Gait ataxia

Diabetes insipidus

Cranial nerves Cranial nerve palsies

Diplopia

Spinal cord Radiculopathy

Atonic bladder

Circular necrosis of white matter in the 
periphery or spinal cord

Dorsal radiculopathy

Other symptoms

Mononeuropathy or 
mononeuropathy 
multiplex

Multiple mononeuropathy- like 
symptoms associated with lymphomas

Peripheral nerve Produces symptoms when lymphomas 
infiltrate

Localization site Comment

Cerebral hemispheres Cardioembolic or ischemic strokes 
leading to varying degrees of 
neurologic deficit. Hypoxic– 
ischemic brain injury in sudden 
cardiac arrest
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Secondary Complications: Risk of intracerebral hemor-
rhage following ischemic stroke.

Treatment Complications: Conversion of tachyarrhyth-
mia to sinus rhythm carries risk of left atrial throm-
bus causing embolic phenomena. Patients receiving 
anticoagulation for stroke prevention are at increased 
risk of intracerebral hemorrhage. Rate/rhythm con-
trol medications (e.g., verapamil, diltiazem, digoxin, 
beta blockers, amiodarone) and radio frequency 
catheter ablation used to treat various tachyarrhyth-
mias may secondarily cause bradyarrhythmias with 
related neurologic complications.
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Cardiac Embolus/Cardioembolic Stroke
Epidemiology and Demographics: Approximately 20% of 

all ischemic strokes are of cardioembolic origin. 
Can occur at any age, but risk increases with age. 
Incidence of cardioembolic stroke is 30/100,000. It 
has a prevalence of 5/1000 above the age of 65.

Disorder Description: Cardiac embolism may occur in 
the setting of atrial fibrillation and mechanical 
and bioprosthetic heart valves without appropriate 

anticoagulation, as well as in endocarditis and 
myocardial infarction (MI) with mural thrombus. 
Emboli form in the heart as a result of turbulent 
blood flow or stasis and exit to the brain and other 
structures, causing blood vessel occlusion. Age, 
hypertension, and diabetes are important risk fac-
tors for the development of cardioembolic stroke.

Symptoms

Localization site Comment

Cerebral hemispheres Large vessel cortical stroke

Mental status and 
psychiatric aspects/
complications

Altered consciousness, loss 
of speech or memory, and 
hemineglect due to ischemic stroke

Brainstem Altered consciousness, diplopia, 
locked- in syndrome

Cerebellum Cerebellar stroke, dysmetria and vertigo

Vestibular system (and 
nonspecific dizziness)

Vertigo

Cranial nerves Optic neuropathy due to retinal 
artery embolism

Spinal cord Anterior/posterior spinal artery 
syndrome (rare)

Secondary Complications: Rapid atrial fibrillation, limb 
ischemia, mesenteric ischemia.

Treatment Complications: Treatment of cardiac embo-
lus is usually preventative. Warfarin, heparin, and 
novel oral anticoagulant (NOAC) use can lead to 
intracranial and severe systemic bleeding, such as 
gastrointestinal bleeding.
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Cardiac Surgery
Epidemiology and Demographics: Incidence of neurologic 

complications of cardiac surgery is estimated to be 
about 6%. Advanced age is a dominant risk factor.

Localization site Comment

Mental status and psychiatric 
aspects/complications

Light-headedness, dizziness, 
presyncope, syncope in both 
brady- and tachyarrhythmias. 
Arrhythmias account for about 
15% of all causes of syncope. 
Anxiety is a common symptom in 
tachyarrhythmias

Vestibular system (and 
nonspecific dizziness)

Dizziness from cerebral 
hypoperfusion
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Disorder Description: Most neurologic problems related 
to cardiac surgery occur as stroke, neuropsychiatric 
abnormalities/encephalopathies, or peripheral neu-
ropathies. Causes include cerebral hypoperfusion, 
atheroembolization, gaseous embolization, renal 
failure, hepatic failure, thyroid abnormalities, met-
abolic disturbances (e.g., hyponatremia, hypogly-
cemia), drug toxicity, postoperative hyperthermia, 
and surgery (e.g., sternal retraction, artery harvest-
ing, hemodynamic changes during cardiac bypass). 
Risk factors include hypertension, carotid disease, 
advanced age, previous stroke, and underlying pul-
monary disease.

Symptoms

Localization site Comment

Cerebral hemispheres Ischemic, hemorrhagic stroke. 
Associated with poorer outcome 
compared with those cardiac 
surgery patients without a stroke

Mental status and psychiatric 
aspects/complications

Disturbances in memory, 
executive function, motor speed, 
attention, seizures, delirium, and 
coma

Brainstem Supranuclear gaze palsy (ischemic 
injury)

Cranial nerves Retinal infarctions, ischemic optic 
neuropathy (rare)

Plexus Brachial plexus injury; numbness, 
weakness, pain, diminished 
reflexes, discoordination in upper 
extremity. Symptoms improve or 
resolve within 3 weeks (suggesting 
a neuropraxic injury caused by 
disruption of myelin sheath)

Peripheral neuropathy Phrenic neuropathy; prolonged 
ventilator dependence

Intercostal neuropathy (pain 
and dysesthesia in a localized 
distribution in the lateral chest 
wall) caused by harvesting of the 
internal thoracic artery

Secondary Complications: Intracerebral hemorrhage sec-
ondary to ischemic stroke. Greater in- hospital mor-
tality rates.

Treatment Complications: Risk of hemopericardium 
when antithrombotic therapy initiated for ischemic 
stroke.
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Cardiogenic Syncope
Epidemiology and Demographics: Neurocardiogenic 

syncope occurs in about 25–40% of patients with 
syncope, representing the most common cause of 
all types of syncope. It has an overall prevalence of 
22% in the general population. Classic neurocar-
diogenic syncope is often linked to an identifiable 
trigger, such as an emotional stimulus. Genetics are 
thought to play a role in the “non- classical” neuro-
cardiogenic syncope, which appears to be familial 
and without an identifiable trigger. The classical 
type most often occurs in the elderly and is associ-
ated with micturition, cough, defecation, and deglu-
tition. Neurocardiogenic syncope in general is not 
restricted by age or sex.

Disorder Description: Neurocardiogenic syncope, also 
known as vasovagal syncope, is one type of syncope 
that results from complex interactions between 
the autonomic nervous system, the body’s periph-
eral vascular resistance, the heart, and the brain. 
Mechanistically, the reflex begins with a low blood 
pressure in the setting of blood pooling in the lower 
extremities, i.e., after standing for a prolonged 
period. This leads to inadequate blood supply to 
the brain. A sympathetic response ensues, with the 
heart appropriately responding by increasing the 
heart rate and stroke volume. In those with neuro-
cardiogenic syncope, the increased activity in the 
left ventricle stimulates the Bezold–Jarisch reflex in 
which mechanoreceptors of the left ventricle stim-
ulate paradoxical vasodilation and increased vagal 
tone, leading to decreased end- diastolic volume, 
bradycardia, and subsequent syncope. Passing 
out allows one to be supine, which is thought to 
bring adequate blood supply to the brain in this 
position. Clinically, it is observed to occur in pre-
disposed individuals following prolonged peri-
ods of upright posture, warm environments (hot 
weather, crowded rooms, hot shower/baths), pain, 
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vomiting, intense emotion/tense psychologic states 
(i.e., fearful situations like blood draws), dehydra-
tion, heavy alcohol intake, or in some patients, after 
heavy meals.

Symptoms

Localization site Comment

Cerebral hemispheres Seizure-like activity may be seen, 
though this is nonepileptic

Mental status and 
psychiatric aspects/
complications

Alterations in alertness, cognition, 
orientation, speech, memory, mood, 
anxiety; psychotic symptoms such 
as delusions or hallucinations, 
suicidal ideation. During the 
prodromal phase of the syncopal 
event, there may be an associated 
diaphoresis, pallor, disorientation, 
and nausea. Following the syncopal 
event, patients often express feeling 
depressed, delayed, fatigued, 
cloudy, light- headed, with difficulty 
concentrating. Fatigue is the most 
common complaint after an episode 
and may last for a number of days

Vestibular system (and 
nonspecific dizziness)

Recurrent dizziness (prodromal or 
post-syncope)

Muscles Diffuse muscle aches, pain

Meninges Headache

Treatment Complications: There is no well- established 
pharmacotherapy for this disease. Reassurance, 
reduction of anxiety, and physical counter- pressure 
are helpful. Other considerations for treatment 
include cardiac pacing or closed loop stimulation, 
volume maintenance therapies, i.e., support stock-
ings, high salt intake, fludrocortisone, midodrine, 
and beta- blockade. Other medications include 
selective serotonin reuptake inhibitors (SSRIs), 
disopyramide, clonidine, and desmopressin, all 
of which have their associated adverse effects, i.e., 
fatigue and decreased libido in SSRIs, anticholin-
ergic effects of disopyramide and clonidine, and 
orthostatic hypotension, taste alterations, and 
hyperkalemia with desmopressin.
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Carotid Artery Aneurysm
Epidemiology and Demographics: An estimated 3.2% of 

the population without comorbidity have an unrup-
tured intracranial saccular aneurysm. The mean age 
is 50 years and split evenly between genders. Risk 
of intracranial aneurysm increases with a positive 
family history or in patients with autosomal dom-
inant polycystic kidney disease and connective tis-
sue disease.

Disorder Description: Aneurysms are abnormal dilations 
of a blood vessel wall that arise due to defects, dis-
ease, or injury to the vessel. The majority of carotid 
aneurysms occur intracranially at the bifurcation of 
the internal carotid and posterior communicating 
artery but can occur in the cervical carotid, espe-
cially as a result of trauma. Aneurysms may be saccu-
lar (sac- like protrusion from the vessel) or fusiform 
(involving entire circumference of involved vessel).

Symptoms

Localization site Comment

Cerebral hemispheres Severe acute headache 
(sign of acute aneurysm 
rupture; pain is severe 
and comparable to 
subarachnoid hemorrhage), 
often lateralized to side of 
aneurysm; focal neurologic 
symptoms if brain tissue is 
damaged

Mental status and psychiatric 
aspects/complications

Associated with acute 
headache, loss of 
consciousness, and altered 
mental status/confusion; 
alterations in speech possible 
depending on location and 
severity of rupture

Brainstem Respiratory dysfunction (sign 
of brainstem compression 
from acute rupture)

Cranial nerves Oculomotor (CN III) nerve 
palsy: diplopia, ptosis, 
enlarged pupil; facial pain (if 
aneurysm involves cavernous 
sinus); visual symptoms, 
specifically blurry vision

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.003
https://www.cambridge.org/core


Section 1 Diagnostics

88

Secondary Complications: After an aneurysm rupture, 
vasospasm can also occur, limiting perfusion and 
even causing delayed cerebral ischemia.

Treatment Complications: Treatment of unruptured aneu-
rysms by procedural intervention is possible; how-
ever, there is an associated risk of morbidity and 
mortality. Endovascular repair has been found to have 
lower mortality than surgical repair. Overall, small 
unruptured carotid artery aneurysms typically do not 
warrant intervention; for larger aneurysms, interven-
tion should be considered based on aneurysm size, 
symptoms, age, and functional status of the patient.
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Carotid Artery Dissection
Epidemiology and Demographics: Incidence of sponta-

neous carotid artery dissection is 1.72/100,000. 
Average age of those with dissection is 44–46 years 
based on North American and European studies, 
with no predisposition related to gender or ethnic-
ity. Patients with connective tissue disorders are at 
increased risk of spontaneous dissection.

Disorder Description: Dissection is caused by the tearing 
or separation of arterial wall layers. It occurs after 
the formation of a tear in the tunica intima layer of 
the artery, allowing arterial blood to enter into the 
vessel wall. These subintimal dissections cause ste-
nosis or possibly occlusion of the vessel and increase 
the risk of thrombus formation, which may embo-
lize distally. Dissections can be secondary to trauma 
or spontaneous.

Symptoms

Secondary Complications: After conservative treatment, 
most carotid artery dissections have complete 
symptom resolution. Transient ischemic attack and 
acute ischemic stroke are possible, which can have 
permanent consequences depending on severity, 
duration, and location of ischemia.

Treatment Complications: Treatment depends on loca-
tion and severity of dissection. In cases of throm-
bus, anticoagulation is often used, complications of 
which include bleeding. Angioplasty or stenting can 
be done in case of failed medical management and 
have lower risk of complication compared with sur-
gical treatment but may cause stroke.
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Carotid Artery Endarterectomy or Stent
Epidemiology and Demographics: Carotid artery endar-

terectomy and stenting are both utilized in patients 
with carotid artery stenosis for prevention of stroke, 
which is currently the fourth leading cause of death 
in the United States and where 20% of strokes are 
secondary to carotid artery stenosis. In patients 
with asymptomatic carotid artery stenosis, the risk 
of ipsilateral stroke is 0.5–1% per year.

Disorder Description: Carotid artery stenosis is a result 
of atherosclerosis. Surgical intervention for carotid 
stenosis, either by endarterectomy or stenting, can 

Localization site Comment

Cerebral hemispheres Headache pain, typically more gradual 
in onset, however can be acute, 
throbbing; focal weakness

Visual system Painless loss of vision (amaurosis fugax)

Localization site Comment

Vestibular system (and 
nonspecific dizziness)

Pulsatile tinnitus

Base of skull Painful Horner syndrome (ptosis, 
miosis, anhidrosis) from sympathetic 
fiber involvement

Cranial nerves Facial pain (CN V), facial palsy (CN VII), 
oculomotor (CN III) symptoms
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be considered in symptomatic patients with over 
70% stenosis. In symptomatic patients with less than 
70% stenosis, intervention has questionable benefit 
compared with medical treatment and carries risks. 
In patients with asymptomatic carotid atheroscle-
rosis, intervention can be considered if stenosis is 
greater than 60%. Carotid atherosclerosis can cause 
symptoms either by decreased flow due to stenosis 
or artery-to-artery embolism.

Symptoms

Localization site Comment

Cerebral hemispheres Transient ischemic attacks, stroke: 
can present as focal deficits such 
as sudden weakness, numbness, 
difficulty speaking, etc. Hemiparesis, 
aphasia, neglect; headache

Mental status and psychiatric 
aspects/complications

Confusion, altered mental status, 
or loss of consciousness

Visual system Amaurosis fugax. Ocular 
ischemia: unilateral blindness 
with absent pupillary response, 
often ischemic retinal damage

Vestibular system (and 
nonspecific dizziness)

Tinnitus, dizziness

Cranial nerves Diplopia, dysarthria

Treatment Complications: When indicated, both carotid 
endarterectomy and stenting have been proved ben-
eficial overall, although complications can occur. In 
terms of primary outcomes of stroke, myocardial 
infarction and death, endarterectomy and stenting 
appear to have similar risks of adverse outcomes. 
Perioperatively, stenting is associated with higher 
risk of stroke, while endarterectomy is associ-
ated with higher risk of myocardial infarction. 
Hyperperfusion syndrome can occur after carotid 
artery stenting or endarterectomy and is character-
ized by severe headache and hypertension. Patients 
who develop hyperperfusion syndrome often had 
diagnoses of very severe or bilateral stenosis.
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Carotid–Cavernous Fistula
Epidemiology and Demographics: Traumatically induced 

carotid– cavernous fistula is primarily seen in young 
males, as this is the population with the highest rates 
of head trauma. These occur in 0.2% of all patients 
with head trauma and in 3.8% of patients with a 
basilar skull fracture.

Disorder Description: The internal carotid artery forms 
a fistula with the cavernous sinus, shunting blood 
away from the brain and into the venous circula-
tion. The higher arterial blood pressure subjects the 
wall of the cavernous sinus to substantial mechan-
ical forces. The most common etiology for fistula 
formation is head trauma, while the remainder are 
“spontaneous” carotid– cavernous fistulae, thought 
to arise from ruptured carotid aneurysms within the 
cavernous sinus.

Symptoms

Localization site Comment

Cranial nerves CN III, IV, V1, V2, and VI pass through the 
cavernous sinus and can be impaired when 
cavernous sinus disease is present, causing 
unilateral visual loss, proptosis, chemosis, 
eye pain, diplopia, ophthalmoplegia, orbital 
bruit, headache

Secondary Complications: Risk of hemorrhage is present 
in traumatic carotid– cavernous fistula, especially 
among those with vascular risk factors.

Treatment Complications: In most settings, the current 
preferred treatment is endovascular embolization. 
Embolization carries the risk of cerebral infarction, 
diabetes insipidus, decreased visual acuity, orbital 
ecchymosis, retroperitoneal hematoma, and deep 
vein thrombosis.
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Carotid Sinus Hypersensitivity
Epidemiology and Demographics: Incidence is related to 

age; prevalence is 2.4% among those aged 50–59 
years and up to 40.4% in those >80 years. Rarely 
seen in those <50 years. More common in females 
at 4:1.

Disorder Description: Carotid sinus hypersensitivity is 
defined as a decrease in heart rate (at least 3- second 
asystole, “cardioinhibitory type”) or blood pressure 
(>50 mmHg systolic pressure drop, “vasodepressor 
type”) or both (“mixed type”) in response to carotid 
sinus massage. Syncope and near syncope, provoked 
by head turning, a tight collar, or shaving, are the 
most common presentations. Risk factors include 
age and atherosclerotic disease. Pathogenesis may 
be related to carotid sinus atherosclerosis, sterno-
cleidomastoid proprioceptive denervation, or auto-
nomic dysfunction.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Recurrent syncope, near 
syncope, light-headedness

Secondary Complications: This condition can cause falls 
in the elderly.

Treatment Complications: Treatment involves placement 
of a permanent cardiac pacemaker. Risks for this 
procedure include palpitations, infection, bleed-
ing, pacemaker lead dislodgement, and pacemaker 
malfunction.
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Carpal Tunnel Syndrome
Epidemiology and Demographics: Carpal tunnel syn-

drome (CTS) is a very common disorder. The 
estimated annual incidence for women is 324–
542/100,000 population and 125–303/100,000 
for men. The estimated prevalence is about 1–5%. 
The prevalence is higher among obese women. The 
female-to-male ratio for CTS is estimated to be 3:1.

Disorder Description: CTS is a result of median nerve 
compression at the carpal tunnel. The patients pres-
ent with pain, paresthesia, numbness, and possible 
weakness in the median nerve distribution. The 
median nerve emerges from the fifth cervical to 
the first thoracic roots, but is mainly formed from 
the sixth cervical root. The median nerve supplies 
four muscles in the forearm (pronator teres, flexor 
carpi radialis, palmaris longus, and flexor digito-
rum superficialis). The median nerve enters the 
hand through the carpal tunnel. Within the tunnel 
is the tendon of the flexor pollicus longus and four 
tendons of the flexor digitorum superficialis and 
profundus muscles. Distal to the tunnel the median 
nerve branches into the motor and sensory fibers. 
The motor branch usually supplies the abductor 
pollicus brevis, opponens pollicis, and the first and 
second lumbrical muscles (sometimes the flexor 
pollicus brevis muscle). The sensory palmar digital 
branches supply sensation to the palmar aspect of 
D1–D3 and half of D4. The palmar cutaneous nerve 
arises proximal to the carpal tunnel and supplies the 
skin over the thenar eminence.

Anatomical compression and/or inflammation 
are the most common causes of carpal tunnel syn-
drome. Risk factors include repetitive use of the 
hand, obesity, female gender, pregnancy, diabetes 
mellitus, rheumatoid arthritis, hypothyroidism, 
and workplace factors.
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Symptoms are usually worse at night. Phalen 
maneuver and Tinel’s signs at the wrist are useful 
in the diagnosis, with sensitivity of up to 50% but 
higher specificity.

Treatment includes symptomatic relief with a 
wrist splint, nonsteroidal anti- inflammatory drugs 
(NSAIDs), glucocorticoid injections, and oral glu-
cocorticoids. Treatment of underlying condition 
if present, such as rheumatoid arthritis and hypo-
thyroidism, is usually helpful. Treatment for severe 
cases is decompression of the median nerve at the 
carpal tunnel.

Symptoms

Localization site Comment

Peripheral neuropathy/
mononeuropathy

Median nerve distribution sensory 
and motor symptoms

Muscle Atrophy of abductor pollicis brevis

Treatment Complications: Oral glucocorticoid treatment 
should not extend beyond 4 weeks due to deleteri-
ous side effects of chronic therapy. Glucocorticoid 
injection risks include: exacerbation of the com-
pression, accidental injection into the median or 
ulnar nerves, and digital flexor tendon rupture. 
Surgical complications include permanent nerve 
damage and infection.
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Cassava Root Toxicity (Konzo)
Epidemiology and Demographics: Cyanide poisoning 

occurring within hours of ingesting raw or inade-
quately processed cassava. It is almost exclusively 
seen in poor populations in famine conditions.

Disorder Description: Cyanogens from consumption of 
insufficiently processed bitter roots release cyanide, 
which causes acute poisoning with onset within a 
half to several hours with nausea, vomiting, diar-
rhea, and weakness. This may progress to collapse 

and even death. Interestingly, although other forms 
of cyanide poisoning have been shown to cause 
basal ganglia damage and parkinsonism with severe 
toxicity, this has not been reported with cassava root 
poisoning, probably because those stricken do not 
survive. Tropical ataxic neuropathy develops slowly 
as a result of chronic consumption of cassava root 
and is associated with sensory loss in the lower 
extremities and optic atrophy. It is most commonly 
seen in Nigeria. Konzo is an upper motor neuron 
disorder originally described in Zaire. Konzo means 
“tired legs” and refers to the resultant spastic gait. 
Interestingly the cyanide exposure is higher in 
konzo than in tropical ataxic neuropathy, and the 
onset is abrupt.

Symptoms

Localization site Comment

Cerebral hemispheres Konzo causes upper motor neuron 
damage with spastic paraparesis. 
Rarely, there may also be spastic 
dysarthria, but it usually resolves

Cranial nerves Optic atrophy with tropical ataxic 
neuropathy

Peripheral neuropathy Tropical ataxic neuropathy causes 
distal sensory loss
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Cataract
Epidemiology and Demographics: In 2010, the World 

Health Organization estimated cataract was the 
most common cause of blindness worldwide, affect-
ing approximately 22 million people across the globe. 
Cataract surgery is the most common surgical pro-
cedure performed in the developed world. Cataracts 
can affect patients of any age, but most often are age 
related or congenital. Certain metabolic conditions 
such as diabetes can contribute to cataract forma-
tion. In developing countries, cataracts occur earlier 
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in life and the incidence is higher. Additionally, the 
amount of visual disability attributable to cataract 
is greater in developing countries where there are 
fewer surgeons to perform cataract extraction sur-
gery than in developed countries.

Disorder Description: A cataract is defined as an opacifica-
tion of the natural crystalline ocular lens. Cataracts 
are categorized by which part of the lens structure 
is affected. Age- related or so- called senile cataracts 
are the most common and cause the lens nucleus 
to become larger and more brunescent (yellow or 
brown). Diabetes, hypertension, UV light, smoking, 
and alcohol have all been identified as risk factors but 
knowledge of cataract is incomplete. Age is the great-
est risk factor as there is cumulative exposure to tox-
ins and increased risk of disease. Despite the common 
co- existence of senile cataracts with some degree of 
cognitive impairment, there is no clear- cut causative 
relationship between senile cataracts and dementia. 
Less commonly, cataracts can be seen in a number of 
systemic disorders with neurologic complications.

Symptoms: The degree of cataract and cataract morphol-
ogy affects patient symptomatology. Patients typically 
complain of decreased vision, decreased contrast sen-
sitivity, and glare, particularly with nighttime driving. 
Other symptoms include refractive changes, monoc-
ular diplopia, glare, and changes in color vision.

Secondary Complications: Cataracts are a major cause 
of geriatric vision loss. Patients with vision loss 
from cataracts are at increased risk for nurs-
ing home placement, falls, and hip replacement 
surgery.

Release visual hallucinations (sometimes 
termed Charles Bonnet syndrome) may occur in 
patients with dense bilateral cataracts and severe 
vision loss. These patients will report seeing 
geometric shapes, small characters, or faces, but 
they have insight into the hallucinations and rec-
ognize that they are not real. These patients do not 
have psychiatric disease, but may be disturbed by 
the images and afraid to admit that they see them 
for fear of being labeled with psychiatric disease. 
The term “release hallucinations” stems from the 
concept that interruption of normal visual input is 
associated with release of brain activity. These hal-
lucinations are usually seen in elderly patients with 
central vision loss from macular degeneration, dia-
betic retinopathy, or cataracts but have also been 
described in those with visual field deficits and 
children. Charles Bonnet syndrome is a diagnosis 
of exclusion and requires careful evaluation for 
psychiatric disease, drug use, and seizure activity.

Treatment Complications: Complications of modern 
cataract surgery are rare but include vision loss, 
visual distortion, pain, and diplopia. In a meta- 
analysis of 90 studies on cataract extraction with 
intraocular lens implantation, the incidence of 
sight- threatening complications was less than 2% 
regardless of lens extraction technique.
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Localization site Comment

Mental status and 
psychiatric aspects/
complications

Wilson’s disease is an inherited disorder 
of copper metabolism in which excess 
copper accumulates throughout the body. 
It is associated with psychiatric symptoms. 
In the lens, the copper deposits in the 
anterior capsule and cortex in a petaloid, 
“sunflower”- like configuration. The basal 
ganglia are the most commonly affected 
sites in the brain

Basal ganglia As per above

Vestibular system 
(and non- specific 
dizziness)

Neurofibromatosis type 2 is associated 
with posterior subcapsular cataracts and 
acoustic neuromas

Peripheral 
neuropathy

Diabetes mellitus is associated with 
many types of cataracts and the earlier 
development of age- related cataracts. 
Peripheral neuropathy is among the most 
common complications of diabetes and is 
thought to occur as a result of damage to 
peripheral nerves secondary to prolonged 
exposure to elevated blood glucose levels

Localization site Comment

Muscle Myotonic dystrophy, characterized 
by progressive muscle wasting 
and weakness, is associated with 
characteristic polychromic cortical 
cataracts (also known as “Christmas tree 
cataracts”)
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Catatonia
Epidemiology and Demographics: May be underrecog-

nized in clinical practice; however, catatonia has 
been reported to occur in approximately 10% of 
acutely ill psychiatric inpatients. More common in 
patients with unipolar major depression, bipolar 
disorder, psychotic disorders, autism spectrum dis-
order, and delirium, as well as many general medical 
conditions including infectious, metabolic, neuro-
logic, and rheumatologic disorders.

Disorder Description: Behavioral syndrome character-
ized by significant psychomotor disturbance, which 
can occur in the context of a variety of underlying 
psychiatric and general medical disorders. The syn-
drome can present with heterogeneous signs and 
symptoms; however, the most common include 
immobility, rigidity, mutism, posturing, excessive 
motor activity, stupor, negativism, staring, and 
echolalia. Based on the clinical presentation, three 
primary subtypes exist: retarded, malignant, and 
excited catatonia.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Immobility including hypokinetic 
or akinetic behavior, stupor, staring, 
mutism, negativism, posturing 
(catalepsy), excitement (impulsive, 
frantic, and stereotypic behavior 
that may result in harm to self or 
others), echophenomena (echolalia, 
echopraxia), speech mannerisms 
(robotic speech, feigned foreign accent, 
verbigeration), behavioral mannerisms 
(odd, purposeful movements), 
stereotypy (grimacing, teeth/tongue 
clicking, rocking, sniffing, biting, 
automatically touching or tapping), 
ambitendency, automatic obedience, 
waxy flexibility, stimulus- bound 
behavior

Secondary Complications: Complications may include 
dehydration, malnutrition, deep vein thrombosis 
and pulmonary embolism, contractures, pressure 
ulcers, or injury to self or others. In some cases, life- 
threatening malignant catatonia can develop with 
fever, autonomic instability, delirium, and rigidity.

Treatment Complications: Antipsychotics and other 
dopamine- blocking agents should generally be 
avoided in patients with catatonia because of the 
risk of precipitating neuroleptic malignant syn-
drome in this patient population. Antipsychotics 
are contraindicated in malignant catatonia.
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Cat Scratch Disease (CSD)
Epidemiology and Demographics: Disease occurs 

worldwide. Eighty percent of cat scratch disease 
(CSD) patients are younger than 21 years of age. 
Estimated 22,000 cases/year in the United States.1 
Neurologic complications account for 1–2% of 
cases of CSD.2

Disorder Description: Commonly known as “cat scratch 
fever,” CSD is a bacterial infection caused by the 
gram- negative rod Bartonella henselae. Patients typ-
ically present with painful regional lymphadenopa-
thy with fever following an animal bite or scratch, 
generally occurring 2 weeks later. Severe cases may 
spread to the central nervous system.1

Greater than 90% of risk for infection is contact 
with cats, mainly kittens; however, tick or flea bites, 
rodents, sheep, monkeys, cows, foxes, coyotes, por-
cupines, and dogs have been reported. Needle- stick 
transmission has also been reported. Veterinary 
professionals, groomers, animal rescue workers, 
and pet owners are at risk for infection.1,3
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Symptoms

Localization site Comment

Cerebral hemispheres Meningitis

Encephalitis

Seizures (status epilepticus has 
been reported)

Vasculitis

Mental status and psychiatric 
aspects/complications

Encephalopathy3

Behavioral abnormalities

Hallucinations

Cranial nerves Neuroretinitis, presenting as 
visual field loss due to optic 
nerve edema

Optic neuropathy

Bell’s palsy (rare)

Spinal cord Transverse myelitis

Specific spinal roots Radiculitis

Peripheral neuropathy Polyneuropathy, Guillain–Barré 
syndrome3

Secondary Complications: Seizures or vision loss due to 
neuroretinitis or optic neuropathy may result.

Treatment Complications: Rifampin may cause blood 
dyscrasias or hepatotoxicity.
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Cauda Equina Syndrome
Epidemiology and Demographics: Cauda equina syn-

drome affects about 2% of herniated lumbar disc 
cases.

Disorder Description: The cauda equina is composed of 
nerve roots distal to the conus medullaris. Cauda 

equina syndrome is a combination of symptoms 
and signs that include low back pain, radicular pain, 
motor weakness, saddle anesthesia, and bowel or 
bladder dysfunction resulting from cauda equina 
compression. It is a surgical emergency. Etiologies 
of cauda equina syndrome include trauma, acute 
disc herniation, degenerative spine disease with or 
without congenital stenosis, primary central nerv-
ous system tumors, metastatic disease, abscesses, 
archnoiditis, or epidural anesthesia. An MRI is the 
study of choice to evaluate for a compressive lesion 
and to determine if there is a surgical emergency 
since timely surgical intervention is the key to prog-
nostic outcome.

Symptoms

Localization site Comment

Cauda equina Nerves arising from cauda 
equina

Mononeuropathy or 
mononeuropathy multiplex

Single nerve may be affected

Secondary Complications: Urinary tract infection from 
urinary retention.

Treatment Complications: Postsurgical complications 
including altered mental status from anesthesia.
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Cavernous Angioma
Epidemiology and Demographics: Cerebral cavernous 

angioma has a prevalence of about 0.6% in the gen-
eral population. About half are inherited (auto-
somal dominant with variable penetrance). The 
average age of presentation is 30.6 years.

Disorder Description: Angiomas (also known as cavern-
ous hemangiomas, cavernomas, and cerebral cav-
ernous malformations) are collections of aberrant 
dilated blood vessels. They are most commonly 
located in the white matter tissue. Angioma expan-
sion can occur spontaneously and can cause symp-
tomatic or asymptomatic microhemorrhages.
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Symptoms

Localization site Comment

Cerebral hemispheres Seizure, focal neurologic deficit, 
headache, hemorrhage

Brainstem Seizure, focal neurologic deficit, headache, 
hemorrhage, cranial neuropathy

Cerebellum Ataxia, headache, hemorrhage

Spinal cord Stepwise or gradual motor or sensory 
deficits below the level of the lesion

Secondary Complications: Intracerebral hemorrhage may 
be a presenting symptom, or may occur later.

Treatment Complications: Surgical and interventional 
radiologic treatment of symptomatic and asympto-
matic cavernous angiomas share similar risks, such 
as causing neurologic deficits (motor, sensory, ataxia) 
depending on the location. These occur with a similar 
incidence between surgical and non- surgical inter-
vention, at about 6 serious events per 100 person-years.

Bibliography
Al-Holou WN, O’Lynnger TM, Pandey AS, et al. 

Natural history and imaging prevalence of 
cavernous malformations in children and young 
adults. J Neurosurg Pediatr. 2012;9:198–205.

Maraire JN, Awad IA. Intracranial cavernous 
malformations: lesion behavior and management 
strategies. Neurosurgery. 1995;37:591–605.

Poorthuis MH, Klijn CJ, Algra A, Rinkel GJ, Al-Shahi 
Salman R. Treatment of cerebral cavernous 
malformations: a systematic review and meta- 
regression analysis. J Neurol Neurosurg Psychiatry. 
2014;85:1319–23.

Cavernous Sinus Thrombophlebitis
Epidemiology and Demographics: Approximately 3–4 

cases of cerebral venous thrombosis occur per mil-
lion people per year. Females account for 75% of 
cases. Can occur across all age ranges, with a mean 
age of presentation of 22 years.

Disorder Description: Acquired condition in which 
a blood clot forms in the cavernous sinus at the 
base of the brain, usually due to infection with 
Staphylococcus aureus. This may cause interference 
with structures in the cavernous sinus, including 
cranial nerves III, IV, V1, V2, and VI. Use of anti-
coagulation is controversial and may exacerbate the 

spread of infection. The infection and thrombosis is 
considered life threatening and requires immediate 
treatment.

Symptoms

Localization site Comment

Cranial nerves CN III, IV, V, VI nerve palsies with diplopia 
or facial pain/numbness. Unilateral visual 
loss (optic nerve ischemia)

Pituitary gland Pituitary insufficiency

Unclear localization Headache

Secondary Complications: Inflammation and edema can 
cause damage to surrounding structures including 
carotid artery and pituitary. Additionally, emboli (sep-
tic and otherwise) can occur and cause tissue infarction.

Treatment Complications: Allergic reaction to antibiotics 
(i.e., nafcillin, cefotaxime, and metronidazole) used 
for empiric treatment. Anticoagulants used may 
cause bleeding.
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Cavernous Sinus Thrombosis (CST)
Epidemiology and Demographics: Cavernous sinus 

thrombosis (CST) is a rare condition, with no epi-
demiologic data available.

Disorder Description: Most commonly occurs in the 
setting of venous stasis, endovascular injury, and 
hypercoagulability. Direct spread of Streptococcus, 
Staphylococcus, or Pneumococcus species from a 
paranasal sinus infection, abscess, or orbital cellu-
litis can cause CST. Aseptic cavernous sinus throm-
bosis is usually from a tumor or aneurysm causing 
venous stasis within the cavernous sinus.

Symptoms

Localization site Comment

Base of skull Unilateral progressing to bilateral: eye pain, 
chemosis, and proptosis. Lateral gaze palsy 
progressing to ophthalmoplegia. Diplopia, 
vision loss. Headache, nausea, vomiting, 
chills, diaphoresis, seizures
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Secondary Complications: Dissemination of infection 
can cause blindness, focal seizures, hemiparesis, 
intracranial or systemic infection/abscess, cerebral 
edema, vascular steal, and hypopituitarism.

Treatment Complications: As CST is a rare disease, there 
is no rigorously tested treatment regime for these 
patients. For septic causes, antibiotics or antimicro-
bials are the primary therapy, with anticoagulation 
in selected patients. Antithrombotics and cortico-
steroids may be used in aseptic cases, with surgical 
resection possible if there is a tumor. These carry the 
risk of hemorrhage.
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Cavernous Sinus Tumor
Epidemiology and Demographics: Cavernous sinus tumor 

is considered a rare disease; little is known about 
incidence or prevalence.

Disorder Description: Many tumors can invade the cav-
ernous sinus, including primary meningioma or 
neurofibroma as well as metastatic disease. The 
mechanical blockage of venous outflow through 
the cavernous sinus causes fluid to build up and put 
pressure on the cranial nerves that pass through the 
cavernous sinus. The result is called cavernous sinus 
syndrome, a constellation of neurologic and oph-
thalmologic signs and symptoms.

Symptoms

Localization site Comment

Base of skull Ophthalmoplegia, chemosis, proptosis. 
Cranial nerve palsies of CN II, III, IV, V, VI

Secondary Complications: Benign tumors may expand 
locally and compromise cranial nerves in the 

cavernous sinus. Malignant tumors can metastasize 
to the brain or elsewhere.

Treatment Complications: Radiosurgery or surgery can  
be used to shrink or remove the tumor. 
Complications of each include damage to the adja-
cent cranial nerves.
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Celiac Disease
Epidemiology and Demographics: Celiac disease is found 

in about 1% of the population. The incidence of 
celiac disease has a bimodal distribution, with one 
peak during the first decade of life and a second one 
between 40 and 50 years of age. Women are affected 
more often than men (2:1).

Disorder Description: Celiac disease is caused by an 
immune reaction to the cereal grain protein glu-
ten, which causes small bowel injury resulting in 
malabsorption. Postprandial bloating, steatorrhea, 
and weight loss are cardinal features of this disease. 
Pathologic studies of the small intestine often show 
villus atrophy and intraepithelial lymphocytic infil-
trate. Anti- endomysial antibodies, anti- tissue trans-
glutaminase antibodies, and anti- gliadin antibodies 
are main serologic markers of this disease.

Symptoms

Localization site Comment

Cerebral hemispheres Seizure

Mental status and psychiatric 
aspects/complications

Schizophrenia

Depression

Anxiety

Autism spectrum disorder

Attention deficit hyperactivity 
disorder
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Secondary Complications: Malabsorption can lead to 
deficiency of vitamins and essential micronutrients. 
Copper deficiency for example can cause myelopa-
thy, neuropathy, and optic neuropathy. Vitamin B12 
deficiency can cause optic neuropathy or syndrome 
of subacute combined degeneration.
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Central Pontine Myelinolysis
Epidemiology and Demographics: Exact incidence is 

unknown; however, incidence is highest among 
alcoholics and liver transplant recipients. It occurs 
most often between age 30 and 50 years.

Disorder Description: Central pontine myelinolysis is an 
uncommon neurologic disorder that occurs as a 
result of damage to the myelin sheath of neurons. It 
affects the pontine white matter tracts, but can also 
cause extrapontine lesions (extrapontine myelinoly-
sis). Extrapontine lesions include involvement of the 
basal ganglia, lentiform nucleus, internal and external 
capsule, and thalamus. The exact pathophysiology is 
unknown, but it is associated with rapid correction 
of hyponatremia. It has been found to occur in alco-
holics and liver transplant recipients. It has also been 
associated with severe hypophosphatemia, severe 
burns, Wilson’s disease, hyponatremia, hypokalemia, 
renal failure, diabetes, hyperemesis gravidarum, 
anorexia nervosa, and systemic lupus erythemato-
sus. It presents as seizures or encephalopathy that 
progresses to dysarthria, dysphagia, oculomotor dys-
function, or quadriparesis, and sometimes patients 
may experience locked- in syndrome.

Symptoms

Localization site Comment

Cerebral hemispheres Encephalopathy, seizures

Mental status and 
psychiatric aspects/
complications

Acute confusion; behavioral changes; 
mania; deficits in short- term memory, 
attention/concentration, and learning 
ability

Cerebellum Rare extension to cerebellum can lead 
to ataxia

Brainstem Dysarthria, dysphagia, oculomotor 
dysfunction, quadriparesis, locked- in 
syndrome

Secondary Complications: Can lead to long- term dysto-
nia, slow choreoathetotic movements, tremor, and 
neuropsychologic deficits including problems with 
short- term memory, attention/concentration, and 
learning ability.
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Localization site Comment

Brainstem Brainstem encephalitis

Cerebellum Cerebellar ataxia

Cerebellar degeneration

Spinal cord Myelopathy

Mononeuropathy or 
mononeuropathy multiplex

Mononeuritis multiplex

Peripheral neuropathy Distal symmetric axonal 
sensorimotor polyneuropathy

Neuromuscular junction Myasthenia gravis

Muscle Polymyositis

Dermatomyositis

Inclusion body myositis

Unclear localization Migraine

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.003
https://www.cambridge.org/core


Section 1 Diagnostics

98

Singh TD, Fugate JE, Rabinstein AA. Central pontine 
and extrapontine myelinolysis: a systematic 
review. Eur J Neurol. 2014;21:1443–50.

Vermetten E. Neuropsychiatric and 
neuropsychological manifestations of central 
pontine myelinolysis. Gen Hosp Psychiatry. 
2005;21(4):296–302.

Central Retinal Artery Occlusion (CRAO; or 
Branch Retinal Artery Occlusion)
Epidemiology and Demographics: Central retinal artery 

occlusion (CRAO) is a relatively rare disease, with 
an incidence of ~1/10,000. The vast majority of 
patients have unilateral occlusion, but 1–2% have 
bilateral involvement. The mean age of patients with 
central retinal artery occlusion is 60–65 years. Men 
are affected more frequently than women. Patients 
with CRAO have higher prevalence of comorbidi-
ties such as hypertension, diabetes, and smoking, 
and often have undiagnosed vascular risk factors. 
Patients with inflammatory disease such as giant 
cell arteritis are also more likely to have CRAO.

Disorder Description: Central retinal artery occlusion 
is characterized by acute painless monocular loss 
of vision, along with retinal ischemia on fundus-
copic exam. This occlusion is typically secondary 
to embolism or atherosclerosis. Visual loss occurs 
because of occlusion of the central retinal artery, 
which is the first intraorbital branch of the ophthal-
mic artery. This leads to ischemia of the inner layer 
of the retina, pyknosis, and eventual necrosis of the 
retina. Recovery of vision is very unlikely without 
emergent intervention; definitive intervention typi-
cally involves revascularization.

Symptoms

Localization site Comment

Cerebral hemispheres Headache (presence suggests giant cell 
arteritis as etiology); motor or sensory 
symptoms might suggest carotid artery 
disease as associated etiology

Visual system Acute, severe loss of vision (typically 
monocular), typically painless

Secondary Complications: If plaque is present in the inter-
nal carotid artery, further embolization to the brain 
can occur.

Treatment Complications: The goal of intervention with 
CRAO involves restoring blood flow to the retina, 
and neovascularization can occur if enough ret-
ina survives. Treatment complications can occur. 
Vitreous hemorrhage is possible; however, this 
occurs in less than 1/50 patients. Neovascular glau-
coma is also possible and is more common; this can 
be extremely painful and may even require eventual 
removal of the affected eye.
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Central Retinal Vein Occlusion (CRVO)
Epidemiology and Demographics: Central retinal vein 

occlusion (CRVO) is uncommon with studies cit-
ing 0.1% prevalence in the general population. Most 
patients with CRVO are >50 years old and men are 
at a slightly increased risk.

Disorder Description: CRVO causes venous outflow 
obstruction from the central retinal vein. Acutely, 
this condition presents as painless, unilateral vision 
loss. Risk factors include age, a history of hyperco-
agulable diseases, and cardiovascular risk factors, 
such as diabetes, obesity, and hypertension.

Symptoms

Localization site Comment

Cranial nerves Monocular visual loss. Can see an 
afferent pupillary defect if the optic 
nerve is affected

Secondary Complications: Neovascularization of the iris, 
anterior chamber angle, and the retina causing glau-
coma and blindness.

Treatment Complications: Complications of retinal pho-
tocoagulation, such as macular edema, transient 
visual loss, and color vision changes.
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Central Serous Choroidopathy
Epidemiology and Demographics: Incidence of central 

serous choroidopathy is 1/10,000 for men and 
1.7/100,000 for women in the United States. Men are 
affected up to 10 times more often than women. The 
mean age of presentation is 49.8 years. Patients may 
present with choroidopathy after age 50, although 
these patients are often found to have bilateral 
disease.

Disorder Description: Central serous choroidopathy, or 
chorioretinopathy, is an ophthalmologic disease 
that is caused by serous detachment of the retina due 
to fluid accumulation in the subretinal space. This 
leakage occurs because of breaks in the retinal pig-
ment epithelium. Patients present with acute visual 
loss and distorted or blurred vision. Patients also 
can present with decreased central vision or sco-
toma. Prognosis is generally very good once fluid 
accumulation has resolved.

Symptoms

Localization site Comment

Visual system Acute visual loss and metamorphopsia, 
scotoma, and decreased central vision; 
more subtle visual symptoms include 
impaired color saturation and sensitivity 
to contrast

Secondary Complications: Complications of central 
serous chorioretinopathy include pigment epithe-
lial detachment and subretinal neovascularization. 
The neovascularization is understood to be a result 
of the leakage itself and of laser treatment. Retinal 
detachment can occur in patients with central serous 
choroidopathy who are otherwise healthy; however, 
corticosteroid use has been found to increase likeli-
hood of this complication.

Treatment Complications: Laser photocoagulation 
has been found to increase the risk of subretinal 
neovascularization.
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Central Sleep Apnea Due to High- Altitude 
Periodic Breathing
Epidemiology and Demographics: Virtually anyone who 

ascends to an altitude >4000 m and approximately 
25% of individuals who ascend to 2500 m will have 
periodic breathing during sleep.

Predisposing Factors: Increased hypoxic ventilatory 
response to high- altitude hypoxia predisposes to 
hyperventilation, which drives the arterial partial 
pressure of carbon dioxide (Paco2) below the apneic 
threshold, resulting in central apnea during sleep. 
The more rapid the ascent, the more likely periodic 
breathing is to occur.

Disorder Description: Periodic breathing at high altitude 
is characterized by repetitive oscillations consisting 
of hyperpnea followed by hypopnea or central apnea, 
which occurs during rapid eye movement (REM) 
and non- rapid eye movement (NREM) sleep. These 
hyperpneas induce arousals that disturb sleep.

Periodic breathing due to high altitudes occurs 
as an individual reaches an altitude that exposes 
them to hypoxia, and compensatory hyperventila-
tion ensues in an attempt to correct the hypoxemia. 
When sleeping at altitude in a hypoxic environment, 
tidal volume oscillates and Paco2 falls to a level at 
or below the apneic threshold. The periodic breaths 
occur in short cycles of 15–25 seconds followed by 
apneas of 5 to 15 seconds.
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Diagnosis of CSA due to high- altitude periodic 
breathing is made if the patient meets the following 
criteria:
 1. Recent ascent to high altitude (typically at least 

2500 m).
 2. The presence of one or more of the following:

 a. sleepiness;
 b. difficulty initiating or maintaining sleep, fre-

quent awakenings, or nonrestorative sleep;
 c. awakening with shortness of breath or 

morning headache;
 d. witnessed apnea.

 3. The symptoms are clinically attributable to 
high- altitude periodic breathing or polysom-
nogram demonstrates recurrent central apneas 
or hypopneas.

Symptoms are worse during the initial ascent to 
altitude (first few nights) and tend to improve over 
time with acclimatization.

Symptoms

Localization site Comment

Brainstem Ventral medullary respiratory 
control centers

Mental status and psychiatric 
aspects/complications

Sleepiness, insomnia, 
fragmented sleep

Secondary Complications: Daytime somnolence, effects 
of sleep deprivation in the setting of sleep fragmen-
tation, and insomnia.

Treatment Complications: The most effective treatment 
of CSA due to high altitude periodic breathing is to 
descend to a lower altitude. Acetazolamide widens 
the difference between eupneic and apneic threshold 
Paco2, resulting in improvement in periodic breath-
ing while at altitude. Inhalation of supplemental 
oxygen decreases periodic breathing as well. Despite 
acclimatization at altitude, evidence exists to suggest 
that periodic breathing persists. Acetazolamide may 
worsen dehydration and cause paresthesias.
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Central Sleep Apnea Secondary to 
Medications or Substance Abuse
Epidemiology and Demographics: Estimating the true 

prevalence of central sleep apnea (CSA) second-
ary to medications or other substances is difficult. 
Opioids are the most studied substances that induce 
CSA. A meta- analysis of seven studies found the 
mean prevalence of opioid- induced CSA to be 24% 
(range 4–60%). There is no known sex predomi-
nance and no specific age at onset.

Opioids of any dose may induce CSA; however, 
potent and long- acting opioids are the most likely 
to exert this effect. A direct relationship between the 
dose of opioids and the development and severity 
of CSA has been reported. Both benzodiazepines 
and antidepressants have been shown to worsen the 
severity of opioid- induced CSA. Body mass index is 
inversely related to the severity of CSA.

Disorder Description: This disorder is typically seen after 
opioids have been used for >2 months; methadone 
is the most common causative agent. These drugs 
can cause hypoventilation and obstructive apneas in 
addition to CSA. The drug- induced central apneas 
can vary in respiratory pattern and include periodic 
breathing with multiple central apneas followed 
by several normal breaths of short cycle time. The 
patient’s underlying respiratory pattern may be 
ataxic, which is characterized by a variable tidal vol-
ume and irregular rhythm.

Diagnosis of CSA due to a medication or sub-
stance is made if the patient meets the following 
criteria:
 1. Must be taking an opioid or other respiratory 

depressant.
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 2. Must have one or more of the following:
 a. sleepiness;
 b. difficulty initiating or maintaining sleep, fre-

quent awakenings, or nonrestorative sleep;
 c. awakening short of breath;
 d. snoring;
 e. witnessed apneas.

 3. Has a polysomnogram consistent with CSA.
 4. The disorder occurs as a consequence of an  

opioid or other respiratory depressant.
 5. The disorder is not better explained by another 

sleep disorder.

Symptoms

Localization site Comment

Medulla Mu receptors of the ventral 
medulla in the pre- Botzinger 
complex (putative respiratory 
pattern generator) as well 
other medullary ventilatory 
control areas

Mental status and psychiatric 
aspects/complications

Sleepiness, depression, social 
dysfunction. Effects may 
also be due to the effects of 
the underlying condition 
requiring opioids

Secondary Complications: Daytime somnolence, depres-
sion, social and workplace dysfunction may occur 
in the setting of sleep fragmentation.

Treatment Complications: Withdrawal of the medi-
cation causing the apneas may resolve the CSA. 
Polysomnography should be performed to estab-
lish the diagnosis and to ensure no other sleep dis-
order such as obstructive sleep apnea is present. 
If dose reduction or withdrawal of opioids caus-
ing CSA is not possible, positive airway pressure 
(PAP) therapy including bilevel in the spontane-
ous timed mode or adaptive servo- ventilation may 
be tried.
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Central Sleep Apnea with Cheyne–Stokes 
Respiration
Epidemiology and Demographics: Up to 40% of patients 

with chronic congestive heart failure have been 
reported to have central sleep apnea with Cheyne–
Stokes respiration (CSA- CSR). There is a male pre-
dominance in patients with heart failure. CSA- CSR 
is generally seen in patients >60 years.

Most patients with CSA- CSR have systolic heart 
failure (left ventricular ejection fraction of <40%), 
diastolic heart failure, or atrial fibrillation/flutter. 
CSA- CSR may also be observed after cerebral vas-
cular accident or other neurologic disorders.

Disorder Description: CSA- CSR is characterized by a 
crescendo- decrescendo ventilatory pattern alter-
nating with central apneas or hypopneas. Each 
CSA- CSR cycle is typically more than 45 seconds 
in duration with cycle time correlating with cir-
culation time. It most often occurs during relaxed 
wakefulness, stages N1 and N2, and usually resolves 
during rapid eye movement (REM) sleep.

Diagnosis of CSA with Cheyne–Stokes respira-
tion is made if the patient meets the following clin-
ical criteria:
 1. The presence of one or more of the following:

 a. sleepiness;
 b. difficulty initiating or maintaining sleep, fre-

quent awakenings, or nonrestorative sleep;
 c. awakening short of breath;
 d. snoring;
 e. witnessed apneas.
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 2. Polysomnogram with episodes of three or 
fewer consecutive central apeas and/or hypo-
pneas separated by a crescendo and decre-
scendo change in breathing amplitude with a 
cycle length of 40 seconds or less. There must 
also be five or more central apneas and/or 
central hypopneas per hour of sleep associ-
ated with the crescendo/decrescendo breath-
ing pattern recorded over 2 or more hours 
of monitoring. Cycle length is the time from 
the beginning of a central apnea to the end of 
the next crescendo/ decrescendo respiratory 
phase.

 3. The number of central apneas and/or central 
hypopneas is more than 50% of the total num-
ber of apneas and hypopneas.

 4. There is no evidence of daytime or nocturnal 
hypoventilation.

 5. The disorder is not better explained by another 
sleep disorder, medical or neurologic disorder, 
medication use, or substance use disorder.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Sleepiness, depression, social 
dysfunction

Secondary Complications: Daytime somnolence, insom-
nia, and nocturnal dyspnea.

Treatment Complications: First- line treatment relates to 
optimization of the underlying cardiac disorder. 
Positive airway pressure has been most extensively 
studied in patients with CSA and chronic heart fail-
ure. In this population, continuous positive airway 
pressure (CPAP) has been shown to attenuate CSR- 
CSA in some patients, improve nocturnal oxygena-
tion and left ventricular ejection fraction, and lower 
plasma norepinephrine levels without benefit to 
transplantation- free survival, number of hospitali-
zations, or quality of life. Adaptive servo- ventilation 
(ASV) more effectively treats CSR- CSA, but does not 
improve mortality, need for lifesaving cardiovascu-
lar intervention, or hospitalizations for worsening 
heart failure. In one study, ASV increased all- cause 
mortality and cardiovascular mortality in pati-
ents with a left ventricular ejection factor (LVEF) 
<45% and a predominance of CSA. Other treat-
ments include nocturnal oxygen supplementation 

or acetazolamide. The optimal treatment of this 
condition has not been established.

Treatment complications include intolerance 
of positive airway pressure modalities. Tachyphy-
laxis and paresthesias with acetazolamide may  
occur.
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Central Visual Impairment
Central Visual Impairment/Cortical Visual Impairment/ 
Cortical Blindness/Higher-Order Visual Processing 
Disturbance
Epidemiology and Demographics: Cortical visual impair-

ment can affect any race/ethnicity of either sex at any 
age. In adults, the most common cause is ischemic or 
hemorrhagic stroke. In children, the most common  
cause is tumors.

Disorder Description: Central visual impairment refers to 
vision loss related to dysfunction of the visual path-
ways distal to the lateral geniculate nucleus. The 
visual pathways anterior to the injury (i.e., eye, optic 
nerves, chiasm, optic tract) are normal. Vision loss 
can range from homonymous visual field loss (i.e., 
same in each eye) to complete blindness. Bilateral 
hemispheric damage is necessary to cause complete 
blindness.
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Localization site Comment

Mental status and 
psychiatric aspects/
complications

Temporal lobe lesions are associated with 
mood and behavioral changes in addition to 
contralateral superior visual field loss

Visual hallucinations can occur in the setting of 
bilateral vision loss from any cause, including 
cerebral vision loss due to “release” of the 
deafferented visual system. Patients typically 
have insight into these

Riddoch phenomenon is the perception of 
motion in a blind field and is thought to reflect 
persistence of visual pathway connections that 
bypass the primary pathways

Complete cerebral blindness is associated with 
Anton syndrome, with lack of insight into vision 
loss and confabulation of the visual environment

Progressive cognitive change following 
presentation with cerebral visual disturbances 
without a lesion raises suspicion for Alzheimer’s 
disease, Lewy body disease, and Creutzfeldt–
Jakob disease

Symptoms

Localization site Comment

Cerebral 
hemispheres

Unilateral ischemic or hemorrhagic stroke 
affecting the parietal lobe is associated with 
contralateral inferior visual field loss in both 
eyes. Typical associated symptoms include 
contralateral hemiparesis, aphasia (dominant 
hemisphere), or neglect (nondominant 
hemisphere)

Unilateral stroke affecting the temporal lobe is 
associated with contralateral superior visual field 
loss in both eyes. Typical associated symptoms 
include aphasia and memory deficits. Mass 
lesions in these areas can cause similar visual 
field changes, usually in association with other 
neurologic symptoms

Unilateral lesions (most commonly stroke 
or tumor) affecting the occipital lobes can 
cause isolated contralateral hemianopia or 
quadrantanopia. Loss of ability to read but not 
write is associated with left occipital lobe lesions 
(right homonymous hemianopias). Loss of color 
vision in the contralateral hemifield is associated 
with inferior occipital lobe injury (upper quadrant 
visual field loss)

Focal injury to the occipital pole – for example, 
related to trauma or tumor – can exclusively 
impair central vision. Ischemic strokes typically 
spare the occipital pole and are associated with 
normal central vision

Complete cerebral blindness is rare from 
ischemic stroke due to sparing of central 
vision. Diffuse hypoxic injury or carbon 
monoxide poisoning can cause cerebral 
blindness, typically with associated alteration 
in consciousness. Posterior reversible 
leukoencephalopathy syndrome can cause 
acquired cortical blindness with a less 
striking encephalopathy in patients who 
are hypertensive, postpartum, or on certain 
medications such as cyclosporine or tacrolimus

Infantile causes of cerebral vision loss often 
present with nystagmus and are associated with 
other neurologic deficits and/or developmental 
delay. These include periventricular leukomalacia, 
hypoxic injury, cortical dysplasia, and stroke. 
Delayed visual maturation can present in an 
isolated fashion

Childhood presentations of cerebral vision 
loss not associated with mass lesions 
include mitochondrial disorders and 
adrenoleukodystrophy

Cerebral hemispheric processes can affect 
visual processing without damaging the optic 
radiations or primary visual cortex. Inability to 
recognize objects or faces (agnosia) or recognize 
motion localizes to the occipital temporal lobes. 
Inability to interpret visual scenes or navigate 
space visually localizes to the occipital parietal 
region

Important causes of cortical blindness or visual 
processing disturbances without prominent 
findings on MRI include neurodegenerative 
diseases such as Creutzfeldt–Jakob disease, 
posterior cortical atrophy variant of Alzheimer’s 
disease, and Lewy body disease

Secondary Complications: Patients with unilateral visual 
field loss can have difficulty with both distance and 
near tasks. At distance, navigation can be challeng-
ing and driving with visual field loss is prohibited 
in many states. At near, reading can be challenging 
due to difficulty tracking lines of text and identi-
fying text margins. Associated other neurologic 
symptoms can make both of these activities more 
challenging. Higher- order visual processing distur-
bances can be very disabling even in the absence of 
central or peripheral vision loss.

Treatment Complications: Surgical treatment of any 
lesion near cerebral visual pathways can cause 
injury to these with resultant vision loss. Both acute 
and delayed radiation injury can occur to cause 
further vision loss in cases treated with radiation 
therapy.
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Centronuclear Myopathy (Formerly, 
Myotubular Myopathy)
Epidemiology and Demographics: Centronuclear myo-

pathies (CNMs) are a heterogeneous group of  
disorders. They are rare disorders, with exact 
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prevalence/incidence unknown. There are at least 
three major forms that present at different ages: (1) 
an X- linked, severe form that presents in the neonate 
and is usually fatal; (2) a slowly progressive form, 
which is the most common and presents in infancy 
to early childhood; and (3) a third form that occurs 
in late childhood or at adult onset. Other than male 
predominance in the X- linked form, there is no 
overt sex predominance in the other forms. There is 
no overt geographic distribution.

Disorder Description: The fatal neonatal form is X- linked 
recessive, with defects in MTM1 encoding myotu-
bularin 1. The slowly progressive infantile form can 
be autosomal dominant or recessive. Most of the 
mutations are membrane movement and remode-
ling genes; the most common gene is DNM2. The 
autosomal- dominant mutations are found in the 
genes DNM2 (dynamin 2), BIN1 (amphiphysin 
2), and CCDC78 (coiled- coil domain containing 
protein 78). The autosomal- recessive mutations are 
found in BIN1, MTMR14 (hJumpy), RYR1 (skel-
etal muscle ryanodine receptor), TTN (titin), and 
SPEG (striated muscle preferentially expressed 
protein kinase). The late- childhood to early- adult 
onset form is primarily due to DNM2 mutations. 
However, there is a late- onset MTM1 form that 
presents with milder symptoms at about 20 years 
of age.

Serum creatine kinase is usually normal or 
slightly elevated. Nerve conduction studies are 
normal for both sensory and motor modali-
ties. Electromyography is significantly abnormal, 
demonstrating increased insertional and sponta-
neous activity, with positive sharp waves, fibril-
lation potentials, complex repetitive discharges, 
and even myotonic discharges. This is particularly 
evident in the X- linked neonatal/infantile onset 
form. Affected muscles in the other forms may also 
have early recruitment of short- duration, small- 
amplitude motor unit action potentials (MUAPs). 
Muscle biopsy is the critical diagnostic modal-
ity and can show a variable degree of endomysial 
fibrosis and adipose tissue replacement, but most 
important, the hallmark finding is muscle fib-
ers with one or more centrally placed nuclei with 
a surrounding clear area due to the absence of 
myofibrils.

Symptoms

Localization site Comment

Cerebral hemispheres In the slowly progressing infantile form, 
seizures may occur

Mental status and 
psychiatric aspects/
complications

In the slowly progressive infantile form, 
cognitive disability may be present

Muscle The frequently fatal X- linked form 
presents at birth with severe hypotonia 
and generalized weakness. Respiratory 
muscle weakness, facial/bulbar 
weakness, ptosis, and extraocular 
muscle weakness are common

Later onset forms can include motor 
dysfunction, exercise intolerance, and 
fatigable weakness

There can be myasthenic features as well

Secondary Complications: In the X- linked form, respira-
tory and nutritional difficulties are evident early. 
Rarely, there can be ambiguous genitalia or severe 
hypospadias. Prior to birth, polyhydramnios is 
noted in 50–60% of cases. In the more common 
infantile form, intellectual disabilities and seizures 
are possible. In general, some can present with 
myasthenic features.

Treatment Complications: In the X- linked form, neonates 
frequently need respiratory support and feeding 
tube nutritional support for life support. In the more 
common infantile form, antiepileptics may need to 
be added. For those with myasthenic features, use 
of pyridostigmine has demonstrated significant 
improvement.

As treatment is limited and supportive, there 
are no major complications. However, should 
pyridostigmine be utilized, adverse effects include 
sweating, diarrhea, nausea, vomiting, tearing, sal-
ivation, pupillary constriction, and facial flushing.
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Cerebral Amyloid Angiopathy (CAA)
Epidemiology and Demographics: The prevalence of cere-

bral amyloid angiopathy (CAA) increases with age 
and approaches 50% in patients older than 80 years. 
Eighty percent to 90% of patients with Alzheimer’s 
disease (AD) have concomitant CAA .

Disorder Description: CAA is caused by amyloid depo-
sition in small and medium- sized leptomeningeal 
and cerebral arteries. Protein deposition is thought 
to modify the blood vessel compliance, resulting in 
micro- tears and intracranial hemorrhage. CAA is 
most often sporadic but several genetic mutations 
including apolipoprotein E2 and E4 alleles are asso-
ciated with increased prevalence of this disease.

Symptoms

Localization site Comment

Cerebral hemispheres Transient and permanent motor, 
sensory, and/or behavioral symptoms 
due to cortical microhemorrhages and 
larger hematomas. Bleeding may be 
multicentric

Brainstem Small perforating vessels are unaffected 
by CAA and therefore brainstem is 
typically spared

Cerebellum Decreased arousal can occur if a hematoma 
is large enough to exert mass effect

Secondary Complications: Cortical hemorrhages and 
associated acute complications including elevated 
intracranial pressure, herniation, and seizures. 
Cognitive decline is seen in patients with CAA and 
concurrent AD.

Treatment Complications: Complications associated 
with surgical decompression of life- threatening 
hematomas.
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Cerebral Autosomal Dominant 
Arteriopathy with Subcortical Infarcts and 
Leukoencephalopathy (CADASIL)
Epidemiology and Demographics: The prevalence of cere-

bral autosomal dominant arteriopathy with subcor-
tical infarcts and leukoencephalopathy (CADASIL) 
is 2/100,000. The age of onset is typically adulthood, 
and men and women are equally affected.

Disorder Description: CADASIL is a genetic disease 
caused by a mutation in the NOTCH3 gene that 
leads to diseased blood vessels within the subcortical 
white matter. Migraines with aura, recurrent small 
vessel strokes, and progressive cognitive impair-
ment are common in patients with CADASIL.

Symptoms

Localization site Comment

Cerebral hemispheres Manifestations of lacunar 
syndromes such as hemiparesis, 
sensory symptoms

Mental status and psychiatric 
aspects/complications

Subcortical dementia, i.e., 
progressive deficits in executive 
function and processing speed.
Depression, bipolar, adjustment 
and panic disorders, and/or apathy

Brainstem Brainstem lacunar syndromes

Secondary Complications: Progressive stepwise cognitive 
decline, gait disturbance, and urinary incontinence.

Treatment Complications: Medication related, i.e., exces-
sive bruising and bleeding caused by antiplatelets 
and anticoagulants.

Bibliography
Adib-Samii P, Brice G, Martin RJ, Markus HS. 

Clinical spectrum of CADASIL and the effect of 
cardiovascular risk factors on phenotype: study 
in 200 consecutively recruited individuals. Stroke. 
2010;41(4):630–4.

Razvi SS, Davidson R, Bone I, Muir KW. The 
prevalence of cerebral autosomal dominant 
arteriopathy with subcortical infarcts and 
leucoencephalopathy (CADASIL) in the west 
of Scotland. J Neurol Neurosurg Psychiatry. 
2005;76(5):739–41.

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.003
https://www.cambridge.org/core


Section 1 Diagnostics

106

Cerebral Palsy
Epidemiology and Demographics: In developed countries, 

estimated prevalence of cerebral palsy is 2–2.5/1000 
live births. Prevalence of cerebral palsy among preterm 
babies is very much higher. In the developing coun-
tries, information is not well established, but approxi-
mate estimates are anywhere from 1.5 to 5.6/1000 live 
births. All races are affected. It is a leading cause of 
childhood disability. Lower socioeconomic status and 
male sex may be risk factors for cerebral palsy.

Disorder Description: Cerebral palsy is described as non-
progressive brain lesions involving motor or pos-
tural abnormalities noted during early development. 
Cerebral palsy is often accompanied by disturbances 
of sensation, cognition, communication, percep-
tion, and/or behavior and/or a seizure disorder.

With respect to evaluation, the 2003 American 
Academy of Neurology Practice Parameters recom-
mends lab studies only if atypical features noted or any 
abnormalities on MRI. If hereditary or neurodegener-
ative disorders are suspected, screening for an underly-
ing metabolic or genetic disorder should be done.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, speech and language 
disturbance, oromotor dysfunction, 
spastic hemiplegia 20–30%, spastic 
diplegia 30–40%, spastic quadriplegia 
10–15%, abnormal muscle tone, 
psychiatric manifestation, intellectual 
disabilities, which is increasingly 
associated with spastic quadriplegia, 
attention deficit hyperactivity disorder, 
learning disability, depression, increased 
prevalence of progressive development 
disorder or autism

Extrapyramidal sites Choreoathetoid and dystonic 
movements

Cranial nerves Hearing loss, visual field abnormalities

Treatment Complications: Treatment is usually supportive 
for spasticity. Botox with or without casting is recom-
mended. Antiparkinsonian, anticonvulsant, antido-
paminergic, and antidepressant agents can be used. 
Intrathecal baclofen, selective dorsal rhizotomies, 
and stereotactic basal ganglia and orthopedic surgi-
cal intervention can also be offered. Multidisciplinary 
approach is required for management of this 

condition. Muscle relaxants can cause drowsiness, 
seizures (baclofen). Benzodiazepines can cause 
sedation and may worsen swelling problems.
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Cerebral Venous Thrombosis (CVT)
Epidemiology and Demographics: Cerebral venous throm-

bosis (CVT) accounts for 0.5% of all strokes with an 
approximate incidence of 3–4/million population. 
CVT can occur at any age, but in young adults it pre-
dominates among women in relation to oral contra-
ceptives, pregnancy, and puerperium.

Disorder Description: Blood return from the brain is 
through cerebral veins, which drain into venous 
sinuses, which in turn empty mostly into the inter-
nal jugular veins. Occlusion of the venous sinuses by 
thrombus leads to the constellation that is cerebral 
venous sinus thrombosis.

Symptoms

Localization site Comment

Cerebral hemispheres Headache, thunderclap 
headache, aphasia, hemiparesis, 
hemisensory loss, seizures 
(generalized or focal), stroke, 
intracranial hemorrhage

Mental status and psychiatric 
aspects/complications

Altered mental status/coma 
(deep cerebral vein thrombosis)

Base of skull Cranial neuropathy (jugular vein 
thrombosis can affect CN IX, XI, XII)

Cranial nerves Cranial neuropathies (sixth 
nerve common), papilledema, 
proptosis, chemosis (cavernous 
sinus thrombosis)

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.003
https://www.cambridge.org/core


Cerebrovascular Disorders and Pregnancy

107

Treatment Complications: Anticoagulation can lead to 
systemic bleeding, causing altered mental status 
(anticoagulation may be given even with intracra-
nial hemorrhage).
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Cerebrotendinous Xanthomatosis
Epidemiology and Demographics: Data are limited. 

Prevalence of cerebrotendinous xanthomatosis 
(CTX) is 1.9/100,000 in Caucasians of European 
ancestry. However, it has been found in many coun-
tries around the world. Spinal variant is less com-
mon but usually presents between ages 20 and 35.

Disorder Description: A rare autosomal recessive demy-
elinating disease due to mutation in CYP27A1 gene. 
This leads to inactive sterol 27- hydroxylase and 
buildup of sterol intermediates in lipophilic tissues. 
CTX presents as cataracts and diarrhea in childhood 
followed by tendon xanthomas and progressive 
neurologic dysfunction. Neurologic manifesta-
tions include cerebellar dysfunction, neuropathy, 
myelopathy, seizures, neuropsychiatric disease, and 
intellectual disabilities. Spinal variant is less com-
mon, but presents as a slowly progressive myelop-
athy with corticospinal tract and dorsum column 
demyelination. It has a less aggressive course and 
usually patients have bilateral cataracts, but are 
spared from the other manifestations of CTX.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, parkinsonism, dystonia

Mental status and psychiatric 
aspects/complications

Cognitive decline, intellectual 
disabilities, dementia, 
hallucinations, depression, 
agitation

Cerebellum Ataxia

Spinal cord Myelopathy, spastic paraparesis

Peripheral neuropathy Sensory neuropathy

Secondary Complications: Can lead to fractures, skel-
etal abnormalities due to decreased calcium 

reabsorption. Buildup of cholestanol (sterol inter-
mediate) and cholesterol leads to cardiovascular 
disease and atherosclerosis.

Treatment Complications: Chenodeoxycholic acid is the 
main treatment for CTX. Little is known about the 
side effects of this medication; however, it is found 
to be associated with increased diarrhea, hypercho-
lesterolemia, and increased liver enzyme levels.
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Cerebrovascular Disorders and Pregnancy
Epidemiology and Demographics: The incidence of  

pregnancy- related strokes is approximately 25–34/ 
100,000, about three times more common than in the 
same nonpregnant age- group. Of these, 6–64% are 
the result of sinus venous thrombosis. Hemorrhagic 
strokes have an incidence of 5–35/100,000, with a 
relative risk of 2.5 during pregnancy. Highest risk of 
cerebrovascular disease occurs in the puerperium.

Other vascular entities, including pre- eclampsia, 
eclampsia, reversible cerebral vasoconstriction syn-
drome (RCVS), and posterior reversible leukoenceph-
alopathy (PRES), are discussed elsewhere in this text.

Predisposing Factors: Pre- eclampsia and eclampsia are 
the greatest risk factors and are present in 10–47% 
of all pregnancy- related strokes. Pregnant women 
with ischemic strokes tend to be younger and less 
likely to have hypertension compared with their 
nonpregnant counterparts.

Arteriovenous malformations and aneurysms 
increase the risk of hemorrhagic strokes. Aneurysms 
are more prone to rupture during pregnancy in the 
late third trimester, likely due to remodeling of vas-
cular tissue and loss of elasticity in blood vessel walls.

Disorder Description: There are several cardiovascular 
and hematologic changes that occur during preg-
nancy in order to accommodate the growing fetus 
and to prepare for delivery. First, there is an increase 
in renin activity, which increases volume retention. 
Heart rate and stroke volume (cardiac output) also 
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increase by about 30%. Blood pressure first drops 
and then rises in the third trimester until term to 
slightly above normal. Finally, blood vessels become 
less elastic and possibly more vulnerable to pressure.

Coagulation factor levels (factors I, VII, IX, X, 
XII, and XIII) increase and coagulation inhibitor 
levels (protein S) decrease, contributing to a hyper-
coagulable state. These changes make the mother 
more prone to clot formation, resulting in ischemic 
strokes. In most cases, the stroke is of either car-
dioembolic origin or venous sinus thrombosis. 
Amniotic fluid embolism is very rare but should 
be considered if the patient also has pulmonary 
embolism.

Stroke is a clinical diagnosis, with the help of CT 
scans to differentiate between ischemic and hem-
orrhagic stroke. A filling defect in the venous sinus 
may be seen on a regular CT to suggest a venous 
sinus thrombosis, or a CT venogram can be used to 
confirm the diagnosis.

Symptoms

Localization site Comment

Cerebral hemispheres Ischemic or hemorrhagic stroke:
•	 Sudden onset of focal neurologic 

deficit, usually without a change in the 
level of consciousness at time of onset

•	 Headache may be present, especially 
in hemorrhagic strokes with 
surrounding edema and mass effect

•	 Hypoglycemia and hyperglycemia 
(glucose less than 50 mg/dL or greater 
than 400 mg/dL, respectively) can 
cause focal neurologic deficits and 
finger- stick glucose should first be 
checked

Venous thrombosis:
•	 Characterized by a nonspecific 

unrelenting headache, seizures, 
focal symptoms such as weakness 
or numbness, and signs of increased 
intracranial pressure

•	 It should be considered in the 
differential of pregnant women 
presenting with a new headache

Subarachnoid hemorrhage:
•	 Sentinel headache with leaking 

cerebral aneurysm precede the 
hemorrhage in 50% cases

•	 Exam findings of a posterior 
circulation aneurysm include cranial 
nerve III palsy, retro- orbital pain, and a 
dilated pupil

Secondary Complications: Strokes with significant neu-
rologic deficits are very disabling. Untreated stroke 
increases the mother’s morbidity and mortality. 
Large territory strokes can cause compression of sur-
rounding structures by mass effect and midline shift. 
Amniotic fluid embolism, although a rare phenome-
non, can be fatal, with a mortality rate of about 20%.

Treatment Complications: Standard management of 
ischemic arterial stroke should be carried out 
without delay, as would occur with nonpregnant 
patients, including urgent CT head, CT angiogra-
phy, and intravenous tissue plasminogen activa-
tor (tPA) with or without thrombectomy or clot 
retrieval. Pregnant women were excluded in the 
ischemic stroke trials, but case reports have found 
the same therapy to be generally safe in pregnant 
women, without fetal complications. Specifically, 
tPA does not cross the placenta in animal models.

However, in the setting of pre-eclampsia/eclamp-
sia, hypertensive encephalopathy increases the risk 
of cerebral hemorrhage significantly and therefore 
tPA is not recommended.

Hemorrhagic strokes are managed with neuro-
surgical consultation, blood pressure control, and 
reversal of anticoagulant therapy if applicable.

Venous thrombosis is treated with anticoagula-
tion. Most trials were conducted using heparin and 
demonstrated clear benefits even in patients with 
hemorrhagic conversions.

As described in case series of pregnant patients 
who received tPA for ischemic stroke, hemorrhagic 
conversion of the infarct can occur. One case of 
intrauterine hematoma has been reported. The data 
regarding stroke treatment in pregnant women are 
very limited, as these women were excluded from 
most major trials, but the general practice is to treat, 
given the high morbidity and mortality in untreated 
cases.
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Cervical Arthritis
Epidemiology and Demographics: In the United States, 

the incidence in men is 7% and in women 9.4%. It 
is common in people who have mentally and physi-
cally stressful jobs. It is also more common in people 
who are current smokers.

Disorder Description: Cervical arthritis predominantly 
presents with neck pain. This pain radiates into the 
shoulder or between the shoulder blades. Pain and 
stiffness are worse in the morning, improving as the 
patient starts to move but returning at the end of the 
day. Rest helps. It may be associated with occipital 
localized headache.

Symptoms

Localization site Comment

Cervical spine Neck pain radiating into the shoulders or 
into the shoulder blades

Neck stiffness Decreased range of motion

Cervical cord Cervical spinal cord myelopathy can be 
noted if there is compression. Symptoms 
of myelopathy include weakness in the 
extremities and may or may not involve 
bowel or bladder dysfunctions

Treatment Complications: Rest, nonsteroidal anti- 
inflammatory drugs (NSAIDs), and muscle relax-
ants. Physical therapy including traction and neck 
exercises, cortisone injection, heat and cold therapy, 
and activity modification. Cervical arthritis is rarely 
progressive and rarely requires surgery. If progres-
sive, cervical laminectomy or cervical spinal fusion 
is indicated. Osteophytes are predominantly noted, 
which can cause nerve impingement. Muscle relax-
ants can cause drowsiness and dizziness; NSAIDs 
may cause gastrointestinal symptoms such as nausea 
and vomiting, as well as cerebrovascular events rarely.
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Cervical Disc Disorders
Epidemiology and Demographics: Asymptomatic disc 

herniations are seen in 10% of patients younger 

than 40 years and in 5% of those older than 40 years. 
Approximately 51–67% of adults experience neck 
and back pain at some point in their lifetime. Male-
to-female ratio is 1:1 for disc herniation. In patients 
under age 40, herniated nucleus pulposus is noted. 
In patients older than 40 years, degenerative disc 
disease is more likely.

Disorder Description: Cervical disc disorders include 
herniated nucleus pulposus, degenerative disc dis-
ease, and internal disc disruption. The cervical 
radiculopathy can result from nerve root injury due 
to disc disease resulting in motor, sensory, or reflex 
abnormality in affected nerve root distribution.

Workup includes checking for rheumatologic 
conditions with lab studies, x- rays, CT scan and 
MRI, and electrodiagnostic testing.

Symptoms

Localization site Comment

C2–C3 discs Rare trauma induced. Nonspecific 
shoulder pain is noted

C5 disc Radiculopathy, weakness of shoulder 
abduction, external rotation, elbow 
flexion, and supination of the wrist. 
Sensory symptoms are noted in the 
shoulder area

C6 disc Similar to C5; in addition, weakness may 
involve extension of the elbow (triceps) 
pronation and extension of the wrist 
(extensor carpi radialis). Numbness 
localized to the thumb

C7 disc Pain or sensory symptoms radiating 
down the arm into the middle digit, 
weakness of the elbow extension 
and wrist flexion or finger extension, 
decreased triceps reflex noted

C8–T1 Sensory disturbance affecting the 
medial aspect of the hand and forearm 
along with hand weakness

Multiple cervical discs Combination of the above

Treatment Complications: Conservative treatment 
includes cervical stabilization, postural training, 
and strengthening. Surgery is warranted when 
there is neurogenic bowel and bladder dysfunction, 
deteriorating neurologic function, or intractable 
radicular or discogenic neck pain. Nonsteroidal 
anti- inflammatories, short- term corticosteroids, 
and muscle relaxants can be used.
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Steroids can cause weight gain, psychosis, 
increased blood sugar; muscle relaxants can cause 
sedation.
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Cervical Dystonia (CD)
Epidemiology and Demographics: Cervical dystonia 

(CD) is the most common form of adult- onset 
isolated focal dystonia. The overall prevalence is 
5–20/100,000 individuals, with an increased inci-
dence in the Caucasian population. There is a female 
predominance (74%) with a mean age of 49 years at 
symptom onset. The most commonly reported sub-
type is torticollis, followed by laterocollis.

Disorder Description: CD is a focal dystonia of the head, 
neck, and shoulder that causes abnormal postures 
or repetitive twisting movements due to sustained 
cocontractions of opposing agonist and antagonist 
muscles. It may be associated with overlying muscle 
spasm resembling tremor. The abnormal postures 
include turning of the head (torticollis), lateral flex-
ion (laterocollis), forward flexion (anterocollis), 
neck extension (retrocollis), anterior/posterior sag-
ittal shifts, and lateral displacement. There may also 
be shoulder elevation and displacement. The pos-
tures may be complex, involving a combination of 
muscles. There may also be a dynamic component, 
with different combinations of muscle activation 
more prominent during specific activities. There 
are often sensory tricks that improve symptoms. 
CD may be idiopathic or secondary with an identi-
fiable genetic or acquired etiology. Toxic exposures, 
medications, structural lesions, and degenerative 
diseases may be associated with secondary CD. The 
pathophysiology of primary CD is unknown but 
may involve dysfunction in the basal ganglia-thala-
mo-cortical circuits

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Depression, anxiety, panic disorders, 
obsessive- compulsive symptoms, social 
phobia, loss of self- confidence, substance 
abuse

Specific spinal roots Secondary radiculopathy

Muscle Painful muscle spasms

Unclear localization Sleep disturbances: insomnia and 
fragmented sleep

Sensory abnormalities with temporal and 
spatial discrimination abnormalities

Secondary Complications: Patients may develop struc-
tural changes along the cervical spine including 
arthritis, radiculopathies, and cervical stenosis.

Treatment Complications: First line treatment is focused 
botulinum toxin injections. The most common side 
effect is dysphagia. Patients may also experience 
unintended weakness in the muscles and spread of 
toxin to surrounding areas, resulting in neck weak-
ness. Refractory cases may respond to deep brain 
stimulation, but gait disorders and parkinsonism 
have been reported from chronic stimulation.
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Cervical Facet Syndrome
Epidemiology and Demographics: The prevalence of cer-

vical facet joint pain has been described as low as 
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26% or as high as 65%. After a whiplash injury, the 
prevalence is about 54%.

Disorder Description: Cervical facet pain is characterized 
by tenderness to palpation over the facet joints or 
paraspinal muscles, pain with cervical extension 
or rotation, and absent neurologic abnormalities. 
X- rays may be performed.

Symptoms

Localization site Comment

Cervical spine Neck pain, headaches, limited range of 
motion, dull aching, discomfort in the 
posterior neck that sometimes radiates to 
the shoulder or mid back regions

Secondary Complications: Persistent pain.
Treatment Complications: Physical therapy, which 

includes manual therapy, joint mobilization, soft tis-
sue massage and manual stretching, intra- articular 
facet joint injections, percutaneous radiofrequency, 
and neurotomy. Medication treatments include 
nonsteroidal anti- inflammatories, tricyclic anti-
depressants, antiseizure medications, and muscle 
relaxants. Tricyclic antidepressants can cause seda-
tion, drowsiness, urinary obstruction in older men 
with prostate problems. Antiseizure medications 
can cause sedation and dizziness among many other 
potential adverse effects. Muscle relaxants can cause 
sedation and dizziness.
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Cervical Myofascial Pain Syndrome
Epidemiology and Demographics: Twenty- one percent 

of patients seen in orthopedic clinics have myofas-
cial pain. At specialty pain management centers, 
85–93% can have myofascial pain. This condition is 
more common in women. Recurrence is common.

Disorder Description: Cervical myofascial pain syn-
drome associated pain is attributed to muscle and 
its surrounding tissue. Cervical myofascial pain is 
probably due to overuse or trauma of the muscles 

supporting the shoulder and back. Trigger points 
are located in the skeletal muscles on palpation.

Treatment includes proper exercises, home 
exercise program, improved posture awareness, 
improved body mechanics with focus on improving 
activities of daily living.

Symptoms

Localization site Comment

Cervical spine, trapezius, levator scapulae, 
rhomboids, supraspinatus and infraspinatus

Pain
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Cervical Odontoid Fracture
Epidemiology and Demographics: Incidence of odontoid 

fracture is 15% of all cervical spine fractures.
Disorder Description: Important to rule out associated C1 

anterior ring fracture. There are three types of odon-
toid fractures:
Type I fracture occurs in less than 5% of cases. It 

is an oblique fracture through the upper part 
of the odontoid; occasionally associated with 
gross instability.

Type II fracture occurs in 60% of cases. It is a 
fracture occurring at the base of the odontoid 
as it attaches to the body of C2.

Type III fracture occurs in 30% of cases. The fracture 
line extends through the body of the axis.

Symptoms

Localization site Comment

Cervical spine Upper myelopathic symptoms and 
signs including perception of instability, 
quadriparesis or quadriplegia with 
respiratory deficits, cervical radiculopathy, 
four limb motor and sensory deficits of 
varying degrees

Secondary Complications: Nonunion of cervical spine, 
malunion, pseudoarthrosis formation, infection, 
neurovascular injury, acute airway complications, 
and hardware failure.
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Cervical Spondylosis
Epidemiology and Demographics: Average annual inci-

dence of cervical spondylosis is 107.3/100,000 in 
men and 63.5/100,000 in women. Average age at 
diagnosis is 47.9 years.

Disorder Description: Cervical spondylosis is the medical 
term for  “wear and tear” chronic degeneration of 
cervical spine vertebral bodies and intervertebral 
discs.   It is often caused by long-standing abnormal 
pressure in the cervical region due to joint subluxa-
tion or poor posture. Abnormal stress promotes the 
formation of new bone to compensate for the new 
weight distribution.  

Cervical spondylosis is associated with disc herni-
ation leading to calcification, degenerative arthritis, 
and osteophytic outgrowths. This can cause impinge-
ment on nerve roots or compression and vascular 
insufficiency to the spinal cord leading to myelopa-
thy. It presents as neck or occipital pain with radicular 
pain down the arms at times. It can present as weak-
ness in the arms or legs with dermatomal sensory loss. 
The most common areas affected are the C5 and C6 
nerve roots leading to decreased biceps and brachio-
radialis reflexes; however, reflexes may be increased 
if there is an associated myelopathy.  Cervical spon-
dylosis is the most common cause of nontraumatic 
spastic paraparesis and quadriplegia.  

Diagnosis is suspecting through findings on 
physical examination including abnormalities on 
the cervical compression test, and documentation 
of reduced range of motion.  MRI and CAT scan of 
the spine may be helpful in demonstrating the asso-
ciated anatomical abnormalities.

Symptoms

Localization site Comment

Spinal cord Weakness of lower and upper extremities, 
hyperreflexia, increased tone, clonus, gait 
dysfunction, loss of balance, loss of bowel 
function, bladder dysfunction.  Lhermitte’s 
sign may be present

Spinal roots Radiculopathy, dermatomal sensory loss, 
decreased reflexes of affected root, weakness 
in upper extremity muscles supplied by root

Secondary Complications: Secondary vertebrobasilar 
insufficiency may occur. Movement or further injury 
to neck can lead to worsening weakness or paralysis.

Treatment Complications: Treatment consists of physi-
cal therapy or pain control with nonsteroidal anti- 
inflammatory drugs (NSAIDs), tricyclic antide-
pressants, or steroids.  These medications can have 
potential central nervous system adverse effects.   
Depending on the degree of impingement and if 
there is bladder involvement, assorted surgical 
interventions may be indicated which can some-
times result in worsened or new neurologic deficits.
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Cervical Trauma
Epidemiology and Demographics: About 2.4% of blunt 

trauma victims can experience cervical spine 
trauma. Usually, it is due to accident, fall or motor 
vehicle collisions. It is more common in patients 
who are older than 65 years, male, and Caucasian.

Disorder Description: Cervical spine trauma is common 
with a wide range of severity from minor ligamen-
tous injury to frank osteoligamentous instability 
with spinal cord injury.

Symptoms

Localization site Comment

Cranial nerves Cranial nerves VI, VII, IX, X, and XI 
as well as XII nerve abnormality 
can occur in association with 
upper cervical cord injuries. 
Horner’s syndrome, ataxia, 
dysmetria, contralateral pain, 
and temperature loss due to 
Wallenberg syndrome can also 
be seen
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Localization site Comment

Occipitocervical dissociation •	 Anterior subluxation
•	 Vertical distraction greater 

than 2 mm of the atlanto- 
occipital joint

•	 Posterior dislocation
Above can cause spinal cord 
compression

Extension injury causing spinal 
cord compression

Central cord syndrome, 
which involves greater motor 
impairment of the upper 
extremities with concomitant 
bladder dysfunction and 
variable sensory disturbance

Vertebral artery Quadriplegia, brainstem/
cerebellar infarction, dysphagia, 
diplopia, blurred vision, or 
nystagmus
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Chagas Disease (American Trypanosomiasis)
Epidemiology and Demographics: Chagas disease can 

affect either sex and any age group. It is endemic to 
South America but has occurred in the southern 
United States and Spain. According to the World 
Health Organization, Chagas disease infections 
afflict 8 million people worldwide, with 10,000 
Chagas disease- related deaths occurring each year.

Disorder Description: Chagas disease is also known as 
“American Trypanosomiasis” and is a protozoan par-
asitic disease. It is spread by the Triatominae subfam-
ily of hematophagous (blood- consuming) insects. It 
can also be transmitted hematogenously (through 
transfusions, transplants, or intrauterine) or orally 
(through consumption of contaminated food/drink).

Chagas disease is caused by the protozoan 
Trypanosoma cruzi. Risk factors for contracting the 
parasite are largely exposure driven; i.e., exposure to 
endemic areas. In the absence of adequate treatment, 
it can be life- long in duration. Immunocompromise, 
especially HIV co- infection, results in high risk of 
cerebral involvement.

Diagnosis is confirmed through identification 
of the parasite in a blood smear observed under 
the microscope. MRI imaging can help evaluate for 
Chagas meningoencephalitis, potentially demon-
strating multiple, T2- hyperintense lesions with ring 
enhancement (possibly nodular as well) in the cor-
pus callosum, periventricular white matter, cerebel-
lum, or spinal cord.

Symptoms

Localization site Comment

Cerebral hemispheres Signs of infarctions, sensory or 
motor deficits

Mental status and psychiatric 
aspects/complications

Acute meningitis/encephalitis, 
confusion/encephalopathy, 
dementia (less likely)

Cerebellum Involvement in 
meningoencephalitis

Spinal cord Involvement in 
meningoencephalitis

Outside CNS Myocarditis

Secondary Complications: Secondary complications from 
cardiac involvement can result in cardioembolic 
infarctions.

Treatment Complications: Chagas disease, especially 
with CNS involvement, is treated with benzidazole 
or nifurtimox; the former is usually better tolerated. 
Patients with cardiac involvement may be consid-
ered for surgical treatment or anticoagulation. 
Complications of treatment are largely limited to 
adverse/side effects of the aforementioned antihel-
minthics; these include gastrointestinal symptoms, 
headache, dizziness, fever, or chills
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Cheyne–Stokes Respiration
Epidemiology and Demographics: The total prevalence is 

unknown but increases with advancing age over 60 
years. Cheyne–Stokes respiration has been reported 
in 25–40% of patients with heart failure and in 10% 
of patients who have had a stroke. There is a male 
predominance.

Disorder Description: Cheyne–Stokes respiration is a type 
of central sleep apnea. It is observed clinically as a 
crescendo– decrescendo cyclic breathing pattern 
with three phases: the apnea phase, which is then 
followed by gradually increasing respiratory rate 
and tidal volume, and then a gradually decreasing 
respiratory rate and tidal volume until the next 
apneic period.

Symptoms

Localization site Comment

Cerebral hemispheres Unilateral/bilateral hemispheric 
infarcts

Mental status and psychiatric 
aspects/complications

Insomnia, disrupted sleep, 
excessive daytime sleepiness, 
poor subjective sleep quality, 
fatigue, inattention, moodiness, 
decreased libido, and 
impotence

Brainstem Brainstem infarcts

Cerebellum Ataxia

Vestibular system Dizziness

Cranial nerves Cranial nerve deficits

Unclear localization Paroxysmal nocturnal dyspnea, 
morning headaches, and 
nocturnal angina

Muscle Weakness

Secondary Complications: Pulmonary hypertension, cor 
pulmonale, cardiac arrhythmias, and death.
Treatment: Treatment involves treatment of primary 

underlying condition, respiratory stimulants, res-
piratory depressants, oxygen, and continuous pos-
itive airway pressure.
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Child Abuse (Both Vascular- Trauma and 
Psych Complications)
Epidemiology and Demographics: Child abuse affects 1/8 

children in the United States annually. Increased risk 
with the following factors: parent/caregiver with a 
personal history of physical illness, mental illness, 
alcohol/substance abuse, or childhood abuse; fam-
ily stress (e.g., marital conflict, domestic violence, 
single parenting); child in the family with develop-
mental or physical disability; financial stress; family 
isolation.

Disorder Description: Broadly defined as the maltreat-
ment of a child under the age of 18 by a parent 
or caretaker. Child abuse may take many forms 
including physical abuse, sexual abuse, psycho-
logic abuse, fabricated or induced illness, or 
neglect, which may be co- occurring. Often, the 
abuse is committed by someone whom the child 
knows and trusts.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Depression, anxiety, low self- 
esteem, shame, guilt, fear, 
withdrawal from friends or 
previously enjoyed activities, 
aggression, anger, hostility, 
hyperactivity, changes in school 
performance, frequent absences 
from school, avoidance of home, 
attempts to run away, rebellious or 
defiant behavior, suicidality
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Localization site Comment

Neurologic manifestations Specific neurologic signs and 
symptoms are diverse and can 
occur anywhere along the neuro- 
axis depending on the type of 
abuse. Physical injuries are often 
unexplained and/or do not match 
the provided explanation

Secondary Complications: Depression, anxiety, attach-
ment disorders, posttraumatic stress disorder, 
substance abuse, eating disorders, personality 
disorders, sleep disturbances, learning disabili-
ties, attention deficit hyperactivity disorder, oppo-
sitional or antisocial behaviors, poor growth or 
weight gain, poor hygiene, difficulty forming or 
sustaining close relationships, difficulty sustaining 
employment, abuse of others, unintended and/or 
teen pregnancy, sexually transmitted infections, 
physical disability, death due to physical injuries, 
suicidal behavior.

Treatment Complications: Selective serotonin reuptake 
inhibitors may be used to treat co- occurring depres-
sion and/or anxiety; however, caution is recom-
mended given the associated black box warning for 
increased suicidality in children, adolescents, and 
young adults.
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Cholesterol Embolism
Epidemiology and Demographics: Cholesterol embo-

lism is a disorder of middle- aged patients, typically 
older than 50 years, with atherosclerotic disease in 
the large vessels. It does not have to be temporally 
related to a procedure.

Disorder Description: Caused by either spontaneous 
plaque rupture or rupture related to procedures 
(angiography, cardiac surgery, aortic surgery or 
manipulation, thrombolysis). Multiple cholesterol 
emboli may be released into the circulation, which 
cause end organ damage as a result of vessel occlu-
sion and an inflammatory cascade.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral embolism may 
lead to hemiparesis, aphasia, 
hemisensory loss, hemianopia

Mental status and psychiatric 
aspects/complications

Delirium may result from cerebral 
embolism, acute kidney injury or 
hypoxia due to acute respiratory 
distress syndrome

Brainstem Cranial nerve palsy with 
contralateral hemiplegia 
(cerebral embolism)

Cerebellum Ataxia (cerebral embolism)

Cranial nerves Monocular vision loss 
(Hollenhorst plaque in the retina)

Muscle Myalgia

Unclear localization Foot pain (embolism- livedo 
reticularis & blue toes)

Treatment Complications: Thrombolysis, antiplatelets, 
or anticoagulants used to treat cerebral embolism 
can worsen the embolism due to further plaque 
rupture. They can cause intracerebral hemorrhage 
leading to worsening mental status and neurologic 
deficits.
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Chorea Gravidarium (CG)
Epidemiology and Demographics: Chorea gravidarum 

(CG) is a rare movement disorder of pregnancy with 
a varied etiology. Its true prevalence is unknown as 
it has been reported only in a few case series and 
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individual case reports. Historically, the most com-
mon cause of CG has been rheumatic heart disease 
(86%). However, since the availability of antibiotics, 
its incidence has decreased and it is reported rarely 
in developing countries. In developed countries, CG 
is more associated with systemic conditions includ-
ing systemic lupus erythematosus and antiphos-
pholipid antibody syndrome.

Disorder Description: Chorea in CG manifests as quick, 
involuntary, irregular, non- rhythmic movements 
that typically begin in the first trimester. Thirty 
percent of cases may spontaneously remit before 
delivery. Most patients have complete remission 
after delivery. Chorea with subsequent pregnan-
cies has been described. The exact pathophysi-
ology is unknown but likely involves hormonal 
fluctuations acting on dysfunctional basal ganglia 
circuitry.

Symptoms

Localization site Comment

Cerebral hemispheres Ischemic and hemorrhagic stroke

Mental status and psychiatric 
aspects/complications

Psychosis, personality changes, 
depression, hypnic hallucinations, 
delirium, cognitive changes

Muscle Rhabdomyolysis

Secondary Complications: CG was once associated with 
a high mortality due to maternal rhabdomyolysis. 
Miscarriages have also been documented. When 
CG is associated with rheumatic fever from group 
A beta hemolytic streptococcal infection, cardiac 
complications such as cardiac failure and valvular 
disease may arise if patients are not treated with 
appropriate antibiotics.

Treatment Complications: Fortunately, most cases are 
mild and may not require treatment. Treatment 
with dopamine receptor blockade is to be avoided 
in the first trimester and reserpine is a known tera-
togen. There have been reports of infants born with 
extrapyramidal signs or dyskinesias after mater-
nal treatment with dopamine receptor blockade. 
However, if treatment is required, haloperidol is 
generally preferred and seems to be safe at low 
doses. Additionally, patients who have experienced 
CG and/or Sydenham’s chorea are likely to develop 
chorea again when treated with oral contraception.
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Chronic Inflammatory Demyelinating 
Polyneuropathy (CIDP)
Epidemiology and Demographics: Prevalence of chronic 

inflammatory demyelinating polyneuropathy 
(CIDP) is 1.9–7.7/100,000. It is more common in 
patients with diabetes.

Disorder Description: CIDP is an acquired, immune- 
mediated inflammatory demyelinating polyneu-
ropathy, not usually preceded by infection as in 
acute inflammatory demyelinating polyneuropathy 
(AIDP). It can be symmetric or asymmetric and is 
present in upper extremities predominantly. It is 
slowly progressive, reaching its peak after several 
months, and may present in a relapsing fashion. A 
small percentage of patients with AIDP or Guillain–
Barré syndrome (GBS) may have slowly worsening 
symptoms, which may progress to CIDP. Symptoms 
can improve with corticosteroids. It presents as limb 
weakness, proximal more so than distal, paresthesia,  
and areflexia.

Diabetic chronic inflammatory demyelinating 
polyneuropathy may be difficult to distinguish from 
diabetic neuropathy; however, there are a few differ-
entiating features that may help aid in the diagnosis 
of diabetic CIDP. Diabetic polyneuropathy is due 
to damage of small unmyelinated fibers, leading to 
distal numbness and tingling. Proprioception loss 
and damage to large myelinated fibers point more 
toward CIDP. Diabetic polyneuropathy is usually 
a result of chronic hyperglycemia. Recent well- 
controlled diabetes mellitus (DM) presenting with 
polyneuropathy would be more indicative of dia-
betic CIDP. Diabetic polyneuropathy affects lower 
extremities more than upper extremities; the oppo-
site is true in CIDP. It is important to distinguish 
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between the two as diabetic CIDP would require 
treatment with corticosteroids, intravenous immu-
noglobulin (IVIG), plasmapheresis, or other immu-
nomodulatory agents.

Symptoms

Localization site Comment

Cerebral hemispheres Confusion, coma in variants of 
GBS, i.e., Bickerstaff encephalitis

Mental status and psychiatric 
aspects/complications

Confusion, coma in variants of 
GBS, i.e., Bickerstaff encephalitis

Brainstem Confusion, coma, 
ophthalmoplegia, ataxia in 
variants of GBS, i.e., Bickerstaff 
encephalitis

Cranial nerves Cranial nerves III–VII and IX–XII 
may be involved, diplopia, 
ophthalmoplegia, dysphagia, 
dysarthria, facial droop

Peripheral nerve/muscle Sensory disturbance, limb 
weakness, areflexia, myalgias

Unclear localization Dysautonomia due 
to involvement of 
parasympathetic and 
sympathetic systems, less 
common than in AIDP

Treatment Complications: Plasma exchange compli-
cations include anaphylaxis, hypocalcemia, and 
depletion of immunoglobulins and coagulation 
factors.

IVIG complications include anaphylaxis in IgA 
deficiency, renal failure, proteinuria, severe head-
ache, and aseptic meningitis.

Steroid therapy can lead to psychosis, confusion, 
weight gain, hyperglycemia, myopathy, glaucoma, 
cataracts, osteoporosis, or vertebral fractures.
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Chronic Otitis Media (COM)
Epidemiology and Demographics: Acute otitis media is 

nearly universal, affecting 85% of children at least 
once, and 50% multiple times. Chronic OM occurs 
sporadically, and most frequently in indigenous 
populations. There is a male predominance, and it 
often affects preschool children. COM is likely sec-
ondary to eustachian tube dysfunction.

Disorder Description: Chronic otitis media (COM) is 
a term used to describe irreversible damage of the 
middle ear secondary to infection or inflammation. 
COM is most often associated with a permanent 
tympanic membrane (TM) perforation and recur-
ring otorrhea but may also be seen with TM retrac-
tion pockets and/or atelectasis, ossicular chain 
erosion, middle ear granulation, and cholestea-
toma. Otorrhea and conductive hearing loss are the 
most common presenting symptoms. The presence 
of otorrhea implies active infection. The presence of 
a polyp in the external canal of an ear with COM 
usually indicates an underlying cholesteatoma. 
Pseudomonas aeruginosa and Staphylococcus aureus 
are the two most common pathogens.

Symptoms

Localization site Comment

Inner ear Unaffected, in the classical case

Cranial nerves Cochleovestibular nerve is not affected

Central nervous system CNS is not affected

Secondary Complications: The “aural” complications of 
COM include mastoiditis with bony coalescence, 
labyrinthitis causing vertigo and/or sensorineural 
hearing loss, facial nerve paresis, and petrositis 
(inflammation of the petrous apex) causing sixth 
nerve palsy and retrobulbar headache. Intracranial 
complications of COM include meningitis,  epidural 
or brain abscess, sigmoid sinus thrombophlebitis, 
and otitic hydrocephalus. Complications of COM 
generally require systemic antibiotics and urgent 
surgery.
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Treatment Complications: The primary goal of COM 
treatment is to achieve a “safe ear” with low risk for 
further complications. Symptomatic relief and hear-
ing restoration are secondary goals. Initial medical 
management consists of topical drops containing 
a quinolone antibiotic with or without steroid, as 
well as dry ear precautions. If a dry TM perforation 
is encountered and there are no concerns for cho-
lesteatoma, tympanoplasty surgery with or with-
out ossicular chain reconstruction (OCR) can be 
performed. TM retraction pockets can initially be 
managed with pressure- equalizing tubes (PETs). A 
cartilage- graft tympanoplasty with or without PETs 
may be performed in cases with significant TM 
atelectasis or adhesive COM. COM with cholestea-
toma will require tympanomastoidectomy surgery. 
The mastoidectomy can be canal-wall-up or canal-
wall-down, depending on the anatomic size of the 
mastoid and extent of the disease.

The prolonged use of topical steroid–antibiotic  
drops can result in fungal superinfection. 
Aminoglycoside- containing drops can result in 
ototoxicity and permanent hearing loss. PETs 
carry the risk of otorrhea or permanent TM. 
Tympanomastoidectomy surgery carries the risks of 
recurrent perforation, conductive or sensorineural 
hearing loss, vertigo, recurrent otorrhea, meatal ste-
nosis, facial nerve injury, and the need for cleaning 
if a cavity is created. The most common risk associ-
ated with cholesteatoma is recurrence of the disease 
despite adequate surgery.
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Chronic Respiratory Failure
Epidemiology and Demographics: The incidence and prev-

alence of chronic respiratory failure vary among 

different countries; however, it is predominant 
among males. The overall prevalence worldwide is 
estimated to be approximately 8.4% with values var-
ying depending on stratification method used. The 
incidence worldwide is estimated to be 2.8/1,000 
patients/year.

Disorder Description: Chronic respiratory failure in this 
context represents emphysema, chronic bronchitis, 
and asthma; all of these diseases follow an obstruc-
tive pattern. The resulting increased pCO2 levels are 
responsible for a wide array of downstream effects 
and in this context, hypercapneic encephalopathy. 
The complete pathophysiology of increased pCO2 
and resulting hypercapnic encephalopathy is not 
completely understood, but some of its effects have 
been demonstrated. The decreased pH results in 
vasodilation of cerebral arteries, decreased acetyl-
choline, impaired Kreb’s cycle metabolism of 
glucose, and cerebral hypoxia from systemic hypox-
emia. Increased amino acid metabolism is also seen 
resulting in increased levels of ammonium and glu-
tamine. The resulting decrease in systemic pH also 
results in electrolyte abnormalities seen on serum 
chemistries.

Symptoms

Localization site Comment

Cerebral hemispheres Hypercapnic encephalopathy, 
CO

2
 narcosis 

CSF acidosis, hypoxia, increased 
intracranial pressure

Mental status and psychiatric 
aspects/complications

Headache, drowsiness, 
confusion, stupor and coma, 
cognitive dysfunction, memory 
impairment, depression

Muscle Asterixis, skeletal muscle 
weakness, myoclonus

Cerebrospinal fluid (CSF) Decreased pH, papilledema

Secondary Complications: Worsening respiratory func-
tion will lead to respiratory arrest, CO2 narcosis, 
coma, and possible endotracheal intubation.

Treatment Complications: Treatment of chronic res-
piratory failure or acute-on-chronic respiratory 
failure begins with non invasive positive- pressure 
ventilation (NIPPV) if possible; however, mouth 
 intermittent positive pressure ventilation (MPPV) 
may be necessary if NIPPV cannot be utilized or 
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fails. In addition, while therapeutic, MPPV car-
ries multiple risks including ventilator- associated 
pneumonia, barotrauma, and complications from 
endotracheal tube placement. Sedation required 
during mechanical ventilation may be compli-
cated by delirium. Other treatment complications 
include side effects from both inhaled and systemic 
glucocorticoids.
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Ciguatera Poisoning
Epidemiology and Demographics: The most common 

food- borne illness caused by a chemical toxin in 
the United States, and the most common related to 
fish consumption in the world. It has been estimated 
that there are 10,000–50,000 cases/year but only 
about 10% are reported. Most frequent in the South 
Pacific, Hawaii, Florida, and the Caribbean.

Disorder Description: The toxin is produced by dinoflag-
ellates, consumed by herbivorous fish, and eventu-
ally concentrated in higher-level carnivorous fish 
such as grouper, red snapper, and barracuda. The 

toxin causes increased membrane permeability to 
sodium and membrane depolarization. Neurologic 
symptoms begin with or after a 1- to 2- day bout of 
gastroenteritis with paresthesias in the perioral area 
or distal extremities. Paradoxical burning from cold 
exposure is a classic manifestation but myalgias, 
arthralgias, and itching are also common. Although 
weakness is described, it appears to be more of a 
generalized asthenia than paralysis. Dental pain is 
considered a classic feature but is seen in a minor-
ity of cases. Cardiac manifestations also occur with 
hypotension, arrhythmia, or bradycardia.

Symptoms

Localization site Comment

Cerebral hemispheres Headache

Mental status and psychiatric 
aspects/complications

Memory and concentration 
problems 
Depression and hallucinations

Peripheral neuropathy Paresthesias in the distal 
extremities and perioral area; 
pruritis

Muscle Myalgias

Secondary Complications: There may be residual symp-
toms for weeks or months. There appears to be 
sensitization with more prominent symptoms on 
re- exposure to the toxin.

Treatment Complications: Treatment with mannitol has 
been reported to improve symptoms and shorten 
duration but has the risk of further dehydration.
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Citrobacter
Epidemiology and Demographics: Citrobacter species 

account for about 4–6% of all Gram- negative men-
ingitis cases in infants, predominantly C. koseri, 
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which causes brain abscesses in 75% of patients with 
meningitis.1 Mortality may be high in these patients 
(up to 30%).1 Central nervous system (CNS) disease 
is found mostly in neonates and infants, but also in 
adults >65 years.2

Disorder Description: Citrobacter species are faculta-
tively anaerobic, lactose- fermenting, gram- negative 
bacilli and are part of the Enterobacteriaceae fam-
ily.2 They are commonly found in soil and water, and 
in the intestinal tracts of animals and humans and 
may cause a wide spectrum of infections in humans, 
including CNS infection.2 C. koseri is the most com-
mon (>90%) species.2

Risk factors for infection include history of head 
trauma or neurosurgical procedure, bacteremia, 
diabetes, urinary tract infection, immunosuppres-
sion, or in debilitated adults >65 years. Bacteria 
can also be transmitted vertically from mother to 
neonate.2

Symptoms

Localization site Comment

Cerebral hemispheres Neonatal meningitis

Abscesses (usually neonates and 
infants, but cases in adults have 
been reported)

Ventriculitis

Headache

Seizures

Cerebral infarction3

Mental status and psychiatric 
aspects/complications

Encephalopathy

Secondary Complications: A third of patients with CNS 
infections die, and >50% have residual neurologic 
deficits.2

Other complications include hydrocephalus and 
seizures.

Treatment Complications: Quinolone use may cause arthro-
pathy in weight- bearing joints and should be  
res tricted in neonates and young children.1 Amino-
glycosides cause hearing loss and nephrotoxicity.3
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Clostridium
Epidemiology and Demographics: Clostridium botulinum 

is found worldwide with 2943 cases reported. In the 
United States, 110 cases of botulism are reported 
annually, 75% of which are in infants.1

C. tetani causes 800,000 to 1 million deaths world-
wide each year from tetanus, with half of the deaths 
in neonates. The highest number of fatal cases occur 
in Africa and Southeast Asia.1

C. perfringens affects children and adults 
worldwide.2

Disorder Description: Clostridium species are anaerobic, 
gram- positive rod- shaped bacilli that are capable of 
producing toxins. They are generally found in soil, 
freshwater and marine sediments, and intestines 
of humans and animals. Most common neurologic 
infections are caused by C. botulinum, C. tetani, and 
C. perfringens.1

C. botulinum may cause botulism. Transmission 
may occur by toxin in foodstuffs (usually canned 
goods or honey), infected wounds, intravenous 
drug abuse with black tar heroin, or inhalation of 
aerosolized spores. Infants <1 year are at risk of 
infection, due to the lack of fully established normal 
bowel flora at this age.1

C. tetani may cause tetanus. Risk factors for 
infection include deep penetrating wounds, burns, 
ulcers, intramuscular injections, snakebites, tattoo-
ing, or poor umbilical hygiene in neonates.1

C. perfringens is frequently present in the intes-
tines of humans and animals, and its spores persist 
in soil, food, and decaying vegetation. It may cause 
single organ infection or spread and involve both the 
central and peripheral nervous systems. Risk factors 
for central nervous sytem infection include recent 
spinal surgery or neurosurgery, or local trauma. 
Risk factors for peripheral nervous system infection 
include trauma, or recent surgery.2
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Symptoms

Localization site

Cerebral hemispheres C. perfringens – meningitis, 
encephalitis (with or without 
pneumocephalus), plexitis, cerebral 
abscess, subdural empyema2

Cranial nerves C. botulinum can cause symmetric 
cranial nerve palsies, usually 
ophthalmoplegia, ptosis, dysphagia, 
facial palsy

C. tetani may cause facial palsy or 
ophthalmoplegia

Peripheral neuropathy C. perfringens may cause 
sensorimotor polyneuropathy (rare)

Muscle C. perfringens – myonecrosis, 
myositis, rhabdomyolysis

Neuromuscular junction C. botulinum – botulism 
C. tetani – tetanus

Unclear localization C. tetani may cause autonomic 
dysfunction

Secondary Complications: Botulism may result in respira-
tory paralysis.1 Tetanus may also cause loss of airway 
protection due to excessive bronchial secretions, 
hypersalivation, laryngeal spasms, and dysphagia. 
Limb contractures, bed sores, seizures, myoclonus, 
and sleep disturbances may be complications.1

Treatment Complications: In patients with tetanus, high 
doses of penicillins may act synergistically with 
the toxin to block GABA neuronal activity, caus-
ing hyperexcitability and convulsions. Anti- tetanus 
immunoglobulin (passive vaccination), which may 
shorten the course and severity of disease, may 
cause anaphylactic reactions.1
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Cluster Headache
Epidemiology and Demographics: Studies suggest a prev-

alence of 0.1% in the general population. A prefer-
ence for male over female is seen in this condition 

with a ratio of 2.5:1. However, this bias tends to 
equalize with increasing age.

Disorder Description: This condition is characterized by 
acute, severe stabbing pain. Most studies show that 
cluster headache localizes to the retro- orbital terri-
tory in a unilateral fashion. However, some reports 
suggest that the side of onset can switch during the 
attack. Less frequently, temporal territory is also 
affected. Pain has been reported over the forehead, 
jaw, cheek, upper and lower teeth. Areas around 
ears, nose, neck, shoulder, and other regions of the 
hemicranium are less frequently associated with 
cluster headache. Some reports suggest that the pain 
originates from the V1 trigeminal dermatome.

Symptoms

Localization site Comment

Cerebral hemispheres Can involve unilateral or bilateral 
hemispheres

Cranial nerves Involvement of V1 trigeminal nerve 
dermatome

Hypothalamus Some studies suggest a role for this 
area of the brain as the origin of 
cluster headache symptoms

Eye Most cases report involvement of 
retro- orbital territory as localized pain

Secondary Complications: There are no reported second-
ary complications associated with cluster headaches.

Treatment Complications: Established guidelines for  
 treatment of acute cluster headache involve 
sumatriptan (oral, subcutaneous, or intravenous) 
and high- flow oxygen. In patients who have his-
tory of vascular disease in neck and head, the use of 
sumatriptan is cautioned as these patients are at high 
risk of developing strokes.

Bibliography
Bahra A, May A, Gaodsby PJ. Cluster headache: 

a prospective clinical study with diagnostic 
implications. Neurology. 2002;58:354–61.

Kudrow L. Cluster headache: mechanisms and 
management. Oxford: Oxford University Press; 
1980.

Manzoni GC. Gender ratio of cluster headache over 
the years: a possible role of changes in lifestyle. 
Cephalalgia. 1998;18:138–42.

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.003
https://www.cambridge.org/core


Section 1 Diagnostics

122

Coagulopathy
Epidemiology and Demographics: Coagulopathy can 

be divided into hyper- or hypocoagulable disor-
ders, which can be further divided into inherited 
(genetic) or acquired (medications, liver cirrhosis, 
kidney failure, cancer, autoimmune, etc.)

Disorder Description: Hypercoagulable disorders are 
characterized by thrombosis that is arterial or 
venous with symptoms determined by where the 
thrombosis is located. In contrast, hypocoagulable 
disorders are characterized by excessive bleeding 
with symptoms related to blood loss or location 
of the hematoma. The modes of inheritance and 
demographics vary widely.

Symptoms

Localization site Comment

Cerebral hemispheres Headache, thunderclap headache, 
aphasia, hemiparesis, hemisensory 
loss, seizures (generalized or focal), 
stroke, cerebral vein thrombosis. 
In hypocoagulable disorders, 
subarachnoid hemorrhage, 
subdural or epidural hematoma, or 
parenchymal hemorrhage

Mental status and 
psychiatric aspects/
complications

Delirium or coma (intracranial 
hemorrhage, seizures, strokes, liver 
failure from hepatic vein thrombosis, 
hypoxia from pulmonary embolism)

Brainstem Hemorrhage may produce cranial 
nerve palsy with contralateral 
hemiplegia

Cerebellum Ataxia (stroke or hemorrhage)

Vestibular system (and 
non- specific dizziness)

Vertigo or dizziness (stroke, anemia 
due to blood loss)

Base of skull Cranial neuropathy (jugular vein 
thrombosis 9, 11, 12)

Cranial nerves Cranial neuropathy (6th nerve 
common), papilledema, proptosis, 
chemosis (cavernous sinus 
thrombosis)

Spinal cord Cord compression (epidural 
hematoma)

Plexus Lumbosacral plexopathy 
(retroperitoneal hematoma)

Muscle Weakness and pain (compartment 
syndrome due to arterial embolism)

Treatment Complications: Blood product transfusion 
related infections, antibodies to factor transfusion 
in hypocoagulable states, antiepileptic drug side 
effects for seizure treatment, excessive bleeding 
from anti platelet and anticoagulants, and excessive 
clotting from clotting factor infusions.
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Cocaine Abuse
Epidemiology and Demographics: No race or ethnicity 

predilection. More common users range from 18 to 
25 years old and are more often male.

Disorder Description: Cocaine, a natural alkaloid, 
is extracted from leaves of an Andean shrub, 
Erythroxylon coca. This substance is abused par-
ticularly via insufflation (snorting/sniffing), inha-
lation (smoking), and injection. Its prevalence in 
the United States has increased drastically, and its 
use has also grown in Central American countries, 
Europe, and parts of Asia. Globally, 100 million peo-
ple are believed to be cocaine users.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral ischemia (acute)

Cerebral atrophy (chronic)

Cerebral hemorrhage (acute)

Aneurysm rupture (acute)

Seizures (acute)

Coma (acute)

Mental status and psychiatric 
aspects/complications

Depression, suicidal ideation, 
paranoia (acute and chronic)

Cognitive dysfunction (chronic)

Violent antisocial behavior 
(chronic)

Cerebellum Decreased synapses (chronic)

Cranial nerves Cocaine-induced third nerve palsy

Pituitary gland Dysfunction of the release of 
anterior pituitary hormones 
(acute)
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Coccidioides immitis

Localization site Comment

Spinal cord Spinal cord infarction (acute)

Anterior horn cells Destruction of the anterior horn 
cells (chronic)

Dorsal root ganglia Destruction of the dorsal root 
ganglia (chronic)

Specific spinal roots Spinal cord infarction (acute)

Plexus Spinal cord infarction (acute)

Mononeuropathy or 
mononeuropathy multiplex

Cocaine-induced neuropathy 
(chronic)

Peripheral neuropathy Cocaine-induced neuropathy 
(chronic)

Muscle Rhabdomyolysis (acute)

Dystonia (acute)

Tic disorder (acute)

Neuromuscular junction Increased dopaminergic 
aggregation and hyperactivity 
(acute and chronic)

Increased norepinephrine, in 
smooth muscle junction (acute 
and chronic)

Syndromes with combined 
spinal cord and peripheral 
nerve lesions

Anterior spinal artery syndrome 
(acute)

Secondary Complications: Indirect effects on neurologic 
system via the following:
•	 Cardiovascular complications – Cocaine causes  

systolic and diastolic dysfunction, arrhythmias, 
and atherosclerosis, which ultimately contrib-
ute to strokes.

•	 Coagulation	effect – Cocaine causes elevation 
of von Willebrand factor and erythrocytes, 
which leads to increase in viscosity that results 
in thrombosis leading to cerebral infarction.

•	 Hepatic complications – Hepatic failure result-
ing in rhabdomyolysis.

•	 Gastritis	 and	 pancreatitis result in chronic 
malnutrition and widespread central nervous 
system/peripheral nervous system dysfunction.
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Coccidioides immitis
Epidemiology and Demographics: The number of 

Coccidioides immitis infections has risen to ∼150,000 
per year. Extrapulmonary complications estimated 
at 0.5% of infections in Caucasians, and 30–50% of 
infections in heavily immunosuppressed patients.1

Tends to occur more in those of Asian or African 
descent.

Disorder Description: C. immitis is a dimorphic yeast 
species of the genus Coccidioides, a member of the 
Onygenaceae family. It usually exists in soil, and it 
is endemic to the southwestern United States and 
parts of Central and South America.1,2

Infection is through inhalation of spores and 
most often causes pneumonia. Disseminated dis-
ease may lead to rash, skeletal lesions, or meningi-
tis. A lesser cause of infection is through solid organ 
transplantation or percutaneous inoculation.2

Risk factors include living in endemic areas, 
being exposed to dust or dirt with spores, or occu-
pations involving aerosolization of soil. Risk factors 
for severe disease include immunosuppression, 
pregnancy, autoimmune conditions, malignancy, 
solid organ transplantation, older age, male sex, 
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Patients may experience excruciating pain, 
numbness, hypersensitivity, weakness, excessive 
sweating, and changes in hair distribution. There 
may or may not be a prior history of trauma. The 
anxiety caused by the condition and comorbid psy-
chiatric disorder may delay or even hamper ade-
quate treatment.

Symptoms

Localization site Comment

Cerebral hemispheres Somatosensory cortex affected

Mental status and psychiatric 
aspects/complications

Anxiety and depression, 
posttraumatic stress disorder

Spinal cord Remodeling

Dorsal root ganglia Peripheral sensitization

Autonomic nervous system Vasomotor and sudomotor 
dysfunction including 
alterations in sweating, skin 
color, temperature, trophic 
changes in the skin, hair, or nails

Secondary Complications: Anxiety from chronic pain, 
weakness in the extremities from pain limitation. 
Decreased range of motion in the limb due to disuse.

Treatment Complications: Neuropathic medications such 
as gabapentin can cause sedation. Transdermal 
lidocaine patches may cause skin irritation.
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Compression Fracture, Vertebral
Epidemiology and Demographics: Vertebral compres-

sion fractures are seen in approximately 25% of 

or underlying genetic disease. After reaching its 
human host, it will change to yeast form.2

Symptoms

Localization site Comment

Cerebral hemispheres Abscess

Headache

Meningitis, which may become 
complicated by vasculitis causing 
intracerebral hemorrhage or ischemic 
stroke

Base of skull Basilar meningitis

Specific spinal roots Radiculopathy (rare)

Secondary Complications: Complications may include 
hydrocephalus or central nervous system vasculitis.1,3

Treatment Complications: Despite adequate therapy, 
hydrocephalus may result, requiring shunt place-
ment. Also, patients may require lifelong treatment 
with fluconazole.3
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Complex Regional Pain Syndrome (formerly, 
Reflex Sympathetic Dystrophy)
Epidemiology and Demographics: Complex regional pain 

syndrome (CRPS) usually affects women in their 
40s or 50s. The incidence is 5.5/100,000 and the 
prevalence is 21/100,000 for CRPS type 1.

Disorder Description: How the disease comes about is not 
known. However, theories include inflammation of 
the nerves and their surroundings, and hypersensi-
tivity in perception of pain in the brain.
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all postmenopausal women in the United States. 
Motor vehicle accidents account for these fractures 
in younger patients, and they are seen more often in 
men than woman in younger age groups.

Disorder Description: A compression fracture is the col-
lapse of a vertebra. It can be due to trauma or weak-
ening of the vertebra. Weakening can be seen in 
patients with osteoporosis or osteogenesis imper-
fecta, lytic lesions from metastatic or primary tum-
ors, or infection.

Symptoms

Localization site Comment

Acute fracture Severe pain

Treatment Complications: Treatment includes back 
braces, opioids, calcitonin, kyphoplasty, and ver-
tebroplasty. Opioids can cause sedation, falls in 
elderly patients, confusion, and addiction.
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Confusional Arousals
Epidemiology and Demographics: The prevalence of con-

fusional arousal varies by age group: 3–13 years 
17.3%, >15 years 2.9–4.2%, and lifetime risk of 
18.5%. There is equal sex predominance. The age 
at onset is most often in early childhood at around  
2 years.

Predisposing factors include priming fac-
tors of sleep deprivation and situational stress. 
Hyperthyroidism, migraines, head injury, enceph-
alitis, and stroke are rarer potential priming factors.

Precipitating factors include conditions that 
cause sleep fragmentation or deprivation result-
ing in increased homeostatic sleep pressure, thus 
increasing the opportunity for slow- wave sleep 
para somnias to arise. Obstructive sleep apnea 
(OSA) and other sleep- related respiratory events 
may be precipitants of disorders of arousal. Other 
triggers include environmental stimuli (e.g., tele-
phone calls, pagers, electronic devices, noise, light), 

internal stimuli (distended bladder), travel, sleep-
ing in unfamiliar surroundings, febrile illness in 
children, physical emotional stress, premenstrual 
period in women, and psychotropic medications 
(e.g., lithium carbonate, phenothiazines, anticho-
linergics, sedative/hypnotic agents). Literature on 
the relationship between alcohol and disorders of 
arousal is mixed.

Disorder Description: Confusional arousals are charac-
terized by confusion or disoriented behavior dur-
ing an arousal without terror or ambulation outside 
of the bed. Confusional arousals typically last less 
than 5 minutes, but episodes can occasionally last 
longer. Patients typically have poor recollection of 
the events the following day.

Polysomnography is not routinely indicated for 
evaluation of confusional arousals but may show 
high- amplitude hypersynchronous delta waves 
and frequent arousals from slow- wave sleep. It may 
also be helpful in ruling out other disorders such as 
REM behavior disorder, nocturnal epilepsy, or asso-
ciated sleep disordered breathing. Pharmacologic 
treatment is generally not indicated and manage-
ment should focus on reassurance, avoidance of 
precipitating factors, and maintenance of a safe 
sleep environment to minimize risk of injury. 
Benzodiazepines and serotonin reuptake inhibitors 
may be effective in extreme cases.

Symptoms

Localization site Comment

Unclear localization Majority of individuals with disorders 
of arousal do not have neurologic or 
psychologic pathology. Rare reported 
cases of confusional arousals associated 
with brain lesions in areas involving 
arousal (posterior hypothalamus, midbrain 
reticular area, and periventricular gray 
matter). Functional abnormality in the 
brain may be possible that leaves some 
regions (hippocampus and frontal 
cortices) asleep, while other parts of 
the brain (motor, cingulate, insular, 
amygdala, and temporopolar cortices) 
are awake. Disorders of arousal represent 
a dissociation of different regions of 
the brain in addition to activation of 
locomotor centers/central pattern 
generators, accompanied by sleep inertia 
and sleep state instability
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Treatment Complications: Benzodiazepines may result in 
morning somnolence and may exacerbate underly-
ing sleep disordered breathing.
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Congenital Central Alveolar Hypoventilation 
Syndrome
Epidemiology and Demographics: Congenital central alveolar 

hypoventilation syndrome is rare with unknown prev-
alence. Occurs equally among the sexes and all ethnic/
racial groups. It is a genetic condition that is present 
from birth, although some patients present later in life.

Disorder Description: Congenital central alveolar hypoven-
tilation syndrome is a congenital genetic disorder 
characterized by autonomic dysfunction and failure 
of the automatic central control of breathing. The 
PHOX2B gene has been implicated in its pathogen-
esis; this gene plays a role in the development of the 
autonomic nervous system and central respiratory 
control pathways. The disease usually results from a 
de novo mutation.

Patients typically present with hypoventilation, 
usually present at birth, and require ventilatory sup-
port at varying levels, depending on the severity of 
the disease. Some patients with a milder mutation 
may present later in life.

It is diagnosed when sleep- related hypoventila-
tion is present and when mutation of the PHOX2B 
gene is present. The gene is dominant, and patients 
are at risk of having children with congenital central 
alveolar hypoventilation syndrome.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Headaches, hypersomnolence related 
to chronic hypoventilation, mood 
disturbances

Secondary Complications: Occurs in association with 
autonomic abnormalities in a subset of patients, 
such as Hirschsprung disease, autonomic dysfunc-
tion with decreased heart rate variability or hypo-
tension, neural tumors, such as ganglioneuromas or 
ganglioneuroblastomas, and ocular abnormalities.

Treatment Complications: Treatment includes the use of 
invasive or noninvasive ventilation in the form of 
bilevel or average volume- assured pressure support. 
Diaphragm pacing has also been used.

Discomfort and noncompliance with noninva-
sive ventilation as well as complications of invasive 
ventilator support.
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Congestive Heart Failure
Epidemiology and Demographics: In people over the age of 

65, the incidence of congestive heart failure (CHF) 
is approximately 1%. CHF is seen equally in men 
and women but the incidence in African Americans 
is approximately 1.5 times greater. Mortality is seen 
in more than 50% of patients within 5 years of devel-
oping CHF.

Disorder Description: CHF results from damage to the myo-
cardium due to coronary artery disease, hypertension, 
diabetes, and other disorders that lead to ischemia. 
CHF may result in an inability to sufficiently pump 
blood through both the systemic and pulmonary cir-
culations, as well as an increase in filling pressures. 
The increase in pressure may give rise to pulmonary 
vascular congestion as fluid fills the interstitial space 
of the bronchioles and other lung structures.

Symptoms

Localization site Comment

Cerebral hemispheres Hypoperfusion from lack of cardiac 
output may result in light- headedness, 
dizziness, tiredness, and fatigue
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Localization site Comment

Mental status and 
psychiatric aspects/
complications

Patients may get depressed and 
experience limitations in their 
functionality due to the cerebral 
hypoperfusion. They may also 
become confused, disoriented, and 
anxious. Severe cases may result in 
hallucinations and delirium

Cerebellum May have balance issues due to 
hypoperfusion of the cerebellum

Vestibular system (and 
nonspecific dizziness)

Same as above

Secondary Complications: CHF may result in pulmo-
nary edema and problems with the heart, liver, and 
kidneys.

Treatment Complications: Treatment of CHF may result 
in hypotension including presyncope and syn-
cope, for example as a result of afterload reduction 
with ACE inhibitors and/or aldosterone receptor 
blockers.
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Copper Deficiency Myeloneuropathy
Epidemiology and Demographics: The age range for cop-

per deficiency myeloneuropathy is 30 to 82 years. 
Affects women more than men.

Disorder Description: Copper is important for normal  
structure and function of the nervous system.  
It allows electron transfer in enzymatic path-
ways. Animal studies of copper deficiency reveal 

neuronal loss in the cerebellum and spinal tracts 
with extensive demyelination. Risk factors for 
copper deficiency include excessive zinc inges-
tion, gastric surgery, and malabsorption due to 
inflamma tory bowel disease, celiac disease, and 
other gas trointestinal disorders. Rarely, overtreat-
ment of Wilson’s disease can also result in copper 
deficiency. Neurologic manifestations include sub-
acute gait disorder with sensory ataxia, spasticity, 
myelopathy, impaired vibration and position sense, 
positive Rhomberg’s sign, and peripheral neurop-
athy in a stocking and glove distribution. Rarely, 
patients also experience bladder dysfunction. Some 
patients may have bilateral vision loss due to optic 
nerve involvement.

Symptoms

Localization site Comment

Cranial nerves Subacute bilateral vision loss, 
optic nerve involvement

Spinal cord Spasticity, positive Babinksi’s, 
hyperreflexia, myelopathy, (dorsal 
columns) – impaired vibration and 
position sense

Dorsal root ganglia Sensory ataxia, pseudoathetosis, 
allodynia, sensory 
ganglionopathy, asymmetric 
sensory loss in face, trunk, and 
limbs

Peripheral neuropathy Hyporeflexia, decreased sensation 
in stocking and glove distribution, 
wrist drop, foot drop

Syndromes with combined 
spinal cord and peripheral 
nerve lesions

Impaired vibration and position 
sense, positive Rhomberg’s sign, 
peripheral neuropathy with 
hyporeflexia (typically ankle jerks), 
and hyperreflexia

Secondary Complications: Physical injury due to diffi-
culty walking and loss of vision.
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Cortical Dysplasia
Epidemiology and Demographics: Cortical dysplasia is 

one of the most common causes of intractable epi-
lepsy in children, accounting for 25–40% of cases. 
Epilepsy can occur at any age, but usually presents 
in early childhood. Reported incidence and preva-
lence are variable and increasing with advances in 
neuroimaging techniques.

Disorder Description: Focal cortical dysplasia (FCD) 
is a developmental malformation of the cerebral 
cortex that occurs secondary to disruption of nor-
mal neuronal cytoarchitecture. Sporadic disorder 
with few defined family pedigrees; the pathogene-
sis remains unknown. Studies have suggested that 
mutations affecting DEPDC5, mTOR signaling may 
be responsible.

The Internal League Against Epilepsy has pro-
posed a 3- tier classification system based on clinico-
pathologic features:
Type I – characterized by abnormal cortical layering 

with radial microcolumns. Has three subtypes.
Type II – common among epilepsy surgical series 

and in the extratemporal areas, particularly the 
frontal lobe. Characterized by dysmorphic and 
cytomegalic neurons. Has two subtypes.

Type III – pathologic changes adjacent to or 
associated with substantive brain lesions (such 
as vascular malformations and tumors). Has 
four subtypes.

Neuroimaging, mainly MRI, is important to 
identify FCD. Common findings include: increased 
cortical thickness, subtle changes in the smoothness 
of gyri or sulci, and changes in subcortical white 
matter signal. Focal rhythmic epileptiform dis-
charges may be seen on EEG, sometimes activated 
by non- rapid eye movement sleep. Intermittent or 
continuous focal slowing may also be noted.

Treatment may require physical, occupational, 
and speech therapy. Epilepsy surgery is often 
required because of medication- resistant seizures.

Symptoms

Localization site Comment

Cerebral hemispheres Focal seizures. Other deficits such 
as motor or language impairments 
depend on localization and extent of 
lesion

Mental status and 
psychiatric aspects/
complications

Cognitive impairments may occur. 
Psychiatric comorbidity more common 
in patients with early- onset epilepsy 
and posterior cerebral lesions

Secondary Complications: Refractory epilepsy occurring 
as a result of FCD is commonly associated with cog-
nitive, psychiatric, and social comorbidities.

Treatment Complications: Antiepileptic drugs may be 
associated with a number of idiosyncratic reac-
tions including multi- organ dysfunction, cogni-
tive or psychiatric effects, and drug interactions. 
Postoperative complications of surgical resection 
may include nondisabling visual field defects, often 
transient sensorimotor deficits, and meningitis.
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Corticobasal Degeneration
Epidemiology and Demographics: In a recent review by 

Armstrong and collegues,1 mean age of onset of cor-
ticobasal degeneration (CBD) was 63.7 years (range 
45 to 77.2), with mean disease duration of 6.6 years 
(range 2 to 12.5).

Disorder Description: The classic clinical presentation of 
CBD (sometimes called corticobasal syndrome or 
CBS) is a slowly progressive syndrome with asym-
metric rigidity, limb apraxia and alien limb, cortical 
sensory loss, and cognitive impairment.1–3 The clas-
sic neuropathologic criteria are tau- positive neu-
ronal and glial lesions with astrocytic plaques in the 
cerebral cortex and basal ganglia with asymmetric 
cell loss.4 Unfortunately, the mapping between these 
clinical and pathologic diagnoses is poor.3,5,6 Many 
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patients with CBD pathology present with a pro-
gressive supranuclear palsy- like clinical syndrome 
or frontotemporal dementia clinical syndrome. 
Some patients with the classic clinical syndrome 
have Parkinson’s disease, dementia lacking distinc-
tive histology, Alzheimer’s disease, or Creutzfeld–
Jacob disease on brain examination, but not classic 
CBD pathology. An effort to broaden the spectrum 
of clinical presentations was associated with poor 
specificity against pathologic diagnoses.6

In our judgment, the clinical utility of the CBD 
concept is to give a clinical diagnosis to patients 
who present with some combination of gradually 
progressive asymmetric limb rigidity or akine-
sia, limb dystonia, limb myoclonus, orobuccal or 
limb apraxia, cortical sensory deficit, and/or alien 
limb phenomenon. The clinician should be aware 
that classic CBD pathology is the most likely sub-
strate, but other neurodegenerative pathologies 
are possible. Asymmetric parietal atrophy on MRI 
scan supports the diagnosis. Progressive cognitive 
impairment is part of the syndrome, but may be 
subtle at presentation and overshadowed by apraxia 
or an alien limb. Similar to other atypical Parkinson 
syndromes, CBD responds poorly to levodopa, 
though a small benefit may be observed at higher 
doses (1200 mg daily for 2 to 3 months).2 No effec-
tive disease- modifying therapy for CBD exists, and 
treatment is largely supportive.

Symptoms

Localization site Comment

Cerebral hemispheres – 
asymmetric frontoparietal 
degeneration

Limb rigidity (85%)

Bradykinesia or clumsy limb (76%)

Cognitive impairment (70%)

Limb apraxia (57%)

Behavioral changes (55%)

Aphasia (52%)

Alien limb (30%)

Myoclonus (27%)

Cortical sensory loss (27%)

Secondary Complications: Gait instability may lead to falls 
and further disability. Physical and occupational 
therapy are essential for maximizing functionality 
and delaying disability.

Treatment Complications: Side effects of levodopa 
include dyskinesias and gastrointestinal distress. 

Clonazepam used for myoclonus and baclofen used 
for dystonia can both cause lethargy.
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Coxsackievirus
Epidemiology and Demographics: Infants, children, and 

adolescents account for 90% of Coxsackie B virus 
infections, with 75% of cases occuring in infants  
<1 year old and toddlers aged 1–4 years. Most infec-
tions tend to occur in the summer and fall.1

Disorder Description: Coxsackieviruses are non- 
enveloped viruses with linear single- stranded RNA 
that belong to the family Picornaviridae and the 
genus Enterovirus. They are further divided into 
group A and group B.1

Group A viruses tend to infect skin and mucous 
membranes, typically causing hand, foot, and 
mouth disease. Group B viruses tend to infect the 
heart, pleura, liver, and pancreas. Both groups can 
cause aseptic meningitis. The leading serotypes 
associated with central nervous system diseases are 
B1 to B6, A7, and A9.1

Risk factors include close skin contact with an 
infected person, and the virus can be transmitted 
by the fecal– oral route, vertically during pregnancy, 
and via respiratory secretions.1
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Symptoms1,2

Localization site Comment

Cerebral hemispheres Meningitis

Encephalitis

Headache

Seizures

Myoclonus

Anterior horn cells Flaccid paralysis

Syndromes with combined 
upper and lower motor neuron 
deficits

Motor neuron disease (rare)

Secondary Complications: Seizures, post- encephalitic 
parkinsonism, and acute disseminated encephalo-
myelitis may be complications.2
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Craniofacial Tremor
Epidemiology and Demographics: Facial tremor is rarely 

seen in isolation and its prevalence is unknown.
Disorder Description: Facial tremor is rarely an isolated 

phenomenon. It usually occurs as part of another 
neurologic disorder such as essential tremor (ET) 
or Parkinson’s disease (PD). Tremor of the chin is 
more common in PD, while tremor of the jaw is 
more common in ET. The “rabbit syndrome,” seen 
in elderly patients maintained on neuroleptics, 
involves fine rhythmic tremor of the oral, paranasal, 
and masticatory muscles.

Treatment Complications: Medications used to treat PD 
are varied and may be associated with side effects 
including dyskinesia, gastrointestinal distress, 
impulse control disorders, and sedation among oth-
ers. Medications used to treat ET are also varied and 

may cause light- headedness, bradycardia, changes 
in cognition, etc.
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Creutzfeldt–Jakob Disease (CJD)
Epidemiology and Demographics: Incidence of 

Creutzfeldt–Jakob disease (CJD) is 1–1.5 cases 
per million per year in developed countries. 
Approximately 400 cases of prion disease are diag-
nosed per year in the United States,1 of which 80–95% 
are sporadic form, 10–15% are genetic (familial), 
and <1% are acquired.1

The mean age at onset of symptoms of sporadic 
CJD is 64 years and median survival time is about  
6 months from disease onset, with 85–90% of 
patients dying within 1 year.2 Familial CJD has an 
onset usually between 30 and 55 years and is most 
prevalent in Jews of Libyan and Tunisian descent, 
and Slovakians.2

Two hundred and twenty- nine cases of variant 
CJD have been reported worldwide, most of them 
occurring in the UK or France, but the United States 
and Canada have also had cases.1

Disorder Description: CJD is a rapidly progressive demen-
tia, caused by the conversion of normal prion protein 
(PrPC) into an abnormal misfolded form (PrPSc).1

Three mechanisms exist: sporadic, genetic (famil-
ial), and acquired. In sporadic CJD, which is the most 
common form, the conversion of PrPC to PrPSc is 
considered to be spontaneous or through a somatic 
mutation of PRNP. In the familial form, mutations in 
the prion protein gene, PRNP, make the PrPC more 
susceptible to misfolding into PrPSc. In the acquired 
form, PrPSc is accidentally transmitted to a person, 
causing their endogenous PrPC to misfold.1

Acquired CJD is either iatrogenic or variant. 
Iatrogenic infections are transmitted from human 
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to human via contamination with tissue from an 
infected person, usually as a result of a medical pro-
cedure. These include corneal and meningeal trans-
plants and human- derived hormonal therapies. 
Variant CJD occurs from dietary exposure, most 
notably from cattle infected with bovine spongi-
form encephalopathy.1,2

Symptoms3

Localization site

Cerebral hemispheres Extrapyramidal symptoms

Pyramidal symptoms

Tremors

Myoclonus

Sleep disturbances

Headache

Seizures

Sensory disturbance

Visual disturbances (blurring, 
visual field defects, perception 
abnormalities)

Mental status and 
psychiatric aspects/
complications

Subacute progressive dementia3

Visuospatial difficulties

Memory loss

Inattention

Apraxia

Hemineglect

Akinetic mutism

Psychiatric

Agitation/irritability

Personality changes

Hallucinations

Depression

Cerebellum Gait abnormalities, ataxia

Cranial nerves Oculomotor dysfunction

Unclear localization Myoclonus

Secondary Complications: Patients with dysphagia may 
develop aspiration pneumonia, which is the most 
common cause of death.2

Treatment Complications: No current available treatment.
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Critical Illness Myopathy
Epidemiology and Demographics: Critical illness myo-

pathy (CIM) is a common condition in critically ill 
patients, affecting more than 25% of patients in the 
intensive care unit (ICU) who have been mechani-
cally ventilated for at least 7 days. No clear sex pre-
dominance is known. No clear age link is known. 
There is no geographic or ethnic predilection.

Disorder Description: CIM is thought to be a toxic effect 
myopathy that affects ICU patients. It results in dif-
fuse weakening from muscle degeneration, but is 
reversible. The etiology of CIM is unclear; it typi-
cally occurs in patients with steroid and neuromus-
cular junction (NMJ) blockade, and at this time, is 
thought to result from toxicity due to those agents. 
High- dose intravenous corticosteroid adminis-
tration is a well- known risk factor, especially with 
NMJ blocking agent administration, which is com-
mon in status asthmaticus patients (who are typi-
cally intubated and ventilated in the ICU). Longer 
NMJ blockade (over 24–48 hours), as well as higher 
dose/longer course steroids, increase the likelihood 
of CIM. Major systemic inflammatory responses 
accompanying critical injuries/illnesses may also 
play a part.

With respect to diagnostic testing, elevated 
serum creatine kinase level is typically pres-
ent early in the course, but normalizing later. 
Electrodiagnostic studies are critical to diagnosis. 
In short, sensory and NMJ studies will be normal, 
but motor unit studies will be abnormal. Nerve 
conduction studies will show low compound 
muscle action potential (CMAP) amplitudes, 
but without any signs of demyelination (conduc-
tion velocities and distal latencies will be normal, 
though some patients can have CMAPs of long 
duration). Similarly, sensory studies should be nor-
mal (excluding comorbid issues, or a critical illness 
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polyneuropathy). Needle electromyography will 
show spontaneous short- duration, low- amplitude 
muscle unit action potentials, with some evidence 
of denervation, but normal recruitment despite 
the clinical weakness. Repetitive stimulation will 
be normal. Muscle biopsy can be done, but is rarely 
used; histopathology shows largely myopathy and 
myosin loss.

Sensation/sensory distribution is spared

Symptoms

Localization site Comment

Cranial nerves Bifacial weakness (uncommon), extraocular 
weakness (unusual/rare)

Spinal cord Areflexia (diffuse, typically distal)

Muscle Generalized weakness, often flaccid, 
typically distal

Secondary Complications: Secondary complications 
of CIM are largely related to the difficulties and 
complications in treating comorbid or underlying 
issues. For instance, it will delay extubation due to 
respiratory weakness. It can be associated with crit-
ical illness polyneuropathy.

Treatment Complications: Treatment largely involves 
reducing or discontinuing steroids, and avoiding 
NMJ blockade. CIM is usually reversible over weeks 
to months. Glycemic control as treatment has been 
controversial and is not standard of care.

Complications are largely due to delayed treat-
ment of underlying issue (i.e., status asthmaticus, 
sepsis, etc.) or ventilator- associated complications 
from delayed extubation. In effect, CIM leads to 
prolonged ICU stays and increased length of hospi-
tal stay in general.
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Critical Illness Neuropathy/Polyneuropathy 
(CIP)
Epidemiology and Demographics: Critical illness neu-

ropathy/polyneuropathy (CIP) affects up to 45% 
of critically ill patients admitted to intensive care 
units (ICUs). About 70% of patients with sepsis or 
systemic inflammatory response syndrome (SIRS) 
develop CIP. Seen in up to 58% of those receiving 
mechanical ventilation for at least 4–7 days and 
77% of those with ICU stays more than 7 days. More 
common in females, though precise gender predis-
position is unknown.

Disorder Description: Complication of severe illness 
involving sensorimotor axons, frequently affect-
ing skeletal muscle (critical illness myopathy). The 
causes of axonal degeneration, atrophy, and necro-
sis of myofibers are not fully understood, but are 
believed to involve microcirculatory abnormalities, 
metabolic derangements, reversible channelopathy, 
and bioenergetic dysfunction. Major risk factors 
include severity of illness, duration of organ dys-
function, duration of ICU stay, acute respiratory 
distress syndrome, sepsis, SIRS, and hyperglycemia. 
Corticosteroid and neuromuscular blocking agents 
may contribute as well. As both respiratory and limb 
muscles can be affected, the condition results in pro-
longed weaning from mechanical ventilation and 
physical rehabilitation.

Symptoms

Localization site Comment

Cerebral hemispheres Early response to critical illness: diffuse 
encephalopathy

Cranial nerves Rarely: ophthalmoplegia, facial 
weakness

Peripheral neuropathy Mostly symmetric involvement of 
lower extremities sensorimotor axons, 
phrenic nerve involvement, distal loss 
of sensitivity to pain, temperature, 
vibration

Muscle Frequently associated with critical 
illness myopathy. Mostly symmetric 
lower extremity weakness/paralysis 
Diaphragmatic, intercostal, and other 
accessory respiratory weakness/
paralysis
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Secondary Complications: Extended ICU stay, prolonged 
mechanical ventilation, immobility leading to 
increased rates of delirium, infection, thromboem-
bolism, and increased mortality.

Treatment Complications: Treatment is primarily preven-
tive and includes early and aggressive treatment of 
sepsis, minimizing duration and dosages of cortico-
steroids and neuromuscular blocking agents, glyce-
mic control, and rehabilitation programs and careful 
positioning. Complications include potential ventila-
tion dependency and antibiotic- resistant infections.
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Crohn’s Disease
Epidemiology and Demographics: The annual incidence 

of Crohn’s disease is about 20/100,000 in North 
America. The highest incidence occurs in the sec-
ond to fourth decade of life, and the risk is equal in 
men and women.

Disorder Description: Crohn’s disease is a chronic 
relapsing- remitting condition that can affect any 
part of the gastrointestinal tract, but most commonly 
colon and distal ileum. The cardinal features of 
Crohn’s disease include chronic diarrhea, abdominal 
pain, presence of blood or mucus in stool, and weight 
loss. Extraintestinal involvement is common. The 
exact etiology is unknown and a complex interaction 
between genetic (e.g., NOD2/CARD15 gene) and 
environmental factors (diet, antibiotics, gut microbi-
ome) influence the clinical presentation and severity.

Symptoms

Localization site Comment

Cerebral hemispheres Thromboembolic events causing 
transient ischemic attacks or 
strokes. Venous sinus thrombosis. 
There is increased incidence of 
demyelinating disorders such 
as MS

Localization site Comment

Mental status and psychiatric 
aspects/complications

Depression, anxiety, fatigue, and 
restless leg syndrome

Cranial nerves Sensorineural hearing loss

Melkersson–Rosenthal syndrome 
(recurrent facial nerve palsy)

Optic neuritis

Isolated microvascular 6th nerve 
palsy

Cauda equina Spinal epidural abscess presenting 
as cauda equina syndrome

Peripheral neuropathy Small fiber sensory neuropathy

Axonal sensorimotor 
polyneuropathy

Demyelinating neuropathies

Neuromuscular junction Myasthenia gravis

Muscle Inflammatory myopathy

Secondary Complications: Nutritional deficiencies such 
as vitamins B12 and B1 or copper deficiencies can 
lead to neuropathy, myelopathy, or encephalopathy. 
Hypercoagulable state can lead to thromboembolic 
or venous strokes even when the disease is not clin-
ically active. Rapid weight loss can put patients at 
risk of entrapment mononeuropathies.

Treatment Complications: Biologic treatment used in treat-
ing Crohn’s disease such as natalizumab can increase 
the risk of progressive multifocal leukoencephalop-
athy caused by John Cunningham virus. Posterior 
reversible encephalopathy syndrome has been 
reported with infliximab infusion. A case of central 
nervous system (CNS) vasculitis has been reported 
with adalimubab. There are reports of cases with mul-
tiple sclerosis associated with biologic treatment for 
Crohn’s disease. Metronidazole can cause peripheral 
neuropathy. Tumor necrosis factor alpha antagonists 
have been reported to be associated with demyeli-
nating neuropathies. Immunosuppressive therapy is 
associated with increased risk of CNS infections and 
malignancies. Cyclosporine can cause optic neurop-
athy, ophthalmoplegia, and nystagmus.
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Crutch Use Neuropathy
Epidemiology and Demographics: May affect any individ-

ual using axillary crutches though more common 
when poorly fitted and in children and patients 
who are either not properly trained or are mentally 
or physically incapable of using crutches properly. 
Precise incidence is unknown.

Disorder Description: Crutch use neuropathy is a well 
known, albeit an extremely rare, complication of 
axillary crutch use. Pathology is believed to result 
from compression that produces differential pres-
sure along the nerve trunk of the brachial plexus, 
resulting in invagination of the nodes of Ranvier, 
as opposed to nerve ischemia. Incorrect use of 
axillary crutches leads to a seven- fold increase in 
force on the axilla. In addition to neurologic symp-
toms, the patient may exhibit signs of chronic irri-
tation near the axilla, such as hyperpigmentation 
and skin hypertrophy. Most patients exhibit full 
recovery within 2–3 months, with length of recov-
ery time postulated to relate to duration of nerve 
compression.

Physical therapy is primarily preventive by ensur-
ing correct length and use of crutches. Treatment is 
limited to cessation of axillary crutch use and phys-
ical therapy.

Localization site Comment

Plexus Posterior cord of brachial plexus

Peripheral neuropathy Most common:
•	 Radial nerve – weakness of 

triceps and forearm/wrist/finger 
extensors. Paresthesias in radial 
distribution may be observed

•	 Axillary nerve – weakness of 
shoulder abduction. Paresthesias 
near shoulder

Less common:
•	 Median nerve
•	 Ulnar nerve
•	 Suprascapular nerve
•	 Long thoracic nerve

Secondary Complications: Rarely, improper crutch use 
can result in aneurysm of the axillary artery and 
embolism due to repetitive trauma.

Treatment Complications: Good prognosis and therefore 
no treatment complications.
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Cryoglobulinemia
Epidemiology and Demographics: Cryoglobulinemia typ-

ically occurs in the context of three disease groups: 
monoclonal gammopathy, chronic viral infections 
such as hepatitis C virus (HCV) or HIV, and chronic 
inflammatory disorders such as Sjögren syndrome. 
Within these populations, laboratory evidence of cry-
oglobulins is present in 10–20% or more. Clinically 
symptomatic cryoglobulin disease is present in far 
fewer, particularly in those with low cryocrits.

Disorder Description: Cryoglobulins are proteins that 
precipitate from serum and plasma at temperatures 
less than 37°C. There are three types of cryoglob-
ulins: (a) Type I associated with paraproteinemia 
consists of monoclonal immunoglobulin such as 
from multiple myeloma; (b) Type II associated with 
HCV consists of polyclonal immunoglobulin plus a 
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monoclonal antibody with rheumatoid factor activ-
ity (typically IgM reacting to IgG); and (c) Type III 
associated with chronic inflammatory autoimmune 
disorders consists of polyclonal immunoglobulin 
without a monoclonal component. Type I cryoglob-
ulins cause disease by hyperviscosity and throm-
bosis while Types II and III cause inflammatory 
disease such as vasculitis.

Symptoms

Localization site Comment

Cerebral hemispheres Diffuse effects with 
hyperviscosity from 
Type I cryoglobulinemia. 
Brain usually not 
affected by Type II or III 
cryoglobulinemia

Mental status and psychiatric 
aspects/complications

Headache and confusion 
are common symptoms of 
hyperviscosity syndrome

Cranial nerves Blurry vision and visual loss 
from hyperviscosity with 
Type I cryoglobulinemia

Mononeuropathy or 
mononeuropathy multiplex

Type II or III 
cyroglobulinemia 
can cause vasculitic 
neuropathy with multiple 
mononeuropathies

Peripheral neuropathy Type II or III can also 
present as painful or 
burning paresthesia 
with gradual motor 
involvement

Secondary Complications: Type I cryoglobulins and asso-
ciated hyperviscosity can cause intratubular cryo-
precipitation and rapidly progressive renal failure. 
Type II or III cryoglobulinemia often has accompa-
nying fever, arthralgia, and palpable purpura (54–
82% of cases).

Treatment Complications: Clinically significant cryo-
globulinemia is treated with immunosuppression, 
which has infectious complications especially in  
patients who have altered baseline immunity. 
Plasma exchange carries risk of thrombosis.
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Cryptococcal Meningitis (Cryptococcus 
neoformans)
Epidemiology and Demographics: Worldwide distribu-

tion. Prevalence of 10% in the United States and 30% 
in sub- Saharan Africa.1

Disorder Description: Cryptococcal meningitis is caused 
by the encapsulated yeast organism Cryptococcus 
neoformans and is considered to be the most com-
mon systemic fungal infection in immunocompro-
mised patients. It is usually found in contaminated 
soil, avian excrement, or certain tree bark. Infection 
usually occurs by inhalation, which may cause a 
respiratory infection or dissemination. Patients 
are typically immunocompromised or have had an 
environmental exposure.1,2

It has become increasingly prevalent in immu-
nocompromised patients. Risk factors include HIV, 
immunosuppression from solid organ transplants, 
sarcoidosis, corticosteroid use, and hepatorenal 
failure.2

Symptoms

Localization site Comment

Cerebral hemispheres Gait disturbances due to 
dopaminergic involvement

Cryptococcomas/granulomas

Non-obstructive hydrocephalus

Meningitis

Vision changes due to increased 
intracranial pressure (ICP)

Mental status and psychiatric 
aspects/complications

Cognitive decline/dementia 
Depression

Vestibular system (and non- 
specific dizziness)

Pseudo-Ménière disease

Base of skull Basilar meningitis

Cranial nerves Cranial neuropathies

Secondary Complications: Complications include hydro-
cephalus, increased ICP, seizures, or blindness.
Treatment Complications: Immune reconstitution inflam-

matory syndrome may occur more commonly in 
HIV patients. Also, during initial therapy, increased 
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intracranial pressures are commonly seen and may 
require serial lumbar punctures.2
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Cuban Epidemic Neuropathy
Epidemiology and Demographics: Affected more than 

50,000 of the Cuban population predominantly in 
the early 1990s. Most were adults aged 45–64 years, 
75% of whom drank alcohol and smoked cigarettes 
regularly. The incidence from 1992 to 1994 was 
566.7/100,000 in women and 368.5/100,000 in men.

Disorder Description: The epidemic is believed to be 
mainly the result of nutritional deficiencies. Risk 
factors included low body mass index, low percent-
age of body fat, less than 50% of recommended daily 
intake of protein, pyridoxine, thiamine, vitamin E 
and vitamin A, and consumption of alcohol and 
tobacco. Other suspected etiologic factors included 
chronic exposure to methanol and cyanide.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Irritability

Encephalopathy and decreased 
alertness

Cranial nerves Optic neuropathy – decrease in 
visual acuity and color vision 
Sensorineural deafness, 
dysphagia, dysphonia

Spinal cord Dorsolateral 
myeloneuropathy – loss of 
proprioception, vibration, and 
light touch sensation

Peripheral neuropathy Peripheral neuropathy – 
predominantly pain (sharp and 
burning), hypoesthesia, and 
weakness of the extremities

Syndromes with combined 
spinal cord and peripheral nerve 
lesions

Urinary urgency, nocturia, 
frequency, incontinence, 
constipation, sexual impotence

Secondary Complications: May lead to falls and injury 
secondary to decreased visual acuity, sensory ataxia, 
and neuropathy.

Treatment Complications: The Cuban government dis-
tributed vitamins A, B, and E in May 1993 at the 
peak of the epidemic. By July 1993, the incidence 
had sharply declined. There are no known compli-
cations of treatment.
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Cushing Disease (Cushing’s Syndrome)
Epidemiology and Demographics: Estimated 10–15 cases per 

million people per year. Usually affects younger adults 
aged 20–50 years, and is more common in women.

Disorder Description: Excess glucocorticoid, usually from 
exogenous administration rather than endogenous 
causes due to pituitary or ectopic corticotropin 
secretion. Systemic manifestations are broad, affect-
ing adipose distribution (central obesity), bone 
resorption and osteoporosis, weakened immune 
system, skin and connective tissue catabolism, and 
neuropsychologic function. Primary neurologic 
dysfunctions are limited.

Symptoms

Localization site Comment

Cerebral hemispheres Processing speed, attention, 
working memory impairment

Mental status and psychiatric 
aspects/complications

Mood instability, agitation, 
anxiety, depression, mania, 
paranoia, insomnia

Cranial nerves Glaucoma

Pituitary gland Adrenocorticotropic hormone 
(ACTH)-related Cushings (more 
common than ectopic ACTH)

Muscle Myopathy, weakness

Secondary Complications: Obesity, hypertension, and 
glucose intolerance can increase the risk of stroke.
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Treatment Complications: Adrenal crisis or Addisonian 
condition may cause seizures or impaired 
consciousness.
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Cyclic Vomiting Syndrome (CVS, Abdominal 
Migraine)
Epidemiology and Demographics: The true prevalence of 

cyclic vomiting syndrome (CVS) is unknown; esti-
mates range from 4 to 2000/100,000 children, with 
an incidence of approximately 3/100,000 children 
per year. Median age at onset is 5 years. In children 
of elementary school age it more often affects girls 
than boys. A family history of migraine is present in 
67–82% of cases.

Disorder Description: Idiopathic disorder characterized 
by stereotypical recurrent, explosive bouts of severe 
nausea and bilious emesis punctuated by symptom- 
free periods. It is defined by symptom- based criteria 
and the absence of positive laboratory, radiographic, 
and endoscopic testing. Episodes most often dur-
ing the night or in the early morning, a high peak 
frequency of vomiting every 10 to 15 minutes, 
associated with nausea, retching, abdominal pain, 
lethargy, anorexia and pallor, and then rapid com-
plete resolution. Attacks can last from an hour to 
10 days. Common triggering factors include stress, 
emotional excitement, fasting, certain foods or alco-
hol, and infections. The natural history of CVS is 
variable: some patients will ultimately cease to have 
emetic episodes, some switch from having vomiting 
episodes to having migraine headaches, whereas 
some continue to have vomiting episodes. The 
median age at resolution of symptoms is 10 years.

Early reports also linked CVS to epilepsy, as in 
rare cases, vomiting may be the sole manifestation of 

recurrent epileptic seizures. Progressive or focal neu-
rologic findings as well as new- onset ataxia, abnormal 
eye movements, papilledema, motor asymmetry, gait 
abnormality, developmental regression or stagnation, 
or recent personality changes are not typical of CVS 
and should alert the clinician to evaluate for increased 
intracranial pressure or a metabolic disorder.

Potential neuroendocrine mediators such as 
corticotropin- releasing factor and related down-
stream effector pathways – cortisol production and 
prostaglandin E2 – as well as autonomic alterations 
may initiate or sustain vomiting.

The ROME III Criteria for CVS diagnosis (must 
include all of the following):
 IV. Stereotypical episodes of vomiting regarding 

onset (acute) and duration (less than 1 week).
 V. Three or more discrete episodes in the prior year.
 VI. Absence of nausea and vomiting between 

episodes.
•	 Supportive criterion: History or family history 

of migraine headaches.
North American Society for Pediatric Gastro-

enterology, Hepatology, and Nutrition diagnostic 
criteria (must include all of the following):
•	 At least five attacks in any interval, or a mini-

mum of three attacks during a 6- month period.
•	 Episodic attacks of intense nausea and vomiting 

lasting from 1 hour to 10 days and occurring at 
least 1 week apart.

•	 Stereotypical pattern and symptoms in the indi-
vidual patient.

•	 Vomiting during attacks occurs at least four 
times/hour for at least 1 hour.

•	 Return to baseline health between episodes.
•	 Not attributed to another disorder.

Symptoms

Localization site Comment

Cerebral hemispheres Migraines, seizures. Functional 
15 O- PET brain imaging in adults 
with CVS suggest alterations 
in brain areas that deal with 
heightened awareness and anxiety 
(the cingulate cortices) as well 
as those that deal with pain and 
pleasure (the inferior frontal cortex)

Mental status and psychiatric 
aspects/complications

Anxiety and depression are 
frequent
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Secondary Complications: Migraine headaches, gastro- 
oesophageal reflux disease, irritable bowel syn-
drome, gallbladder disease, and insulin- dependent 
diabetes mellitus.

Treatment Complications: Antihistamines associated 
with increased appetite, weight gain, and sedation. 
Beta blockers associated with lethargy, reduced 
exercise intolerance. Amitriptyline associated with 
constipation, sedation, arrhythmia, behavioral 
changes.
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Cyclothymic Disorder
Epidemiology and Demographics: Lifetime prevalence is 

approximately 0.4–1%; prevalence in mood disor-
der clinics may range from 3 to 5%. Equally com-
mon in males and females in the general population; 
however, females may be more likely to present for 
treatment in clinical settings. May be more common 
in first- degree relatives of individuals with bipolar I 
disorder.

Disorder Description: As per the DSM- 5, cyclothymic 
disorder is defined as a chronic, fluctuating mood 
disorder of at least 2 years’ duration involving 
numerous hypomanic and depressive periods that 
are distinct from each other. The hypomanic and 
depressive symptoms must not meet full criteria 
for a hypomanic/manic or major depressive epi-
sode, respectively. Furthermore, symptoms must 
be present for at least half of the 2- year duration 
of illness, cause clinically significant distress or 
impaired functioning, and are not better attributa-
ble to another psychiatric disorder, substance, med-
ication, or another medical condition.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Symptoms of hypomania may include 
elevated, expansive, or irritable mood, 
mood lability, increased energy, 
increased goal- directed activity, inflated 
self- esteem or grandiosity, decreased 
need for sleep, rapid and/or pressured 
speech, racing thoughts (flight of ideas), 
distractibility, psychomotor agitation, 
impulsivity, poor judgment and insight, 
increased involvement in activities 
that have a high potential for painful 
consequences (shopping sprees, sexual 
indiscretions), antisocial behavior, 
suicidality

Symptoms of depression may include 
depressed mood, anhedonia, changes 
in appetite and/or weight, insomnia or 
hypersomnia, psychomotor agitation or 
retardation, fatigue, poor concentration, 
indecisiveness, guilt, worthlessness, 
hopelessness, suicidality

Secondary Complications: Alcohol/substance abuse, sleep  
disorders. Approximately 15–50% risk that an 
individual with cyclothymic disorder will go on to 
develop bipolar I or II disorder.

Treatment Complications: Similar complications may 
occur with the treatment of cyclothymic disorder 
as with the treatment of other bipolar spectrum 
disorders. Most notably, special consideration 
should be given to the following potential treat-
ment complications: side effects of lithium includ-
ing lithium toxicity as well as cognitive, cardiac, 
kidney, and thyroid abnormalities; increased risk 
of suicide with anticonvulsants; extrapyramidal 
symptoms and metabolic syndrome with antip-
sychotics; sedation and dependence/tolerance 
with benzodiazepines; and the potential terato-
genic risks associated with many of these agents. 
Please see treatment complications for Bipolar 
I Disorder and Bipolar II Disorder for further  
discussion.
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Cysticercosis
Epidemiology and Demographics: Cysticercosis infec-

tion occurs worldwide and affects both males and 
females, with peak incidence among middle- aged 
adults. Neurocysticercosis tends to be more severe 
in women.1

Disorder Description: Cysticercosis is a tissue infection 
caused by the pork tapeworm Taenia solium and is 
the most common helminthic infection of the cen-
tral nervous system (CNS). Transmission occurs 
by ingesting undercooked pork, infected water, 
food (mainly uncooked vegetables), soil, or water. 
Spread of tapeworm eggs may also be fecal–oral, 
which may be a large source of human–human 
transmission.1–3

After ingestion, eggs develop into larvae and 
penetrate the intestinal wall and disseminate via 
blood. Areas affected may include skin, eye, cen-
tral nervous system, and muscle.2 Once in the 
CNS (called neurocysticercosis), it may degener-
ate and cause an inflammatory response and lead 
to seizures or other focal deficits.1 Seventy- five 
percent of these patients may also develop muscle 
involvement.2

Neurocysticercosis is endemic in Latin America, 
sub- Saharan Africa, the Indian subcontinent, 
Indonesia, Vietnam, Korea, and China. Cases 
reported in other countries are mainly due to immi-
gration from endemic countries rather than local 
transmission.1,3

Symptoms

Localization site Comment

Cerebral hemispheres Encephalitis (occurs commonly 
in children and young women)
Seizures
Hydrocephalus
Intracranial cysts; these may 
calcify
Strokes
Focal neurologic deficits

Localization site Comment

Mental status and psychiatric 
aspects/complications

Cognitive decline3

Cranial nerves Cranial nerve palsies, mainly 
ophthalmoplegia

Spinal cord Myelopathy

Specific spinal roots Radiculopathy

Muscle2 Myopathy/myositis

Myalgias

Intramuscular lesions

Pseudomuscular pseudo 
hypertrophy (massive parasite 
burden may lead to symmetric 
enlargement and weakness of 
skeletal muscle)

Secondary Complications: Focal deficits, blindness, or 
epilepsy may result.

Treatment Complications: Cysticidal drugs should be 
avoided in cysticercotic encephalitis, as these drugs 
may worsen the inflammatory response within the 
brain parenchyma.1 Steroids may also cause psychosis.
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Cytomegalovirus (CMV)
Epidemiology and Demographics: Cytomegalovirus 

(CMV) affects about 45–100% of the world’s pop-
ulation. Increased seropositivity seen in the elderly, 
nonwhite race/ethnicity, females, and in low socio-
economic groups. Higher prevalence also seen in 
male homosexuals and residents of developing 
countries.1

Disorder Description: CMV is a double- stranded DNA 
virus, which is a member of the Herpesviridae fam-
ily. Acute infection in immunocompetent people is 
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usually asymptomatic, but may also be associated 
with a mild febrile illness. It then remains latent 
unless significant immunocompromise occurs, 
when chances of reactivation are higher.1

CMV is spread by close contact with a person who 
has the virus in his or her saliva, urine, or other body 
fluids. Thus, blood transfusions, organ or stem cell 
transplants, working in a childcare center, or sexual 
intercourse may all be sources of CMV acquisition 
and transfer. In addition, it may be transmitted from 
a pregnant woman to her fetus during pregnancy or 
delivery.1

It is a big concern in patients with HIV and other 
opportunistic diseases.2,3

Congenital CMV is the leading infectious cause 
of hearing loss and intellectual disabilities in devel-
oping countries.

Symptoms2,3

Localization site Comment

Cerebral hemispheres Encephalitis

Meningitis

Ventriculitis

Cerebral venous thrombosis

Mental status and psychiatric 
aspects/complications

Alzheimer’s dementia 
(increased risk)

Subacute dementia in HIV 
patients

Spinal cord Transverse myelitis

Cauda equina Cauda equina syndrome

Specific spinal roots Polyradiculitis

Mononeuropathy or 
mononeuropathy multiplex

Mononeuropathy multiplex

Peripheral neuropathy Peripheral neuropathy

Syndromes with combined spinal 
cord and peripheral nerve lesions

Polyradiculomyelitis

Secondary Complications: CMV infection may precede 
Guillain– Barré syndrome.1

Treatment Complications: Ganciclovir may cause neu-
ropathy.1 Valganciclovir may cause renal failure, 
which may suppress mental status. Both these medi-
cations may cause blood dyscrasias, which can cause 
intracranial hemorrhage.
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Dandy–Walker Syndrome
Epidemiology and Demographics: Seen in 1 in 30,000 live 

births; it is a rare condition.
Disorder Description: Congenital brain malformation 

involving the cerebellum and the fourth ventricle. It 
is characterized by agenesis or hypoplasia of the cer-
ebellar vermis, cystic dilatation of the fourth ventri-
cle, and enlargement of the posterior fossa. Workup 
includes MRI, CAT scans, and ultrasound.

Symptoms

Localization site Comment

Non-CNS-related 
symptoms

Orofacial deformities including 
hypertelorism and cleft palate. Polydactyly 
and syndactyly on the left side, cardiac 
anomalies, polycystic kidneys, cataracts, 
retinal degeneration

Vascular facial hemangioma

Neurologic 
symptoms, cerebral 
hemispheres

Slow motor development, hydrocephalus, 
increased cerebral spinal fluid pressure with 
irritability, vomiting

Cerebellum Unsteadiness and lack of muscle 
coordination, nystagmus, increased skull 
circumference, bulging at the base of the skull

Treatment Complications: Hydrocephalus should be 
treated with ventriculoperitoneal shunt, physi-
cal therapy, occupational therapy, speech therapy, 
and specialized education. Surgical complications, 
including incurring new neurologic deficits, could 
occur.
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Decompression Sickness (DCS)
Epidemiology and Demographics: Due to variability in 

reporting and collection of information, main-
stream medical journal publication of diving- related 

D
injury statistics is inconsistent. However, it appears 
that men are at greater risk than women, and there 
is no age or geographic predominance.

Disorder Description: Decompression sickness (DCS) 
encompasses all clinical manifestations induced 
by a rapid decrease of environmental pressure, suf-
ficient to cause the formation of inert gas bubbles 
previously loaded within tissues or blood as a solu-
ble phase. Based on clinical symptoms, DCS can be 
classified as type I or type II. Type I DCS generally 
presents with joint pain, skin rash, skin marbling, or 
localized edema. Scuba divers with type I DCS have 
more serious symptoms, usually characterized by 
myelopathy. The symptoms most often appear 10 to 
30 minutes after surfacing, at times beginning with 
a feeling of malaise and gradually progressing to 
paresthesias or paralysis. Spinal cord injury occurs 
in 20 to 50% of type II DCS. Brain and spinal cord 
injury result from nitrogen bubbles causing either 
arterial occlusion, venous infarction, or in situ 
nitrogen toxicity. The treatment is supportive with 
hyperbaric oxygen therapy.

Rapid surfacing during deep diving is a major 
risk factor; this is particularly a risk for inexperi-
enced divers. Travelling by airplane soon after scuba 
diving increases the risk of decompression sickness.

Diagnosis is largely clinical and based on history.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Encephalopathy, stroke- like symptoms, 
seizures

Spinal cord Thoracic cord segments are predominately 
affected. Symptoms mimic spinal cord 
trauma. Low back pain may start within a 
few minutes to hours after the dive and may 
progress to paresis, paralysis, paresthesia, 
loss of sphincter control, and girdle pain of 
the lower trunk. Neurologic deficits after a 
spinal cord injury can be multifocal. Sensory 
and motor disturbances can present 
independently, often resulting in a situation 
of dissociation

Secondary Complications: Residual weakness, neuro-
pathic pain, and neurogenic bladder are possible.

Treatment Complications: In general, treatment for DCS 
hinges on reduction of gas embolism and the effects 
of gas embolism. Primarily, this includes hydra-
tion, administration of 100% oxygen (preferably 
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hyperbaric chamber oxygen therapy), and position-
ing the patient in the left lateral decubitus (Durant’s 
maneuver) and mild Trendelenburg position in an 
effort to restore forward blood flow.

Some patients can develop complications related 
to hyperbaric oxygen therapy. Patients can report 
ear pain or discomfort and, rarely, seizures.
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Degenerative Disc Disease
Epidemiology and Demographics: As many as 80% of 

adults in the United States have experienced at least 
one episode of low back pain during their lifetime, 
and 5% experience chronic problems. It is more 
common with increasing age.

Disorder Description: Degeneration of one or more intra-
vertebral disc of the spine resulting in chronic neck 
or low back pain. Radiologic findings include disc 
space narrowing, vacuum disc, endplate sclerosis, 
and osteophyte formation. Workup includes neuro-
imaging (x- ray, CT, MRI).

Symptoms

Localization site Comment

Cervical spine Neck pain, which may radiate to the head, 
shoulders, arms, and hands. Tingling of hands 
and fingers is sometimes noted

Lumbar spine Low back pain, which may radiate to hips, or 
there is pain in the buttocks or thighs while 
walking. Occasional tingling and numbness 
is noted in the knees and weakness through 
the knees

Treatment Complications: Treatment includes physi-
cal therapy, range of motion exercises, postural 
training, pain management, and spinal fusion. 
Loss of weight, particularly in degenerative disc 
disease involving lumbosacral spine, is strongly 
recommended.
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Delayed Sleep–Wake Phase Disorder
Epidemiology and Demographics: Exact prevalence is 

unknown. In the general population, 0.17% of indi-
viduals are estimated to have delayed sleep–wake 
phase disorder (DSWPD); in the adolescent and 
young adult population, disparate reports of prev-
alence range from 1 to 16%. Approximately 10% of 
patients who present to sleep medicine clinics with 
complaints of insomnia have DSWPD. No known 
sex predominance. Most commonly occurs in ado-
lescents who have reached puberty.

Disorder Description: Polymorphisms in several circa-
dian clock genes including hPer3 are associated with 
DSWPD. The timing of exposure to light, changes 
in work and social schedules, travel across time 
zones, and stimulants such as caffeine may exac-
erbate DSWPD. The endogenous circadian period 
length (tau) is approximately 24.2 hours long and is 
entrained to the external 24- hour light–dark cycle. 
Patients with DSWPD have sleep onset that begins 
much later than the light–dark cycle would dictate. 
Patients present with complaints of difficulty initi-
ating sleep, trouble awakening in the morning, and 
excessive daytime sleepiness. This disorder typically 
first manifests during adolescence. Clock times 
vary; however, for many individuals sleep is delayed 
by 2–6 hours compared with individuals who sleep 
at conventional times, and wake time occurs in the 
late morning or afternoon. Individuals may wake 
up earlier than desired during work or school days 
resulting in truncated sleep time due to delayed 
bedtime with resulting daytime sleepiness. When 
sleep is unrestricted, delayed bedtime and wake- up 
time allows adequate sleep hours with no resulting 
daytime sleepiness. Bright light exposure (com-
mercially available light boxes or natural sunlight) 
in the morning, and behavioral and pharmacologic 
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treatments can advance the timing of sleep hours, 
but there is usually a continued preference for 
delayed sleep hours.

Diagnosis of DSWPD is made if the patient meets 
the following criteria: (1) there is a significant delay 
in the phase of the major sleep episode in relation to 
the desired or required sleep time and wake- up time 
as evidenced by the inability to fall asleep and diffi-
culty awakening at a desired or required time; (2) 
the symptoms are present for ≥3 months; (3) when 
patients are allowed to choose their own schedule, 
they will exhibit improved sleep quality and dura-
tion, but will maintain a delayed phase of the sleep–
wake pattern; (4) sleep log for ≥7 days demonstrates 
a delay in the timing of the habitual sleep period; 
and (5) the sleep disturbance is not better explained 
by another disorder or medication.

Sleep logs and actigraphy are key instruments and 
7–14 days of data are needed to ensure that working 
and non- working days are included. Although not 
necessary, biologic markers of endogenous circa-
dian timing such as salivary or plasma dim light mel-
atonin onset can provide important information.

Symptoms

Localization site Comment

The exact mechanism 
responsible is unknown

The main site of the endogenous 
circadian rhythm is in the 
suprachiasmatic nuclei and 
circadian clocks in peripheral cells. 
Polymorphisms in the circadian clock 
genes such as hPer3 are associated 
with DSWPD

Mental status and 
psychiatric aspects/
complications

In adolescents may present with 
school absences, chronic tardiness, and 
academic failure

Secondary Complications: Social dysfunction and isola-
tion, with increased risk of daytime sleepiness when 
forced to awaken early.

Treatment Complications: A multimodality approach 
to treatment of DSWPD is required. This includes 
evening sunlight avoidance, morning bright light 
exposure, and low- dose melatonin treatment approx-
imately 5 hours prior to bedtime. Chronotherapy 
involves progressive delay in the sleep schedule until 
the desired evening bedtime is reached. The effect of 
light on circadian rhythms follows a phase- response 

curve (PRC) whereby light exposure before the nadir 
core body temperature causes a phase delay, and light 
after nadir produces a phase advance. In the case of 
DSWPD, avoidance of evening light exposure helps 
to avoid an unwanted phase delay, and bright light 
exposure in the morning after the nadir core body 
temperature produces a desired phase advance. 
Exogenous melatonin has phase shifting properties 
that are about 12 hours out of phase with the PRC of 
light. Since the shift in the PRC to light (nadir of core 
body temperature) is delayed in DSWPD and may 
occur during the later morning hours, early awaken-
ings for work or school with sunlight exposure at that 
time may contribute to further phase delay.
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Delirium
Epidemiology and Demographics: Prevalence is highest 

among hospitalized older individuals and has been 
estimated to be 10–30% in older individuals pre-
senting to emergency departments, 15–53% in older 
individuals post- operatively, 70–87% in intensive 
care settings, and up to 60% in nursing homes or 
post- acute care settings. Increased risk associated 
with older age, underlying neurocognitive disorder, 
underlying medical illness, functional impairment, 
immobility, history of falls, low levels of activity, and 
use of drugs and medications with psychoactive prop-
erties (particularly alcohol and anticholinergics).
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Disorder Description: The DSM- 5 defines delirium as a 
disturbance in attention and awareness that develops 
over a short period of time, represents a change from 
baseline, tends to fluctuate in severity during the day, 
and is associated with at least one additional distur-
bance in a cognitive domain such as memory, ori-
entation, language, visuospatial, or perception. The 
disturbance is not better explained by another neuro-
cognitive disorder. Evidence from the history, physi-
cal examination, or laboratory findings demonstrates  
that the disturbance is a direct physiologic result of  
another medical condition, substance intoxication 
or withdrawal, toxin exposure, or multiple etiologies. 
Based on the level of psychomotor activity, mood 
lability, and/or agitation, delirium can be classified as 
hyperactive, hypoactive, or mixed. Delirium may not 
be diagnosed in the context of coma.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Inattention, disorientation, distractibility, 
memory deficits, language alterations, 
and perceptual distortions including 
misinterpretations, illusions, or 
hallucinations (most frequently visual). 
Sleep–wake disturbances including 
daytime sleepiness, nighttime agitation, 
and complete reversal. Emotional 
disturbances including depression, 
anxiety, fear, apathy, euphoria, irritability, 
anger, agitation, and lability

Secondary Complications: Prolonged hospitalizations, 
functional and cognitive decline, increased risk for 
institutionalization, higher overall mortality.

Treatment Complications: Antipsychotics are frequently 
used for the treatment of delirium; however, caution 
must be used given the risk of extrapyramidal symp-
toms as well as increased risk of mortality associ-
ated with antipsychotics when used in patients 
with dementia. Additionally, providers should be 
aware of the risk for QTc prolongation associated 
with haloperidol, which is frequently used for the 
treatment of delirium. Physical restraints should be 
used only as a last resort, if at all, as they frequently 
increase agitation and may cause loss of mobility, 
pressure ulcers, aspiration, and prolonged delirium. 
Benzodiazepines should be avoided due to concern 
for worsening confusion and sedation.
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Delusional Disorder
Epidemiology and Demographics: Overall rates are similar 

between genders, with lifetime prevalence of 0.2%. 
More common in older age groups. Prevalence esti-
mates are limited by low rates of presentation to 
health care providers.

Disorder Description: As per the DSM- 5, one or more 
delusions must be present for at least 1 month. 
Hallucinations can occur, but are uncommon. If pres-
ent, they are congruent with the content of delusions 
and do not fulfill criteria for schizophrenia. Odd 
behaviors are absent. Psychosocial function is often 
mostly intact; however, areas of work or home life can 
be impacted. Duration of delusions typically spans 
longer than any comorbid mood episodes (depressive 
or manic). Symptoms must not be better accounted 
for by the effects of a substance or another mental or 
medical condition. There are several subtypes, includ-
ing persecutory (most common), erotomanic, gran-
diose, jealous, somatic, mixed, and unspecified. There 
are also specifiers for bizarre content and course.

There may be a higher rate of schizophrenia and/
or schizotypal personality disorder in families of 
individuals with delusional disorder. In determin-
ing whether thoughts are delusional, the role of cul-
tural norms must be considered.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Delusional content of thought, 
congruent hallucinations 
(uncommon)
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Secondary Complications: Delusions can be significant 
enough to affect function, impacting work and rela-
tionships. There is small but increased risk of devel-
opment of schizophrenia.

Treatment Complications: Due to diminished insight, 
 individuals may resist accepting treatment. 
Treatment is typically a combination of antipsychotic 
medication and psychotherapy. Antipsychotics 
carry risk of weight gain, metabolic syndrome, and 
extrapyramidal side effects.
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Dematiaceous Fungi
Epidemiology and Demographics: Usually in the sec-

ond and third decades of life with male predomi-
nance. Rhinocladiella mackenziei affects adults, with 
median age of 62 years.1

Disorder Description: Dematiaceous fungi are darkly 
pigmented fungi that contain melanin in their wall 
and produce spores that can cause phaeohyphomy-
cosis. Found in soil and decaying vegetation world-
wide, but mostly found in tropical and subtropical 
regions. Emerging as infections in individuals with 
or without immunocompromised states, particu-
larly in brain abscesses. The most frequently isolated 
species, Cladophialophora bantiana, has historically 
caused central nervous system (CNS) disease in 

most of the cases, but other species have also been 
reported. The presence of melanin may be the rea-
son for their pathogenic potential.2,3

CNS infection is thought to occur by hematog-
enous infections from other primary sites or via 
direct extension from the sinuses after inhalation of 
spores. Other infections may occur due to penetrat-
ing head trauma or contaminated wounds. Recently, 
an outbreak occurring in patients receiving steroid 
epidural injections has been reported as another 
potential cause of infection.2,3

Risk factors for disease include immunosuppres-
sion, malignancy, intravenous drug abuse, and agri-
cultural workers; however, many of those affected 
do not have any underlying immunodeficiency or 
risk factor.2

Symptoms

Localization site Comment

Cerebral hemispheres Abscess (most common)

Meningitis/encephalitis

Focal neurologic deficit

Headache

Seizures

Mental status and psychiatric 
aspects/complications

Altered mental status

Spinal cord Epidural abscess, causing cord 
compression

Secondary Complications: Mortality rate is 100% with-
out treatment and 65–73% despite aggressive 
treatment.1

Treatment Complications: Amphotericin B may cause 
hepatotoxicity, which may further depress men-
tal status. Surgical resection may cause permanent 
neurologic deficit if lesion is in eloquent area.
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Dengue Virus
Epidemiology and Demographics: The global incidence 

of dengue virus is estimated to range between  
50 million and 200 million population; how-
ever; using cartographic approaches, recent esti-
mate is close to almost 400 million population.1 
Transmission is present in every World Health 
Organization region of the world and more than 
125 countries are known to be dengue endemic. 
Dengue infection has expanded geographically 
and is expected to increase due to factors such as 
more dynamic climate change, globalization, travel, 
trade, socioeconomic factors, settlement, and viral 
evolution. It is the most prominent acute mosquito- 
borne viral infection and places a significant socio-
economic and disease burden on many tropical and 
subtropical regions of the world.

Disorder Description: Dengue virus, a member of the genus 
Flavivirus, is a single- stranded, positive- sense RNA 
virus with four antigenically distinct serotypes, each 
of which has been found to cause dengue epidemics 
and severe disease.1–3 Infection with one serotype 
does not provide immunity to the other serotypes, 
and secondary dengue infections or particularly 
virulent viral strains are due to factors thought to be 
associated with increased risk of severity. The main 
arthropod vector for transmission of the dengue virus 
serotypes is Aedes aegypti, which is well renowned for 
its efficient vectorial capacity including features such 
as a high affinity for human blood, high susceptibility 
to the four dengue virus serotypes, and high adaptiv-
ity to urban living.2 The second but less effective vec-
tor is Aedes albopictus. Humans are the main cause of 
spread of dengue between communities.

Clinicians typically describe symptomatic den-
gue infections as either undifferentiated fever type, 
dengue fever (DF), or dengue haemorrhagic fever 
(DHF).2,3 This classification has enabled clinicians 
to capture severe cases of dengue that require treat-
ment in intensive- care units. The initial features of 
dengue infection are characterized by fever accom-
panied by headache, vomiting, myalgia, joint pain, 
and occasionally a transient macular rash. Certain 
warning signs indicative of significant vascular 

leakage and impending clinical deterioration often 
precede severe dengue. These warning signs include 
persistent vomiting, increasingly severe abdom-
inal pain, tender hepatomegaly, a high or increas-
ing hematocrit level coupled with a rapid decrease 
in the platelet count, serosal effusions, mucosal 
bleeding, and lethargy or restlessness. The criteria 
for severe dengue are either severe plasma leakage 
leading to shock and fluid accumulation with res-
piratory distress, or severe bleeding, or severe organ 
involvement including liver, central nervous system 
involvement, impaired consciousness, and heart or 
other organ involvement. Laboratory diagnosis of 
dengue is established directly by detection of viral 
components in serum or indirectly by serologic 
means.

The majority of people experience a self- limiting 
clinical course, which does not progress to the severe 
forms of dengue, dengue hemorrhagic fever (DHF) 
or dengue shock syndrome (DSS). There are no 
effective antiviral agents to treat dengue infection. 
Current treatment is supportive and careful fluid 
management. Blood transfusion can be lifesaving 
for patients with severe bleeding. Vasopressor and 
inotropic therapies, renal replacement therapy, and 
further treatment of organ impairment may be nec-
essary for severe dengue. Effective vector control is 
the mainstay of dengue prevention and control.

Symptoms3–5

Localization site Comment

Cerebral 
hemisphere

Acute encephalopathy: Diminished 
consciousness precipitated by prolonged 
shock, anoxia, cerebral edema, metabolic 
disturbances, systemic or cerebral 
hemorrhages, acute liver failure, or renal 
failure. CSF analyses are normal

Encephalitis: Diminished consciousness, 
headache, disorientation, seizures and 
behavioral symptoms due to central nervous 
system (CNS) invasion characterized by 
pleocytosis and high viral load in CSF 
without blood contamination

Hemorrhagic stroke is more common than 
ischemic stroke

Acute disseminated encephalomyelitis: 
has been reported in the convalescence 
stage of dengue virus infection with areas of 
high signal on T2- weighted and gadolinium 
enhancement on T1- weighted images
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Dental Disease
Epidemiology and Demographics: Oral conditions collec-

tively are highly prevalent worldwide, affecting 3.9 
billion people. The global prevalence of untreated 
caries in permanent teeth is 35% for all ages com-
bined, while severe periodontitis and untreated 
caries in deciduous teeth affect 11% and 9% of the 
global population, respectively.1

Disorder Description: The two most common dental dis-
orders are dental caries and periodontal disease.

Dental caries,2 also known as dental decay, is one 
of the most common chronic diseases and is of med-
ical, social, and economic importance. Bacteria and 
sugar play an important role in the pathogenesis of 
dental caries, where microorganisms ferment sugar 
into acids capable of destroying tooth enamel. There 
are periods of acid attack and mineral loss inter-
spersed with periods of remineralization. Major 
tooth destruction only occurs if mineral loss is 
greater than healing. Removing dental plaque, alter-
ing dental plaque to prevent metabolism of dietary 
sugars to acid, neutralizing the acids within plaque, 
and removing and reducing dietary sugars are ways 
to prevent dental caries. The widespread use of fluo-
ride prevents dental caries by:

 1. causing the enamel to become more acid 
resistant;

 2. altering the shape of the fissures in tooth crowns 
during tooth formation;

 3. reducing demineralization and enhancing 
remineralization;

 4. preventing metabolism of sugars into acids.

Periodontal disease3 is a group of inflammatory 
diseases affecting the periodontium or the tissues that 
surround and support the teeth. It runs the gamut 
from localized gingivitis, severe gingival inflamma-
tion, periodontitis (separation of gingival tissue from 
the tooth), to severe periodontitis eventually result-
ing in tooth loss. The primary etiology of gingivitis is 
adherence and growth of microbacterial species on 
the surface of the teeth, forming dental plaque. The 
dental plaque, if left untreated, accumulates and cal-
cifies to form calculus, which then leads to chronic 
inflammation of the periodontal tissues. The main 
periodontal pathogens are gram- negative bacte-
ria, which orchestrate inflammatory periodontitis 
through interactions with oral commensal micro-
biota and the complement system. The risk factors 

Secondary Complications: Dengue encephalopathy is 
believed to be a consequence of systemic infection 
while dengue encephalitis is secondary to neuroin-
vasion of the viruses into the CNS.
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Localization site Comment

Mental status 
and psychiatric 
aspects/
complications

One case of organic mania characterized by 
increased psychomotor activity, pressure 
of speech, irritable mood, a delusion of 
grandiosity has been reported on the 6th day 
of dengue illness

Another episode of mania characterized 
by overactivity, overtalkativeness, 
argumentativeness, abusiveness, religiosity, 
sexual preoccupation has been reported 
after an acute attack of dengue infection4,5

Brainstem Miller–Fisher variant

Spinal cord Neuromyelitis optica with many high- 
intensity lesions on T2- weighted images of 
the spine following dengue infection

Transverse myelitis following dengue 
infection3

Mononeuropathy 
or 
mononeuropathy 
multiplex

Phrenic neuropathy, long thoracic 
neuropathy, isolated Bell’s palsy, abducens 
nerve palsy, and oculomotor palsy3

Peripheral 
neuropathy

Guillain–Barré syndrome has been described 
in case reports and case series with acute 
onset of limb weakness and areflexia 
following dengue virus infection. CSF shows 
increased protein concentrations without 
pleocytosis3

Muscle Transient myalgia, benign acute viral 
myositis, and rhabdomyolysis3
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for periodontal disease include lack of oral hygiene, 
smoking, genetic susceptibility, poor nutrition, age, 
and immunodeficiency. Prevention and treatment of 
periodontitis are aimed at controlling the bacterial 
biofilm and other risk factors, arresting progressive 
disease, and restoring lost tooth support. Periodontal 
surgery may be needed to stop progressive bone loss. 
There is substantial evidence linking periodontitis to 
increased inflammation in the body, as indicated by 
increased C- reactive protein and interleukin- 6, and a 
1.2- to 6- fold increased risk of cardiovascular disease.

Symptoms

Localization site Comment

Cerebral hemispheres Studies suggest a strong association 
between periodontal disease and 
ischemic stroke4
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Dentatorubral-Pallidoluysian Atrophy 
(DRPLA)
Epidemiology and Demographics: Dentatorubral- 

pallidoluysian atrophy (DRPLA) is quite a rare 
disease in the general population, but it is relatively 
more common in the Japanese population with the 
reported prevalence of 2–7 in 1,000,000.

Disorder Description: It is a rare autosomal dominant neu-
rodegenerative disease, characterized by various 
degrees of cerebellar ataxia, choreoathetosis, myo-
clonus, epilepsy, dementia, and psychiatric symptoms. 
DRPLA is caused by an unstable CAG trinucleotide 
repeat expansion on the short arm of chromosome 
12 encoding a polyglutamine tract in the atrophin- 1 

protein. The clinical features of DRPLA can be quite 
heterogeneous, and vary depending on the age of 
onset and degree of genetic anticipation. Before the 
age of 20, DRPLA resembles progressive myoclonus 
epilepsy (PME), which is characterized by progressive 
ataxia, seizures, myclonus, and intellectual deteriora-
tion. If the onset is after age 20 years, the patients can 
present with cerebellar ataxia, choreoathetosis, and 
dementia, which could be clinically quite similar to 
Huntington’s disease (HD).

Symptoms

Localization site Comment

Cerebellum Cerebellar vermis is often affected, and the 
degree of cerebellar as well as brainstem 
involvement often correlates with age of 
onset as well as the size of CAG repeats

Brainstem Size of CAG repeat and the degree of 
brainstem involvement are also correlated

Cerebral white 
matter

Cerebral white matter lesions are often 
seen in patients with adult onset (>20 years 
old). Autopsy of white matter lesions has 
demonstrated diffuse myelin pallor, axonal 
preservation, and reactive astrogliosis

Basal ganglia Rigidity

Secondary Complications: The late- onset group of DRPLA 
could be diagnostically challenging, since it closely 
resembles HD, and can often lead to misdiagnosis 
of DRPLA patients. The caudate involvement would 
favor the diagnosis of HD.

Treatment Complications: There are no specific treat-
ments that are currently approved for DRPLA. 
Hence, the main therapy is focused on individual 
symptoms. Antiepileptic drugs are recommended 
in patients with seizures, and haloperidol can be 
given to patients with choreoathetosis.
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Depersonalization/Derealization Disorder
Epidemiology and Demographics: Cross- cultural stud-

ies estimate a prevalence of 0.8 to 2.8%. Affects 
males and females equally. Average age of onset is 
in the teens, with lower prevalence with increas-
ing age.

Disorder Description: Defined by DSM- 5 as recurrent 
episodes of depersonalization or derealization and 
as feelings of detachment or unreality with regard 
to self or environment, respectively. In deperson-
alization, one feels separate from or like an out-
side observer of the self or aspects of the self, such 
as thoughts, emotions, body, or sensations. There 
may be loss of control of self or aspects of the self. 
In derealization, there is sense of disconnection or 
unfamiliarity with the world or the people or objects 
in it. During these episodes, an individual’s ability  
to distinguish reality is intact. There may be per-
ceptual disturbances and distortions, and often 
difficulty describing symptoms in words. Onset 
can be acute or gradual and course can be episodic, 
relapsing and remitting, or persistent. The condi-
tion must cause distress or impairment in several 
realms of functioning and is not better accounted 
for by effects of a substance, or another mental or 
medical condition.

Environmental causes include exposure to 
trauma, such as that in childhood abuse or growing 
up with a mentally ill caregiver. Can also be related 
to stress linked to death of loved one, or conflict in 
family or at work. Depression and anxiety, among 
other mental conditions, are common comorbid-
ities. It is also associated with use of various sub-
stances. In some, however, there are no overt risk 
factors. In evaluating for the disorder, the role of 
cultural norms must be considered.

Symptoms

Localization site Comment

Cerebral hemispheres Distinguish symptoms from 
temporal lobe seizures, vestibular 
pathology, sleep apnea

Mental status and psychiatric 
aspects/complications

May have flat affect that may be 
incongruent with mood

May report perceptual alterations 
in setting of intact reality testing

Secondary Complications: Many have impairments 
in multiple realms of functioning. There may be 
increased risk of suicide; however, it can be chal-
lenging to distinguish the degree to which comorbid 
psychiatric conditions contribute.
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De Quervain’s Tenosynovitis
Epidemiology and Demographics: De Quervain’s teno-

synovitis is the second most common entrapment 
tendonitis of the hand and wrist, the first being the 
trigger digit. This can be due to direct trauma to the 
area of the first dorsal compartment. Common in 
new mothers and daycare workers who repetitively 
lift infants.

Disorder Description: Entrapment tendonitis of the ten-
dons contained within the first dorsal compartment 
at the wrist causing pain during the thumb motion. 
Tendons of the abductor pollicis longus and the 
extensor pollicis brevis are tightly secured against 
the radial styloid by the overlying extensor retinac-
ulum. Any thickening of the tendons from acute or 
repetitive trauma limits the movement of the ten-
dons through the sheath. Workup includes x- rays to 
differentiate from osteoarthritis.

Symptoms

Localization site Comment

Thumb and wrist Pain resulting from thumb and wrist 
motion along with tenderness and 
thickening at the radial styloid

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.004
https://www.cambridge.org/core


Section 1 Diagnostics

150

Treatment complications: Splinting of the thumb and 
wrist is recommended. Injection of corticosteroids 
into the sheath of the first dorsal compartment 
reduces tendon thickening and inflammation. 
Surgical release of the first dorsal compartment can 
be done if conservative treatment fails.

Complications due to corticosteroid injec-
tions such as fat and dermal atrophy can be seen. 
Superficial radial nerve injury can also be noted. 
Subluxation of release of tendons may occur.
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Dermatomyositis
Epidemiology and Demographics: The annual incidence 

of dermatomyositis has been estimated to be about 
1–2/100,000. There is an increased incidence of der-
matomyositis in women compared with men. There 
is no clear geographic predominance.

Disorder Description: Dermatomyositis presents with 
muscle weakness that is greater in the proximal mus-
cles than distal muscles and in the legs more than 
the arms. Dysphagia occurs in a third of patients. It 
is associated with skin manifestations such as helio-
trope rash, Gottron papules, and sun- sensitive rash. 
Interstitial lung disease occurs in approximately 
10–20% of patients. Cancer is present in 6–45% of 
adult cases.

This disorder is an acquired inflammatory 
myopathy.

In diagnostic tests, serum CK is elevated in 
approximately 70% of patients, but serum CK 
levels do not correlate with the severity of weak-
ness and can be normal. AntiYJo- 1 antibodies are 
present in at least 50% of interstitial lung disease 
cases. EMG shows signs of myopathy (short dura-
tion, low- amplitude, polyphasic motor unit action 
potentials) associated with spontaneous activity 
(fibrillation potentials, positive sharp waves). MRI 
may demonstrate signal abnormalities in affected 
muscles secondary to inflammation, replacement 
by fibrotic tissue, or atrophy. Muscle biopsy will 
show perifascicular atrophy and perivascular 
inflammatory cells.

Symptoms

Localization site Comment

Muscles Proximal muscle weakness 
more than distal, and more 
involvement of the leg 
compared with the arm. 
Dysphagia occurs in one- third 
of patients. Presentation could 
be acute or gradual

Secondary Complications: Cancer is present in 6–45% 
of the patients. Poor prognosis increases with age, 
and there is an association with interstitial lung dis-
ease and cardiac disease (conduction defects and 
arrhythmias, pericarditis, myocarditis, and even-
tual congestive heart failure). Five- year survival 
rates range from 70 to 93%.

Treatment Complications: Treatment largely hinges 
on corticosteroid therapy for immune suppres-
sion, and it is first- line treatment of choice for 
dermatomyositis.

Patients can develop complications related to 
steroid therapy (hyperglycemia, osteoporosis, cat-
aracts, infections, weight gain, steroid- induced 
myopathy).
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Diabetic Autonomic Neuropathy
Epidemiology and Demographics: Reported prevalence 

varies widely based on cohort studied. In randomly 
selected cohorts of asymptomatic individuals with 
diabetes, approximately 20% had cardiovascular 
autonomic dysfunction.

Disorder Description: Diabetic autonomic neuropathy is 
a subtype of the peripheral neuropathies of diabetes 
and can involve the entire autonomic nervous sys-
tem. It is manifested by dysfunction of one or more 
organ systems (cardiovascular, gastrointestinal, gen-
itourinary, sudomotor, ocular). Clinical symptoms 
generally occur in the later stages of diabetes, though 
subclinical autonomic dysfunction may occur within 
1 year of diagnosis in type 2 diabetes and 2 years in 
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type 1 diabetes. Etiologies hypothesized include met-
abolic insult to nerve fibers, neurovascular insuffi-
ciency, autoimmune damage, and neuro- hormonal 
growth factor deficiency. Early observation suggests 
that prevention with glycemic control is the most 
effective intervention. Non- pharmaceutical treat-
ment includes increased hydration, avoiding alco-
hol, support stockings, an exercise program focused 
on improving conditioning, and teaching physi-
cal maneuvers to avoid orthostatic hypotension. 
Pharmaceutical therapy includes sodium supple-
ment, fludrocortisone, midodrine, or pyridostigmine.

Symptoms and Secondary Complications

Cardiovascular

•	 Resting tachycardia
•	 Exercise intolerance
•	 Orthostatic hypotension
•	 Silent myocardial ischemia

Gastrointestinal

•	 Esophageal dysmotility
•	 Gastroparesis diabeticorum
•	 Constipation
•	 Diarrhea
•	 Fecal incontinence

Genitourinary

•	 Neurogenic bladder (diabetic cystopathy)
•	 Erectile dysfunction
•	 Retrograde ejaculation
•	 Female sexual dysfunction (e.g., loss of vaginal 

lubrication)

Metabolic

•	 Hypoglycemia unawareness
•	 Hypoglycemia-associated autonomic failure

Sudomotor

•	 Anhidrosis
•	 Heat intolerance
•	 Gustatory sweating
•	 Dry skin

Pupillary

•	 Pupillomotor function impairment (e.g., 
decreased diameter of dark adapted pupil)

•	 Argyll–Robertson pupil

Complications of Treatment: Associated symptoms due to 
complications of treatment of the disorder: supine 
hypertension, hypokalemia, congestive heart fail-
ure, edema, and headache.
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Diabetic Cranial Mononeuropathy
Epidemiology and Demographics: Seen in an estimated 

1% of all diabetic patients. In one large study, 13.7% 
of oculomotor nerve palsies were associated with 
diabetes. Oculomotor and abducens palsies are esti-
mated to be equal in prevalence.

Disorder Description: The most common diabetic cra-
nial neuropathies are oculomotor, abducens, and 
facial nerve palsies. Oculomotor palsy occurs due 
to centrofascicular ischemia of the nerve in the 
intracavernous portion with relative sparing of 
the periphery of the nerve trunk. Transient frontal 
pain precedes the clinical manifestations in about 
50% of cases. Onset of cranial neuropathy is usu-
ally abrupt with progression occurring over 1–2 
days. Patients recover spontaneously within 2–3 
months, though relapses on the contralateral side 
may occur. Treatment includes glycemic control. 
A short course of steroids for facial nerve palsy if 
acute, and use of optical prisms until spontaneous 
recovery.

Symptoms

Localization site Comment

Cranial nerves Oculomotor palsy:
•	 Paresis of the superior, inferior, medial recti, 

and inferior oblique
•	 Ptosis from involvement of levator palpebrae
•	 Pupil sparing

Abducens palsy:
•	 Paresis of lateral rectus

Facial palsy:

•	 Paresis of ipsilateral forehead and face
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Secondary Complications: Complications of oculomotor 
and abducens palsy include diplopia, difficulty walk-
ing, and poor depth perception. Facial nerve palsy 
may result in corneal dryness, abrasions, or infection.

Treatment Complications: Treatment with steroids usu-
ally leads to poorly controlled blood sugar.
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Diabetic Ketoacidosis
Epidemiology and Demographics: More commonly found 

in patients less than 65 years of age, mostly affecting 
children and young adults. The incidence is slightly 
higher in females and whites.

Disorder Description: Potentially fatal medical emergency 
characterized by hyperglycemia, ketoacidosis, and 
ketonuria. It primarily results from an acute com-
plication of type 1 diabetes mellitus, although some-
times seen in type 2 diabetes when insufficient insulin 
causes impaired uptake of glucose. Acidic ketones are 
used as an alternative source of energy with the side 
effect of acidosis. Precipitating factors include acute 
insulin deficiency (missed doses or noncompliance), 
infections, trauma, and emotional stress.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral arterial infarctions, venous 
sinus thrombosis may cause severe 
headaches, encephalopathy, stroke- like 
symptoms. Cerebral edema may cause 
decreased level of consciousness, as 
well as headache. Seizures are rare

Brainstem Deep rapid Kussmaul’s respirations

Cranial nerves Blurred vision may result from rapid 
osmotic shifts in and out of orbits

Secondary Complications: Cerebral edema; less com-
monly: cerebral arterial infarctions, venous sinus 
thrombosis, CNS infections.

Treatment Complications: Infusion of insulin may drive  
intracellular uptake of potassium causing hypokalemia.
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Diabetic Mononeuropathy
Epidemiology and Demographics: In the Rochester 

Diabetic Neuropathy cohort, electrophysiologic 
evidence of median neuropathy at the wrist was 
found in 22% of type 1 diabetes mellitus and in 29% 
of type 2 diabetes mellitus patients without any 
symptoms. Clinical evidence for median neuropa-
thy at the wrist was found in 9% of type 1 and 4% of 
type 2 diabetic patients.

Disorder Description: Several mononeuropathies appear 
in greater frequency in diabetic patients than in the 
general population. These include median neurop-
athy at the wrist, ulnar neuropathy at the elbow, and 
peroneal neuropathy at the fibular head. The mech-
anism for the increased risk for carpal tunnel syn-
drome in diabetic patients is unclear and may relate 
to compression or to increased stiffness of connec-
tive tissue. Multiple mononeuropathies is referred 
to as mononeuropathy multiplex.

Symptoms

Localization site Comment

Mononeuropathy or 
mononeuropathy 
multiplex

Most common mononeuropathies:
•	 Median neuropathy – carpal tunnel 

syndrome
•	 Ulnar neuropathy
•	 Peroneal neuropathy

Secondary Complications: Peroneal neuropathy may 
result in foot drop, leading to falls and injury.

Treatment Complications: Complications of treatment 
are limited, as treatment is supportive with glycemic 
control, wrist splints, and orthotics.
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Diabetic Neuropathy
Epidemiology and Demographics: Diabetic neuropathy 

is the most common cause of neuropathy in the 
Western world and affects 20–30 million people 
worldwide. It is estimated that about 50% of patients 
with diabetes will develop neuropathy.

Disorder Description: Diabetic neuropathy is divided into 
distinct clinical syndromes:
•	 Distal symmetric polyneuropathy
•	 Autonomic neuropathy
•	 Thoracic and lumbar nerve root disease
•	 Individual cranial and peripheral nerve 

involvement
•	 Mononeuropathy multiplex

Distal symmetric polyneuropathy is often con-
sidered synonymous with diabetic neuropathy. 
More than 80% of patients with diabetic neuropathy 
have the distal symmetric form. Signs and symp-
toms of sensory dysfunction first begin most dis-
tally at the feet and progress to affect more proximal 
parts of the lower limbs before involving the hands 
and forearms, indicating that the longest fibers are 
affected first. If severe, may progress to involve the 
anterior trunk and in most severe cases, the scalp. 
Affects all modalities of sensation (e.g., light, touch, 
vibration, pain, temperature, proprioception) and 
in later stages results in distal weakness and atrophy. 
Treatment is limited to strict glycemic control to 
lower the risk of deterioration. Medication for neu-
ropathic pain is beneficial for symptoms that inter-
fere with daytime activities or sleep.

Symptoms

Cranial nerves Most common – cranial nerves III, VI, VII

Mononeuropathy or 
mononeuropathy 
multiplex

Most common – median, ulnar, peroneal 
nerves

Peripheral 
neuropathy

Distal symmetric polyneuropathy – 
numbness, burning feet, pins and needles 
sensations, lightning pains, weakness

Secondary Complications: Diabetic symmetric polyneu-
ropathy may lead to painless burns, foot ulcers, neu-
ropathic osteoarthropathy (Charcot foot), lower 
extremity infections, and amputations.

Treatment Complications: Complications and side effects 
from the various medications for neuropathic pain.
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Diabetic Polyradiculopathy
Epidemiology and Demographics: Usually found in 

patients older than 50 years with diabetes mellitus 
type 2 and often associated with weight loss.

Disorder Description: Presents with pain (reported 
as burning, stabbing, belt- like, or aching) in the 
abdominal or chest wall of the thoracic or upper 
lumbar roots. Usually unilateral, may be bilateral 
or patchy. Allodynia from light touch and cloth-
ing. May present with weakness in the abdominal 
wall muscles (bulging of the wall with coughing) or 
lower extremity weakness.

Symptoms: Pain and allodynia usually respect thoracic 
dermatomes, most commonly associated with dis-
tal distribution of the intercostal nerves. Diagnosed 
with EMG/nerve conduction velocity (NCV), which 
reveals fibrillations of the paraspinal or abdominal 
wall muscles that are commonly associated with a 
distal symmetric polyneuropathy. Commonly mis-
diagnosed as shingles without a rash, as distribution 
is dermatomal. Treatment is with symptomatic pain 
management. Sensory symptoms persist for weeks 
to months, with gradual resolution.

Secondary Complications: Interrupted sleep and depres-
sion from neuropathic pain.

Treatment Complications: Complications from analge-
sic medication or steroids due to misdiagnosis as 
shingles.
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Dialysis Dementia
Epidemiology and Demographics: Demographics reflect 

the chronic dialysis patient population. The risk of 
dementia from vascular disease is also highly cor-
related in this group. Up to 37% of hemodialysis 
patients have been reported to have severe cognitive 
impairment.
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Disorder Description: Cognitive impairment associated 
with chronic hemodialysis. It may be caused by 
dialysate metal impurities, particularly aluminum, 
or may be related to uremic and metabolic distur-
bances in chronic kidney disease. Cerebrovascular 
disease causing vascular dementia may also occur at 
a higher frequency immediately post-dialysis.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures (EEG with diffuse slowing 
and spike-and-wave patterns)

Mental status and 
psychiatric aspects/
complications

Dysarthria, mutism, stuttered speech, 
progressive cognitive impairment

Secondary Complications: Dialysis may cause transient 
cerebral ischemia, acute delirium, rapid fluid shifts 
and metabolic derangements, and cardiopulmo-
nary compromise.

Treatment Complications: Chelation therapy for aluminum 
toxicity from dialysis may cause temporary exacer-
bation of neurologic problems. Benzodiazepines for 
acute delirium may cause respiratory depression.
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Dialysis Disequilibrium Syndrome
Epidemiology and Demographics: Epidemiologic data 

are limited though incidence has been declining 
with preventative measures. Demographics reflect 
chronic dialysis patient population.

Disorder Description: Constellation of neurologic signs 
and symptoms that occur within 24 hours after dial-
ysis – usually self limited. Etiology is related to cere-
bral edema from electrolyte and fluid shifts. Patients 

new to dialysis and those with marked blood urea 
nitrogen levels are most susceptible.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral edema may cause headaches, 
dizziness, nausea, blurry vision, 
papilledema, seizures

Mental status and 
psychiatric aspects/
complications

Disorientation, acute delirium, 
decreased level of consciousness, coma 
(rare)

Secondary Complications: Small increased risk of intra-
cranial bleeding in subset of patients with history of 
bleeding disorders.

Treatment Complications: Self- limited and spontane-
ously resolves in 48 hours post-dialysis.
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Diffuse Idiopathic Skeletal 
Hyperostosis (DISH)
Epidemiology and Demographics: Diffuse idiopathic skel-

etal hyperostosis (DISH) occurs in 19% of men and 
4% of women older than 50 years.

Disorder Description: There is a tendency toward ossifica-
tion of ligaments predominantly affecting the spine. 
It may be completely asymptomatic, and the cause is 
unknown. Thoracic vertebrae are involved in 100%, 
lumbar vertebrae in 68–90%, and cervical vertebrae 
in 65–78% of affected individuals. It may not be lim-
ited to the spine, as it may occur in tendons, liga-
ments, or joint capsule insertions.

Symptoms

Localization site Comment

Esophagus Dysphagia

Spine Reduction in range of spinal motion
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Secondary Complications: Overgrowth of ligamentous 
calcification could impinge on other structures like 
the esophagus and cause dysphagia. Posterior lon-
gitudinal ligament ossification may impinge on the 
spinal cord rarely. It reduces vertebral column flexi-
bility, predisposing to vertebral fracture.
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Diphtheria
Epidemiology and Demographics: Diphtheria occurs world-

wide, particularly in tropical areas. In the 1990s, a major 
epidemic of diphtheria occurred in the countries of 
the former Soviet Union with more than 157,000 cases 
and at least 5000 deaths. From 1990 through 1995, the 
countries of the former Soviet Union accounted for 
more than 90% of all diphtheria cases reported to the 
World Health Organization. From 1980 through 2011, 
only 55 cases were reported in the United States, while 
globally, reported cases of diphtheria have declined 
from 11,625 in 2000 to 4880 in 2011.1–3

Disorder Description: The toxin produced by 
Corynebacterium diphtheriae,1–3 an aerobic gram- 
positive bacillus, causes diphtheria. It is produced 
only when C. diphtheriae is itself infected by a spe-
cific virus carrying the tox gene. Only C. diphtheriae 
containing the tox gene can cause severe disease. 
Once produced by the organism, the toxin inhib-
its cellular protein, causes local tissue destruction, 
induces pseudomembrane formation, absorbs into 
the circulation, and damages remote organs result-
ing in severe disease and potentially death.

Diphtheria can affect any mucous membrane. 
The anatomic area of mucous membrane involved 
is most characteristic of the severity and evolution 
of clinical diphtheria. Anterior nasal diphtheria, 
which is indistinguishable from the common cold, 
is usually of mild severity because of poor systemic 
absorption of the toxin, while pharyngeal and tonsil-
lar diphtheria, manifesting itself by early symptoms 
of malaise, sore throat, anorexia and low- grade fever, 

can cause extensive pseudomembrane formation 
resulting in respiratory obstruction. Pharyngeal and 
tonsillar diphtheria is more severe because infection 
at the pharynx and tonsils is associated with substan-
tial systemic absorption of toxin. Even more severe 
is laryngeal diphtheria, which can lead to airway 
obstruction, coma, and death. The extent of local dis-
ease and the amount of toxin produced are responsi-
ble for the severity and complications of diphtheria. 
The most frequent complications of diphtheria are 
myocarditis and diphtheric polyneuropathy (DP).

DP,4 a dangerous and serious complication of diph-
theria, manifests itself by bulbar, respiratory, and cir-
culatory disturbances. The first symptoms of DP occur 
3 to 5 weeks after the onset of diphtheria. Cranial nerve 
palsy, weakness of respiratory and abdominal mus-
cles, quadriparesis and quadriplegia with areflexia and 
muscular hypotonia, peripheral sensory disturbances, 
pain syndrome in the arms and legs, and autonomic 
disturbances are the main clinical features. The cra-
nial nerves are affected first with cranial nerve IX and 
X most severely disturbed, followed by quadriparesis 
and quadriplegia. A well- known characteristic of DP 
is the phenomenon of counterchanges of the neuro-
logic symptoms where there is simultaneous recovery 
of the cranial nerves with aggravation of motor distur-
bances in the trunk and extremities.

Symptoms2,4

Localization site Comment

Cranial nerves CN III–IV and VI: convergence disturbances, 
accommodation disturbance, diplopia, 
mydriasis, pupillary light reflex disturbance, 
anisocoria, and ptosis
CN V: sensory and motor disturbances
CN VII: facial weakness
CN IX and X: dysphonia, dysphagia, respiratory 
disturbances and asphyxia, paralytic 
laryngospasm and laryngostenosis
CN XI: paralysis of cranial nerve XI
CN XII: paralysis of cranial nerve XII

Peripheral 
neuropathy

Motor: proximal quadriparesis/quadriplegia, 
muscular atrophy
Sensory: hypoesthesia and hyperesthesia, 
disturbances in point position sense, tactile 
discrimination and vibration
Autonomic disturbance: sinus tachycardia, arterial 
hypotension, retention of urine, pronounced 
xeroderma and hyperkeratosis, and hyperemia 
and hyperhidrosis in the face, neck, and chest
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Treatment Complications: Rare neurotoxic side effects 
of penicillin (e.g., seizures) or erythromycin class 
antibiotics.
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Diphtheria, Tetanus, and Pertussis Vaccine
Epidemiology and Demographics: The diphtheria, tetanus, 

and pertussis vaccine is routinely recommended 
for children, with a booster given to adults every 10 
years.

Disorder Description: Two main versions of the vaccine 
are available: DTap (diphtheria, tetanus, and acel-
lular pertussis) given to children and Tdap (tetanus 
toxoid, reduced diphtheria toxoid, and acellular 
pertussis) given as a booster to adults. Diphtheria 
and tetanus are caused by toxins secreted by bacte-
ria. These toxins have different effects on the nerv-
ous system whereas pertussis does not have any 
effect on the nervous system.

Symptoms of disease

Secondary Complications: Anaphylaxis, generalized urti-
caria, angioedema, and neurologic complications.

Treatment Complications: Tetanus immunoglobulin 
can cause increased body temperatures, nephrotic 
syndrome, and anaphylaxis. Diphtheria antitoxin 
can cause serum sickness. Fever from pertussis vac-
cine reaction could induce seizures in susceptible 
populations.
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Discitis
Epidemiology and Demographics: The incidence of dis-

citis (also termed spinal osteomyelitis or vertebral 
osteomyelitis, or disc- space infection) ranges from 
0.3 per 100,000 population among persons younger 

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Tetanus: irritability, restlessness

Cranial nerves Diphtheria: paralysis locally caused by 
the pseudomembrane (paralysis of the 
soft palate and pharynx) and cranial 
neuropathies (cranial nerves III, VII, IX)

Tetanus: cephalic form, involvement mainly 
of cranial nerve VII

Localization site Comment

Peripheral 
neuropathy

Diphtheria: peripheral neuritis, mild 
weakness to total paralysis

Muscle Tetanus: painful tonic contractions and 
spasms (opisthotonus, trismus, risus 
sardonicus, dysphagia, apnea)

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.004
https://www.cambridge.org/core


Disruptive, Impulse- Control, and Conduct Disorders

157

than 20 years of age to 6.5 per 100,000 among per-
sons older than 70 years of age.1

Disorder Description: Discitis or vertebral osteomyelitis 
occurs as a result of hematogenous seeding, direct 
inoculation at the time of surgery, or contiguous 
spread from an infection in the adjacent soft tissue. 
The most common organisms implicated in disci-
tis are Staphylococcus aureus, followed respectively 
by Escherichia coli, other gram- negative bacilli, 
coagulase- negative staphylococci, streptococci, 
and polymicrobial infection.1 Coagulase- negative 
staphylococci and Propionibacterium acnes are the 
microorganisms most implicated in discitis after 
spinal surgery. The primary focus of infection in 
hematogenous discitis is the urinary tract, skin 
and subcutaneous tissues, infected vascular access 
sites, endocarditis, and bursitis or septic arthritis. 
Underlying medical diseases such as diabetes, cor-
onary heart disease, immunosuppressive disorders, 
cancer, end- stage renal diseases, and use of intra-
venous drugs are often present in hematogenous 
discitis. Discitis can lead to paravertebral, epidural, 
and psoas abscesses by direct seeding in different 
compartments.

Discitis is most commonly located in the lumbar 
or lumbosacral spine, thoracic spine, and cervical 
spine, respectively. Neurologic complications such 
as motor weakness and paralysis occur in 38% of 
patients with discitis, with high rates among patients 
with cervical spine discitis.2

The clinical features of discitis include back pain, 
the most common initial symptom reported in 86% 
of cases, fever reported in 35–65% of cases, and 
neurologic impairment such as sensory loss, weak-
ness, or radiculopathy reported in 30% of cases. The 
differential diagnosis of back pain in a patient with 
fever includes a viral syndrome, pyelonephritis, and 
pancreatitis.

Laboratory testing reveals an increased leuko-
cyte count, increased erythrocyte sedimentation 
rate, and C- reactive protein. Blood cultures are key 
in evaluating discitis. A culture of a biopsy speci-
men obtained via CT guided or open technique has 
higher yield than a routine blood culture.

MRI is the most sensitive (93–96%) and specific 
(92.5–97%) modality for early detection of discitis. 
The diagnosis of discitis is often delayed, thus a high 
index of suspicion and prompt use of MRI avoid 
diagnostic delay.

Symptoms

Localization site Comment

Spinal cord Discitis can be complicated with spinal 
epidural abscess resulting in motor and 
sensory impairment2

Anterior horn cells Weakness

Dorsal root ganglia Radiculopathy and sensory impairment

Conus medullaris Can be affected by epidural abscess

Cauda equina Can be affected by epidural abscess

Specific spinal roots Radiculopathy

Treatment Complications: Treatment involves antibiotic 
therapy and operative management consisting of 
drainage of abscesses, relief of compression of spinal 
cord, and spinal stabilization.3

Neurologic complications of antibiotics or of 
analgesics (e.g., cerebrovascular adverse events 
from NSAIDs) are rare.
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Disruptive, Impulse- Control, and Conduct 
Disorders
Epidemiology and Demographics: More common in males 

and begin in childhood or adolescence.
Disorder Description: The DSM- 5 uses this category to 

classify oppositional defiant disorder, intermittent 
explosive disorder, conduct disorder, antisocial 
personality disorder, pyromania, kleptomania, 
and other specified and unspecified disruptive, 
impulse- control, and conduct disorders. These 
disorders have in common an inability for an indi-
vidual to control emotions or behaviors that results 
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in trangression against the rights of others and/or 
break with societal expectations. When evaluating 
for these disorders, a person’s phase of development 
and cultural norms must be considered. There is 
high comorbidity of these disorders with substance 
abuse and antisocial personality disorder.

Many of these disorders have been associated 
with neglectful, harsh, and/or abusive parenting. 
Some studies also show higher risk when a parent 
or sibling is affected. Difficult temperaments are 
also associated. Abnormal physiologic responses 
to fear have been noted in some of these disorders. 
Some studies have shown these disorders to be 
more prominent in Western cultures, while others 
demonstrate the same rates cross culturally.

Symptoms

Localization site Comment

Cerebral hemispheres Neuropsych testing: may have evidence 
of impaired frontal lobe functioning

Mental status and 
psychiatric aspects/
complications

Conduct disorder may have lower 
intellectual functioning (esp. verbal IQ)

Intermittent explosive disorder: poorly 
controlled anger, aggression

Some have increased risk for suicidal 
behavior

May have comorbid attention deficit 
hyperactivity disorder symptoms and 
symptoms of substance abuse

Secondary Complications: Impairment in social and 
emotional functioning makes sustaining relation-
ships difficult. Significant conflict across multiple 
settings, including school, occupation, and home. 
Run ins with the criminal justice system can be 
routine.
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Disruptive Mood Dysregulation Disorder
Epidemiology and Demographics: The 6- month to 1- year 

prevalence in children and adolescents is 2–5%, 
with male predominance.

Disorder Description: As per DSM- 5, characterized by 
persistent irritable or angry mood, punctuated by 
temper outbursts occurring at least three times 
a week. Outbursts are marked by severe verbal 
or behavioral aggression, which appear as exag-
gerated response to the stimulus. The interven-
ing irritability is pervasive and apparent enough 
to be noticed by others. Symptom onset must be 
prior to 10 years old and diagnosis must be made 
between 6 and 18 years old. Symptoms must be 
inappropriate for phase of development. Two or 
more areas of life settings must be affected, at least 
one of them severely. Duration must be at least 12 
months without more than 3 consecutive months 
symptom-free.

Diagnosis cannot be made if there is any history 
of 1 day or longer of symptoms meeting criteria for 
manic episode. Another exclusion is if symptoms 
occur exclusively in the context of a depressive epi-
sode. There may be significant overlap with symp-
toms of bipolar syndrome and oppositional defiant 
disorder, warranting thoughtful evaluation.

To fit criteria, the condition must cause distress or 
impairment in several realms of functioning and is 
not better accounted for by effects of a substance, or 
another mental or medical condition. Comorbidities 
may include attention deficit hyperactivity disorder 
and depressive and/or anxiety disorders.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Irritability, aggression, anger out of 
proportion to circumstances

May have suicidal ideation

May have symptoms of comorbid 
anxiety or depression

Secondary Complications: Can significantly impair rela-
tionships and function at home and school. There is 
also increased risk for hospitalization in the setting of 
aggressive, self- injurious, and/or suicidal behavior.
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Dissociative Amnesia (Psychogenic Amnesia)
Dissociative amnesia is the inability to recall informa-
tion, usually of a traumatic event, that is beyond ordi-
nary forgetting.
Epidemiology and Demographics: Among adults, the 

annual prevalence of dissociative amnesia in the 
United States is approximately 1.8% (1.0% in males 
and 2.6% in females).

Disorder Description: As per the DSM- 5, it is charac-
terized by “an inability to recall important autobi-
ographical information, usually of a traumatic or 
stressful nature, that is inconsistent with ordinary 
forgetting.” Memory loss is due to difficulty with 
retrieval of information rather than encoding, 
therefore potentially reversible. This sets it apart 
from amnesia caused by cerebral structural injury 
or neurodegenerative process. There is a distinction 
between “localized” or “selective,” in which memory 
for specific events is unable to be retrieved, and “gen-
eralized” amnesia in which one does not recall one’s 
identity and/or personal history. Localized or selec-
tive amnesia is more common and typically assumes 
a slower time course than generalized. Insight into 
both is typically poor. To fit criteria, the condition 
must cause distress or impairment in several realms 
of functioning and is not better accounted for by 
effects of a substance, or another mental or medical 
condition. There is a specifier for dissociative fugue, 
which is amnesia associated with “apparently pur-
poseful travel or bewildered wandering.”

Environmental causes include exposure to 
trauma, such as that involved in combat, sexual 
assault, and childhood abuse. Risk of dissociative 
amnesia increases with frequency and severity of 
these experiences. It is seen across cultures, some 

cases with functional neurologic symptoms as 
comorbid features.

As specifically defined by the DSM- 5, dissocia-
tive amnesia is:

 A. An inability to recall important autobiographi-
cal information, usually of a traumatic or stress-
ful nature, that is inconsistent with ordinary 
forgetting.

 B. The symptoms cause clinically significant dis-
tress or impairment in social, occupational, or 
other important areas of functioning.

 C. The disturbance is not attributable to the phys-
iologic effects of a substance or a neurologic or 
other medical condition (e.g., partial complex 
seizures, transient global ischemia, sequelae of 
a closed heart injury/traumatic brain injury, 
other neurologic condition).

 D. The disturbance is not better explained by dis-
sociative identity disorder, posttraumatic stress 
disorder, acute stress disorder, somatic symp-
tom disorder, or major or mild neurocognitive 
disorder.

Case Example: A 29-year-old nursing student is brought 
in for evaluation by her sister who reports “she is 
forgetting everything.” Her sister reports that the 
patient received a failing grade in several classes and 
lost her part- time job the day before presentation. 
She initially appeared depressed and anxious but 
within hours seemed unusually calm. When seen, 
the patient reports the date as a year in the past, 
recalls episodes from popular shows from a year ago, 
and does not recall being in a part- time job or any 
information from the last year of nursing school. It 
is revealed that the patient also lost her grandmother 
within her amnestic period, and she says “I can’t wait 
to see my grandmother after I leave the hospital.”

Differential Diagnosis: The differential diagnosis of disso-
ciative amnesia includes normal autobiographical 
memory, dissociative identity disorder, posttrau-
matic stress disorder, neurocognitive disorders, 
posttraumatic amnesia due to brain injury, seizure 
disorders, catatonic stupor, factitious disorder, and 
malingering.

In normal autobiographical memory, there is 
often amnesia to preverbal memories, fewer mem-
ories before age 5–6 years, amnesia for sleeping and 
dreaming, and a gradient for recall. In dissociative 
amnesia, recall is usually not a gradient, but rather 
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a very specific amnesia with a distinct boundary of 
onset and offset (e.g., complete lack of memory of 
the winter of sophomore year, or all of fourth grade).

In dissociative identity disorder, there are dis-
continuities in sense of self and identity, and these 
are accompanied by many additional dissociative 
symptoms. The amnesias of those with dissociative 
amnesia are generally stable, whereas amnesias in 
dissociative identity disorder are more episodic, for 
example not remembering everyday events, fluc-
tuations in skills and/or knowledge, and finding of 
unexplained possessions.

In posttraumatic stress disorder, there may be 
lack of recollection of a traumatic event. However, 
if amnesia spans beyond the immediate timeline of 
the trauma, a coexisting diagnosis of dissociative 
amnesia would be warranted.

In neurocognitive disorders, there can be memory 
loss for personal information, but this is usually in the 
context of decreasing intellectual and cognitive abil-
ity. In dissociative amnesia, memory deficits are for 
autobiographical information only, and do not pres-
ent in the context of other neurocognitive decline.

In substance- related disorders, amnesic episodes 
occur only in the context of intoxication, and not in 
other situations. These diagnoses can be difficult to 
distinguish in the case of a patient who abuses sub-
stances and reports dissociative amnesia. A careful 
longitudinal history should be taken to ascertain 
whether symptoms occur outside of situations of 
intoxication. Prolonged substance abuse can lead 
to neurocognitive disorders, and these are charac-
terized by a general neurocognitive decline (not a 
feature of dissociative amnesia).

In posttraumatic amnesia due to brain injury, 
there may be amnesia due to impact to the head 
or other mechanisms of rapid movement of the 
head and/or brain. Symptoms would present either 
immediately after the assault or immediately upon 
regaining consciousness.

In seizure disorders, patients may report amne-
sia during the seizure or postictally. Some report 
wandering during epileptic episodes  – such wan-
dering is usually without purpose and is limited to 
the timing of the seizure. Behavior in dissociative 
amnesia is generally purposeful and goal- oriented. 
Dissociative and epileptic amnesia may be co- 
occurring diagnoses.

In catatonic stupor, mutism may occur, but there 
is generally no failure of recall. Catatonic stupor is 

also characterized by coexisting symptoms includ-
ing rigidity, posturing, and negativism.

There is no test to distinguish actual amnesia 
from feigned amnesia (malingering, factitious dis-
order). It has been noted that patients with facti-
tious disorder and those malingering may continue 
to feign symptoms even during hypnosis. Many 
individuals who malinger confess spontaneously or 
during confrontation.

In normal and age- related memory changes, 
there is a more general neurocognitive decline than 
in a dissociative amnesia, in which there is often 
association with specific events.

Secondary Complications: In some cultures (Asia, Middle 
East, Latin America), non- epileptic seizures have 
been shown to accompany dissociative amnesia.

Dissociative amnesia ranges from mild, with 
virtually no functional consequences, to severe, 
in which an individual may have impairment in 
all aspects of functioning. Even after “re- learning” 
one’s life history, he or she may continue to have 
severe interpersonal and vocational disability.

Suicide and other non- suicidal self- injurious 
behaviors are more common in dissociative amne-
sia than in the general population, and individuals 
are at particularly high risk if their amnesia sud-
denly remits and he or she becomes inundated with 
intolerable memories.

Many of those with dissociative amnesia have 
experienced physical or sexual abuse during child-
hood. Other psychologic outcomes associated with 
early life trauma include depression, suicidality, audi-
tory hallucinations, post- traumatic stress disorder, 
anxiety, personality disorders, and eating disorders.

Psychologic, social, and occupational function-
ing is variable. Amnesia can resolve, resulting in the 
potential for significant impairment, self- harm, or 
suicidality with return of traumatic memories.

Treatment Complications: Dissociative amnesia man-
agement often includes psychotherapy, cognitive 
therapy, and hypnosis. Some do not recommend 
hypnosis in patients with dissociative disorders, as 
it may promote the formation of false memories. 
Pharmacotherapy is generally not used for dissoci-
ative amnesia. The hallmark of dissociative amnesia 
is an unconscious defense mechanism called repres-
sion. Given that it is unconscious, trying to confront 
the patient is not useful. Careful, composed, and 
empathic assessment may help the patient arrive at 
his/her own memories without causing trauma.
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Dissociative Identity Disorder
Epidemiology and Demographics: In a community study 

of adults in the United States, prevalence of dis-
sociative identity disorder (DID) was found to be 
1.5% over 1 year, affecting males slightly more than 
females. It can present in childhood to late adult-
hood, though clinical manifestation differs based on 
phase of development.

Disorder Description: Formerly known as “multiple 
personality disorder,” the DSM- 5 describes DID as 
“disruption of identity characterized by two or more 
distinct personality states, which may be described 
in some cultures as an experience of possession.” 
There are depersonalization symptoms, with detach-
ment from the self and inability to control transi-
tion to alternate states. The states may vary in styles 
of thought, behavior, emotion, and other manners 
of functioning. One may have minimal insight into 
the characteristics of these altered states. Either the 
affected individual or another person may report 
these state changes. There are also recurrent episodes 
consistent with dissociative amnesia, in which per-
sonal information, routine life details, or stressful 
events are unable to be recalled. There may also be 
flashbacks of previous trauma. The condition must 
cause distress or impairment in one of several realms 
of functioning and is not better accounted for by 
effects of a substance, or another mental or medical 
condition.

In evaluating for the disorder, the role of cultural 
norms must be considered. When cultural practices 
can reasonably account for symptoms, this diagno-
sis is excluded.

Psychiatric comorbidities are common and 
include trauma and stressor- related mood and anxi-
ety disorders, functional neurologic symptoms such 
as non- epileptic seizures, substance abuse, self- 
injurious behavior, and others.

The major risk factor, present in 90%, is child-
hood neglect, physical and sexual abuse. Recurrent 
forms of trauma are particularly associated with 
risk, including medical procedures, child prostitu-
tion, and military exposure.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Often limited or poor 
awareness of the features of 
altered identity states

Loss of memory for 
autobiographical events or 
specific events or periods of 
time

May have symptoms of 
psychiatric comorbidities, e.g., 
post traumatic stress disorder, 
depression, anxiety
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Secondary Complications: Levels of impairment are 
variable, from what may appear to be minimally 
impaired function to severe.

Bibliography
American Psychiatric Association. Diagnostic and 

statistical manual of mental disorders: DSM-5. 
5th ed. Washington, DC: American Psychiatric 
Association; 2013.

Ellason JW, Ross CA, Fuchs DL. Lifetime Axis I and 
II comorbidity and childhood trauma history 
in dissociative identity disorder. Psychiatry. 
1996;59(3):255–66.

Johnson JG, Cohen P, Kasen S, Brook JS. Dissociative 
disorders among adults in the community, 
impaired functioning, and axis I and II 
comorbidity. J Psychiatr Res. 2006;40(2):131–40.

Spiegel D, Loewenstein RJ, Lewis-Fernández R, et al. 
Dissociative disorders in DSM-5. Depress Anxiety. 
2011;28(9):824–52. DOI:10.1002/da.20874

Distal Spinal Muscular Atrophy
Epidemiology and Demographics: Extremely rare.
Disorder Description: Distal spinal muscular atrophy 

(SMA) is within the group of rare SMAs that are not 
linked to mutations in chromosome 5. It is a rare 
genetic disorder that can present with recessive, 
dominant, or X- linked inheritance. The Muscular 
Dystrophy Association website highlights some 
gene types associated with distal SMA including 
UBA1, DYNC1H1, TRPV4, PLEKHG5, GARS, 
and FBXO38. Some distal SMA phenotypes over-
lap with Charcot–Marie–Tooth disease. Diagnosis 
depends on the degree of motor versus sensory 
symptoms.

Distal SMA more severely affects the muscles 
of the hands and feet. Prognosis is better than with 
other SMA forms.

Symptoms

Localization site Comment

Spinal cord Progressive loss of motor neurons in spinal 
cord

Muscle Progressive muscular weakness of hands 
and feet

Secondary Complications: Respiratory impairments 
and associated secondary effects on the nervous 
system.

Treatment Complications: Treatment is mostly support-
ive including potential respiratory support.
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Doose Syndrome (Myoclonic–Astatic Epilepsy 
or Epilepsy with Myoclonic–Atonic Seizures)
Epidemiology and Demographics: Occurs in 1/10,000 chil-

dren and constitutes 1–2% of childhood epilepsies. 
Two- thirds of cases male. Onset ages 7 months to 6 
years, with peak incidence between 3 and 4 years.

Disorder Description: Children developmentally normal 
prior to symptom onset. Seizures then begin, typically 
with intractable myoclonic and atonic seizures result-
ing in abrupt falls, and sometimes absence, tonic, or 
generalized tonic–clonic seizures. Syndrome appears 
to be genetic in etiology and has been linked to gen-
eralized epilepsy with febrile seizures plus (GEFS+) 
with mutations in the sodium channel (SCN1A 
and SCN1B), as well as mutations in the gamma- 
aminobutyric acid receptor (GABRG2) and solute 
carrier family 2 (SCL2A1/GLUT1) genes. Classically, 
there are no lesions or other organic causes for the sei-
zures, though symptomatic lesions presenting with a 
similar phenotype have been described. Seizures may 
partially respond to corticosteroids or anticonvul-
sants such as ethosuxamide, valproate, levetiracetam, 
topiramate, and zonisamide. The ketogenic diet may 
be most efficacious.

Symptoms

Localization site Comment

Cerebral hemispheres Myoclonic and atonic seizures

Other generalized seizure types may be 
observed

Myoclonic–astatic or atypical absence 
status epilepticus may occur
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Secondary Complications: Falls and traumatic injury.
Treatment Complications: The ketogenic diet is associ-

ated with anorexia, growth restriction, and meta-
bolic acidosis. Antiepileptic drugs may be associated 
with a number of idiosyncratic reactions includ-
ing mood changes and negative cognitive effects. 
Carbamazepine, phenytoin, and vigabatrin may 
dramatically worsen seizures and should be avoided. 
Lamotrigine may exacerbate myoclonic type seizures 
and is associated with a higher risk of rash. Duration 
of corticosteroid therapy is limited by systemic effects.
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Dopa-Responsive Dystonia (DRD)
Epidemiology and Demographics: Dopa- responsive dys-

tonia (DRD) is thought to affect 1 per million per-
sons worldwide. DYT5a is the prototypical DRD 
and typically presents in children with a mean age 
of 11 years, although it may sometimes present in 
adults as well. The incidence is generally reported 
to be 2.5- to 4- fold greater in females than males. In 
males, the disease onset tends to be later and symp-
toms are often milder.

Disorder Description: The term DRD encompasses an 
array of clinically and genetically heterogeneous 
disorders that markedly improve with levodopa 
treatment. The typical phenotype is a childhood 

onset action dystonia, usually affecting the lower 
limb, which may progress to generalized dystonia. 
There is diurnal fluctuation and an excellent and 
sustained response to levodopa. The most well stud-
ied of these disorders is Segawa disease (DYT5a), 
which is an autosomal dominant deficiency of GTP 
cyclohydrolase1, involved in the production of an 
essential cofactor for the biosynthesis of monoam-
ine neurotransmitters. DRD, however, may also 
result from deficiencies of other enzymes involved 
in the synthesis of dopamine and may be seen in 
other neurologic conditions.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Borderline intellectual 
functioning (rare)
Depression, anxiety, obsessive- 
compulsive disorder

Unclear localization Sleep disturbances with 
spontaneous arousals, excessive 
sleepiness

Secondary Complications: Scoliosis is commonly 
observed.

Treatment Complications: There is usually an excellent 
and sustained response to levodopa. However, there 
are rare reports of levodopa- induced dyskinesia 
requiring changes in treatment.
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Down Syndrome
Epidemiology and Demographics: Occurs in 1/691 US 

live births.1 It is the most frequent live birth defect 
and chromosomal disorder2 and the most common 
genetic cause of intellectual disabilities.3 Equal dis-
tribution in males and females.

Localization site Comment

Interictal EEG with 2- to 5- Hz generalized 
spike/polyspike wave complexes, 
increased theta, and photosensitivity, 
with relative preservation of background 
rhythms. MRI usually normal or with 
generalized atrophy

Mental status and 
psychiatric aspects/
complications

Cognitive outcome favorable with 
appropriate treatment in the majority 
of patients. Attentional and behavioral 
issues have been described. Intractability, 
status epilepticus, tonic seizures, and 
abnormal EEG background associated 
with intellectual disability
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Disorder Description: Also known as trisomy 21, it is due 
to having a third copy in whole or part of chromo-
some 21. It is associated with characteristic facies 
(e.g., slanted eyes), intellectual disability, delayed 
and limited growth, and reduced life expectancy 
(usually no older than 60 years4).

Symptoms

Localization site Comment

Cerebral hemispheres, 
mental status and 
psychiatric aspects/
complications

Intellectual disability typically to the 
level of an 8- to 9-year-old child. Speech 
impairments. Risks for autism. While 
demeanor is often positive, there is also 
elevated risk for developing depression, 
anxiety, or behavior impairments

Alzheimer’s dementia later in life

Seizures with peak in infancy (e.g., 
infantile spasms), seizures in childhood 
or early adulthood, or as part of later 
stage Alzheimer’s dementia

Cranial nerves Hearing impairment from diverse 
anatomical causes, and otitis media is 
common

Spinal cord Atlanto-axial instability in 15%5 may 
cause myelopathy as evidenced by gait 
impairment, limb paresis, and sphincter 
dysfunction

Muscle Decreased muscle tone

Secondary Complications: Obstructive sleep apnea, and 
its systemic complications, is common. Neurologic 
problems may result secondarily from other con-
ditions that commonly occur including hypothy-
roidism, diabetes mellitus, cardiovascular disease, 
cancer such as leukemia, respiratory infections, and 
osteoporosis- related fractures.
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Dravet Syndrome (DS) or Infantile Severe 
Myoclonic Epilepsy
Epidemiology and Demographics: Dravet syndrome (DS) 

has a prevalence of 1/20,000–40,000. Typically in 
the first year of life, peak age 5–8 months. Affects 
either sex equally except in PCDH19 mutation, 
which mainly affects girls.

Disorder Description: Type of epileptic encephalopathy 
characterized by early- onset, febrile or afebrile, uni-
lateral clonic or generalized tonic–clonic seizures. 
Often presents as prolonged episodes of status epi-
lepticus in an otherwise normally developing child. 
Myoclonus, atypical absences, and partial seizures 
can be observed later. In adulthood, seizures become 
somewhat less frequent and severe, and patients have 
mainly nocturnal generalized tonic–clonic seizures.

Mutations in SCN1A are the main genetic cause 
of DS (approximately 80%); other gene mutations 
(PCDH19, GABRA1, GABRG2) account for a small 
proportion of cases.

Interictal EEG usually normal early in disease 
and then may show generalized and multifocal epi-
leptiform abnormalities. Photosensitivity common.

Refractory to antiepileptic drugs. Treatment options 
include stiripentol combined with sodium valproate or 
clobazam, cannabadiol, and ketogenic diet.

Symptoms

Localization site Comment

Cerebral hemispheres Hemiclonic seizures

Generalized tonic–clonic seizures

Status epilepticus

Focal, myoclonic, or absence seizures

Nocturnal convulsive seizures
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Localization site Comment

Mental status and 
psychiatric aspects/
complications

Mild to severe developmental delay, 
behavioral disturbances, and intellectual 
disability. Cognitive issues typically 
present during the second year of life or 
later with progressive decline. Studies 
suggest cognitive impairment may have 
stronger relation to gene mutation than 
epileptic factors

Cerebellum Ataxia, dysarthria, intention tremor

Secondary Complications: Symptoms of epileptic enceph-
alopathy in the neonate may include emesis, abdom-
inal distention, apnea, irritability, sleeplessness, and 
abnormal eye movements. Hypoglycemia and lactic 
acidosis have been described. Kyphosis, scoliosis, 
flat feet, or claw feet often occur, impairing ambu-
lation. Higher reported incidence of sudden unex-
pected death in epilepsy in patients with DS.

Treatment Complications: Inappropriate selection of 
antiepileptic drugs, such as carbamazepine (for 
generalized seizure types) and lamotrigine (for 
myoclonus), can worsen seizures. Adverse events of 
stiripentol are drowsiness, ataxia, nausea, abdom-
inal pain, and loss of appetite. Cytochrome P450 
enzyme inhibition may increase plasma concen-
trations of valproate and clobazam. Asymptomatic 
neutropenia is occasionally observed. Valproate 
side effects include weight gain, hyperactivity, 
transaminitis, thrombocytopenia, and pancreati-
tis. The ketogenic diet is associated with anorexia, 
growth restriction, and metabolic acidosis.
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Drop Attacks in Elderly Women
Epidemiology and Demographics: A drop attack can be 

defined as a sudden unprovoked fall without loss of 
consciousness. The most essential thing about drop 
attacks is to exclude the more common causes of 
falls in the elderly, i.e., syncope, seizures, and car-
diac arrhythmias. These are more common in the 
elderly and in women. The reason and prognosis is 
unclear and variable.

Disorder Description: The classic description is of an 
elderly woman who, without any exacerbating fac-
tors (exertion, neck turning, tight collar, tripping or 
slipping), suddenly falls to the ground. This is not 
usually associated with loss of consciousness or any 
cephalic sensation (vertigo, dizziness, headache). 
They usually return to normal immediately but 
some patients can have variable weakness especially 
of proximal lower limb and back muscles that even-
tually recovers in minutes to hours.

Symptoms

Localization site Comment

Cerebral hemispheres Spaced out or feeling hazy after the 
episode

Muscle Proximal lower limb and back muscle 
weakness causing difficulty in 
standing up

Secondary Complications: Subdural hematoma from 
head trauma causing confusion, delirium. Fractures 
due to fall.
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Drug-Induced Tremors
Epidemiology and Demographics: Drug- induced tremors 

occur more commonly in the elderly than in the 
young. They may be due to an enhancement of a 
physiologic tremor, a direct effect of the drug, or a 
side effect of the drug compounded with a multitude 
of comorbidities. Besides advanced age, patients 
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with metabolic derangements, renal or liver failure, 
or various neurologic conditions are susceptible to 
drug- induced or drug- exacerbated tremors.1–4

Disorder Description: The disorder is defined as rhythmic, 
sinusoidal movements of a body part caused by reg-
ular contractions of reciprocally innervated muscles 
caused by taking certain drugs. Postural and inten-
tional tremors are the most common type of trem-
ors that occur, but enhanced physiologic tremor is 
also common. Resting tremors can occur and may 
be induced by medications that affect the extrapy-
ramidal motor system, such as the antiemetic agent 
metoclopramide or the neuroleptic agents (i.e., typ-
ical antipsychotics).1,4,5

Determining that the condition is a drug- 
induced tremor can be a diagnostic challenge. 
Several considerations may be helpful to aid in the 
diagnosis. The temporal relationship between the 
tremor and initiation of the drug should be estab-
lished. Other medical conditions including meta-
bolic abnormalities must be excluded. The clinician 
should be aware that the class III anti- arrhythmic 
amiodarone may induce hyperthyroidism, which 
can subsequently cause tremors.1 Additionally, 
understanding drug dynamics and kinetics will 
help differentiate between disease- induced tremor 
and drug- induced tremor. It should be noted that 
the interaction among drugs can lead to raised 
serum concentrations of one tremor- inducing 
drug, or may lead to additive effects of two tremor- 
inducing drugs. Most drugs are eliminated by the 
kidneys. Therefore, patients with renal failure may 
be more susceptible to higher drug concentrations 
and tremor induction.1–6

The drug classes that may cause tremor or exacer-
bate a pre- existing tremor are as follows:

The withdrawal of certain agents including 
benzodiazepines and alcohol may also induce an 
enhanced tremor.1

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

The degree of tremor may influence the 
individual’s social interactions and daily 
functioning, which may negatively impair 
their mood

Cerebellum The chemotherapeutic agent cytarabine 
may damage cerebellar Purkinje cells in 
the lateral hemispheres.1 Alcohol- induced 
cerebellar degeneration may induce 
postural tremor

Secondary Complications: Most drug- induced tremors 
are less disabling than drug- induced dystonia and 
parkinsonism. The mental health aspect of drug- 
induced tremor should be monitored as it can affect 
the patient’s quality of life. The tremor may also be 
an indication that the drug is above the therapeutic 
dose, which may warrant further investigation.1

Treatment Complications: Once this disorder is diag-
nosed, the decision to treat must be made. As many 
of the drug- induced tremors are dose dependent, 
reduction of the dose is an option, aside from total 
discontinuation. The primary reasoning behind 
the use of the drug should be recalled. The antide-
pressants and antipsychotics are treating underly-
ing psychiatric disease, making discontinuation an 
unfavorable option.1,3
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Anti-arrhythmics1
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Antidepressants and mood stabilizers6
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Neuroleptics4,6
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Duchenne Muscular Dystrophy
Epidemiology and Demographics: Duchenne muscular 

dystrophy (DMD) is an X- linked disease that affects 
1/3600–6000 live male births worldwide. DMD gen-
erally affects males, but may rarely occur in females. 
Boys often present between 3 and 5 years of age 
because of delayed motor milestones and falls. Mean 
lifespan in DMD has increased from 19 years to more 
than 25 years. There is no geographic predominance.

Disorder Description: DMD occurs as a result of mutations 
(mainly deletions) in the dystrophin gene DMD. 
Mutations lead to an absence of or defect in the pro-
tein dystrophin, which results in progressive muscle 
degeneration. Variable phenotypic expression relates 
mainly to the type of mutation and its effect on the 
production of dystrophin. The diagnosis is through 
DNA analysis. Advancements in gene therapy for 
DMD are promising, and recently the first FDA- 
approved medication was released (Eteplirsen) for 
patients who have a confirmed mutation of the dys-
trophin gene amenable to exon 51 skipping, which 
affects about 13% of the population with DMD.

DMD is an X- linked disorder due to defects in 
the DMD gene located at Xp21.

Symptoms

Secondary Complications: Joint contractures occur in 
the ankles even while walking, and follow in the 
hips, knees, elbows, and wrists. Kyphoscoliosis 
accelerates when ambulation ceases and some-
times requires spinal fusion for optimal respiratory 
function. Cardiac involvement should be followed 
via ECG, Holter monitor, and echocardiography. 
Sinus tachycardia is common. Atrial and ventricu-
lar arrhythmias may follow, associated with cardiac 
fibrosis and a dilated cardiomyopathy.

Treatment Complications: Corticosteroids are the 
mainstay of treatment and should be offered to 
all boys with DMD. They are typically offered to 
boys older than 4 years of age with plateauing or 
declining motor function. Otherwise, manage-
ment is supportive and requires a multidiscipli-
nary health care team.

Patients can develop complications related to 
steroid therapy such as hyperglycemia, osteoporo-
sis, cataracts, infections, weight gain, and steroid- 
induced myopathy.
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Localization site Comment

Cerebral 
hemispheres

Cognitive involvement is common in DMD. 
Of patients with DMD, 30% have intellectual 
disability. The average patient’s IQ is 85, one 
standard deviation below the mean. Verbal 
IQ is more affected than performance IQ, and 
delayed language development is common. 
Attention deficit hyperactivity disorder (10 to 
15%), autism spectrum disorder (3 to 6%), and 
obsessive- compulsive disorder (5%) are also 
more prevalent in DMD

Localization site Comment

Muscles Delayed motor milestones and falls, along 
with difficulty running and jumping starting 
at age 3–5 years. By convention at 12 years 
of age stop walking. Typically, examination 
reveals calf hypertrophy, mildly lordotic 
posture, waddling of gait, and poor hip 
excursion during running. Pulmonary 
function declines continuously and 
tracheostomy and mechanical ventilation is 
a choice made by some patients and their 
families later in disease

Spinal cord Spinal cord compression due to severe 
kyphoscoliosis
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Dystonic Reaction
Epidemiology and Demographics: Most commonly occurs 

in young men during first time treatment with a 
typical neuroleptic drug. Reported prevalence of a 
dystonic reaction was as high as 60% for first time 
treatment of an acute psychotic episode. Prior stud-
ies report a 5% prevalence in all individuals who 
have taken dopamine receptor- blocking agents.

Disorder Description: Dystonic reaction is an acute con-
dition characterized by involuntary, repetitive, 
simultaneous contraction of agonist and antago-
nist muscle groups, typically affecting the cranial 
and cervical musculature. It occurs in the first 7 
days after exposure to dopamine receptor- blocking 
agents, including typical antipsychotics/neurolep-
tics (haloperidol), antiemetics (metoclopramide, 
prochlorperazine), antidepressants (selective sero-
tonin reuptake inhibitors), drugs of abuse (cocaine, 
ecstasy), inhaled anesthetics, and tetrabenazine. 
Second generation antipsychotics have lower inci-
dences of dystonic reaction. It is thought to occur dur-
ing a transient period when dopamine is increased 
in the synaptic cleft and dopamine receptors have 
increased sensitivity. Symptoms are dramatic and 
include oculogyric crisis, blepharospasm, masseter 
spasm, trismus, mouth opening, torticollis, retro-
collis, opisthotonus, and laryngospasm, which can 
be fatal. The extremities are less commonly affected. 
Risk factors include younger age (greater than 60% 
risk before 20 years, and near zero risk at 40 years), 
male sex, prior or current cocaine use, treatment 
with high- potency antipsychotics, prior dystonic 
reaction, and concurrent HIV infection.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Subcortical; abnormal dopaminergic 
activity increases efferent signals from 
the putamen, leading to inappropriate 
sensorimotor coordination in the cerebral 
cortex. Affects cranial nerves (oculogyric 
crisis, etc.) and muscles (opisthotonus and 
laryngospasm)

Mental status and 
psychiatric aspects/
complications

Often preceded by anxiety; unclear if it acts 
as trigger or is a prodromal symptom

Can be mistaken for functional neurologic 
symptom disorder or malingering

Secondary Complications: Laryngospasm may require 
intubation and may lead to hypoxic brain injury or 
death if not treated appropriately.

Treatment Complications: Prophylaxis with anticholin-
ergic agents is important in patients being given 
intramuscular haloperidol, particularly those naïve 
to antipsychotics. Patients whose condition neces-
sitates isolation require prophylaxis to prevent 
laryngospasm.

Avoid prolonged use of prophylactic agents given 
their potential for abuse and anticholinergic side 
effects, which may be compounded in psychotic 
patients. Constipation may cause a bowel obstruc-
tion. Dry mouth in psychotic patients may be exac-
erbated and cause oral candidiasis in the setting of 
poor hygiene.
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Early Myoclonic Encephalopathy (EME)
Epidemiology and Demographics: Early myoclonic 

encephalopathy (EME) is rare. Onset either in the 
neonatal period or the first months of life. Affects 
both sexes equally.

Disorder Description: Essential clinical features are neonatal 
encephalopathy associated with erratic and fragmen-
tary myoclonus, usually involving the face or extrem-
ities. Can be limited to a finger, the eyebrows, or lips 
occurring in the same muscle group and then migrat-
ing elsewhere in an asynchronous and asymmetric 
manner. May occur as soon as a few hours after birth. 
Other types of seizures can occur, including subtle focal 
seizures, massive myoclonia, and later, tonic spasms.

Etiology believed to be multifactorial, mainly 
due to metabolic abnormalities (non- ketotic 
hyperglycinemia, d- glyceric acidemia, propionic 
aciduria, molybdenum cofactor deficiency, pyri-
doxine deficiency, methylmalonic acidemia, sulfite 
oxidase deficiency, Menkes disease, and Zellweger 
syndrome). Genes associated with EME are ErbB4, 
PIGA, SETBP1, SIK1, and SLC25A22.

EEG is characterized by burst- suppression with 
bursts of spikes, sharp waves, and slow waves, dis-
rupted by periods of electrical silence. More distinct 
during sleep. Myoclonia may not show EEG corre-
lation. After 3–5 months of life, pattern generally 
evolves into atypical hypsarrhythmia or multifocal 
epileptiform abnormalities.

Prognosis poor. More than half die within weeks 
or months of onset. Patients with non- ketotic hyper-
glycinemia may benefit from a ketogenic diet.

Symptoms

Localization site Comment

Cerebral hemispheres Erratic, fragmentary, or massive 
myoclonus. Focal seizures, tonic spasms

Mental status and 
psychiatric aspects/
complications

Severe delay in psychomotor 
acquisitions, disturbed alertness, 
vegetative state

Peripheral neuropathy Peripheral neuropathy (rare)

Muscle Marked hypotonia

E
Secondary Complications: Symptoms of epileptic 

encephalopathy in the neonate may include emesis, 
abdominal distention, apnea, irritability, sleepless-
ness, and abnormal eye movements. Hypoglycemia 
and lactic acidosis have been described. Nutritional 
deficiencies due to inability to eat, requiring tube 
feeding.

Treatment Complications: The ketogenic diet is associ-
ated with anorexia, growth restriction, and meta-
bolic acidosis.
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Eastern Equine Encephalitis Virus (EEE)
Epidemiology and Demographics: Eastern equine enceph-

alitis (EEE) is generally more prevalent in the south-
eastern United States but has recently extended 
further north on the eastern US coast (New 
Hampshire, Maine) and into Canada.1,2 According to 
the US Centers for Disease Control and Prevention, 
from 1964 to 2004 there were 220 confirmed human 
cases of EEE.

Disorder Description: EEE is a mosquito- borne arboviral 
infection and is probably the most virulent of the 
encephalitic alphaviruses, with a mortality rate of 
50–70%. EEE virus transmission occurs most com-
monly in and around freshwater hardwood swamps 
and between birds and mosquitoes (Culiseta mel-
anura). The principal arthropod vectors for EEE 
transmission to humans or to horses are Aedes, 
Coquillettidia, and Culex species, which tend to 
feed on both birds and mammals.1 Transmission 
of the virus occurs from summer to early fall and 
depends on weather conditions of the specific for-
ested swamp habitat where the main mosquito 
vector resides. MRI is highly sensitive for the cen-
tral nervous system manifestations of EEE, with 
a predilection for early involvement of the basal 
ganglia, thalami, and brainstem. Lesions are best 
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demonstrated on T2- weighted images, appearing 
as areas of increased signal intensity and on fluid- 
attenuated inversion recovery images.3 The diag-
nosis of EEE requires specific serologic findings 
or the demonstration of the virus in cerebrospinal 
fluid or brain tissue. High initial white cell counts in 
cerebrospinal fluid and the development of severe 
hyponatremia during hospitalization prognosticate 
a poor outcome.

Symptoms4

Localization site Comment

Cerebral hemispheres Fever, headache, somnolence, 
confusion, seizures, stupor, coma, and 
focal weakness

Site of anatomic abnormality: basal 
ganglia, thalamus, brainstem, cortex, 
periventricular area, meninges, 
hydrocephalus

Mental status and 
psychiatric aspects/
complications

Altered mental state

Cranial nerves Oculomotor, cranial nerves VII and XII

Secondary Complications: Hyponatremia prognosticates a 
poor outcome3 and may be associated with its own 
central nervous system complications such as altered 
mentation.

Treatment Complications: Treatment is mostly sup-
portive and involves managing individual specific 
symptoms.
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Echinococcosis
Epidemiology and Demographics : Echinococcosis is highly 

endemic in pastoral communities in South America, 
the Mediterranean, Eastern Europe, the Near and 
Middle East, East Africa, Central Asia, China, and 
Russia. It is an important public health concern in 
parts of central and Eastern Europe, the Near East, 
Russia, China, and Northern Japan according to the 
World Heath Organization. In the United States, 
most infections are diagnosed in immigrants from 
endemic countries, although sporadic indigenous 
transmission has been found in Alaska, California, 
Utah, Arizona, and New Mexico.1

Disorder Description: Echinococcosis is a parasitic zoon-
osis caused by larval forms of Echinococcus (E) tape-
worms. Among the six species of E identified, E. 
granulosus and E. multilocularis, which cause cystic 
echinococcosis (CE) and alveolar echinococcosis 
(AE), respectively, are of major clinical significance.1–3

Cystic echinococcosis. CE cysts occur in liver 
and lung, or both organs in more than 90% of the 
cases; the kidney, spleen, heart, bone, and cen-
tral nervous system are less often involved. Small 
cysts are often asymptomatic, and due to the slow 
growth of the parasite, most cases are diagnosed 
in adults. Clinical features of CE depend on the 
infected organs, the size and position of the cysts, 
their effects on the organ and adjacent tissues, and 
complications arising from the rupture of the cysts 
inducing systemic immunologic reactions. Hepatic 
echinococcosis causes hepatic enlargement, right 
epigastric pain, nausea, and vomiting. When cysts 
rupture in the liver, mild or fatal anaphylaxis occurs. 
When cysts rupture in the lung, the membranes can 
serve as a nidus for bacterial or fungal infections.

Alveolar echinococcosis. AE occurs as a result 
of infection by the larval form of E. multilocularis 
from contact with dogs that have eaten infected 
rodents. The liver is the primary location in humans 
with local extension of the lesion and metatastases 
to lungs and brain. Symptoms may be initially vague 
and then progress to epigastric pain with hepato-
megaly, obstructive jaundice, and hepatic failure. 
Invasion to contiguous structures and metastases to 
the brain may occur.

Diagnosis of both CE and AE is based on clinical 
findings and imaging, including ultrasonography, 
CT scan, MRI, and serology.
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Symptoms4–6

Localization site Comment

Cerebral 
hemispheres

Increased intracranial pressure with a slowly 
growing mass, changes in level of consciousness, 
headache, vomiting, papilledema, hemiparesis, 
visual changes, aphasia, tremor, sensory 
changes, and meningeal signs

Brainstem Cranial nerve palsies

Cranial nerves Cranial nerve palsies

Spinal cord Spinal cord involvement secondary to 
extension of the vertebral body disease and 
invasion into the spinal canal. Radicular pain, 
motor and sensory deficits, and changes in 
bladder function are the primary findings

Basal skull Intraocular and intraorbital cysts are rare and 
present with pain, exophthalmos

Treatment Complications: Treatment options include sur-
gery, percutaneous sterilization, drugs, and obser-
vation.1–3 Benzimidazoles may cause dizziness and 
very rarely seizures, headache, or mood changes.
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Echovirus
Epidemiology and Demographics: Echovirus infections 

occur worldwide with peak incidence in the summer 
and fall in temperate climates and throughout the 
year in subtropical and tropical regions. Children 
are predominantly affected. The risk factors are 
lower socioeconomic status, large household size, 
crowded living conditions, and residency in urban 
areas or areas with poor sanitation.

Disorder Description: Echoviruses (ECHO: enteric cyto-
pathogenic human organ) belong to the genus 
Enterovirus of the family Picornaviridae. They are 
small, non- enveloped viruses with a single- stranded 
positive- sense RNA genome. Transmission occurs 
via the fecal–oral route and less frequently via res-
piratory droplets, and the incubation period ranges 
from 2 to 10 days.1 Most echovirus infections are 
asymptomatic, and the most common clinical 
presentation is an acute nonspecific febrile illness. 
Other clinical syndromes include respiratory dis-
ease, diarrhea, hepatic disturbance, exanthems and 
enanthems, conjunctivitis, pericarditis, myocarditis, 
aseptic meningitis, and encephalitis. Echoviruses 
are a major cause of aseptic meningitis in infants and 
young children. In a recent study, echoviruses E9, 
E11, and E30 accounted for 60 out of the 92 cases of 
enteroviral aseptic meningitis; while in another study 
163 out of 170 samples were identified as belonging 
to species B enteroviruses consisting of echovi-
ruses and coxsackievirus B.2 Echovirus 30 alone 
was responsible for 25.3% of the cases. Echoviruses 
4, 5, 9, 11, 19, and 30 were identified as the causative 
organism in many cases of encephalitis.

Symptoms3,4

Localization site Comment

Cerebral hemispheres Aseptic meningitis: fever, neck stiffness, 
irritation

Encephalitis: lethargy, altered sensorium, 
coma

Mental status and 
psychiatric aspects/
complications

Altered sensorium, coma, lethargy

Brainstem Ataxia, tremor, myoclonic jerks, 
oculomotor (nystagmus, strabismus, 
gaze paresis)
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Secondary Complications: Brainstem encephalitis caused 
by enteroviruses including echovirus can trigger 
rapidly progressive sympathetic hyperactivity, pul-
monary edema and/or pulmonary hemorrhage,  
and cardiopulmonary collapse. Early recognition and  
aggressive supportive care including ventilation and 
fluid management are essential for survival.
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Eclampsia
Epidemiology and Demographics: Eclampsia is defined 

as generalized convulsions in women with pre- 
eclampsia. Thought to be the end- stage progres-
sion of pre- eclampsia. Occurs in 1–3/1000 women. 
The maternal mortality rate for eclampsia is 2–3 
cases/10,000 births in Europe and North America 
and 16–69 cases/10,000 births in developing coun-
tries. Pregnant women over 35 years or younger 
than 17 years are at greater risk for eclampsia.

Predisposing factors are the same as for pre- 
eclampsia. The strongest risk factors are pre- existing 
vascular diseases. Antiphospholipid antibody syn-
drome carries the highest risk with 17% of affected 
women developing pre- eclampsia during preg-
nancy. Other strong risk factors in order of impact 
include pre- eclampsia in previous pregnancies, 
which increases the risk seven- fold from expected, 
pre- existing chronic hypertension, obesity, vascular 
disorders (such as renal disease) or gestational dia-
betes, multifetal pregnancy, older age at pregnancy, 
family history of pre- eclampsia, and nulliparity.

Disorder Description: Pre- eclampsia is a necessary pre-
requisite to eclampsia. The progression to eclampsia 
cannot be reliably predicted and occurs in 1/200 pre- 
eclampsia patients. Unaddressed pre- eclampsia may 
be present for a variable time, then may suddenly pro-
gress to eclampsia. Untreated eclampsia is usually fatal.

The brain injury in eclampsia is associated with cer-
ebral edema and characteristic white matter changes of 
reversible posterior leukoencephalopathy syndrome, 
which is similar to findings noted in hypertensive 
encephalopathy. In addition to clinical findings, brain 
MRI should be undertaken to rule out hemorrhage 
or stroke in addition to edema. (See entry for Pre- 
eclampsia for more details regarding pathophysiology.)

Headache and visual disturbances with occipital 
lobe edema are common symptoms of eclamptic 
encephalopathy. The subcortical white matter of the 
occipital lobes is the most involved site for hyper-
perfusion and edema of eclampsia, although gray 
matter and anterior circulation may be involved 
with progressive severity. Seizure type may be focal 
or generalized. Other non- seizure neurologic symp-
toms can be decreased level of consciousness, con-
fusion, or focal cognitive deficits such as aphasia.

Symptoms

Localization site Comment

Neuromuscular junction Hyperreflexia

Cerebral vasculature Headaches, blurred vision, 
confused or altered mental 
status

Secondary Complications: Cerebrovascular complications, 
including stroke and cerebral hemorrhage, are respon-
sible for the majority of eclampsia- related deaths.

Localization site Comment

Bulbar palsy (dysphagia, dysarthria, 
dysphonia, and facial weakness)

Cerebellum Tremor and ataxia

Cranial nerves Oculomotor problems and bulbar palsy
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Treatment Complications: Management of the neu-
rologic symptoms of eclampsia includes rapid 
lowering of blood pressure, administration of 
magnesium sulfate (MgSO4), and delivery of the 
fetus. MgSO4 is the most effective treatment for 
eclampsia and for prevention of eclampsia in 
patients with severe pre- eclampsia. MgSO4 is given 
as a 4- g dose, followed by a maintenance infusion 
of 1–2 g/hour by controlled infusion pump, with 
a maximum dose of approximately 23 g or until 
patellar reflexes are lost. Treatment with standard 
antiseizure medications should be undertaken if 
seizures persist.

Adverse effects of magnesium sulfate include 
nausea, diarrhea or vomiting, low blood pressure, 
irregular heartbeat, headache, and muscle aches. 
Magnesium exposure in utero is associated with 
low muscle tone and relatively lower than expected 
Apgar scores in newborns; however, there is no evi-
dent effect on longer term outcomes (see entry for 
Pre-eclampsia).
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Ecstasy 
(methylenedioxymethamphetamine, 
MDMA)
Disorder Description: Users of this amphetamine derivate 

drug experience a sense of euphoria, loss of inhibi-
tion, a feeling of closeness and/or empathy, and 
increased sensuality. Common recreational drug 
used in raves, bars, and clubs around the world; also 
known by the street name “molly.”

Epidemiology and Demographics: White males are pre-
dominant users. Majority of users are 16–24 years 

old. There are rare cases of use in people in their fifth 
and sixth decades.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral atrophy (chronic)

Cerebral ischemia (acute)

Cerebral hemorrhage (acute)

Cerebral venous thrombosis (acute)

Seizures (acute)

Mental status and 
psychiatric aspects/
complications

Increase in impulsivity with poor 
decision making (acute and chronic)

Depression (chronic)

Hallucinations (acute)

Anxiety (acute)

Paranoia (acute)

Panic attacks (acute)

Coma (acute)

Brainstem Dyresgulation

Cerebellum Gait ataxia (acute)

Anterior horn cells Hypertonia (acute)

Muscle Rhabdomyolysis (acute)

Chorea (acute)

Hypertonia (acute)

Neuromuscular 
junction

Increase in dopamine and serotonin 
toxicity (risk for serotonin syndrome) 
(acute and chronic)

Secondary Complications: Indirectly:
•	 Cardiovascular effects: Dysregulation of heart 

rate and blood pressure, and dysrhythmias can 
result in strokes.

•	 Hepatic complications:
•	 Acute liver failure may result in brain edema, 

amplified by hypoglycemia, hypoxia, and 
seizures.

•	 Severe fatigue, cognitive dysfunction, and 
mood disorder.

•	 Hematologic complications – Disseminated 
intravascular coagulation leading to cerebral 
infarction.
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•	 Endocrinological complications:
•	 MDMA-induced syndrome of inappropri-

ate antidiuretic hormone secretion leads to 
increase in cerebral edema with subsequent 
neurologic complications.

•	 Hyperthermia dysregulation can lead to 
rhabdomyolysis.
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Ehler–Danlos Syndrome (EDS)
Epidemiology and Demographics: Ehler–Danlos syndrome 

(EDS) is a group of relatively rare genetic disorders of 
connective tissue. Overall frequency is 1/5000.

Disorder Description: EDS is characterized by hyperex-
tensible skin, joint hypermobility, and tissue fragil-
ity. The collagen disorder predisposes to extracranial 
artery dissections.

Symptoms
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Ehrlichiosis
Epidemiology and Demographics: The incidence of 

human monocytotropic ehrlichiosis (HME) caused 
by Ehrlichia chaffeensis in the United States is esti-
mated at 0.7 cases per million population with a 
geographic distribution in the Southeast, South 
Central, and Midwest states. The vector is the lone 
star tick, Amblyomma.

Human granulocytic anaplasmosis (HGA), pre-
viously known as human granulocytic ehrlichiosis 
(HGE), has an estimated incidence of 1.6 cases per 
million in the United States with a geographic dis-
tribution in Northern California, and Northeastern 
and North Central States. It is caused by Anaplasma 
phagocytophilum, and the vector is Ixodes.

The epidemiology of human ewingii ehrli-
chiosis (HEE) is poorly defined with geographic 
distributions in Southeast, South Central, and 
Midwestern United States. Its vector is the lone star 
tick Amblyomma. HEE infections are reported in 
patients with the human immunodeficiency virus 
or organ transplantation.

The median age of both HGE and HGA is 51 
years, with more than 95% of cases reported in 
Caucasians and a slight male predominance.1

Disorder Description: HME is a severe acute febrile tick- 
borne disease caused by Ehrlichia chaffeensis, an 

Localization site Comment

Cerebral hemispheres Thunderclap headache (associated 
with aneurysmal subarachnoid 
hemorrhage); seizure, hemiparesis, 
hemisensory loss, hemianopia related 
to intracranial or cervical dissection

Mental status and 
psychiatric aspects/
complications

Altered level of consciousness or focal 
cognitive deficits in subarachnoid 
hemorrhage and intracerebral 
hemorrhage

Localization site Comment

Cerebellum Ataxia

Cranial nerves Optic atrophy, deafness, Horner’s 
syndrome (in the setting of carotid 
dissection)

Spinal cord Weakness, numbness, gait difficulties, 
bowel and bladder incontinence 
(Kyphoscoliosis)

Peripheral neuropathy Numbness and weakness

Muscle Myotonia
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obligate intracellular bacterial pathogen with gram- 
negative cell wall structure. HME can manifest as 
a multisystem disease resembling toxic or septic 
shock syndrome, cardiovascular failure, aseptic 
meningitis, hemorrhage, hepatic failure, and adult 
respiratory distress syndrome. Central nervous 
system (CNS) involvement occurs in 20% of HME 
patients, manifesting as meningitis or encephalitis, 
seizures, and coma.

HGA caused by Anaplasma phagocytophilum is a 
less severe illness than HME, although severe com-
plications may include acute respiratory distress 
syndrome, acute renal failure, and hemodynamic 
collapse. Meningoencephalitis is the most common 
CNS involvement but is reported in only 1% of cases. 
Peripheral neuropathies, including brachial plexo-
pathy, demyelinating polyneuropathy, and bilateral 
facial nerve palsy, have been reported in 10% of cases.

HEE occurs mainly in immunocompromised 
hosts, and its clinical manifestation is milder than 
that for HME and HGA. It has been associated 
with meningitis. Headache is a frequent symptom. 
Neurologic manifestation is not well defined.

Diagnosis of HME and HGA is based primarily 
on clinical suspicion. PCR is not available for rapid 
diagnosis, and detection of antibody does not occur 
at the time of presentation. Empirical therapy with 
doxycycline once suspected, otherwise prognosis 
worsens. Diagnosis can be confirmed by serologic 
detection of specific antibodies, detection of ehrli-
chial DNA by PCR, detection of morulae in periph-
eral blood or CSF, and isolation of bacteria. PCR is 
the only definitive diagnostic test for HEE because 
the bacteria are unculturable.1

Symptoms2

Secondary Complications: Both HME and HGA are multi-
system diseases resembling septic shock syndrome. 
Cardiovascular failure, hemorrhage, hepatic failure, 
and adult respiratory distress syndrome occur, espe-
cially in HME. Meningitis or meningoencephalitis 
and other neurologic complications occur in 20% of 
patients with HME, while peripheral neuropathies 
occur more in HGA.1

Treatment Complications: Doxcycyline may cause 
headache.
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Electrical Status Epilepticus in Sleep 
(ESES, CSWS)
Epidemiology and Demographics: Electrical status epi-

lepticus in sleep (ESES) is uncommon, accounting 
for approximately 0.5–1% of childhood epilepsies. 
Onset in early to mid childhood, with improve-
ments in seizures and plateauing of neuropsycho-
logic decline sometimes occurring near puberty.

Disorder Description: Nearly continuous slow spike 
and wave discharges emerging in non- REM sleep, 
resulting in an epileptic encephalopathy associated 
with seizures and neuropsychologic regression. 
Symptoms of varying severity along a spectrum, 
with continuous spikes and waves during sleep 
(CSWS) syndrome being the more severe, but fea-
tures that may overlap with Landau–Kleffner syn-
drome (see entry for Landau–Kleffner Syndrome) 
occurring with more focal symptoms involving lan-
guage. CSWS is associated with more widespread 
or multifocal epileptiform discharges, frequent 

Localization site Comment

Cerebral hemispheres Meningitis or meningoencephalitis 
occurs in nearly 20% of patients with 
HME

Seizures and coma can occur in HME

Rare cases of meningitis with HGA

Mental status and 
psychiatric aspects/
complications

Cognitive delays have been reported in 
children with HME

Brainstem Cranial nerve palsy complications rare

Localization site Comment

Cranial nerves Cranial nerve palsies with HGA

Plexus Brachial plexopathy in HGA

Peripheral neuropathy Demyelinating polyneuropathy with 
HGA
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seizures, and global developmental regression. Early 
developmental lesions, including thalamic lesions 
or polymigrogyria, may be an important etiological 
factor though idiopathic forms have been described.

Antiepileptic drugs (such as valproate, ethosux-
amide, levetiracetam), high- dose benzodiazepines 
(diazepam, clonazepam, clobazam), and immuno-
modulatory therapy with steroids and intravenous 
immunoglobulin are commonly used. Surgery has 
been done for cases associated with focal epilepti-
form abnormalities, and early developmental lesions.

Longer duration ESES and early developmen-
tal lesions typically associated with a more severe 
prognosis.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Seizures of varying severity and type (partial 
motor, absence, generalized tonic–clonic 
seizures). Tonic seizures unusual. EEG 
centrotemporal or frontal maximal spikes 
during wakefulness with more broadly 
distributed sleep potentiated 1.5- to 3- Hz 
slow spike and wave activity. Deterioration of 
gross and fine motor skills may occur

Mental status 
and psychiatric 
aspects/
complications

Intellectual decline of varying severity, with 
global regression. May include progressive 
and fluctuant aphasia, inattention, short- 
term memory issues, emotional lability, 
anxiety and depression, reductions in IQ. 
Learning disorders, visuospatial impairments 
are also common

Cerebellum Ataxia, incoordination

Secondary Complications: Behavioral and cognitive dete-
rioration with developmental regression is common.

Treatment Complications: Antiepileptic drugs (AEDs) 
may be associated with a number of idiosyncratic 
reactions including multiorgan dysfunction, mood 
changes, and negative cognitive effects. AEDs such 
as phenytoin, carbamazepine, oxcarbazepine, and 
phenobarbital may exacerbate ESES and are typically 
avoided. Benzodiazepines are associated with seda-
tion, respiratory depression, and confusion. Steroids 
are associated with an increased risk for mood labil-
ity, psychosis, peptic ulceration, avascular necrosis, 
and infection. IVIG may be associated with flu- like 
symptoms during infusion and rarely anaphylaxis.
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Electroconvulsive Therapy (ECT)
Epidemiology and Demographics:  A survey of US practices 

indicated use of electroconvulsive therapy (ECT) on 
100,000 patients per year between 1988 and 1989, 
although use has declined since then. ECT is used 
worldwide; however, one study showed a trend toward 
use for older women with depression in Western cul-
tures and younger men with schizophrenia in Asia.

Description: ECT is a procedure that uses delivery of 
localized electrical current to the brain to produce 
seizure activity. ECT is used to treat medication- 
resistant depression, bipolar disorder, schizophre-
nia, neuroleptic malignant syndrome, and catatonia. 
Exact mechanism for its benefit in these conditions 
is unknown. Patients must have a pre- procedure 
medical evaluation to determine the presence of 
comorbid cardiopulmonary and neurologic condi-
tions, which may be affected by the hemodynamic 
changes caused by seizures.

Symptoms

Localization site Comment

Cerebral hemispheres Iatrogenically produced generalized 
seizure activity (cortex)

Mental status and 
psychiatric aspects/
complications

Improves symptoms of depression, 
mania, psychosis, catatonia, neuroleptic 
malignant disorder

Adverse effects: acute confusion, 
anterograde or retrograde memory loss

Secondary Complications: Headache, nausea, and myal-
gias are common. Muscle relaxation with med-
ications such as succinylcholine is important to 
prevent fractures, particularly in those with osteo-
porosis. Acute post- procedure confusion and both 
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anterograde and retrograde memory loss can also 
occur. These are transient and most resolve within 
days but can last up to 2 weeks following treatment. 
The use of lithium can worsen cognitive side effects, 
therefore is contraindicated.
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Empty Sella Syndrome
Epidemiology and Demographics: True frequency is 

unknown as the condition may be undiagnosed due 
to its asymptomatic nature. Seen mostly in middle- 
aged women who are obese and hypertensive.1 In 
children empty sella is more likely to be associated 
with clinical symptoms and endocrinopathies.2

Disorder Description: In this disorder the sella turcica 
is partially or completely filled with cerebrospinal 
fluid. Primary empty sella syndrome occurs as a 
result of pressure on the pituitary gland causing it to 
flatten or shrink. Secondary empty sella syndrome 
occurs as a result of intrinsic injury to the pituitary 
gland. Many individuals are asymptomatic.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Chronic headaches, unclear if due to empty 
sella syndrome or a coincidental finding. 
Many individuals with pseudotumor cerebri 
have an empty sella

Cranial nerves Papilledema and decreased visual acuity

Pituitary gland Decreased function

Treatment Complications: Treatment may not be required. 
If treatment is indicated, adverse effects may be 
associated with the specific hormone replacement 
that is administered.
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Encephalitis
Epidemiology and Demographics: Worldwide, the inci-

dence of encephalitis varies from 0.07 to 12.6 cases 
per 100,000 with decreasing incidence over time. 
Encephalitis affects patients of all ages and in all 
parts of the world.1

Disorder Description: Encephalitis is a severe neurologic 
syndrome involving inflammation of the brain man-
ifested by current or recent febrile illness with altered 
behavior, cognition, personality or consciousness, 
new onset seizures, or new focal neurologic signs.1

Four subclinical syndromes represent the 
encephalitic syndrome etiologically:
 1. Unspecified encephalitis/meningoencephalitis;
 2. Infectious encephalitis (viral or bacterial);
 3. Immune-mediated encephalitis;
 4. Infectious and immune- mediated encephalitis.

More than 50% of patients belonging to the 
unspecified encephalitis/meningoencephalitis cate-
gory have no known cause. However, it is suspected 
that most are either secondary to unidentified viral 
or bacterial infections or to immune- mediated 
encephalitis. The most common global causes of 
infectious encephalitis (viral or bacterial) are herpes 
simplex virus (HSV), varicella zoster virus (VZV), 
enteroviruses, measles, mumps, Japanese encepha-
litis virus, influenza, adenovirus, Mycoplasma, and 
other less common agents.

Immune-mediated encephalitis2,3 is character-
ized by antibodies against intracellular antigens 
(HU[ANNA1, Ma2, GAD]), antibodies against syn-
aptic receptors (NMDA receptors, AMPA receptor, 
GABA receptor, mGluR5, dopamine 2 receptor), 
and antibodies against ion channel and other cell- 
surface proteins (LGI1, CASPR2, DPPX, and MOG). 
Immune- mediated encephalitis should be suspected 
when all three of the following criteria are met:
 1. Subacute onset of working memory deficits, 

altered mental status, or psychiatric symptoms.
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Localization site Comment

Cerebral hemispheres Altered mental status ranging 
from confusion, frank psychosis, or 
somnolence to stupor or coma

Personality changes

Seizures, speech dysfunction

Movement disorder, dyskinesias

Decreased level of consciousness

Autonomic dysfunction or central 
hypoperfusion

Mental status and 
psychiatric aspects/
complications

Abnormal psychiatric behavior or 
cognitive deficits, memory loss

Brainstem Bilateral external ophthalmoplegia

Cerebellum Ataxia

 2. At least one of the following:
 a. New focal central nervous system (CNS) 

findings;
 b. Seizures not explained by a previously 

known seizure disorder;
 c. Cerebrospinal fluid (CSF) pleocytosis;
 d. MRI features suggestive of encephalitis.

 3. Reasonable exclusion of viral and bacterial 
encephalitis.

Infectious and immune- mediated encephalitis 
have been grouped under the rubric of acute dis-
seminated encephalomyelitis (ADEM). It is thought 
to be a final common pathway of autoimmune CNS 
injury triggered by viral agents such as enterovi-
ruses, Epstein–Barr virus, human herpesvirus- 6, 
parainfluenza, and bacteria such as Mycoplasma 
pneumoniae. Fifty percent to 70% of ADEM cases 
had a preceding history of infection manifested by 
fever, malaise, headache, and nausea.

All patients with encephalitis should undergo 
lumbar puncture and CSF investigations including 
opening pressure, total and differential white cell 
count, red cell count, culture and sensitivities for 
bacteria, protein and glucose. CT scan is not ini-
tially needed unless increased intracranial pressure 
is suspected.4

All patients with suspected encephalitis should 
undergo CSF PCR for HSV 1, VZV, and enterovi-
ruses and further testing directed toward specific 
pathogens as guided by the clinical features, travel 
history, and animal and insect contact. MRI of the 
brain is the preferred imaging modality and should 
be performed as soon as possible especially if the 
diagnosis is uncertain. EEG can be performed to 
seek encephalitic changes and if subtle motor or non-
convulsive seizures are suspected. Brain biopsy has 
no place in the initial evaluation of suspected acute 
viral encephalitis. Intravenous acyclovir should be 
started within 6 hours of admission if the initial CSF 
and/or imaging findings suggest viral encephalitis. 
Further workup for immune- mediated encephalitis 
should move forward if the infectious etiologies are 
ruled out. Corticosteroid (IV solumedrol) and intra-
venous immunoglobulin may be started if strongly 
suspected.

Symptoms

Secondary Complications5: Cerebral edema is a strong 
predictor of mortality; however, a trend toward 
reduced death rates was observed in patients receiv-
ing ICP monitoring and hyperosmolar therapy. 
Status epilepticus and the presence of thrombocy-
topenia were strong markers of increased mortality 
in patients. Acyclovir is associated with nephrotox-
icity. Kidney function is monitored, and hydration 
may prevent renal damage.
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Encephalitis Lethargica
Epidemiology and Demographics: Since the last epidemic 

in the 1920s, most cases of encephalitis lethargica 
(EL) have been sporadic. In a compilation of 20 new 
cases (9 females, 11 males), the age of onset ranged 
from 2 to 69 years old.1

Disorder Description: No known cause for EL has been 
found, although immune- mediated mechanisms 
have attracted wide interest. Anti- basal ganglia 
antibodies were found in 19 out of 20 cases in one 
study. The onset of the disease is acute to subacute to 
chronic. The main clinical features of EL may appear 
within hours or days. In some cases EL begins with 
general malaise, asthenia, subtle cranial nerve 
abnormalities, and behavioral changes for weeks 
and months before more obvious symptoms appear. 
More than half of the patients had upper respiratory 
tract infection and tonsillitis.

The predominant clinical features are sleep dis-
turbance and lethargy, parkinsonism, dyskinesia, 
and psychiatric disturbance. Other features include 
profound reduction in consciousness, ocular abnor-
malities including ophthalmoplegia, ptosis, optic 
neuritis, seizures and memory loss, headache, men-
ingism, incontinence, and limb pains.1,2

Symptoms1,2

Localization site Comment

Cerebral hemispheres Sleep disturbance and lethargy, 
profound reduction in consciousness, 
parkinsonism, dyskinesias, seizures

Mental status and 
psychiatric aspects/
complications

Psychiatric symptoms ranging 
from mutism, emotional disorders, 
depression, obsessive- compulsive 
disorder, anxiety, apathy and 
catatonia, feeling of euphoria, 
increased sexual drive

Brainstem Ocular abnormalities ranging from 
ophthalmoplegia, ptosis, optic 
neuritis

Secondary Complications: Seventy percent of patients 
who recover from EL develop postencephalitic 
symptoms, which include parkinsonism, oculogy-
ric crises, severe emotional changes, compulsive 
thoughts, other extrapyramidal disorders – dysto-
nia, chorea, athetosis, myoclonus and disturbances 
of posture, and respiratory disturbances.1
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Encopresis
Epidemiology and Demographics: Prevalence is 1–3% in 

ages 4–5 years. Male predominance.
Disorder Description: Encopresis is a type of elimina-

tion disorder characterized in the DSM- 5 by the 
repeated inappropriate passage of feces in individ-
uals of chronologic age 4 years or older (or corre-
sponding developmental age). It consists of either 
voluntary or unintentional defecating in non- 
designated places such as clothing or floor. Per cri-
teria, the behavior must occur at least once a month 
for 3 months. The behavior is not better accounted 
for by a substance or medical condition other than 
constipation. Additional specification is made as to 
whether the behavior occurs in setting of constipa-
tion and overflow incontinence.

Encopresis is further described as primary (no 
previous achievement of fecal continence) versus 
secondary (regression to incontinence after a period 
of fecal continence). Risk factors include conditions 
that predispose to constipation.

Secondary Complications: Encopresis can affect a child’s 
self- esteem and emotional well- being. Punishment 
by caregivers can further compound these issues.

Treatment Complications: Treatment involves evacuating 
the colon when constipation is a factor, behavioral 
interventions, and supportive therapy. No compli-
cations reported.
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Endocrine Myopathies
Epidemiology and Demographics: The age of presenta-

tion could be any time during the course of the 
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endocrinopathy. Incidence, prevalence, and fre-
quency are unknown due to the heterogeneous 
nature of the disease. Predominant age and sex 
depend on the specific cause of the endocrinopathy.

Disorder Description: Muscle may become affected at any 
time during the course of many endocrinopathies. 
The most common causes of endocrine myopathy 
are related to disturbance in thyroid, glucocorti-
coid, aldosterol, parathyroid, and insulin regula-
tion with corticosteroid myopathy being the most 
common.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Poor cognition and ataxia may be present 
in hypoadrenalism while symptoms 
of increased intracranial pressure may 
be present in hyperadrenalism and 
hyperparathyroidism

Muscle Commonly proximal muscle weakness and 
occasionally atrophy

Bulbar and respiratory muscle weakness 
may occur with certain endocrinopathies

Muscle stretch reflexes may be depressed 
yet present
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Endometriosis Ectopic Tissue
Epidemiology and Demographics: This is a rare disorder. 

The incidence is highest during the third and fourth 

decades, and it is usually seen in women who have 
fewer children and experience infertility.

Disorder Description: Endometriosis is presence of active 
ectopic endometrial glands and stroma outside of 
the uterus. The tissue may be present in the ova-
ries, pelvic peritoneum, appendix, colon, lungs, 
and, rarely, brain. Catamenial mononeuropathy 
and radiculopathy are a result of ectopic endome-
trial tissue causing compression on the peripheral 
nerves, most commonly the sciatic nerve. Patients 
present with cyclical neuropathic pain during men-
ses. It is usually diagnosed radiologically and biopsy 
is required for confirmatory diagnosis. Treatment 
includes leuprolide acetate injections and oral con-
traceptives; however, pain may return upon stop-
ping the medications. Laser ablation has also been 
curative. Extreme cases may require hysterectomy 
and oophorectomy.

Symptoms

Localization site Comment

Specific spinal roots May affect any spinal nerve roots, 
but most common is sciatic nerve 
compression

Plexus Brachial or lumbosacral plexopathy

Peripheral neuropathy Mainly due to compression. Cyclical 
bleeding may result in peripheral 
nerve damage

Secondary Complications: Endometriosis ectopic tissue 
may also be present in ovaries, pelvic peritoneum, 
appendix, and, rarely, in lung and brain. Symptoms 
are result of local tissue compression and bleeding 
complications.

Treatment Complications: Complications include hor-
monal side effects from medication use. If surgical 
treatment required, then surgical risk factors will 
also need to be considered including, but not lim-
ited to, infection at surgical site, bleeding, and asso-
ciated anesthesia risk.
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Enterobacteriaceae
Epidemiology and Demographics: Enterobacteriaceae are 

common inhabitants of the intestinal microbiota of 
most animals and humans. They are found in water, 
soil, and decaying vegetation and are the most com-
mon gram- negative enteric pathogens of humans. 
They can breach the skin or mucous membranes 
and evade the immune system to cause disease 
and death in humans. In patients hospitalized in 
intensive care units (ICUs), the Enterobacteriaceae 
account for approximately one- third of all cases of 
ICU- acquired pneumonia, one- third of all cases of 
ICU- acquired urinary tract infection, and 10–15% 
of ICU- acquired bloodstream infections.

Disorder Description: The bacterial family Entero-
bacteriaceae has 53 genera, of which 26 are known 
to cause infections in humans. They are small gram- 
negative, nonsporing straight rods. Among the most 
medically important species of Enterobacteriaceae 
are E. coli and Plesiomonas shigelloides, and species of 
Klebsiella, Enterobacter, Citrobacter, Proteus, Serratia, 
Shigella, Hafnia, Morganella, and Providencia.1 They 
are common causes of both community-acquired 
and hospital- acquired infections, including uri-
nary tract, blood stream, and lower respiratory tract 
infections.2 The primary therapeutic choice for the 
Enterobacteriaceae are β- lactam drugs and carbap-
enems, specifically used as antibiotics of last resort; 
however, the Enterobacteriaceae can develop multiple 
antibiotic resistance by acquiring genes that encode 
extended spectrum β- lactamases and carbapene-
mases, making these drugs ineffective. Antimicrobial 
resistance is a global health security threat as rec-
ognized by the World Health Organization. Not 
only is the mortality rate twice as high in patients 
with carbapenem- resistant Enterobacteriaceae bac-
teremia, but also the Centers for Disease Control 
and Prevention has estimated that antimicrobial 
resistance costs the United States $55 billion a year 
in direct healthcare costs and loss of productivity. 
Antimicrobial resistance among gram- negative bac-
teria has spread worldwide leaving clinicians with few 
therapeutic options. Understanding the mechanism 
of β- lactam and carbapenem resistance of gram- 
negative bacilli is of utmost importance to appreciate 
the epidemiology, treatment, and infection control. 
The Amber Classification categorizes the β- lacta-
mases into four groups, and each group produces 
specific enzymes that inactivate the β- lactams. The 

carbapenem- resistant Enterobacteriaceae belong to 
three of the four groups of the Amber classification 
and produce carbapenemases that inactivate the car-
bapenems.3 The risk factors for acquiring resistant 
gram- negative bacilli include prior and recent antibi-
otic use, residence in long- term facilities, admission 
into an ICU, presence of indwelling medical devices 
or wounds, increased age, solid organ or stem cell 
transplant, and travel to endemic areas. The optimal 
strategy is to take a proactive approach by combat-
ing antimicrobial resistance through infection, to 
detect resistant Enterobacteriaceae early through 
bacterial identification and susceptibility testing, 
to avoid careless use of antibiotics, and to treat the 
resistant Enterobacteriaceae through a combination 
of antibiotics.4

Symptoms5

Localization site Comment

Cerebral hemispheres Meningitis. Seizure, encephalopathy

Secondary Complications: Encephalopathy can occur 
in patients with urinary tract infections, pneu-
monia, and blood stream infections caused by the 
Enterobacteriaceae, especially in those who already 
have an underlying neurologic disorder.

Treatment Complications: Rare neurotoxicity (e.g., sei-
zures or encephalopathy) of β-lactams.
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Enteroviruses
Epidemiology and Demographics: Enteroviruses, some 

of the most common human viruses, infect an esti-
mated 50 million people annually in the United 
States and more than a billion annually worldwide. 
Most infections are asymptomatic; however, entero-
virus infections result in 30,000 to 50,000 hospitali-
zations per year in the United States.

Disorder Description: Enteroviruses are members of the 
Picornavirus family, a group of small nonenveloped 
viruses with a simple message sense RNA genome. 
The current taxonomy of the human enteroviruses 
consists of:
 1. enterovirus-A(EV-A) group, which includes:

 a. coxsackievirus 6 (CVA6)
 b. coxsackievirus A16 (CVA16)
 c. enterovirus A71(EV-A71)

 2. enterovirus-B (EV- B) group, which includes:
 a. coxsackievirus B1–B6 and 50 other 

serotypes
 3. enterovirus-C (EV- C) group, which includes:

 a. three polioviruses and 20 other serotypes
 4. enterovirus-D (EV- D) group, which includes:

 a. enterovirus D68, D70, D94, D111, D120.
Hand, foot, and mouth disease is caused by many 

enteroviruses, but most often by several of the EV- A 
species including CVA6 and CVA16, and EV- A71. 
There have been several outbreaks of EV- A71 where 
patients not only developed the hand, foot, and 
mouth disease, but also brainstem encephalitis and 
noncardiogenic pulmonary edema with a high mor-
tality rate. Patients with EV- A71 who survived devel-
oped neurologic and neuropsychiatric sequelae.

Severe neonatal disease is caused by a recent 
outbreak of coxsackievirus B, a member of the EV- B 
species.

Acute flaccid myelitis is caused by EV- C105, a 
member of the EV- C. EV- D68, a member of the EV- 
D, was linked to clusters of severe respiratory illness 
and was also detected in a few patients with acute flac-
cid myelitis and in some patients with aseptic menin-
gitis or encephalitis, and cranial nerve dysfunction.

Poliomyelitis results from destruction of motor 
neurons during infection with one of the three polio-
virus serotypes. It occurs in about 1% of individuals 

infected with poliovirus. More commonly, poliovi-
ruses cause aseptic meningitis or mild nonspecific 
symptoms. Live- attenuated and inactivated poliovirus 
vaccines have almost eliminated the disease and pro-
vided immunity, except in very few areas of the world.

Aseptic meningitis is caused by enterovirus, 
which is its most common causative organism. It 
occurs mainly in the summer and fall in temperate 
climates and perennially in subtropical and tropical 
areas of the world. Its clinical course is usually benign. 
It is most common among infants under 3 months of 
age and presents with fever and irritability.

Encephalitis is a rare presentation of enterovirus 
infection although the prevalence can reach 21 to 
22% in endemic regions or when the enterovirus is 
an aggressive neurotropic serotype. EV71 has been 
recognized as a causative organism in fatal brain-
stem encephalitis in Southeast Asian countries.

Symptoms

Localization site Comment

Cerebral hemispheres Aseptic meningitis, encephalitis, or 
meningoencephalitis

Mental status and 
psychiatric aspects/
complications

Visual hallucinations, changes in mental 
status, lethargy mostly secondary to 
encephalitis

Brainstem Brainstem encephalitis; myoclonus

Cranial nerves Cranial nerve dysfunction

Spinal cord Acute flaccid myelitis

Anterior horn cells Acute flaccid myelitis

Secondary Complications: Brainstem encephalitis caused 
by enterovirus can trigger rapidly progressive sym-
pathetic hyperactivity, pulmonary edema and/or 
pulmonary hemorrhage, and cardiopulmonary col-
lapse. Early recognition and aggressive supportive 
care including ventilation and fluid management 
are essential for survival.
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Enuresis
Epidemiology and Demographics: Bladder control is typi-

cally accomplished by 2–4 years of age. Prevalence of 
enuresis is variable based on criteria used. Prevalence 
for 5- to 7-year-olds is less than 10%, 10-year-olds less 
than 5%, and 15-year-olds or older 1%. High concord-
ance multi- culturally. Most common in male gender.

Disorder Description: Enuresis is a type of elimination 
disorder characterized in the DSM- 5 by the repeated 
inappropriate voiding of urine in individuals of 
chronologic age 5 years or older (or corresponding 
developmental age). Consists of either voluntary or 
unintentional voiding in non- designated places such 
as clothing or bed. Per criteria, the behavior must 
occur at least twice a week for 3 consecutive months. 
Alternatively, the behavior must occur in the context 
of clinically significant distress or functional impair-
ment. The behavior is not better accounted for by a 
substance or medical condition. Additional speci-
fication is made as to whether the behavior occurs 
during sleep (most common), wakefulness, or both.

Further described as primary (no previous 
achievement of continence) versus secondary 
(regression to incontinence after a period of conti-
nence). It has a heritable, autosomal dominant pre-
disposition and can be linked to disorders of sleep 
arousal, abnormalities in antidiuretic hormone 
secretion and receptor sensitivity, nocturnal polyu-
ria, and low bladder capacity.

Symptoms

Secondary Complications: Enuresis can affect a child’s self- 
esteem and limit ability to engage in social activities 
including sleeping away from home. Punishment by 
caregivers, including abuse triggered by enuresis, 
further impacts child well-being.

Treatment Complications: Treatment involves behavio-
ral interventions, including bed- wetting alarms. 
Pharmacotherapy includes use of desmopressin, with 
rare complications of water intoxication and seizures.
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Ependymoma
Epidemiology and Demographics

•	 Overall rare, 2–3% of all primary brain tumors. 
Third most common brain tumor in pediatrics.

•	 Ependymomas account for 6–12% of brain tumors 
in children less than 18 years of age, but 30% of 
brain tumors in children less than 3 years of age.

•	 Adult cases, 60% are in spinal cord; pediatric 
cases, 90% are in the brain with majority in poste-
rior fossa.

Disorder Description: Ependymoma arises from cells that 
line the ventricles in the central nervous system and 
central canal of the spinal cord.

Localization site Comment

Mental status and psychiatric 
aspects/complications

Most are developmentally 
normal; however, subset with 
developmental delays in 
learning, motor skills, and/or 
language

Brainstem Pons, reticular activating 
system, locus coeruleus may 
play role in disorders of sleep 
arousal in nocturia

Localization site Comment

Cerebral hemispheres Abnormally low secretion of 
anti- diuretic hormone from 
hypothalamus may play a role
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•	 Ependymomas are typically found in three major 
locations: the posterior fossa (the area of the brain 
below the tentorium, containing the cerebellum 
and the brainstem), the supratentorium (the area 
of the brain above the tentorium containing the 
cerebral hemispheres), and the spinal cord.

•	 In adults, >75% of ependymomas arise within 
the spinal canal, but in children, about 90% 
arise within the brain in the posterior fossa, in 
or around the fourth ventricle, and only 10% 
arise within the spinal cord.

Symptoms

Localization site Comment

Cerebral 
hemispheres

•	 In posterior fossa can lead to obstruction 
of cerebrospinal fluid flow; can develop 
signs and symptoms of increased 
intracranial pressure (headache, vomiting, 
head tilt, double vision). Specific localized 
symptoms can also occur

•	 Tumors that arise on the floor of the fourth 
ventricle are associated with torticollis 
(wry neck with head tilted and twisted) 
and ataxia (loss of balance)

•	 Those arising to the side of the fourth 
ventricle are associated with cranial 
nerve dysfunction including impaired 
hearing, dysarthria (problems with 
speech articulation), dysphagia (difficulty 
swallowing), and dysmetria (unsteady, 
clumsy movements)

•	 Those arising on the roof of the fourth 
ventricle are associated with ataxia

Pituitary gland Poor growth

Spinal cord Spinal cord lesions can be associated with 
low back pain, sciatica, extremity weakness, 
leg length discrepancy, and scoliosis

Treatment Complications

•	 Surgery,	 especially	 infratentorial,	 may	 result	 in	
the	development	or	worsening	of	balance,	speech,	
or	 swallowing	 problems.	Most	 of	 these	 changes	
will	 improve	over	several	weeks	or	months.	CSF	
leakage.

•	 Children	 experience	 some	 degree	 of	 decreased	
intellect	and	learning	problems	following	radiation	
to	large	areas	of	the	brain,	which	is	correlated	with	
location	and	size	of	area	irradiated	and	is	inversely	
related	to	the	age	of	the	patient.	Significant	read-
ing,	math,	and	short-	term	memory	problems	have	

been	reported	with	radiation	to	the	upper	part	of	
the	brain.

•	 Radiation:	Poor	growth	may	be	a	consequence	of	
damage	 to	 the	hypothalamus	or	 pituitary	 gland.	
Weakening	of	the	muscles	in	proximity	to	the	spine	
and/or	short	stature	may	be	a	side	effect	of	spine	
radiation.

•	 Platinum-based	drugs	often	cause	hearing	loss,	as	
can	radiation	therapy	delivered	near	the	ears.

•	 Some	chemotherapy	can	cause	infertility.
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Ephedra and Ephedrine
Epidemiology and Demographics: There is no age, gender, 

race predilection.
Disorder Description: Ephedra and ephedrine are der-

vied from the plant Ephedra sinica. Ephedrine is a 
sympathomimetic drug that stimulates both α- and 
β- adrenergic receptors.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Seizures (acute)

Hemorrhagic and ischemic stroke (acute)

Posterior reversible encephalopathy 
syndrome (PRES), seizures, mental status 
changes, and visual disturbances with 
hypertensive emergency

Mental status and 
psychiatric aspects/
complications

Paranoid schizophrenia (chronic)

Psychomotor retardation (chronic use)

Memory difficulties (chronic)

Slowed speech (chronic)

Blunted affect (chronic)
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Localization site Comment

Cranial nerves PRES characterized by headache, 
confusion, seizures, and visual loss (acute)

Muscle Rhabdomyolysis (acute)

Secondary Complications: Indirectly affects central nerv-
ous system.
•	 Cardiovascular effects  – hypertensive vascu-

lopathy causing an increased risk for stroke.
•	 Hematologic effects  – coagulopathy in blood 

predisposing patient to risk of stroke.
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Epicondylitis
Epidemiology and Demographics: Annual incidence is 

1–3% of the US population. It is more prevalent in 
current or past smokers.

Disorder Description: Repetitive strain injury that leads to 
tendonitis. There are two forms: lateral epicondylitis, 
referred to as tennis elbow, and medial epicondyli-
tis, referred to as golfer’s elbow. Lateral epicondylitis 
is more common than medial epicondylitis.

Symptoms

Localization site Comment

Lateral elbow Pain on the outside (lateral) of the upper 
forearm below the elbow; pain is exacerbated 
by lifting the arm or lifting an object, bending 
arm, attempting to write, grip objects, make 
a fist, or shake a person’s hand. The pain 
also occurs when the hand is raised or on 
attempting to straighten wrist and twisting 
of forearms. There is a feeling of generalized 
weakness in the forearm

Medial elbow Pain in the elbow/forearm when swinging golf 
club. Difficulty and pain when shaking hands 
is noted. Pain when flexing wrist is present; 
pain and difficulty in squeezing hands into a 
fist, throwing an object, or turning a door knob 
is reported. Pain while lifting weights is also 
reported

Treatment Complications: Nonsteroidal anti- 
inflammatories may cause rare vascular compli-
cations. Other treatments include rest, physical 
therapy/occupational therapy, work adjustments, 
forearm bracing, corticosteroid injections, and if 
needed, surgery. Surgery may uncommonly be asso-
ciated with unanticipated new deficits.
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Epidermoid
Epidemiology and Demographics

•	 Slow	growing,	presentation	age	ranges	between	20s	
and	late	50s.

•	 Approximately	 1%	 of	 all	 primary	 intracranial	
tumors.

•	 Occurs	equally	in	both	sexes.

Disorder Description: Epidermoid or “pearly” tumors 
were described by Cruveilhier and designated the 
“most beautiful tumors of the body” by Dandy. They 
are slow- growing congenital or acquired lesions of 
ectodermal origin.
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In general, there are several ways to acquire this 
tumor:
 1. By skin cells that are deposited in the wrong 

place during neural tube closure causing “ecto-
dermal elements” to be trapped.

 2. Skin cell penetration, for example from a fall, 
infection, or puncture such as a spinal tap.

 3. Radiation exposure.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Vary from mild to severe; short- term 
memory loss, confusion, difficulty 
concentrating, decreased reasoning, 
impaired judgment, anger/rage, 
depression, or other emotions 
exaggerated or inappropriate for 
situation, sleepiness/fatigue

Cerebellum Cerebellum compression symptoms

Vestibular system (and 
non- specific dizziness)

Dizziness or difficulty with balance and 
walking, unsteadiness, vertigo

Spinal cord Motor disturbances, pain, sensory 
disturbances, and bowel or bladder 
dysfunction may be present

Cranial nerves Hearing loss, tinnitus; vision problems 
such as blurred, double vision, etc.; 
swallowing and speech problems; 
trigeminal neuralgia, hemifacial spasm, 
other cranial nerves can be involved

Pituitary gland Symptoms such as those resulting from 
endocrine abnormalities

Dorsal root ganglia Loss of sensation in the arms, legs, or 
face

Brainstem Symptoms due to compression; varies 
by location

Unclear localization Epidermoid cysts can rupture and result 
in a meningitis- type reaction from 
inflammation; Loss of movement in the 
arms, legs, or face

Treatment Complications: Transient mild focal defi-
cit impairments resulting from affectation of the 
nervous structure over a wide area. Higher rate of 
surgical complications with fourth ventricle and 
mesencephalic extended cerebellopontine angle 
tumors.
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Epidural Hematoma
Epidemiology and Demographics

•	 The	most	common	cause	of	intracranial	epidural	
hematoma	(EDH)	is	traumatic,	although	sponta-
neous	hemorrhage	is	known	to	occur:	commonly	
from	acceleration–	deceleration	trauma	and	trans-
verse	forces,	blow	to	the	side	of	the	head,	and	on	
very	 rare	 occasions	 can	 be	 due	 to	 a	 contrecoup	
injury.

•	 The	majority	of	bleeds	originate	from	meningeal	
arteries,	particularly	in	the	temporal	region.

•	 Ten	percent	of	epidural	bleeds	may	be	venous,	due	
to	shearing	injury	from	rotational	forces.

•	 Only	20	to	30%	of	EDHs	occur	outside	the	region	
of	the	temporal	bone.

Disorder Description: An epidural hematoma, also 
known as extradural hematoma, is bleeding 
between the inside of the skull and the outer cov-
ering of the brain (called the "dura"). An epidural 
hematoma is often caused by a skull fracture during 
childhood or adolescence. This type of bleeding is 
more common in young people because the mem-
brane covering the brain is not as firmly attached to 
the skull as it is in older people. An epidural hemat-
oma occurs when there is a rupture of a blood ves-
sel, usually an artery. The blood vessel then bleeds 
into the space between the “dura mater” and the 
skull. The affected vessels are often torn by skull 
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fractures. The fractures are most often the result 
of a severe head injury, such as those caused by 
motorcycle or automobile accidents. Epidural 
hematomas can be caused by bleeding from a vein 
(venous bleeding) in young children.

Rapid bleeding causes a collection of blood 
(hematoma) that presses on the brain. The pressure 
inside the head (intracranial pressure) increases 
quickly. This pressure may result in additional brain 
injury.

An extradural hemorrhage is an emergency. It 
may lead to permanent brain damage or death if left 
untreated. It may get worse very quickly, progress-
ing from drowsiness to coma and death within min-
utes to hours.

Symptoms

Localization site Comment

Cerebral 
hemispheres

EDHs are generally unilateral in more than 
95% of cases; however, bilateral or multiple 
EDHs have been reported

>95% are supratentorial

A. temporoparietal: 60%

B. frontal: 20%

C. parieto- occipital: 20%

<5% are located infratentorially in posterior 
fossa

Special locations to consider, particularly 
those related to venous bleeding, include:
•	 vertex EDH (which displaces the superior 

sagittal sinus)
•	 anterior middle cranial fossa
•	 likely venous bleeding (sphenoparietal 

sinus)
•	 do not cause midline shift or 

herniation
•	 rarely grow

Can be managed conservatively

Mental status and 
psychiatric aspects/
complications

Confusion

Dizziness

Drowsiness

Varying levels of alertness

Severe headache

Nausea

Vomiting

Seizures

Enlarged pupil in one eye

Localization site Comment

Weakness on one side of the body, typically 
on the side opposite the enlarged pupil

Bruises around the eyes

Bruises behind the ears

Clear fluid draining from the nose or ears

Shortness of breath or other changes in 
breathing patterns

Cranial nerves Expanding high- volume EDHs can produce 
a midline shift and subfalcine herniation 
of the brain. Compressed cerebral tissue 
can impinge on the third cranial nerve, 
resulting in ipsilateral pupillary dilation and 
contralateral hemiparesis or extensor motor 
response

Pituitary gland Dysfunction occurs in sub- acute stage: 
develops within first year after traumatic 
brain injury

Spinal cord Symptoms begin with local or radicular 
back pain and percussion tenderness; they 
are often severe. Spinal cord compression 
may develop; compression of lumbar spinal 
roots may cause cauda equina syndrome 
and lower extremity paresis. Deficits 
progress over minutes to hours

Unclear localization Hypermetabolism or increased metabolic 
rate: muscle wasting; pulmonary 
dysfunction: neurogenic pulmonary 
edema, aspiration pneumonia, fat and 
blood clots in lungs; blunt trauma to chest/
abdomen: CV dysfunction, GI symptoms 
such as erosive gastritis

Secondary Complications: Problems with cognition 
(thinking, memory, and reasoning) and behavior 
or mental health (depression, anxiety, personality 
changes, aggression, acting out, and social inappro-
priateness) are among the most frequent sequelae 
after traumatic brain injury (TBI). There has been a 
strong link with severe TBI and long- term cognitive 
impairments. Seizures vary with severity of TBI.

Neurodegenerative disorders such as demen-
tia of the Alzheimer’s type and parkinsonism are 
related to mild and moderate TBI. Language and 
communication problems are also common in TBI 
patients: Aphasia may occur in 19%, dysarthria in 
30%, and dysphagia in 17%. Another prolonged 
effect of EDHs is called a post- concussion syn-
drome, which is characterized by dizziness, head-
ache, vertigo, poor concentration, sleepiness, and 
emotional lability.
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Epidural Neoplasm; Spinal Cord  
Metastasis
Epidemiology and Demographics

•	 Between	5	and	10%	of	all	cancer	patients	develop	
spinal	metastases.

•	 Spinal	epidural	metastases	(SEM)	are	diagnosed	in	
1	to	5%	of	patients	with	systemic	cancer:	70%	are	
in	the	thoracic,	20%	in	the	lumbosacral,	and	10%	
in	the	cervical	part	of	the	spine.

•	 Spinal	epidural	metastases	are	reported	to	be	mul-
tiple	in	17	to	30%	of	patients.

Disorder Description

•	 Systemic	cancers	that	tend	to	metastasize	to	spine	
are:	breast,	prostate,	 lung,	 renal,	 lymphoma,	sar-
coma,	and	multiple	myeloma.	GI	and	pelvic	malig-
nancies	are	more	likely	to	affect	the	lumbosacral	
spine,	and	lung	and	breast	cancer	affect	the	tho-
racic	spine	more.

•	 Causes	85%	of	cases	of	neoplastic	spinal	cord	
compression.	In	almost	half	the	patients,	breast	or	
lung	cancer	is	the	primary	tumor.

Symptoms

Localization site Comment

Spinal cord A Brown–Séquard syndrome may occur 
and is more common among patients 
with intramedullary rather than epidural 
metastases. Cord compression symptoms 
and other sensory and motor symptoms: 
paraplegia and bowel or bladder disturbances 
(e.g., constipation, urinary hesitancy, retention, 
incontinence) are usually late findings, except 
in conus medullaris syndrome, in which 
sphincter dysfunction and saddle anesthesia 
may emerge

Unclear 
localization

Pain often precedes other symptoms 
associated with spinal cord compression by 
2–4 months

Treatment Complications: After treatment, 67 to 100% of 
patients with SEM who are ambulant at presentation 
can still walk; 30 to 40% of patients with parapare-
sis may regain ambulation with adequate treatment 
compared with only 10% or fewer patients with par-
aplegia. Unfortunately, more recent studies indicate 
that more than 20% of patients are unable to walk at 
the time of diagnosis.
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Epilepsy
Epidemiology and Demographics: About 150,000 new 

cases each year in the United States, with 1/26 peo-
ple developing epilepsy in their lifetime. The age of 
seizure onset is bimodal with the majority begin-
ning in childhood and incidence increasing again 
after age 60 years.

Disorder Description: Considered a disease defined as 
two unprovoked seizures >24 hours apart or one 
unprovoked seizure with high probability of fur-
ther seizures (at least 60%). Wide range of causes 
including genetic or metabolic disorders, develop-
mental disorders, structural abnormalities (tumor, 
stroke), infectious diseases (encephalitis), and 
other progressive neurologic illnesses. Epilepsy 
syndromic diagnosis is based on the constellation 
of seizure type, EEG findings, age at onset, mode 
of inheritance, provoking factors, and associated 
neurologic symptoms. This has implications with 
regard to medication selection, surgical options, 
and prognosis. Typically characterized as either 
symptomatic (associated with identifiable lesion 
or organic cause) or non- symptomatic (due to 
more isolated genetic factors), and either focal or 
generalized in nature.

Symptoms

Localization site Comment

Cerebral hemisphere Seizures characterized as generalized 
or bilaterally synchronous in onset 
versus focal in onset depending 
on syndrome. Both nonconvulsive 
and convulsive seizure types are 
described

Mental status and 
psychiatric aspects/
complications

High comorbidities with depression, 
anxiety, psychoses, and cognitive 
dysfunction

Secondary Complications: Injuries related to seizure occur-
rence including car accidents, drowning, or fall-
ing. Approximately 35% of people with epilepsy are 
affected by comorbid psychiatric disorders, with a 
two- to five- fold increased risk of suicidality. Likely 
multifactorial due to the damaging effects of seizures 
on the brain, effects of medication use, and psychoso-
cial consequences of living with the disorder. Psychosis 
or depressive episodes may even occur in patients 
who reach remission with treatment- resistant seizure 

disorders. Sudden unexpected death in epilepsy 
(SUDEP) is more highly associated with chronic 
uncontrolled convulsions and polypharmacy.

Treatment Complications: Antiepileptic drugs (AEDs) 
may be associated with a number of idiosyncratic 
reactions, including multi- organ issues, and possi-
ble cognitive or psychiatric effects. Common side 
effects for AEDs include dizziness, fatigue, blurred 
vision, and gastrointestinal symptoms. Other reac-
tions include rash, blood count abnormalities, 
liver toxicity, cognitive or mood complaints. There 
may be an increased risk of suicidality associated 
with AED use. Drug interactions are common. 
Antidepressants such as selective serotonin reup-
take inhibitors appear to have a relatively low risk of 
exacerbating seizures, and should be considered in 
patients with epilepsy if indicated.
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Epilepsy and Pregnancy
Epidemiology and Demographics: Seizures affect up to 

10% of the population in their lifetime. Seizure 
frequency may either increase (17%) or decrease 
(16%) during pregnancy; pregnancy generally does 
not alter the frequency of seizures. Epilepsy is more 
prevalent in older population.

Disorder Description: Seizures are caused by excessive 
synchronous neuron activity in the brain, which is 
measured on the EEG. Epilepsy is the diagnosis of 
two unprovoked seizures separated by 24 hours or 
one unprovoked seizure wherein the practitioner 
estimates the chance of seizure recurrence within 10 
years is at least 60%, in the case of brain structural 
lesions or an epilepsy syndrome for example.
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Any injury can make the brain more susceptible 
to abnormal neuron activity. The most common 
etiologies in adult epilepsy are cerebrovascular dis-
ease, traumatic brain injury, and brain tumors.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Epilepsy:
•	 There are many types of seizures, 

including simple partial seizures, complex 
partial seizures, and generalized seizures

•	 Clinical manifestation depends on 
the seizure foci. For example, occipital 
seizures present as flashing lights, while 
left frontal seizures present as rhythmic 
jerking of the right arm and leg

•	 Generalized tonic–clonic seizure is the 
most common type of generalized 
seizure, characterized by an initial 
choking cry, stiffening of the muscles, 
followed by jerking movements. There is 
alteration of consciousness

•	 Partial seizures with altered awareness 
and generalized seizures are typically 
followed by a post- ictal period of 
confusion

•	 Tongue bite, urinary and bowel 
incontinence are suggestive of 
generalized seizures

Secondary Complications: Maternal mortality is signifi-
cantly higher than in the general population, with 
an odds ratio of approximately 10. The higher risk 
is possibly related to SUDEP (sudden unexpected 
death in epilepsy). Other complications, such as 
pre- eclampsia, prematurity, low birth weight, peri-
partum hemorrhage, and fetal mortality are slightly 
increased (OR about 1.5).

Seizures that occur during pregnancy do not 
seem to have many adverse effects on the fetus, 
except in cases of maternal trauma. Fetal brady-
cardia has been documented during maternal sei-
zures, but there is little information on its long- term 
impact. Two studies have demonstrated that sei-
zures during pregnancy may lead to a lower IQ of 
the child and low birth weight.

There is also a higher prevalence of peripartum 
depression among women with epilepsy, even when 
compared with other women with chronic illness.

Treatment Complications: It is a fine balance to treat the 
patient with epilepsy and her concerns for terato-
genic effects on the fetus. Ideally, conversations with 

the patient should take place prior to conception 
and the epilepsy and medication history reviewed. 
For example, if epilepsy is not well controlled, the 
risk of drug withdrawal or cross- titration should 
be carefully weighed against the risk of terato-
genicity. For some women, withdrawal of antiep-
ileptic drugs (AEDs) prior to pregnancy may be 
considered based on appropriate clinical criteria. 
Serum AED levels should be obtained at baseline 
prior to pregnancy and monitored regularly during 
pregnancy.

AED choice should be based on seizure semiol-
ogy. Some of the newer AEDs like lamotrigine and 
levetiracetam are felt to be safer during pregnancy, 
but there is little supporting data. The most effective 
AED for the patient should probably be continued, 
with the exception of valproate. Monotherapy with 
lamotrigine or oxcarbazapine has a higher rate of 
breakthrough seizures.

Patients should be monitored closely for any 
seizure activity, and should also follow up with an 
obstetrics and gynecology specialist. Fetal ultra-
sound can be conducted at 14–18 weeks to visu-
alize fetal anatomy. AED levels should be checked 
on a regular basis (monthly) if possible, especially 
lamotrigine and oxcarbazepine. These drugs are 
metabolized by glucuronidation, which is induced 
in pregnancy, and this mechanism results in marked 
decline in levels of lamotrigine and oxcarbazepine. 
Other drug levels including topiramate, valproate, 
phenytoin, levetiracetam, and phenobarbital may 
also decrease, but to a lesser degree. Hyperemesis 
gravidarum may cause decreased absorption of 
AEDs and should be monitored clinically.

Patients should be supplemented with at least  
1 mg folic acid daily prior to conception and 
throughout pregnancy. Vitamin K 10–20 mg per 
day is often supplemented during the last month 
of pregnancy due to increased risk of hemorrhagic 
disease of the newborn with carbamazepine, pheny-
toin, and phenobarbital use.

After delivery, AED dosage can be titrated down 
if there was an increase during pregnancy. Breast- 
feeding is generally safe except when the mother is 
taking phenobarbital, which poses a risk of sedation 
in the infant. Patients should avoid sleep depriva-
tion as it lowers seizure threshold.

Finally, a seizure event during pregnancy in a 
woman with known epilepsy should not exclude 
the diagnoses of eclampsia, and appropriate workup 
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should be implemented to rule out this potentially 
life- threatening diagnosis.

The risk of teratogenesis is three times higher 
with valproate than in untreated women with epi-
lepsy. Neural tube defects, specifically spina bifida, 
develop in 2% of fetuses exposed to valproate, 
10 times higher than in the general population. 
Intrauterine valproate is also associated with a lower 
IQ and an increased risk of autism. The effects of val-
proate are dose-dependent.

Phenytoin, topiramate, and phenobarbital have 
been associated with high rates of fetal malforma-
tion as well. Topiramate exposure in the first trimes-
ter is linked to orofacial clefts (10- fold greater than 
in general population). There is a very small associ-
ation between carbamazepine and spina bifida (80% 
less than valproate).

In addition, polytherapy carries a higher risk of 
fetal malformations.

In patients who had a major congenital malfor-
mation in their first pregnancy, the risk of another 
major congenital malformation in the second preg-
nancy is significantly higher (35% vs 3%).
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Epilepsy Partialis Continua (EPC)
Epidemiology and Demographics: Epilepsy partialis con-

tinua (EPC) is estimated at <1 case per million. 
Incidence slightly higher in males.

Disorder Description: Medically refractory focal motor 
status epilepticus. Unremitting rhythmic clonic 
movements of one muscle group (face, arm, or leg) 

lasting hours, days, or weeks. Typically with pre-
served mentation. Usually due to an underlying 
lesion, though sometimes undetectable on imag-
ing. Etiologies include: cortical malformations, 
tumors, encephalitis, stroke, demyelinative lesions, 
metabolic abnormalities (hyperosmolarity), and 
degenerative conditions. Frequently observed in 
Rasmussen encephalitis. EEG may show focal repet-
itive slow- wave abnormalities or periodic spike and 
wave discharges over the central areas of the con-
tralateral hemisphere. Prognosis and treatment 
dependent on underlying cause. The majority of 
cases require polytherapy with antiepileptic drugs 
(AEDs) due to their refractory nature.

Symptoms

Localization site Comment

Cerebral hemispheres Persistent focal seizures with motor 
manifestations. May be associated with 
progressive paresis of the limbs or face

Focal lesions on MRI, focal repetitive 
discharges on EEG

Mental status and 
psychiatric aspects/
complications

Progressive aphasia and cognitive 
decline may occur in Rasmussen 
syndrome

Secondary Complications: Neurologic decline such as 
progressive motor or cognitive dysfunction has 
been observed, depending on etiology. EPC due to 
more acute or transient lesions may have a better 
prognosis.

Treatment Complications: AEDs may be associated with a 
number of idiosyncratic reactions, including multi- 
organ issues, and possible cognitive or psychologic 
effects. Benzodiazepines may be associated with 
excessive sedation, hypotension, or respiratory 
depression. Other treatments, such as immunosup-
pression, may be utilized depending on etiology and 
may be associated with other serious potential side 
effects.
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Epstein–Barr Virus
Epidemiology and Demographics: Seroprevalence of 

Epstein–Barr virus (EBV) varies from 100% in 
developing countries by age 4 to up to 89% of the 
population infected by age 19 in higher socioec-
onomic groups in industrialized nations. Two 
strains of EBV exist in humans: EBV1, more 
common in United States and Europe, and EBV1 
and EBV2, equally prevalent in Africa and New 
Guinea.

Disorder Description: EBV is a member of the herpes-
virus family. The EBV genome, consisting of a lin-
ear DNA and encoding nearly 100 viral proteins, 
is encased within a nucleocapsid surrounded by a 
viral envelope. Infection of humans by EBV occurs 
by contact with oral secretions, and the virus infects 
both epithelial and B cells. B cell infection results in 
immortalization of the cells, which begets the per-
sistence of EBV within the body.

EBV1–3 is the causative agent of infectious mon-
onucleosis (IM), which is characterized by fever, 
eruption, atypical lymphocytes in the peripheral 
blood, tonsillar and lymph node swelling, and liver 
dysfunction. IM can be complicated in 1 to 18% of 
patients by central nervous system complications 
including encephalitis, meningitis, cerebellitis, 
polyradiculomyelitis, transverse myelitis, cranial 
and peripheral neuropathies including Guillain– 
Barré syndrome, and psychiatric abnormalities. The 
spectrum of EBV- related disorders includes chronic 
active EBV infection, Burkitt’s lymphoma, and cen-
tral nervous system (CNS) lymphoma as well as 
CNS infections such as demyelinating disease, acute 
encephalitis, acute cerebellar ataxia, myelitis, or 
meningitis.

Symptoms3,4

Localization site Comment

Cerebral hemispheres Altered consciousness, somnolence, 
coma, encephalitis, meningitis, acute 
demyelinating encephalomyelitis, CNS 
lymphoma

Mental status and 
psychiatric aspects/
complications

Alice in Wonderland syndrome5: 
illusory changes in the size, distance, 
or position of stationary objects in the 
subject’s visual field; illusory feelings of 
levitation; and illusory alterations in the 
sense of the passage of time

Brainstem Cranial neuritis

Cerebellum Cerebellitis

Cranial nerves Hypoglossal palsy, facial palsy, and 
cranial neuritis

Spinal cord Transverse myelitis

Peripheral neuropathy Guillain–Barré syndrome

Secondary Complications: Chronic EBV infection and 
related lymphoproliferative disease as well as EBV- 
related tumors including nasopharyngeal carci-
noma, Burkitt’s lymphoma, Hodgkin’s disease.
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Erectile Disorder
Epidemiology and Demographics: Overall prevalence 

is unknown; however, prevalence and incidence 
increase with age. Affects 2% of men younger than 
40–50 years old and 40–50% of men 60–70 years old.
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Disorder Description: As per DSM- 5, marked by at least 
one of the following on all or at least 75% of sexual 
encounters: (1) difficulty obtaining erection, (2) dif-
ficulty maintaining erection through completion, 
or (3) decrease in erectile rigidity. Must persist for 6 
months and cause significant distress. It is not better 
accounted for by another mental or medical disor-
der, substances, or secondary to severe distress in 
relationship.

The disorder can be lifelong, acquired, general-
ized, or situational. Lifelong course is most asso-
ciated with psychologic factors, and acquired with 
biological factors (e.g., age, smoking history, diabe-
tes, and sedentary lifestyle). Diagnostic procedures 
exist to help clinicians discriminate between these 
factors. Common comorbidities include major 
depressive disorder and other sexual diagnoses, as 
well as disorders involving endocrine, neurologic, 
and vascular systems. There is variable cultural 
representation.

Special consideration of factors related to the 
partner, relationship, individual vulnerability, asso-
ciated psychiatric illness, culture, or medical condi-
tion can help elucidate cause and guide intervention.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Depressed mood, low self- 
esteem, anxiety

Secondary Complications: Low self- esteem, avoidance of 
sexual activity and/or intimacy, depressed mood. 
Impaired romantic relationships.

Treatment Complications: Psychotherapy can be helpful 
for psychogenic causes, along with treatment of any 
comorbid mental disorder. Medications directly 
targeting erectile dysfunction work by enhanc-
ing nitric oxide effect. Therefore caution required 
to prevent hemodynamic changes, particularly in 
patients with comorbid cardiac disease. Avoid in 
those with severe kidney or liver dysfunction.
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Essential Chorea
Epidemiology and Demographics: Essential chorea, also 

commonly known as benign hereditary chorea 
(BHC), is a rare autosomal dominant movement 
disorder characterized by a non- progressive form of 
chorea.1 Symptoms begin to arise in children before 
they reach the age of 5 (median age 2.5–3 years).2 Its 
prevalence is approximately 2/1,000,000. Although 
there is variation in penetrance with 100% in men 
and 75% in women,3 large cohort studies have sug-
gested that females are more commonly affected 
than males (0.64:0.46).4,5

Disorder Description: Chorea, derived from the Greek 
word “choros” meaning “dance,” is a continuous flow 
of random, brief, involuntary muscle contractions.1 
First described in 1966, the disorder was identi-
fied in a child with chorea who as an infant experi-
enced hypotonia and gross motor delays. The jerky 
movements in BHC are often generalized, affecting 
all body parts, not aggravated by voluntary move-
ments, but worsening with stress or excitement.2  
It is often described as “nervous fidgeting.” The 
disorder was first genetically linked in 2000 to the 
deletion of a gene that encodes thyroid transcrip-
tion factor- 1 (TITF1), or NKX2- 1, after identifying 
the condition in a family with four generations of 
BHC.4,6 The gene is associated with organogen-
esis of the basal ganglia, thyroid, and lungs. Since 
the discovery of the causative gene, the phenotype 
has expanded to include diseases of the lung, such 
as recurrent infections, and thyroid disorders. It is 
now referred to as the “brain–lung–thyroid” spec-
trum disorder.2,4 Besides choreiform movements, 
other neurologic deficits such as gait impairment, 
intentional tremor, myoclonic jerks, or drop attacks 
may be present. Neuroimaging studies do not 
reveal causative lesions. In contrast to Huntington’s 
disease, those with BHC tend to have normal or 
slightly below normal intelligence and chorea that 
is non-progressive.2 The “benign” nature of the dis-
ease describes the improvement of chorea in late 
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childhood to early adulthood. Despite this, there 
have been cases where choreiform movements have 
persisted throughout adulthood.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Distress in the form of social 
embarrassment is common in younger 
age. Mild intellectual disabilities or 
attention deficit hyperactivity disorder 
can be present concurrently

Muscle Unclear localization

Secondary Complications: BHC has varying phenotypic 
presentations. The classic BHC patient may improve 
over time and present without secondary complica-
tions. In contrast, complications have been observed 
in patients with “brain–lung–thyroid” involvement. 
They may experience severe respiratory conditions, 
including recurrent infections. Hypothyroidism is a 
common combined feature seen in patients. Lung, 
thyroid, and brain cancer has been seen in patients 
with BHC, alluding to a possible association with 
cancer.6

Treatment Complications: In classic BHC, not all sympto-
matic patients necessitate treatment given the benign 
nature of the disease. In more complex phenotypes, 
treatment may be sought. Unfortunately, there has 
been limited pharmacologic success for this condition. 
Gras et al.4 described the successful use of oral tetrabe-
nazine, and others have attempted to utilize levodopa; 
however, the results have been controversial.
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Essential Myoclonus
Epidemiology and Demographics: The lifetime preva-

lence of myoclonus, as of 1990, was 8.6 cases per 
100,000, essential myoclonus accounting for 11%. 
Prevalence of myoclonus–dystonia syndrome in 
Europe reported to be 2/1,000,000.

Disorder Description: Sudden, involuntary intermit-
tent jerking of a muscle or group of muscles that 
occurs in the absence of epilepsy or other under-
lying disorder. Can be hereditary or sporadic in 
origin. It is non- progressive and usually multifocal 
in distribution. Cognition is normal. Hereditary 
essential myoclonus is autosomal dominant with 
variable severity. Symptoms start before the age of 20.  
Dystonia (typically cervical) is common among 
these patients, comprising the myoclonus–dysto-
nia syndrome. Mutations in the ɛ- sarcoglycan gene 
have had the strongest association with this syn-
drome. Unknown function of this gene, localized 
to chromosome 7q21- q31. Recommended medica-
tions for treatment are clonazepam, valproic acid.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Obsessive-compulsive disorder, anxiety 
disorders, and mild cognitive slowing 
have been variably associated with 
ε- sarcoglycan mutation in myoclonus–
dystonia syndrome

Muscle Sudden jerks, shakes, or spasms of muscles

Secondary Complications: Anxiety disorders appear to be 
more frequently observed in this syndrome.

Treatment Complications: Clonazepam can cause drowsi-
ness and ataxia. Abrupt reductions and withdrawals 
can result in a marked deterioration in myoclonus 
and withdrawal seizures. Side effects of valproic 
acid include hair loss, tremor, hepatotoxicity, and 
drowsiness.
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Essential Thrombocythemia
Epidemiology and Demographics: Diagnosed in older 

adults, with a female predominance. Estimated 
prevalence of 24/100,000 in the United States.

Disorder Description: Diagnosis of exclusion for a mye-
loproliferative disorder with platelet count greater 
than 600,000 cells/μL and megakaryocytic hyper-
plasia on bone marrow biopsy; other etiologies for 
reactive thrombocytosis usually require thorough 
investigation. Majority but not all have JAK2 muta-
tion. Patients with elevated platelet counts are often 
asymptomatic. Symptoms are primarily attributed 
to vasomotor dysfunction causing features such as 
livedo reticularis.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Transient ischemic attack- like symptoms 
of hemiparesis or monocular vision 
loss without alternative explanation. 
Syndrome often accompanied by 
headache and migraine- like visual 
scintillations.1 More rarely can cause 
thrombotic events such as small vessel 
stroke2

Unclear localization Hard to localize spells of unstable gait or 
lightheadedness

Secondary Complications: Well- known complication of 
erythromelalgia (burning pain in hands or feet with 
warmth and redness). Can also cause more gener-
alized rash, atypical pain syndromes, or systemic 
thrombosis.

Treatment Complications: Symptoms usually treated 
with aspirin, which can cause bleeding complica-
tions. Treatment with hydroxyurea carries risk of 
mucocutaneous toxicity.
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Essential Tremor
Epidemiology and Demographics: Essential tremor (ET) 

is the second most common movement disorder, 
behind restless leg, affecting up to 5% of the world’s 
population and approximately 7 million Americans. 
Incidence and prevalence both increase with age, par-
ticularly above age 40 years. Peak onset of age is 70–79 
years. Familial ET accounts for half of all cases, and 
5–15% of those patients may present in childhood.

Disorder Description: ET is an 8- to 12- Hz predominately 
kinetic, postural bilateral tremor. Fifty percent of 
cases have an intention tremor. It may affect the 
arms, head, voice, neck, trunk, and legs. Symptoms 
include sloppy, large, and irregular handwriting. 
There may be difficulty with fine motor tasks (using 
a screwdriver, shaving), using utensils, and pouring 
liquids. Patients can have difficulty with tandem gait. 
It is exacerbated by stress, exercise, fatigue, strong 
emotions, extreme temperatures, and caffeine. It 
improves with alcohol and subsides during sleep.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Pathology likely involves a circuit between 
the primary motor cortex, thalamus, and 
cerebellum. Surgical ablation and deep 
brain stimulation target the thalamus

Mental status and 
psychiatric aspects/
complications

Anxiety and depression, difficulties with 
visual perception, encoding, verbal fluency, 
and working memory. Increased risk for 
mild cognitive impairment

Brainstem Brainstem Lewy bodies discovered in  
8 out of 33 ET patients postmortem but the 
clinical significance is controversial

Cerebellum Postmortem studies found Purkinje 
cell body and axonal loss. Patients may 
demonstrate slight ataxia such as difficulty 
with tandem walking
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Secondary Complications: Medications used to treat ET 
may be associated with side effects. Propranolol is rel-
atively contraindicated in patients with asthma, dia-
betes, or cardiac arrhythmias. Primidone can cause 
an acute toxic reaction with the first dose, leading 
to sedation, vertiginous symptoms, nausea, malaise, 
and confusion. This is often so severe patients will 
refuse to take the drug again. Topiramate may cause 
weight loss, paresthesias, anxiety, confusion, seda-
tion, and nephrolithiasis. Complications associ-
ated with thalamic deep brain stimulation include 
paresthesias, dysarthria, dystonia, ataxia, and limb 
weakness. Gamma knife thalamotomy may cause 
thalamic bleeds, paresthesias, transient dyskinesias 
of the foot, transient or permanent hemiparesis, and 
dysarthria. Laryngeal botulinum toxin may cause 
dysphagia, a weak voice, and coughing.
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Ethylene Oxide
Epidemiology and Demographics: Ethylene oxide is a gas 

used in sterilizing hospital equipment and supplies, 
and toxicity is commonly seen in nurses and health 
care workers that frequent the OR. Mechanism of 
nerve injury is from the toxic byproduct (ethylene 
chlorohydrin), which may be directly absorbed 
through the skin, or transmitted by blood or 
inhalation.

Disorder Description: Patients present primarily with 
dermatologic complaints at the site of exposure 
(rash with sensory neuropathy, most commonly 
decreased vibratory sense). Treatment is to reduce 
exposure to the neurotoxin.

Symptoms: Other neurologic sequela (confusion, sei-
zures, and headaches). Prolonged exposure is asso-
ciated with peripheral neuropathy and memory 
dysfunction.

Secondary Complications: Few retrospective studies have 
been performed, but studies suspect CNS involve-
ment given that long- term sequelae involve neu-
ropsychologic and mild cerebral atrophy.
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Eyelid Retraction
Epidemiology and Demographics: Eyelid retraction may 

affect any age group without sex predilection.
Disorder Description: The normal upper eyelid normally 

rests 1 mm lower than the upper limbus (peripheral 
pupil border), while the lower eyelid normally rests 
at the lower limbus. Eyelid retraction is seen when 
the upper eyelid rests higher than normal and/or 
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the lower eyelid rests lower than normal. The most 
common pathologic process to cause eyelid retrac-
tion is thyroid eye disease, but a number of other 
conditions may also be the cause.

Symptoms

Localization site Comment

Brainstem Dorsal midbrain syndrome may be caused 
by midbrain tumor, demyelination, or stroke. 
The main clinical findings include eyelid 
retraction, paralysis of upgaze, convergence 
retraction nystagmus, light near dissociation, 
and skew deviation

Basal ganglia Progressive supranuclear palsy is classically 
associated with supranuclear vertical gaze 
paresis that is worse in down- than upgaze. 
However, these patients may also have 
characteristic facies with eyelid retraction and 
neurologic symptoms of parkinsonism

Cranial nerves Marcus Gunn jaw wink syndrome is a 
congenital aberrant connection between 
cranial nerves V and III. In this syndrome, 
when the patient moves his or her jaw, usually 
laterally, this also activates the levator muscle 
via the third cranial nerve, causing it to elevate 
and appear retracted

Facial nerve paresis may present with 
eyelid retraction on the paretic side due to 
unopposed action of the levator muscle

Unclear 
localization

Graves’ disease is the most common cause of 
eyelid retraction, thought to be due to fibrosis 
of the levator muscle and/or proptosis, which 
causes the globe to protrude abnormally 
beyond the eyelids, thus making them appear 
retracted. Other ocular findings include 
proptosis, ophthalmoplegia with diplopia, 
and compressive optic neuropathy with 
vision loss

Hering’s phenomenon is seen in patients with 
asymmetric ptosis. To compensate for the 
ptotic side, a patient may elevate both eyelids 
so that the non- ptotic side appears retracted 
while the ptotic side appears normal. This 
phenomenon may confuse the clinician 
to think the retracted side is abnormal and 
initiate a workup for eyelid retraction when 
contralateral ptosis is the real problem

Secondary Complications: Eyelid retraction may lead 
to exposure keratopathy, corneal ulceration, and 
perforation.

Treatment Complications: Surgical overcorrection of 
eyelid retraction may cause ptosis, while undercor-
rection may leave the patient with retraction, neces-
sitating additional surgery.
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Fabry Disease (Fabry’s; Fabry–Anderson, 
Anderson–Fabry Disease, α- Galactosidase  
A Deficiency)
Epidemiology and Demographics: Fabry disease is an 

X- linked condition, and as such, males are predom-
inantly affected. Females may be asymptomatic car-
riers, have milder symptoms at a later age of onset, 
or can be as symptomatic as classic males. Males 
with classic presentations present as younger chil-
dren while milder forms of the disease present later 
in life.

The overall incidence of Fabry disease is 1/50,000 
males; however, an active database shows that the 
number of people affected may be underestimated, 
particularly in those with milder phenotypes. The 
international databases (Fabry Registry and the 
Fabry Outcome Survey [FOS]) allow for natural 
history data and the effect of enzyme replacement 
therapy on the disease course.

Disorder Description: Fabry disease is caused by a defi-
ciency of the enzyme α- galactosidase (α- Gal A); 
lack of this enzyme results in the progressive accu-
mulation of globotriaosylceramide in lysosomes 
(GL-3).

The classic form occurs in childhood in males 
with <1% enzyme activity. Common symptoms 
include pain crises in hands and feet (acroparesthe-
sias), angiokeratomas, abnormal sweating, opac-
ities of the cornea and lens, protein in the urine, 
with progressive kidney dysfunction and end- stage 
renal disease by the third to fifth decade. As adults, 
patients develop cardiac and/or cerebrovascular 
disease with strokes, leading to higher morbidity 
and mortality.

The milder form occurs in males with higher 
enzyme activity (>1%), with late- onset cardiac dis-
ease (left ventricular hypertrophy, cardiomyopathy, 
mitral valve insufficiency) and protein in the urine. 
Another variant exists that is renal involvement 
only, without angiokeratomas or pain crises.

While all ethnic, racial, and demographic groups 
are affected, there is a higher prevalence among 
the Taiwan Chinese who have primarily cardiac 
symptoms.

F
Symptoms

Localization site Comment

Cerebral hemispheres Stroke due to multifocal small vessel 
involvement: thrombosis, transient 
ischemic attacks (TIA), cerebral 
hemorrhage

Mental status and 
psychiatric aspects/
complications

Depression, anxiety, severe fatigue, and 
other psychosocial manifestations

Excessive guilt, fatigue, occupational 
difficulty, suicidal ideation, and 
depression have been noted in 
heterozygotes

The pain of Fabry disease may be 
mistaken for malingering or conversion 
disorder. Pain is usually seen with a 
low- grade fever, but misdiagnosis is 
common

Brainstem Basilar artery ischemia and aneurysm

Vestibular system (and 
non- specific dizziness)

Labyrinthine disorders due to stroke

Cranial nerves Cranial nerve VIII involvement. High- 
frequency hearing loss, tinnitus, and 
dizziness have been reported

Peripheral neuropathy Acroparesthesias are due to peripheral 
nerve involvement from accumulation 
of storage material in blood vessels and 
subsequent vasospasm

Secondary Complications: The secondary complications 
of Fabry disease include end- stage renal failure, 
ischemic heart disease, cerebrovascular disease, and 
strokes.

Treatment Complications: For renal involvement, hemo-
dialysis and renal transplant may be indicated and 
these treatments have associated complications, 
including encephalopathy from chronic renal 
failure.
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Facial Myoclonus
Epidemiology and Demographics: There are no specific 

data about facial myoclonus alone. Approximately 
15% of cases of myoclonus are epileptic, and the 
remainder are secondary.

Disorder Description: Facial myoclonus is a focal myo-
clonus that may be induced by action or external 
stimuli. It may be epileptic and occur in myoclonic 
epilepsies (juvenile myoclonic epilepsy, benign 
rolandic epilepsy), myoclonic encephalopathies 
(Rasmussen syndrome), or may be hereditary as seen 
in PRICKLE1- related progressive myoclonus epi-
lepsy with ataxia. Secondary causes include olivopon-
tocerebellar degeneration, postanoxic myoclonus, 
secondary palatal myoclonus, hyperekplexia (startle 
reflex), metabolic derangements (although rarely 
isolated to the face alone), or drug induced. Facial 
myoclonus can be differentiated from tics, fascicula-
tions, and myokymia by electrophysiologic studies. 
Functional neurologic symptom disorders demon-
strate a Bereitschaftspotential on EEG, indicating 
the movement was subconsciously or consciously 
planned, which is absent in myoclonus. Premonitory 
urges associated with facial tics are absent.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Focal seizures involving the motor cortex 
(cortical)

Myoclonic encephalopathies (cortical)

Benign rolandic epilepsy (cortical)

Striatal lesions may allow for increased cortical 
excitability (subcortical)

Mental status 
and psychiatric 
aspects/
complications

Dementia (neurodegenerative disorders)

Brainstem Olivopontocerebellar atrophy

Hyperekplexia/startle reflex

Secondary palatal myoclonus due to a lesion 
within the Guillain–Mollaret triangle may also 
cause focal facial myoclonus

Post hypoxic/Lance Adams syndrome

Cranial nerves Hemifacial spasm secondary to compression 
of the facial nerve, often by a vascular 
malformation

Cerebellum Cerebellar lesions may play a role in increased 
cortical excitability found in pure cortical 
epilepsy

Muscle Ragged red fibers found in myoclonic 
epilepsy with ragged red fibers

Secondary Complications: Depakote can exacerbate carni-
tine deficiency in patients with MERRF and should 
be supplemented with L- carnitine. Phenytoin, car-
bamazepine, and lamotrigine may worsen cortical 
epilepsy in patients with progressive myoclonic 
encephalopathy.
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Facial Nerve Neoplasm
Epidemiology and Demographics: Epidemiology depends 

on the type of tumors. For example, facial nerve 
schwannomas tend to present in the 5th dec-
ade of life and do not have a side preponderance. 
Malignant peripheral nerve sheath tumor involv-
ing the facial nerve typically occurs between 20 and  
50 years of age.

Disorder Description: Facial nerve neoplasms can be 
benign (e.g., schwannoma and hemangioma) or 
primary malignant as well as metastatic from breast 
and kidney. Schwannoma and hemangiomas are the 
two most common neoplasms. Secondary malig-
nant tumors spread in a hematogenous manner 
from the breast, lung, and kidney.

Symptoms

Localization site Comment

Cranial nerves Facial palsy that is slowly progressive (over 
2–3 weeks) either isolated or along with 
hearing loss and tinnitus

Recurrent facial palsy

Hemangiomas at the geniculate ganglion 
in addition causes hemifacial spasm

Treatment Complications:
Craniotomies: Cerebrospinal fistula, seizures, 

hydrocephalus, and infection.
Mastoid or translabyrinthine approach: Hearing 

loss, tinnitus, vertigo, and infection.
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Facial Nerve Palsy
Epidemiology and Demographics: First described by Sir 

Charles Bell in the early 1800s, described as facial 
palsy related trauma to the peripheral branches of the 
facial nerve. Bell’s palsy or “idiopathic facial paraly-
sis” has an annual incidence of 13–34/100,000. No 
race, geographic, or gender predilection. There is an 
increased risk in patients with diabetes and during 
pregnancy (especially during the 3rd trimester or 1st 
week postpartum). The cause of facial palsy remains 
unknown, but suspected to be associated with Lyme 
disease, herpes simplex virus (HSV), herpes zoster 
virus, intranasal flu vaccine, genetics, or ischemia to 
the facial nerve.

Disorder Description: The facial nerve is a mixed nerve 
containing motor axons that innervate the face, 
parasympathetic fibers innervating the lacrimal, 
submandibular and sublingual salivary glands, 
afferent fibers responsible for the sensation of taste 
in the anterior two- thirds of the tongue, and somatic 
sensation in the external auditory canal and pinna. 
Facial nerve palsy has a prodrome of pain in the ear 
or occipital area and sensation of facial numbness. 
Followed by acute and sudden onset of unilateral 
facial paralysis including the forehead, eyebrow, 
inability to close the eye, drooping of the mouth. 
Associated with decreased tearing, hyperacusis, loss 
of taste on the affected side. The diagnosis is a clinical 
one, and neuroimaging and further evaluation if no 
improvement of symptoms over 3–4 months, slow 
progression beyond 3 weeks, multiple cranial nerve 
dysfunction. Differential diagnosis for facial palsy 
is wide and includes Lyme disease, Guillain– Barré 
syndrome, HIV, sarcoidosis, mass lesions, stroke, 
otitis media, herpes zoster oticus (Ramsay Hunt 
syndrome type II), and HSV infection. Facial palsy 
is generally self- limiting, and prognosis is favora-
ble. Recovery is usually seen within the first 21 days 
from onset. Treatment involves initiation of oral 
glucocorticoids within 3 days of symptom onset, 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.006
https://www.cambridge.org/core


Facial Tics

201

and an anti- viral agent is indicated as the possibility 
of a concurrent HSV infection is higher. Supportive 
care with natural tears, eye patching, and lubricat-
ing drops at bedtime. Electromyography/nerve con-
duction studies and blink study may be performed 
to assess for the integrity of the facial nerve.

Symptoms: Site of involvement is the facial nerve 
throughout its course to the facial muscles.

Secondary Complications: Dysarthria, trouble chewing, 
corneal dryness, abrasions or infection. Severe 
residual facial weakness may require plastic surgery.

Treatment Complications: Adverse effects from steroids.
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Facial Nerve Trauma
Epidemiology and Demographics: Sport injuries account for 

the majority of facial injuries among young adults. 
Other causes include motor vehicle accidents, domestic 
violence, falls, and animal bites. Injuries often are blunt 
force trauma, penetrating, or more commonly both.

Disorder Description: Facial nerves innervate the most 
anterior muscle layers of the face. Facial nerves 
travel through the temporal bone and are highly 
vulnerable to injury when the bone is fractured.

Symptoms : Facial injuries should be evaluated as well as 
the extent of the facial injuries (is the face symmet-
ric, are there discrepancies in motor function, etc.).

Secondary Complications: Facial nerve trauma should 
be evaluated with trauma basics (primary survey). 
Once the patient is stabilized, the secondary survey 
can be conducted to further evaluate facial inju-
ries. Airway compromise is commonly associated 
with facial trauma, especially in the setting of dys-
phonia, edema of the oropharynx, stridor, heavy 
 bleeding, etc.
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Facial Tics
Epidemiology and Demographics: Tics are common; how-

ever, epidemiological data are varied and contin-
gent upon the methodology used. Twenty to 30% of 
children exhibit tics before the age of 18. Three per-
cent of children develop some features of Tourette’s 
syndrome (TS). TS is more common in boys than in 
girls. Ninety percent of patients with Tourette’s syn-
drome carry comorbid psychiatric diagnoses.

Disorder Description: Facial tics are unwanted brief pur-
poseless movements of facial muscles with pre-
monitory sensations. They are suppressible to some 
extent and have stereotyped patterns with respect 
to the individual, although they vary greatly from 
person to person. They may be transient or chronic 
(>1 year), primary or secondary. Primary tics are 
more common, the most common of which are from 
Tourette’s syndrome. Secondary causes are numer-
ous and include neurodevelopmental disorders 
(autism spectrum disorder, Rett syndrome, Fragile 
X disorder, tuberous sclerosis, neurofibromatosis), 
neurodegenerative disorders (Huntington disease, 
neuroacanthocytosis, brain iron accumulation), sys-
temic diseases (antiphospholipid syndrome), drug 
induced (stimulants, D2 blockers, anticonvulsants, 
levodopa), and structural lesions (posttraumatic, vas-
cular, postinfectious), although these are uncommon.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Tourette syndrome is associated with 
structural and functional changes in the 
cortico-striatal-thalamo-cortical (CSTC) loop. 
The somatosensory and posterior parietal 
cortical regions, putamen, and amygdala/
hippocampus complex demonstrate 
increased activity in spontaneous tics, while 
the anterior cingulate cortex and the caudate 
demonstrate decreased activity

Mental status 
and psychi-
atric aspects/
complications

Obsessive-compulsive disorder, attention deficit 
hyperactivity disorder, impulse control disorder 
(self- injurious behavior), rage. Tics increase in 
frequency with stress, decrease when engaged 
in tasks. Tics associated with Tourette syndrome 
may also be associated with echophenomenon, 
pali phenomenon, and corpro phenomenon

Cranial nerves Unintentional weakness from botulinum toxin

Muscle Unintentional weakness from botulinum toxin
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Treatment Complications: Hypotension, irritability, and 
disrupted sleep may occur with treatment with α- 2 
agonists. First generation antipsychotics may exac-
erbate anxiety and lead to dysphoria, gynecomastia, 
galactorrhea, irregular menses, sexual dysfunction, 
prolonged corrected QT interval/electrocardio-
gram changes, and weight gain. Sulpiride (used in 
Europe) may cause sedation. Tetrabenazine may 
cause depression, drowsiness, nausea, and fatigue. 
Botulinum toxin can cause temporary uninten-
tional muscle weakness.
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Facioscapulohumeral Muscular 
Dystrophy (FSHD)
Epidemiology and Demographics: Prevalence of facio-

scapulohumeral muscular dystrophy (FSHD) is 
estimated at 7/100,000; however, it can surpass 
13/100,000 due to unrecognized cases. FSHD is the 
third most common type of muscular dystrophy, 
behind Duchenne and Becker muscular dystro-
phies. There is no sex predominance. About 90% 
of patients show signs of disease by 20 years of age. 
There is no major geographic predominance.

Disorder Description: The facial, periscapular, biceps, tri-
ceps, pectoral, and leg muscles are the most affected. 
The deltoid muscles tend to be spared. Weakness 
spreads rostro- caudally, and asymmetric involve-
ment is common. The physical exam usually reveals 
scapular winging, reversal of the anterior axillary 
folds, triple- hump sign, weak abdominal muscle, 
and foot drop. Hearing loss is reported in 75% of 
patients with FSHD, retinal vascular abnormali-
ties in 60%, and 20% of patients eventually require 
wheelchair use. Dysphagia only in late stages of 
disease.

FSHD is an autosomal dominant disorder and 
up to 30% of cases are sporadic. While exact mecha-
nism and etiology are unclear, it is thought to be an 
inappropriate expression of the double homeobox 
protein 4 gene (DUX4) on 4q35 region.

On diagnostic testing, CK levels range from nor-
mal to 1000 U/L. EMG reveals myopathic motor 
units with or without muscle membrane instability. 
The definitive diagnosis is based on genetic analysis.

Symptoms

Localization site Comment

Cranial nerves Retinal vascular abnormalities in 60%

Hearing loss

Muscle Involvement of facial, periscapular, 
biceps, triceps, pectoral, and leg muscles. 
Weakness spreads rostro- caudally, and 
proximal muscles more involved than 
distal

Secondary Complications: Patients can develop contrac-
tures, pain, wheelchair requirement in 20% of cases, 
and neurogenic dysphagia in late stages of disease. 
Cardiac arrhythmias are present in a slightly higher 
proportion of FSHD patients than control.

Treatment Complications: There is no current treatment 
at this time. Management is supportive and requires 
a multidisciplinary approach.
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Factitious Disorder
Epidemiology and Demographics: Overall prevalence 

unclear, but present in estimated 1% of hospital 
population. Gender predominance is unknown. 
Onset is often in early adulthood, frequently after a 
hospitalization.

Disorder Description: Characterized by intentional mis-
representation of physical or psychologic symp-
toms in the absence of overt external reward (i.e., 
not referable to “secondary gain”). In order to meet 
DSM- 5 criteria, an individual must present self as ill, 
impaired, or injured. Evidence for deception must be 
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Factitious Disorder (Imposed on Self or Imposed on Another)

established and the behavior is not better explained 
by another mental disorder. Can appear as single 
episode or recurrent. Another variation is factitious 
disorder imposed on another (formerly known as 
Munchausen syndrome by proxy), which involves 
falsification of symptoms in another, also in setting of 
identified deception and absence of external reward.

These disorders are distinct from malingering, in 
which secondary gain is established. They are also 
not to be confused with other disorders in the clas-
sification of somatic symptom disorder, in which 
symptoms occur in absence of external reward, but 
in context of “primary gain,” with absence of evi-
dence of deception.

Risk factors include childhood trauma, includ-
ing receiving significant attention for mental or 
physical issues in childhood, prior hospitalization, 
and certain personality disorders such as narcissis-
tic, borderline, and antisocial. Individual may be 
employed in healthcare profession.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

History may be vague, false information 
given, fluctuating course of symptoms, 
symptoms may occur only when watched, 
usually sophisticated knowledge of medical 
terminology, attention- seeking behavior, 
may have evidence of multiple surgeries 
and/or procedures

Secondary Complications: Frequent healthcare utilization, 
intermittent reinforcement of maladaptive behaviors 
in medical settings, leading to intractability. Potential 
for iatrogenic complications from medication, pro-
cedures, and surgeries. Potential legal implications 
with factitious disorder imposed on another.

Treatment Complications: Patients often resistant to 
accepting therapy; however, supportive psycho-
therapy found to be helpful, as well as treatment of 
psychiatric comorbidity when present.

Bibliography
American Psychiatric Association. Diagnostic and 

statistical manual of mental disorders: DSM-5. 
5th ed. Washington, DC: American Psychiatric 
Association; 2013.

McEwen DR. Recognizing Munchausen’s syndrome. 
AORN J. 1998;67:206–11.

Reich P, Gottfried LA. Factitious disorders 
in a teaching hospital. Ann Intern Med. 
1983;99(2):240–7.

Factitious Disorder (Imposed on Self or 
Imposed on Another) (Munchausen’s 
Syndrome, and Munchausen’s Syndrome by 
Proxy), Additional Facts
Epidemiology and Demographics: Factitious disorder 

involves a conscious act of simulating medical 
conditions in order to be in the sick role. Among 
hospitalized patients, approximately 1% have pres-
entations that meet the criteria for factitious disorder. 
Factitious disorder is a diagnosis of exclusion. Since 
psychiatric comorbidity such as depression and per-
sonality disorders are common, a detailed psychiatric 
assessment should be performed in these patients.

Disorder Description: Based on DSM- 5, factitious disor-
der is further subdivided into “imposed on self ” and 
“imposed on another”:

 A. Conscious falsification of physical or psychologic 
signs or symptoms, or induction of injury or dis-
ease in oneself or another individual (victim).

 B. The individual presents him/herself or the vic-
tim to others as ill, impaired, or injured.

 C. The behavior is evident even in the absence of 
obvious external rewards, since the reward, 
to obtain the sick role, is unconscious to the 
patient.

 D. The behavior is not better explained by another 
mental disorder, such as delusional disorder or 
another psychotic disorder.

Munchausen syndrome (and Munchausen syn-
drome by proxy) are terms used to describe fac-
titious disorder in which there are predominant 
physical signs and symptoms.

Differential Diagnosis: Differential diagnosis should 
include somatic symptom disorder, malingering, 
conversion disorder, borderline personality disor-
der, and medical condition or mental disorder not 
associated with intentional symptom falsification.

In somatic symptom disorder, there may be per-
ceived medical concerns, but the individual is not 
purposely falsifying information or being decep-
tive. Hence, both the motive and the act are uncon-
scious to the patient.

In malingering, the falsification of symptoms is 
for personal gain (e.g., money or time off from work, 
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drugs). In factitious disorder, there is an absence of 
external rewards. In malingering, both the act and 
the motive are conscious to the patient.

In conversion disorder (functional neurologic 
symptom disorder), neurologic symptoms may be 
inconsistent with neurologic pathophysiology. In 
conversion, both the motive and the act are uncon-
scious to the patient.

In borderline personality disorder, there may 
be deliberate self- harm in the absence of suicidal 
intent. Factitious disorder can be distinguished 
because it requires that such self- harm occur with 
deceptive intent and usually is linked with falsifica-
tion of medical symptoms.

The presence of factitious disorder does not 
exclude a medical condition or mental disorder not 
associated with intentional symptom falsification. 
For example, someone who manipulated blood 
sugar levels to produce symptoms may also have 
diabetes. Hence, it is doubly important to rule out or 
treat the co- occurring medical illness.

Secondary Complications: In cases wherein symptoms are 
produced through modes of self- harm (e.g., insulin 
injections, swallowing dangerous objects), a variety 
of medical complications may arise and should be 
assessed.

Treatment Complications: Psychotherapy to address spe-
cific behaviors such as self harm and the incessant 
need for the sick role would be the treatment of 
choice.

Selective serotonin reuptake inhibitors (SSRIs) 
have been shown to be effective in managing under-
lying problems in factitious disorder since anxiety 
and depression are commonly comorbid.

SSRI side effects include nausea, diarrhea, 
insomnia, headache, anorexia, weight loss, sexual 
dysfunction, restlessness (akathisia- like), serotonin 
syndrome (fever diaphoresis, tachycardia, hyper-
tension, delirium, neuromuscular excitability), 
hyponatremia, seizures (0.2%).

If factitious disorder is imposed on another and 
if the victim is a child, involvement of the local child 
protective agencies is warranted.

Bibliography
American Psychiatric Association. Diagnostic and 

statistical manual of mental disorders: DSM-5. 
5th ed. Washington, DC: American Psychiatric 
Association; 2013.

Krahn LE, Li H, O’Connor MK. Patients who strive to 
be ill: factitious disorder with physical symptoms. 
Am J Psychiatry. 2003;160(6):1163–8.

Sutherland AJ, Rodin GM. Factitious disorders 
in a general hospital setting: clinical features 
and a review of the literature. Psychosomatics. 
1990;31(4):392–9.

Factor V Leiden Mutation
Epidemiology and Demographics: Most common inher-

ited form of thrombophilia. Complicated frequency 
statistics with different rates among varying popula-
tions and heterozygosity versus homozygosity.

Disorder Description: Factor V activation by APC (acti-
vated protein C) is an essential step in the breakdown 
of Factor VIIIa. A mutation in Factor V leads to it 
becoming resistant to APC cleavage, which, in turn, 
results in reduced degradation of Factor VIIIa. This 
leaves the person thrombophilic with the potential 
for cerebral vein or dural sinus thrombosis (CVT).

Symptoms

Localization site Comment

Cerebral 
hemispheres

Headache, thunderclap headache (in 
CVT), aphasia, hemiparesis, hemisensory 
loss, seizures, intracranial hemorrhage (in 
CVT), embolic stroke due to paradoxical 
embolism from deep vein thrombosis 
through a patent foramen ovale

Mental status and 
psychiatric aspects/
complications

Altered mental status/coma (in CVT)

Secondary Complications: Deep vein thrombosis of lower 
extremity or pelvic vein can embolize through a pat-
ent foramen ovale causing ischemic stroke.

Treatment Complications: Anticoagulation can cause intra-
cranial hemorrhage or systemic bleeding with blood 
loss, both of which can lead to altered mental status.
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Familial Cerebral Amyloid Angiopathy
Epidemiology and Demographics: Hereditary Aβ amyloid 

angiopathy is a group of cerebral amyloid angiopa-
thies (CCAs) classified on the basis of where they 
were first described. Most of the familial CAAs are 
caused by a mutation in one of several genes, includ-
ing: APP gene on chromosome 21 (Danish, Flemish, 
Italian, Iowa); Cystatin C on chromosome 20 
(Icelandic); BRI gene on chromosome 13 (British, 
Danish).

There is also an atypical form of familial oculo-
leptomeningeal CAA (transthyretin CAA).

Disorder Description: The syndrome of cerebral amyloid 
angiopathy is usually recognized when a patient 
over 65 years old presents with a lobar hemor-
rhage that ruptures into the ventricular system. 
Microhemorrhages identified on susceptibility 
weighted MRI sequences serve to establish the diag-
nosis, although there is overlap with patients having 
severe, uncontrolled hypertension. Patients are also 
at risk for small vessel ischemic disease with lacunar 
strokes or vascular dementia.

Symptoms

Localization site Comment

Cerebral hemispheres Hemiparesis, aphasia, hemisensory 
loss, and hemianiopia may result 
from intracerebral hemorrhage (ICH), 
ischemic stroke, transient ischemic 
attack, or focal seizures

Mental status and 
psychiatric aspects/
complications

Loss of working and intermediate 
memory (dementia), altered mental 
status after ICH

Cerebellum Ataxia (British type, Danish type)

Cranial nerves Cataracts, deafness (Danish type), 
vision loss (transthyretin CAA)

Peripheral neuropathy Painful neuropathy with dizziness, 
erectile dysfunction due to autonomic 
involvement (transthyretin CAA)

Secondary Complications: Falls causing subdural hemat-
oma with altered mental status. Dementia can cause 
acute delirium in hospital setting.

Treatment Complications: Antipsychotics used to treat 
delirium in dementia patients are associated with 
increased mortality. Anticoagulation or use of dual 

antiplatelet agents should generally be avoided as 
bleeding risk is high.
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Familial Hemiplegic Migraine
Epidemiology and Demographics: In one study of the pop-

ulation in Denmark, the prevalence of hemiplegic 
migraine is estimated at 0.01%. Attacks can occur as 
early as age 5–7 years and mean onset is at age 12–17 
years. This type of headache usually ceases after the 
age of 50 years, but there are few reports of some 
patients who continue to have these headaches. 
Hemiplegic migraines affect women more than men 
at a ratio of 2.5–4.3:1.

Disorder Description: This condition involves a migraine 
headache associated with scintillating scotoma, 
hemianopsia, aphasia, lethargy, confusion, posi-
tive or negative hemisensory symptoms, hemipare-
sis, fever, coma, status epilepticus, and even death. 
These patients also endure migraine headaches 
with aura attacks. Some cases present with acute 
neurologic signs that are initially indistinguisha-
ble from ischemic strokes. One percent of hemi-
plegic migraine patients do not experience actual 
headaches. The presence of motor weakness that is 
reversible as part of aura is a necessary component 
for diagnosis of this condition. For familial hemi-
plegic migraine diagnosis, the patient must have at 
least one first- or second- degree relative with simi-
lar attacks.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Involvement of CACNA1A gene that 
encodes P/Q calcium channels that are 
expressed in the brain

Secondary Complications: Some presentations of this 
condition can mimic acute ischemic stroke. In these 
patients, imaging will be required as these symp-
toms can persist for days.
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Treatment Complications: There are no abortive thera-
pies that have been studied with randomized and 
controlled trials. However, verapamil has been 
used successfully as a prophylactic treatment for 
seizures. Additionally, acetazolamide has been 
used with some success. Intranasal ketamine has 
also been used successfully. No extensive studies 
have been performed with these medications to 
enlist known side effects or complications with 
these treatments.
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Familial Idiopathic Basal Ganglia 
Calcification (FIBGC)
Epidemiology and Demographics: Familial idiopathic 

basal ganglia calcification (FIBGC) is a rare neuro-
degenerative disease. Its true prevalence is unknown 
as it has been reported in only a few family case 
series and individual case reports. There may be a 
male predominance in families studied. The age of 
onset is variable but commonly occurs in the fourth 
or fifth decades.

Disorder Description: FIBCG is a neurodegenerative 
disease characterized by calcifications in the basal 
ganglia with or without other brain regions, not 
attributed to any known etiology. Patients typi-
cally present with progressive movement disorders, 
changes in cognition, and psychiatric states. Onset is 
insidious. An akinetic- rigid syndrome with or with-
out tremor is the most common presenting symp-
tom. Hyperkinetic movement disorders are rarer. 
FIBCG is typically inherited in an autosomal domi-
nant fashion but sporadic cases have been reported. 
Mutations in the SLC20A2, PDGFRB, and PDGFB 

genes have been identified to be causative in some 
patients. However, there is both significant genetic 
and clinical variability. Pathophysiology is unclear 
and may involve abnormal calcium and phosphate 
homeostasis with disruption of the blood–brain 
barrier.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Calcifications are most commonly found 
in the globus pallidus. They are also seen 
in the striatum, cerebral cortex and white 
matter, the internal capsule, and thalamus

Parkinsonism

Gait disorder

Chorea

Tremor

Dystonia

Athetosis

Orofacial dyskinesia

Seizure

Paresis and stroke- like event

Mental status and 
psychiatric aspects/
complications

Cognitive impairment

Depression

Psychosis with both hallucinations and 
delusions

Schizophrenia-like symptoms

Bipolar disorder- like symptoms with 
mania and depression

Anxiety

Catatonia

Aggression and irritability

Personality changes

Cerebellum Calcifications found in the cerebellar 
hemispheres, dentate nucleus

Dysarthria

Ataxia

Vestibular system 
(and non- specific 
dizziness)

Vertigo

Unclear localization Migraine with and without aura

Orthostatic hypotension

Syncope
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Familial Vestibulocerebellar Syndrome (aka 
Vestibulocerebellar Ataxia)
Epidemiology and Demographics: Very rare autoso-

mal dominant inherited disorder traced to the 
 pedigree of three families with ties to North 
Carolina.

Disorder Description: At childhood, affected individ-
uals may develop a combination of ocular abnor-
malities including poor smooth pursuit, diplopia, 
oscillopsia, and abnormalities in the vestibule– 
ocular reflex  resulting in gaze- paretic nystagmus 
and rebound nystagmus. Periodic attacks of vertigo 
and tinnitus following sudden head movements 
or fatigue may also be a presenting sign. Older 
individuals may exhibit motor dysfunction with 
episodic attacks of ataxia not associated with dysar-
thria or loss of limb motor control. This syndrome 
is caused by a failure of function of the flocculus in 
the vestibulocerebellum.

Symptoms

Localization site Comment

Inner ear Unaffected, in the classical case

Cranial nerves The cochleovestibular nerve is not affected

Central nervous 
system

Dysfunction of the flocculonodular lobe of 
the cerebellum

Secondary Complications: Vertigo attacks can result in falls 
for these patients. A form of progressive ataxia may 
occur, rendering afflicted individuals incapacitated.

Treatment Complications: Treatment is supportive  – 
lying down, closing eyes following an attack. 
Acetazolamide and antihistamines have demon-
strated some benefit. Vestibular suppressants 
may cause drowsiness and anticholinergic effects. 
Acetazolamide can cause paresthesias and anorexia.
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Fasciitis
Epidemiology and Demographics: Plantar fasciitis is the 

most common reason for heel pain, which is seen 
in 80% of cases. It is more common in women, mil-
itary recruits, older athletes, obese individuals, and 
young male athletes.

Disorder Description: Plantar fasciitis refers to pain in the 
heel and bottom of leg. Pain is more severe with first 
step of the day or following rest. The pain increases 
with exercise and obesity.

An inflammation of the connective tissue that 
may be caused by streptococcal or other types of 
infection, an injury, or an autoimmune reaction. 
There are several types:

 1. Necrotizing fasciitis is a fulminating group A 
streptococcal infection beginning with severe 
or extensive cellulitis that spreads to involve the 
superficial and deep fascia, leading to thrombo-
sis of the subcutaneous vessels and gangrene of 
the underlying tissue.

 2. Nodular fasciitis is a reactive proliferation of 
fibroblasts in the subcutaneous tissue. It is usu-
ally seen in deep fascia.

 3. Pseudosarcomatous fasciitis is a benign soft tis-
sue tumor occurring subcutaneously and occa-
sionally from deep muscle and fascia.

 4. Eosinophilic fasciitis is an inflammation of fas-
cia of the lymphatic system, eosinophilia, edema, 
and swelling, usually after strenuous exercise.
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 5. Proliferative fasciitis is a benign reactive prolif-
eration of the fibroblasts in subcutaneous tis-
sues resembling nodular fasciitis. Basilar joint 
cells are seen. They occur in skeletal muscles in 
older patients.

Symptoms

Localization site Comment

Heels Pain in heel and bottom of feet, one- third can 
be bilateral

Site of infection 
of necrotizing 
fasciitis

Increasing pain, erythema, and swelling in 
excess of what would be expected. Fever, 
chills, skin, ulceration, bullae and blister 
formation, necrotic scar, gas formation in 
tissue is noted, sepsis can occur with this

Eosinophilic 
fasciitis

Hardening of the area, redness, warmth of the 
skin surface are noted

Treatment Complications: Treatments include nonsteroi-
dal anti- inflammatories, rest, heat, ice, exercises. 
Extracorporeal shock wave therapy can also be used. 
Iontophoresis surgery, dry needling, and Botox can 
also be considered. Necrotizing fasciitis will require 
IV antibiotics, debridement of necrotic tissue, pred-
nisone, methotrexate, cyclophosphamide, mycophe-
nolate mofetil (CellCept) and rituximab (Rituxan). 
For nodular fasciitis, excisional biopsy should be done.

Corticosteroid therapy could result in plantar 
fascia rupture.
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Fascioliasis
Epidemiology and Demographics: It is estimated that there 

are 2.4 million and perhaps as many as 17 million 
affected people1,2 in many countries including the 
Americas, Europe, Africa, and Asia. These rates may 
be even higher, depending on unknown prevalence 
rates in Asia and Africa.

Disorder Description: Fascioliasis, a foodborne and water-
borne zoonotic disease, is caused by two parasite spe-
cies, the liver flukes Fasciola hepatica and F. gigantica. 
F. hepatica and F. gigantica are parasites of the large 
biliary passages and the gallbladder of ruminants, 
mainly sheep, goats, and cattle. Human infections 
usually occur after the ingestion of aquatic plants 
that contain encysted organisms or by consumption 
of contaminated water. The parasite has a special tro-
pism for the liver and also affects many other organ 
systems. It manifests itself into an acute form consist-
ing of prolonged fever, hepatomegaly, and abdominal 
pain; and a chronic form consisting of symptoms of 
biliary obstruction, frank cholangitis, or pancreatitis.

Blood eosinophilia and the ingestion of water-
cress or any freshwater plants are suggestive of a fas-
cioliasis diagnosis. The definitive diagnosis is made 
by the presence of Fasciola eggs in a stool or gall-
bladder sample, or on a positive serologic test plus 
radiologic findings indicating fascioliasis.3

Triclabendazole is the drug of choice. The alter-
native is nitazoxanide. No significant side effects 
have been reported to date.

Symptoms4

Localization site Comment

Cerebral hemispheres Cephalgia, meningeal syndrome, 
focal symptoms, and seizures

Mental status and 
psychiatric aspects/
complications

Altered intellectual functioning
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Fatal Familial Insomnia
Epidemiology and Demographics: Fatal familial insomnia 

(FFI) has been identified in rare familial clusters but 
sporadic cases have been described. Onset occurs in 
adulthood, usually between 35 and 60 years old.

It is inherited as an autosomal dominant disease 
and results from a missense mutation at the codon 
178 of the PRNP gene located on chromosome 
20p13. The clinical syndrome varies by M129V 
genotype with manifestation of disease in homozy-
gous individuals at a younger age and with a shorter 
course versus heterozygous individuals.

Disorder Description: FFI is a prion disease that is rapidly 
fatal. It is characterized by progressive insomnia and 
loss of normal circadian sleep–wake pattern. During 
waking hours, a confusional dream- like state may 
occur with behavioral changes including inattention, 
impaired memory, confusion, and hallucinations. In 
more advanced stages, motor symptoms manifest 
such as myoclonus, ataxia, spasticity,  dysarthria, 
and dysphagia. Dysautonomia and endocrine dis-
turbances can also occur, which among the prion 
 diseases are differentiating features of FFI.

Diagnosis is difficult, as routine laboratory test-
ing, CT, MRI, and CSF studies are unremarkable. 
Fluorodeoxyglucose PET may show reduced glucose 
utilization in the thalamus, and these changes can be 
seen early in the disease course. Polysomnography 
will show reduction in total sleep time and abnor-
mal sleep architecture.

Symptoms

Localization site Comment

Forebrain Thalamic degeneration of anterior and 
dorsomedial thalamic nuclei with reactive 
gliosis. Spongiform changes in cortical layers 
have been described

Deposition of proteinase K- resistant prion protein 
type 2 in the gray matter but not white matter

Somatomotor symptoms manifest as dysarthria, 
dysphagia, tremor, myoclonus (spontaneous or 
reflex), ataxia, and positive Babinski sign

Mental status 
and psychiatric 
aspects/
complications

Initially symptoms of difficulty initiating and 
maintaining sleep that progresses to spontane-
ous lapses into sleep with enacted sleep (oneiric 
stupor). Difficulty concentrating, memory 
impairments, and hallucinations are common

Cognitive function is maintained until the final 
stages of disease that are characterized by an 
inability to identify any distinct sleep stages, 
stupor, coma, and death

In the early stages of disease, EEG shows peri-
ods of relaxed wakefulness alternating with EEG 
desynchronization and rapid eye movement (REM) 
bursts. There is also a loss of antigravity muscle tone 
and irregular tremor- like and myoclonic limb mus-
cle activities associated with vivid dreams, which is 
termed oneiric stupor.

As the disease progresses there is a paucity of sleep 
spindles and a loss of the features of slow wave sleep.

Loss of circadian rhythms including body tem-
perature, blood pressure, respiratory and heart rate, 
as well as endocrine rhythms of hormone secre-
tion (i.e., growth hormone, adrenocorticotrophic 
hormone, prolactin, luteinizing hormone, and 
follicular- stimulating hormone).

Secondary Complications: Autonomic dysregulation, 
dysphagia with increased risk of food aspiration, 
and skin breakdown from immobility in later stages 
of disease. Infections (usually respiratory or genito-
urinary) are common and often the cause of death 
in patients.

Treatment Complications: There is no effective treatment 
for FFI and the disorder is universally fatal within 8 
to 72 months.
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Fat Embolism
Epidemiology and Demographics: Fat embolism occurs 

mostly after trauma (95%) involving long bone 
fractures. Other non-trauma-related causes (5%) 
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are liposuction, bone marrow transplant, sickle cell, 
lipid infusions, and osteomyelitis.

Disorder Description: Emboli from adipose tissue and 
bone marrow enter the blood stream and by direct 
mechanical as well as toxic intermediates cause 
the various clinical manifestations of fat embolism 
syndrome.

Symptoms

Localization site Comment

Cerebral hemispheres Hemiplegia, aphasia, apraxia, 
seizures, embolic strokes (often 
reversible)

Mental status and psychiatric 
aspects/complications

Altered mental status, initially 
with restlessness and irritability

Unclear localization Tachycardia, tachypnea

Secondary Complications: Hypoxia due to lung emboli 
and acute respiratory distress syndrome causing 
altered mental status.

Treatment Complications: Corticosteroids (sometimes 
given) can cause psychosis.
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Febrile Convulsions and Temporal Lobe 
Epilepsy with Digenic Inheritance
Epidemiology and Demographics: In 2001, the condition 

was described in a single French family. Mean age 
of epilepsy onset was 9 years old. Genes associated 
were 1q25- q31 and 18qter.

Disorder Description: A number of individual genes have 
independently been associated with the development 
of febrile seizures (FS). Although the majority of 
children with FS do not develop temporal lobe epi-
lepsy (TLE), the former has been well established as 
a risk factor for the latter. At least in some cases, the 
occurrence of TLE following infantile FS is due to a 
digenic mechanism. The single family described with 
this condition had normal MRI findings in patients 
with TLE. There were nine affected family members 
over four generations. Multiple family members were 
clinically unaffected, with a single gene mutation. 

The variety of TLE in these patients was relatively 
mild (all patients except one were seizure- free off 
medication by age 24 years). EEG data were limited.

Symptoms

Localization site Comment

Cerebral hemispheres No hippocampal structural 
abnormalities. Seizures possibly 
temporal neocortical in origin

Mental status and psychiatric 
aspects/complications

One case report of associated 
personality problems and mild 
intellectual impairment

Treatment Complications: Antiepileptic drugs are the pri-
mary treatment for TLE. These may be associated 
with cognitive impairment, ataxia, dizziness, and 
more rarely severe allergic reactions, liver failure, or 
pancreatitis. Surgical resection of the temporal lobe 
commonly causes a visual field cut and rarely has 
more severe complications including stroke.
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Febrile Seizures (FS)
Epidemiology and Demographics: Febrile seizures (FS) 

are the most common form of childhood seizures, 
occurring in 2–5% of children, with increased inci-
dence in those with affected first- degree relatives. 
Peak incidence around 18 months of age.

Disorder Description: Defined as a seizure occurring with 
a febrile illness in a child over 1 month of age with-
out history of afebrile seizures. Occurs in absence 
of central nervous system infection or acute meta-
bolic abnormality. Onset of fever can be after seizure 
occurrence. Any bacterial or viral illness (rarely an 
immunization) may be the precipitant of the fever, 
e.g., HHV6. Etiology appears to be genetic in origin, 
with multiple gene mutations described in associ-
ation with FS. Simple FS: most common, general-
ized convulsions that last <15 minutes and do not 
occur again within 24 hours. Complex FS: seizure 
with focal features, lasting longer than 15 minutes or 
occurring more than once within 24 hours. There is 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.006
https://www.cambridge.org/core


Femoral Neuropathy

211

increased risk of occurrence in children with two of 
the following factors: a history of febrile seizures in 
a first- or second- degree relative, a neonatal nursery 
stay of more than 30 days, developmental delay, or 
attendance at daycare. Primary treatment is to treat 
underlying cause for fever. Rescue medications such 
as benzodiazepines may be considered.

Symptoms

Localization site Comment

Cerebral hemispheres Generalized tonic–clonic seizure with 
fever

Febrile status epilepticus may occur

Secondary Complications: Respiratory complication may 
occur due to prolonged seizures. Risk of later devel-
oping epilepsy near 1 in 40 cases. Increased risk of 
history of complex FS.

Treatment Complications: Acetaminophen may be 
associated with liver dysfunction at high doses. 
Benzodiazepines may be associated with excessive 
sedation, hypotension, or respiratory depression.
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Female Sexual Interest/Arousal Disorder
Epidemiology and Demographics: Overall prevalence is 

unknown. In general, prevalence of diminished sex-
ual desire is higher than distress about sexual func-
tioning among women.

Disorder Description: Defined in DSM- 5 as low or lack of 
interest in sexual activity or arousal associated with 
at least three of the following: (1) no or low interest 
in sex, (2) no or infrequent thoughts about sex, (3) 
no or infrequent initiation of sex and lack of response 
to partner initiation, (4) no or low pleasure or excite-
ment in all or over 75% of sexual encounters, (5) no or 
low sexual interest or arousal with internal or exter-
nal erotic cues, and/or (6) no or low genital or non-
genital sensations during sexual activity in all or over 
75% of sexual encounters. Symptoms present at least 
6 months and cause significant distress.

Symptoms are not better accounted for by 
another mental or medical disorder, substances, or 

secondary to severe distress in relationship. The dis-
order can be classified as lifelong, acquired, general-
ized, or situational. Special consideration of factors 
related to the partner, relationship, individual vul-
nerability (including history of prior sexual abuse), 
associated psychiatric illness, culture, or medical 
condition (e.g., diabetes and thyroid disease) can 
help elucidate cause and guide intervention. There is 
a high association with other sexual difficulties and 
depression. There may be a genetic predisposition.

Low sexual desire may be more prominent in 
women of East Asian culture than European and 
Canadian cultures as per one study. There is signif-
icant cultural variability, some of which may reflect 
differences in cultural norms of behavior.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Depressed mood, anxiety

Secondary Complications: Dissatisfaction with sex life, 
impaired romantic relationships.

Treatment Complications: Filbanserin, FDA approved for 
this condition, may be accompanied by side effects 
of hypotension with alcohol use, insomnia, seda-
tion, dizziness, and/or nausea.
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Femoral Neuropathy
Epidemiology and Demographics: The femoral nerve 

is the largest branch of the lumbosacral plexus, 
formed from the L1–L4 nerve roots. It is responsi-
ble for knee extension and anterior thigh sensation. 
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It courses beneath the inguinal ligament and has 
a pure sensory branch, the saphenous nerve, that 
extends down to the medial calf and into the foot.

Disorder Description: Femoral nerve is commonly 
injured from compression secondary to hip or pel-
vic fractures or masses within the iliacus such as 
hematomas. Saphenous nerve injuries can be seen 
with mild trauma to the knee or after knee opera-
tions. Femoral nerve injuries have been associated 
with diabetic neuropathies, hip replacement pro-
cedures, abdominal and pelvic surgeries, inguinal 
lymph node biopsies, femoral nerve blocks, pro-
longed lithotomy positioning, and femoral artery 
punctures.

Commonly present with isolated quadriceps 
weakness with hip adduction intact (innervated 
by obturator nerve). Associated with sensory loss 
over the anterior and medial thigh extending to the 
medial calf and foot. Patellar reflexes are diminished 
or absent.

Electromyography/nerve conduction velocity is 
helpful in confirming the presence of femoral neu-
ropathy, ruling out a lumbar radiculopathy, and prog-
nosticates by determining the degree of axonal loss. 
Management of femoral nerve injuries is generally 
supportive (including managing pain and physical 
therapy), surgical management by relieving compres-
sion and draining compressive hematomas, or nerve 
repair/grafting in transection or ligation injuries.

Symptoms: Weakness of the femoral nerve innervated 
muscles and sensory changes in the distribution of 
the sensory fibers.
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Fibromuscular Dysplasia
Epidemiology and Demographics: Fibromuscular dys-

plasia involving the craniocervical arteries occurs 
in approximately 0.02% population. Whites are 
affected more than the black population, women 
more than men. It is seen in young to middle- aged 
adults.

Disorder Description: Angiopathy affects medium size 
arteries. Young women of childbearing age are 

susceptible. Renal involvement is noted in 60–75% 
of patients; cerebrovascular involvement is seen in 
25–30% of patients. Visceral involvement in 9% and 
limb involvement in 5%.

Symptoms

Localization site Comment

Cerebral hemisphere Headache, lightheadedness, vertigo, 
tinnitus, speech disturbance, neck pain, 
or carotidynia

Face Transient or permanent neurologic 
deficits of face

Extremities Transient or permanent neurologic 
deficits of extremities. Intermittent leg 
claudication due to extremity artery 
involvement reported

Eyes Visual changes

Cerebral vasculature Aneurysms, which may rupture

Renal Hypertension

Mesenteric or visceral 
artery involvement

Abdominal pain due to ischemic bowel

Treatment Complications: Stroke associated with this 
disorder is treated with tissue plasminogen acti-
vator, which carries potential bleeding complica-
tions. Hypertension is treated if there is aneurysmal 
rupture based on angiography. Surgery might be 
required. Dissection warrants anticoagulation.
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Flavivirus
Epidemiology and Demographics: The flaviviruses1,2 are 

arthropod- borne or arboviruses and are transmit-
ted by either mosquitoes or ticks. The genus con-
tains more than 70 viruses, of which dengue virus, 
Japanese encephalitis virus (JEV), West Nile virus 
(WNV), and tick- borne encephalitis are the most 
important human pathogenic flaviviruses that are 
neuroinvasive. Each species of flavivirus has distinct 
geographic distribution.
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Dengue is the second most common mosquito- 
borne disease affecting humans after malaria and 
causes 100 to 200 million infections with more than 
20,000 deaths annually.

Japanese encephalitis virus is endemic in 
Southeast Asia and causes severe encephalitis in 
50,000 cases with 25 to 30% fatality each year.

West Nile virus was known to be endemic in 
parts of Africa, Europe, Asia, and Australia but has 
emerged recently on the East Coast of the United 
States and has spread to North America, Central 
America, and South America.

Tick-borne encephalitis virus is found in many 
parts of Europe and Central and Eastern Asia and 
accounts for more than 10,000 cases per year of cen-
tral nervous system (CNS) infection in adults.

Disorder Description: Flaviviruses are single- stranded, 
positive- sense RNA viruses; transmission cycles 
consist of vertebrate hosts and insect vectors. 
Humans are dead- end hosts. Flavivirus infections 
in humans range from relatively mild fever and 
arthralgia to severe hemorrhagic and encephalitic 
manifestations. Neuroinvasive infections3,4 occur 
frequently with JEV, WNV, dengue virus, and tick- 
borne encephalitis viruses.

Dengue infection follows only malaria as the 
most common etiology of fever in individuals 
returning from the developing world, and symp-
tomatic infections can present from aspecific or 
mild febrile disease to dengue hemorrhagic fever 
or dengue shock syndromes. In addition enceph-
alopathy may result from the consequences of 
systemic infections. Dengue encephalitis is signifi-
cantly underreported. CNS manifestations include 
non- specific alterations of consciousness, seizures, 
headache, meningeal signs, and paralytic and par-
kinsonian syndrome.

Japanese encephalitis virus infection presents 
as a febrile syndrome that commonly progresses to 
neurologic symptoms, which include alterations of 
consciousness, seizures, parkinsonian movement 
disorder, and dystonia. Seventy percent of sympto-
matic infections manifest as encephalitis while 10% 
present as meningitis. Another 5–20% of patients 
will develop multifocal paralysis or paresis. Fifty 
percent of survivors manifest persistent cognitive 
and movement disorders.

West Nile virus has become the leading cause of 
arboviral encephalitis in the United States. Eighty 
percent of infections are asymptomatic and the 
symptomatic infections give rise to a self- limited 
febrile syndrome. It is estimated that 1 in 150 
patients develop CNS complications, mainly among 
the elderly and immunocompromised. Meningitis, 
encephalitis, and acute flaccid paralysis are the three 
main clinical syndromes.

Tick-borne encephalitis virus mostly affects the 
elderly and is the most common cause of arboviral 
encephalitis in Europe. Neurologic manifestations 
consist of meningitis in 50% and encephalitis in the 
other 50% of symptomatic cases.

Symptoms1,3

Localization site Comment

Cerebral hemispheres JEV: alteration of consciousness, 
seizures, parkinsonian movement 
disorder

WNV: temporal lobe, basal ganglia, and 
thalamus are affected

Dengue virus: infiltration of both gray 
and white matter with DENV- positive 
microphage in close proximity to 
neurons

Tick-borne encephalitis: diffuse 
inflammatory infiltrates in combination 
with astrogliosis in the basal ganglia

Mental status and 
psychiatric aspects/
complications

JEV: alteration of consciousness. 
Permanent sequelae of cognitive or 
movement disoders

Brainstem JEV: autopsy studies have identified 
lesions in anterior horns of the medulla

WNV: predilection for gray matter areas 
of the brainstem

Tick-borne encephalitis: diffuse 
inflammatory infiltrates in combination 
with astrogliosis

Cerebellum WNV: affects cerebellar Purkinje cells

Tick-borne encephalitis: diffuse 
inflammatory infiltrates in combination 
with astrogliosis

Spinal cord JEV: autopsy studies have identified 
lesions in cervical spinal cord

WNV: affects neurons, mostly pyramidal 
motor neurons of the anterior horns
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Folinic Acid- Responsive  
Seizures
Epidemiology and Demographics: Rarely encountered, 

though possibly under- recognized. Typically occur-
ring in infancy.

Disorder Description: Neonatal epileptic encephalop-
athy with highly intractable seizures. Early diag-
nosis and treatment are important to potentially 
improve neurologic outcomes, as rates of mortality 
and developmental morbidity are high for this con-
dition. The molecular basis for the disease is not 
well understood. Recent findings point towards 
mutations in the same gene (ALDH7A1) that 
cause pyridoxine- dependent epilepsy (see entry 
for Pyridoxine-Dependent Seizures). Mutations in 
the antiquitin gene result in α–aminoadipic sem-
ialdehyde (AASA) dehydrogenase deficiency and 
abnormal lysine catabolism. AASA and pipecolic 
acid are increased in the CSF, along with other 
monoamine metabolites. Given the association 
with pyridoxine- dependent epilepsy, pyridox-
ine supplementation in addition to folinic acid, 
and dietary treatments such as lysine restriction 
or arginine supplementation, should be admin-
istered. Of note, cerebral folate deficiency may be 
associated with folinic acid- responsive seizures 
and may occur in the setting of other genetic and 
metabolic disorders.

Symptoms

Localization site Comment

Cerebral hemispheres Medically refractory spasms, clonic 
or myoclonic seizures, and epileptic 
encephalopathy are typical

Interictal EEG abnormalities may include 
slowing and discontinuity, generalized 
or multifocal spike and wave discharges. 
Cortical atrophy and white matter lesions 
have been described on MRI

Central deafness has been described

Mental status and 
psychiatric aspects/
complications

Subsequent developmental delay 
and chronic cognitive disabilities are 
common. Motor delays and spastic 
quadraparesis may result

Cranial nerves Optic atrophy may occur

Secondary Complications: Symptoms of epileptic enceph-
alopathy in the neonate may include emesis, abdom-
inal distention, apnea, irritability, sleeplessness, and 
abnormal eye movements. Hypoglycemia and lactic 
acidosis have been described.

Treatment Complications: Pyridoxine infusion may be 
associated with apnea and should be done in a mon-
itored setting. Oral supplementation is associated 
with gastrointestinal symptoms and may be asso-
ciated with peripheral sensory neuropathy at high 
doses. Pyridoxal phosphate (PLP) may be associated 
with liver enzyme abnormalities. Lysine restriction 
and arginine supplementation require monitoring 
of diet, caloric intake, and amino acid levels. High 
doses of pyridoxine, PLP, and folinic acid have been 
associated with increased seizures in some patients 
but later testing showed these not to be indicated.
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Fragile X Syndrome
Epidemiology and Demographics: Fragile X syndrome 

(FXS) is an X- linked disorder. Therefore, the fre-
quency is increased in males compared with females.
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In very young children, including infants, symp-
toms may include low muscle tone (hypotonia), 
GERD (gastroesophageal reflux), and recurrent oti-
tis media.1

In the first few years of life into later childhood, 
symptoms include intellectual disability, develop-
mental delays (gross motor, speech), and autism 
spectrum disorder as well as dysmorphic features 
including large protruding ears, large testes, long 
face, macrocephaly, and prominent forehead and 
chin, which may become more obvious with age. 
Other neurobehavioral symptoms include hyper-
activity, temper tantrums, self- mutilatory behavior, 
and stereotypies (hand flapping).

Post-puberty, symptoms include autistic ten-
dencies such as poor eye contact, perseverative 
speech, attention difficulties, and impulsivity, 
and a diagnosis of autism is made in at least 25%.2 
Other symptoms may include strabismus and joint 
hyperextensibility.

Recent prevalence among males with intellec-
tual disability and genetic confirmation of FXS is 
16–25/100,0003 or 1:5164.4 African American males 
have a higher reported prevalence of 39/100,000.6

The prevalence among females is about 1/2500, 
with many females unaffected.

Disorder Description: FXS is the most common form of 
inherited intellectual disability. Over 50% of patients 
with FXS also have autism spectrum disorder.

The fragile X mutation is located on the FMR1 
(FRAXA) gene on the long arm of the X chromo-
some. The gene, a trinucleotide repeat sequence 
(CGG), has a length of 10 to 50 CGG repeats in 
unaffected individuals. Patients with fragile X 
syndrome have more than 200 CGG repeats.
Unaffected individuals may have intermediate 
repeats (46–60) or carry a premutation status of 
55–200 CGG repeats.

Potential downstream effects of the FMR1 tri-
nucleotide repeat mutations include the metabo-
tropic glutamate receptor (mGluR) theory of fragile 
X intellectual disability, which hypothesizes that 
mGluR- dependent protein synthesis is unopposed 
and therefore overexpressed, due to absence of 
FMRP, which normally represses mRNA transla-
tion.5 Other hypotheses include overactivation of 
specific pathways due to absence of the normal FMR 
protein, including the PI3K/ERK pathway and/or 
the BMPR2/LIMK1 pathway.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Periventricular heterotopia7

Mental status and 
psychiatric aspects/
complications

Intellectual disability (IQ 30–50)

Concentration/attention problems

Impulsivity

Anxiety, obsessive- compulsive disorder 
aggression

Depression

Autism

Secondary Complications: FXS leads to many second-
ary complications including global developmental 
delays, behavioral problems (ADHD, anxiety, OCD, 
depression, aggression, autism), intellectual disabil-
ity, and epilepsy.

Treatment Complications: Behavioral management may 
involve pharmaceutical interventions, each with 
their own side effects.
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Fragile X Tremor Ataxia Syndrome (FXTAS)
Epidemiology and Demographics: Fragile X tremor ataxia 

syndrome (FXTAS) presents predominantly in men, 
with a mean age of 60 years. The age of onset corre-
lates with the number of enlarged CGG repeats in pre- 
mutation carriers. Females occasionally present with 
clinical and pathologic features of FXTAS but symp-
toms are almost always milder. In the general popula-
tion 1/259 females and 1/813 males are pre- mutation 
carriers making FXTAS one of the most common late- 
onset progressive neurodegenerative disorders in men 
associated with a single gene mutation.

Disorder Description: FXTAS is a late- onset neurodegen-
erative disease characterized by intention tremor and 
cerebellar ataxia. Other features include parkinson-
ism and cognitive changes. FXTAS occurs predom-
inantly in carriers of a moderate CGG trinucleotide 
expansion (pre- mutation range 55–200 repeats) 
within the fragile X mental retardation 1 (FMR1) 
gene. However, there are rare reports that expansions 
within the gray zone (45–54 repeats) and full muta-
tions (>200 repeats) may also present with FXTAS 
clinically. The pathologic mechanism is related to 
overexpression and toxicity of FMR1 mRNA leading 
to possible dysfunction of nuclear proteins.

Symptoms
Localization site Comment

Cerebral hemispheres Diffuse cerebral atrophy, non- specific 
white matter changes, migraine

Mental status and 
psychiatric aspects/
complications

Dysexecutive symptoms, dementia, 
disinhibition and personality change, 
developmental disorders, autism 
spectrum disorders, depression, anxiety

Localization site Comment

Brainstem Brainstem atrophy

Autonomic dysfunction: orthostatic 
hypotension, sexual dysfunction, loss of 
bowel and bladder control have been 
reported

Cerebellum Cerebellar volume loss

The middle cerebellar peduncle sign may 
be seen in 60% of cases

Vestibular system Vertigo, dizziness

Peripheral 
neuropathy

Decreased vibration sense, hypoactive 
deep tendon reflexes

Unclear localization Chronic pain syndrome, fibromyalgia
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Friedrich’s Ataxia (Friedreich 
Ataxia, FA, FRDA)
Epidemiology and Demographics: The mean age of onset of 

Friedrich’s ataxia (FRDA) symptoms is between 10 
and 15 years,1 usually before age 25. Symptoms may 
appear in early childhood (as early as age 2), typically 
with gait ataxia followed by dysarthria and dysme-
tria. Symptoms may appear in early adulthood and 
as late as the eighth decade. FRDA is an autosomal 
recessive disorder and both sexes are affected. The 
prevalence of FRDA is 2/100,000 to 4/100,000.2

Disorder Description: FRDA is an autosomal recessive 
neurodegenerative disorder caused by trinucleo-
tide repeat mutations in the FXN gene located on 
chromosome 9q. The most common mutation is an 
expanded GAA triplet repeat in intron 1 on both 
alleles of FXN. Unaffected individuals can have 
5–30 GAA repeats, but people affected by FA have 
70–1000 repeats.3 Within the intermediate zone 
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of repeats, there is potential for being an asympto-
matic carrier or exhibiting symptoms later in life.

The trinucleotide repeat expansion mutations 
lead to decreased frataxin production, causing a dis-
ruption of iron homeostasis within the mitochon-
dria, resulting in increased free iron and reactive 
oxygen species. Free oxygen radicals cause cellular 
damage in the heart and central nervous system.

FRDA is a progressive multisystemic disorder 
with cerebellar symptoms (ataxia, dysarthria, dys-
phagia), muscle weakness, spasticity, areflexia (in 
75%), neuropathy (with loss of proprioception), 
scoliosis, bladder dysfunction (urinary frequency 
and urgency), hypertrophic cardiomyopathy, dia-
betes mellitus, optic nerve atrophy, and deafness. 
Progression from symptom onset to being unable 
to walk is about 10 years, with death in the 3rd dec-
ade.4 Death is attributed to cardiac causes in more 
than half of the patient population, with pneumonia 
being the second common cause.5

FRDA is seen in Europe, the Middle East, South 
Asia (Indian subcontinent), and North Africa and 
is the most common inherited ataxia in these areas. 
It is seen with lower prevalence in Mexico. FRDA 
has not been seen in Southeast Asia, in sub- Saharan 
Africa, or among Native Americans. A lower than 
average prevalence of FRDA is noted in Mexico.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Progressive degeneration of corticospinal 
tracts

Mental status and 
psychiatric aspects/
complications

Slowing of motor planning and mental 
reaction times. Concrete thinking, poor 
concept formation, poor visuospatial 
reasoning, reduced speed of information 
processing.6 Poor attention and working 
memory have also been demonstrated7

Brainstem Symmetric volume loss in the dorsal 
medulla; progressive degeneration of 
corticospinal tracts

Cerebellum Progressive degeneration; atrophy of the 
cerebellum (hemispheres, vermis, and 
dentate nuclei); atrophy of the superior 
cerebellar peduncle

Cranial nerves CN II: optic atrophy, reduced visual acuity

CN VIII: sensorineural hearing loss

Localization site Comment

Spinal cord Progressive degeneration of posterior 
columns, corticospinal tracts and dorsal 
spinocerebellar tracts; atrophy of the 
cervical spinal cord

Dorsal root ganglia Progressive degeneration

Peripheral 
neuropathy

Sensory and motor neurons; mixed axonal 
peripheral neuropathy; delayed motor 
nerve conduction velocity; reduced or 
absent sensory nerve action potential with 
an absent H reflex

Syndromes with 
combined spinal 
cord and peripheral 
nerve lesions

Progressive degeneration of posterior 
columns and peripheral nerves

For psychiatric symptoms/disorders, focus on 
neurologic manifestations and what neurologic con-
dition the psychiatric symptoms can be mistaken for.

Secondary Complications: The secondary complications 
of FRDA include: cardiomyopathy, gait disturbance 
(ataxia), hearing loss, depression, spasticity, and 
dysautonomia.

Treatment Complications: Medications for the secondary 
complications have specific side effects. See specific 
topic entries such as antidepressants under the entry 
Major Depressive Disorder or in the medication sec-
tion of the text.
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Frontal Lobe Epilepsy (FLE)
Epidemiology and Demographics: Frontal lobe epilepsy 

(FLE) accounts for 20–30% of all focal epilepsies. 
Second most frequent type after temporal lobe epi-
lepsy (TLE). Nearly 20–30% of operative procedures 
are for intractable epilepsy.

Disorder Description: Semiology of events based on ana-
tomical region of frontal lobe involved. Classically 
FLE includes unilateral clonic seizures, asymmetric 
tonic seizures, and hypermotor seizures. Seizures 
are short, tend to cluster, and are often nocturnal. 
May present with stereotypical posturing, vocaliza-
tions, odd complex behaviors, and appear bizarre. 
Postictal effects may be absent or of short duration. 
Ictal and interictal EEG may not be reliable, localiz-
ing in less than one- third of patients.

FLE associated with neuropsychiatric symptoms, 
including changes in sleep disturbances, cognition, 
mood, thought process and content.

Underlying structural causes are trauma, neo-
plasia, vascular malformations, encephalitis, and 
cortical dysplasia. Autosomal dominant nocturnal 
FLE (ADNFLE) associated with mutations in nic-
otinic acetylcholine receptor genes (nAChR α4 and 
β2 subunits).

Antiepileptic drugs (AEDs) such as carbamaz-
epine and its derivatives may be more effective for 
ADNFLE. Refractory cases should be referred for 
surgical evaluation.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Seizure semiology dependent on localization:

•	 Orbitofrontal – staring, alteration of 
consciousness, vigorous complex 
automatisms. Olfactory hallucinations. 
Autonomic manifestations

•	 Frontopolar – early head version with 
associated loss of consciousness, speech, or 
motor arrest

•	 Dorsolateral frontal lobe – unspecific auras 
of dizziness or fear, followed by head and eye 
version and contralateral tonic or clonic activity

•	 Primary motor cortex – focal motor clonus 
with Jacksonian march, dystonia, tonic 
stiffening. Speech disruption

•	 Supplementary sensorimotor area – bilateral 
asymmetric tonic or dystonic posturing. 
Vocalization/speech arrest

•	 Opercular – epigastic aura, mastication, 
salivation, and swallowing symptoms. 
Autonomic features

•	 Cingulate – loss of awareness, oral and upper 
extremity automatisms, fear, behavioral 
alterations, and autonomic manifestations

Mental status 
and psychiatric 
aspects/
complications

Psychosis, mood, anxiety, and personality 
changes (ictal or postictal) may occur. 
Attentional issues, mild memory deficits, 
and problems with encoding. Trouble with 
linguistic skills, visual–perceptual reasoning, 
working memory, and planning abilities worse 
in patients with refractory seizures

Neurocognitive deficits at onset of epilepsy in 
children – demonstrated by consistently lower 
normal IQ scores at diagnosis

Secondary Complications: Potential complications 
include status epilepticus, accidental injury, neu-
ropsychiatric dysfunction. Misdiagnosis and con-
fusion with psychogenic nonepileptic seizures may 
occur due to peculiarity of presenting symptoms.
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Treatment Complications: AEDs may be associated with a 
number of idiosyncratic reactions. Carbamazepine 
may cause rash or abnormalities in blood cell counts, 
hyponatremia, hepatic dysfunction, and accelerated 
bone loss.1–3
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Frontotemporal Dementia (FTD)
Epidemiology and Demographics: Frontotemporal 

dementia (FTD) is a leading cause of early- onset 
dementia (before age 65), with a prevalence of 
15–22/100,000 in persons 45 to 64 years old. About 
20,000 to 30,000 persons are affected in the United 
States.1 This number is likely an underestimate, 
as FTD can be mistaken for psychiatric illness or 
Alzheimer’s disease (AD). Age of onset is between 
45 and 64 years in 60%, older than 64 years in 30%, 
and less than 45 years in 10% of FTD patients.2

Disorder Description: FTD refers to a clinical syndrome 
of frontal and/or temporal lobe dysfunction, aris-
ing from a heterogeneous array of pathologies, and 
commonly categorized into several distinct clini-
cal variants. These include behavioral variant FTD 
(bvFTD), two variants of primary progressive apha-
sia (PPA), semantic variant or agrammatic variant 
(svPPA or agPPA), and FTD associated with motor 
neuron disease (FTD- MND). The most common 
variant of FTD in the United States is bvFTD.2

bvFTD presents with a striking change in per-
sonality, including apathy for previously valued 
activities, new onset of impulsive behavior, socially 
inappropriate remarks, and/or loss of empathy for 
family and friends. Apathy can manifest as reduced 
interest in work or social activities, and can initially 
be mistaken for depression. Patients may engage in 
careless spending, gambling, or sometimes crim-
inal activities. Hyperorality is also observed, and 

patients may binge on sweets or alcohol. Individuals 
who were previously reserved may start to over-
share information with strangers, or make tactless, 
embarrassing remarks in public.2,3 Loss of empathy 
can result in a disregard for others. For example, one 
patient prioritized going to the grocery store over 
attending the funeral of his spouse’s parent.2 Perhaps 
unsurprisingly, patients with bvFTD perform poorly 
on tests of social cognition, such as recognition of 
facial expressions, and theory of mind tasks.3

PPA presents with early, prominent language 
impairment (see entry for Primary Progressive 
Aphasia). agPPA is characterized by non- fluent, 
effortful speech in short phrases, with omissions 
of words lacking semantic meaning (grammatical 
morphemes) such as “the” or “not.” Patients have 
difficulty understanding grammatically complex 
sentences. SvPPA is characterized by prominent 
deficits in naming and single- word comprehen-
sion, with relative preservation of other language 
domains. Patients may also have difficulty reading 
and writing words with irregular spellings (e.g., 
chamois).4 As the disease progresses, the clinical 
picture converges for all three variants, as patients 
develop global cognitive impairment, become bed- 
bound, and eventually succumb, commonly from 
infection.2 Average survival varies, with the shortest 
time for FTD- MND (around 2 to 3 years), about 9 to 
10 years for bvFTD and agPPA, and the longest time 
for svPPA (around 12 years).3

Most pathologically confirmed cases of FTD 
show abnormal accumulations of either tau or TDP- 
43 (transactive response DNA- binding protein 43 
kDa), while a minority of cases demonstrate FUS 
(the RNA- binding protein Fused In Sarcoma) inclu-
sions. MRI typically shows atrophy of the right fron-
tal or right temporal lobe in bvFTD. If structural 
imaging is inconclusive, FDG- PET may show hypo-
metabolism of the right temporal, right frontal, or 
bifrontal lobes. Amyloid PET scan can also be done, 
which typically shows low levels of amyloid binding 
in bvFTD, in contrast to high levels of amyloid bind-
ing in AD. Left inferior frontal lobe atrophy is found 
in agPPA, and left anterior temporal lobe atrophy is 
observed in svPPA.3

FTD symptoms occur in 30% of ALS patients.3 
Conversely, 12.5% of bvFTD patients develop motor 
neuron disease.2 C9orf72 noncoding repeat expan-
sions (in reading frame 72) on chromosome 9 are 
the most common genetic cause for both FTD and 
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familial ALS, accounting for 25.9% and 34.2% of 
cases, respectively.5 Psychosis is a characteristic fea-
ture in patients with C9orf72 repeat expansions.2

About 60% of FTD is sporadic, and 40% is autoso-
mal dominant. Genetic variants of FTD commonly 
present as bvFTD or agPPA. SvPPA is almost always 
sporadic. Mutations in three genes  – C9ORF72, 
GRN (progranulin), and MAPT (microtubule- 
associated protein tau) – account for the majority 
of cases of genetic FTD. A genetic mutation for FTD 
can be found in 6% of patients without a positive 
family history, and genetic counseling is important 
for all patients presenting with FTD.

Symptoms

Localization site Comment

Cerebral hemispheres Disproportionate frontotemporal 
atrophy is found, with involvement 
of the right frontotemporal lobe in 
bvFTD, left inferior frontal lobe in 
agPPA, and left anterior temporal lobe 
in svPPA3

Secondary Complications: Impulsive behavior can lead to 
reckless spending and financial ruin. Disinhibited, 
socially inappropriate behavior can cause ostracism 
and social isolation. Hyperorality can lead to binge 
eating and significant weight gain.

Treatment Complications: There are currently no 
approved treatments for FTD, though selective 
serotonin reuptake inhibitors are commonly used 
off- label for symptomatic management of agitation, 
obsessive- compulsive behaviors, and hyperphagia.3
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Functional Neurologic Symptom Disorder 
(FND; Conversion Disorder)
Epidemiology and Demographics: Prevalence of func-

tional neurologic symptom disorder (FND) in the 
community is up to 0.05% and in clinical settings 
is 2–6%. Predisposition toward female gender, with 
most cases presenting between10 and 35 years old.

Disorder Description: As defined in DSM- 5, FND con-
sists of one or more symptoms of altered volun-
tary motor or sensory function, with evidence of 
incompatibility between symptoms and estab-
lished neurologic or medical conditions. It is not 
better accounted for by another medical or mental 
disorder. There is clinically significant distress or 
impairment in functioning as result. Additional 
specification is made for specific symptom types 
such as weakness or paralysis, abnormal movement 
or attacks/seizures, and others. Further classifica-
tion is made as to whether symptoms are acute (less 
than 6 months) or persistent (6 months or greater) 
and whether there is an identifiable stressor. There 
is a high rate of comorbidity with other psychiatric 
disorders such as depressive and anxiety disorders.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

High comorbidity with anxiety and 
depressive disorders. Signs include 
functional speech deficits, motor 
weakness, abnormal movements, 
transient attacks of seizure- like activity 
with or without altered awareness, visual 
and sensory disturbances

Secondary Complications: Individuals can become more 
avoidant of environments that trigger functional 
symptoms, therefore risk isolation. Physical injury 
can result from falls. Patients may face stigma 
within the medical community and misdiagnosis 
as malingering, resulting in feelings of hopelessness 
and invalidation.

Treatment Complications: Treatment consists of delivery 
of diagnosis in validating and reassuring manner, 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.006
https://www.cambridge.org/core


Fungal Meningitis

221

cognitive- behavioral therapy and/or dynamic ther-
apy, and pharmacotherapy for comorbid psychiatric 
conditions. No reported complications.
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Functional Vision Loss (Non- physiologic 
Vision Loss, Hysteria, Psychogenic Vision 
Loss, Non- organic Vision Loss)
Epidemiology and Demographics: Though functional 

vision loss can affect any race/ethnicity of either sex 
at any age, conversion disorder is most common in 
children and women, sometimes in association with 
psychosocial stress. Malingering is associated with 
pursuit of financial gain through insurance or legal 
channels.

Disorder Description: Functional vision loss is the expe-
rience of a subjective loss of vision that cannot be 
accounted for by known lesions in the visual pathway. 
This is typically identified through inconsistencies in 
performance or findings on testing or examination 
such that the examiner can confirm that visual func-
tion is better than reported. It often occurs in asso-
ciation with known visual pathway lesions, in which 
case the etiology of vision loss may be multifactorial 
(i.e., the functional vision loss is an exaggeration).

Symptoms

Localization site Comment

Mental status 
and psychiatric 
aspects/
complications

Malingering is diagnosed when patient gives 
deliberate history and feigns exam findings 
for the purposes of secondary gain. This 
is associated with pursuit of financial gain 
through insurance or legal channels. Patients 
are often confrontational with the physician

Factitious disorder is diagnosed when the 
patient is consciously creating the symptoms 
for the purposes of assuming a sick role

Conversion disorder is the non- intentional 
experience of physical symptoms that are not 
accounted for by disease in the organ system 
in which the symptom localizes
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Fungal Meningitis
Epidemiology and Demographics: Fungal infections of 

the central nervous system (CNS)1–3 are rare clini-
cal diseases and evolve due to interaction between 
the host’s immune system and the fungal virulence 
factors. With the advent of human immunodefi-
ciency virus (HIV) infections, growing number of 
organ transplants, and the use of chemotherapeutic 
agents, the incidence of fungal infections is increas-
ing, mainly among immunocompromised hosts.

Disorder Description: Common presentations to all 
CNS fungal infections are basal meningitis, space- 
occupying lesions (abscess and granulomas), and 
hydrocephalus. The fungal infections of the CNS 
can be grouped into distinctive neurologic clinical 
syndromes1–3:

 1. Meningitis, meningoencephalitis, and 
hydrocephalus

 2. Intracranial fungal space- occupying lesions
 3. Orbito-rhino-cerebral and skull base syndrome

The clinical features of the syndrome of men-
ingitis, meningo- encephalitis, and hydrocephalus 
caused by fungi are headache, nausea, vomiting, 
visual impairment, papilledema, neck stiffness with 
fever, personality changes, seizures, deterioration in 
sensorium, cranial nerve palsies, and hydroceph-
alus. Cryptococcosis usually presents with typical 
features of meningitis and is one of the most com-
mon CNS fungal infections in immunocompro-
mised patients. Coccidioides cause the most virulent 
of the human fungal infections, causing menin-
geal inflammation with accumulation of exudates, 
opacification of leptomeninges, and obliteration of 
sulci with caseous granulomatous lesions at the base 
of the brain and in the cervical region. Obstructive 
hydrocephalus is the result of extensive fibrosis 
and multiple aneuryms are the result of invasion 
of blood vessels. Disseminated candidiasis, a com-
plication of the infection, can result spontaneously 
in candidal meningitis, which can also occur as a 
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complication of an infected wound or ventriculos-
tomy via direct inoculation of the organism into the 
CNS. Intracranial hypertension with and without 
hydrocephalus is the result of obliteration of intrac-
ranial subarachnoid spaces caused by the basal fun-
gal meningitis.

The intracranial fungal space- occupying 
lesions1–3 are mostly due to candidiasis, aspergillo-
sis, cryptococcosis, cladosporiosis, and mucormy-
cosis. Infection is disseminated hematogenously 
from an extracranial site and causes multiple areas 
of infection within the brain. These multiple areas 
of infection result in meningo- encephalitis with 
vasculitis– thrombosis and late hemorrhagic cer-
ebral infarction and then abscess formation. The 
fungi responsible for aspergillosis, histoplasmo-
sis, blastomycosis, paracoccidioidomycosis, cla-
dosporiosis, mucormycosis, and cryptococcosis 
produce CNS fungal granulomas. Clinical symp-
toms depend on the fungal infection at the primary 
location and the site of brain lesion as well as associ-
ated meningitis, edema, and mass effect.

The orbito-rhino-cerebral and skull base syn-
drome is the result of fungal infections involving the 
nasal cavities, paranasal sinuses, orbits, and cranial 
bones, extending to cranial and intracranial struc-
tures especially the basifrontal and basitemporal 
areas. The initial presenting features are nasal dis-
charge or blockage with periorbital pains, recurrent 
headache, proptosis, impaired ocular movements, 
progressive visual loss, sensory impairment in oph-
thalmic and maxillar divisions of the trigeminal 
nerve, chemosis progressing to ophthalmoplegia, 
blindness, and periorbital- facial swelling. Direct cer-
ebral involvement and invasion of vascular structures 
at the skull base–internal carotids and vertebrobasi-
lar systems cause headache, confusion, irritability, 
seizures, speech disturbances, and focal signs and 
indicate a poor prognosis. Diabetic ketoacidosis is 
the most common predisposing factor. Invasive fungi 
such as Aspergillus, Cladosporium, and Zygomycetes 
as well as fungi- like bacteria such as Actinomycetes 
and Nocardia are the most common causes.

Spinal fungal infections are relatively rare, occur 
predominantly in immunocompromised patients, 
and may present as intradural, extradural, and/or 
vertebral lesions. They can present as radiculop-
athy, myeloradiculopathy, myelitis, granulomas, 
and intramedullary abscess causing progressive 
myelopathy.

Symptoms1–3

Localization site Comment

Cerebral hemispheres Headache, confusion, irritability, seizures, 
speech disturbances, and stroke

Mental status and 
psychiatric aspects/
complications

Confusion, irritability, and speech 
disturbances

Base of skull Basal meningitis

Cranial nerves Progressive visual loss, ophthalmoplegia, 
blindness, sensory impairment in 
ophthalmic and maxillary divisions of the 
trigeminal nerve

Spinal cord Progressive myelopathy due to 
mass effect from granulomas and 
intramedullary abscess

Treatment Complications: Fungal meningitis, especially 
due to Cryptococcus and Candida, usually responds 
well to intravenous amphotericin B therapy with or 
without flucytosine. Flucanazole is used as a main-
tenance therapy in cryptococcal meningitis in AIDS 
patients. Aggressive antifungal medications are 
used for small fungal space- occupying lesions while 
conventional, stereotactic, or ultrasound- guided 
surgical interventions are used for large lesions.The 
prognosis is poor for patients with CNS fungal infec-
tions presenting with acute stroke. Amphotericin 
may cause headaches and rarely can induce seizures 
or encephalopathy. Intrathecal meningitis may 
rarely cause a chemical meningitis.
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Fusobacterium
Epidemiology and Demographics: The annual incidence 

of Fusobacterium bacteremia varies from 0.55 to 
0.99 per 100,000 population in multiple studies. 
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Fusobacterium necrophorum causes infection in 
mostly healthy young adults up to 40 years of age, 
while the incidence of F. nucleatum increases with 
age (median age of 53.5 years).1–3

Disorder Description: Fusobacterium is a genus of anaer-
obic, non-spore-forming gram- negative bacilli 
containing 13 heterogeneous species. F. necropho-
rum and F. nucleatum, although rare, cause the 
majority of serious human infections. F. necropho-
rum was identified as the causal agent of Lemierre 
syndrome, consisting of oropharyngeal infection 
followed by septic thrombophlebitis of the inter-
nal jugular vein with sepsis and metastatic disease 
to the lung.3,4 It is also a frequent primary cause of 
infection in the head and neck and plays a major 
role in the pathogenesis of tonsillitis, paratonsilar 
abscess, post- anginal cervical lymphadenitis, and 
otitis media in children and sinusitis in adults.5 
F. nucleatum, a common member of the human 
oropharyngeal flora, is an agent of gingival and 
periodontal disease, and is among the oral anaer-
obes that are most likely to metastasize to the liver, 
joints, heart valves, and brain. It is associated with 
periodontitis, obstetric infections, brain abscess 
complicating periodontal disease, and bacteremia 
during prolonged neutropenia. Most patients 
infected with F. nucleatum are older individuals 
with underlying comorbidities including dialysis 
and malignancy. Both F. necrophorum and F. nucle-
atum can cause brain abscess, albeit more common 
with F. nucleatum.5

Symptoms5,6

Localization site Comment

Cerebral 
hemispheres

Rare cases of meningitis reported

Brain abscess with focal neurologic signs 
depending on the localization with clinical 
features of headache, fever, seizure, visual 
disturbances, hemiparesis, consciousness 
disturbances

Cerebral thrombosis not rare

Cranial nerves Horizontal diplopia reported

Treatment Complications: Metronidazole may cause 
peripheral neuropathy.
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GABA Transaminase Deficiency
Epidemiology and Demographics: Rare with only three 

published cases.
Disorder Description: GABA transaminase metabolizes 

GABA into succinic semialdehyde, which is metab-
olized to succinic acid and then enters the tricar-
boxylic acid cycle. GABA transaminase deficiency 
results in excessive GABA activity.

This autosomal recessive disorder is character-
ized by severe neonatal encephalopathy, epilepsy, 
and growth acceleration. The latter is likely related 
to GABA- induced stimulation of growth hormone. 
Encephalopathy may be directly related to high 
central nervous system levels of GABA and beta- 
alanine. Death in early childhood.

Diagnosed by detection of elevated GABA using 
magnetic resonance spectroscopy or measured in 
serum and CSF. Confirmation by enzymatic activity 
or molecular analysis is available. Neuropathology 
is inconsistent and may depend upon particularities 
of gene defect.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, hypotonia, and 
spasticity

One case had severe ventricular 
enlargement and increased 
cisternal and sulcal spaces and a 
spongiform quality of the white 
matter in cerebral hemispheres, 
cerebellum, and brainstem; with 
poor or absent myelination in the 
white matter of the gyri

In another only mild delay in 
myelination with restricted 
diffusion in the internal and 
external capsules and the 
subcortical white matter was 
present

Mental status and psychiatric 
aspects/complications

Encephalopathy

Other Growth acceleration

G
Treatment Complications: Antiepileptic drugs associated 

with a number of idiosyncratic reactions, including 
multi- organ issues, and possible cognitive or psychi-
atric effects. Medication interactions are common.
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GALOP Syndrome: Gait Disorder 
Autoantibody Late- Age Onset 
Polyneuropathy
Epidemiology and Demographics: Classic presentation 

is late onset in elderly individuals 60–85 years old 
with history of progressive unsteady gait and fre-
quent falls over months to years. Caused by an 
autoimmune IgM to sulfatide (a neuronal protein 
associated with myelin- related inhibition of axonal 
outgrowth).

Disorder Description: Mild symmetric distal sensory 
loss in the arms and legs associated with weakness. 
Electromyography/nerve conduction studies show 
axonal sensorimotor polyneuropathy with occa-
sional demyelinating features. Diagnosed by the 
presence of IgM to sulfatide in serum and on nerve 
biopsy. Immunomodulating treatments with intra-
venous immunoglobulin (IVIG) or cyclophospha-
mide may result in functional improvement.

Symptoms: Distal sensory nerves in the foot/lower leg 
and at later stages, the hands/forearm are potential 
sites of involvement.

Secondary Complications: Complications from falls and 
injuries in the elderly.

Treatment Complications: Adverse effects from IVIG, 
plasmapheresis, or cyclophosphamide.
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Ganglioglioma
Epidemiology and Demographics: Ganglioglioma is 

the most frequent type of glioneuronal tumor, 
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constituting 4–6% of primary brain tumors in chil-
dren; 80% of the cases occur in patients less than 30 
years old, with a slight male predominance.

Disorder Description: Ganglioglioma is a well- 
differentiated, slowly growing neuroepithelial 
tumor, composed of neoplastic, mature ganglion 
cells and neoplastic glial cells. It is usually a benign 
tumor but rarely can transform to the malignant 
form – anaplastic ganglioglioma.

Symptoms

Localization site Comment

Cerebral hemispheres New onset seizures and 
refractory epilepsy are the 
most common presentations. 
(Complex partial seizures are 
common as tumor typically 
occurs in medial temporal lobe – 
85%.) Hemiparesis

Mental status and psychiatric 
aspects/complications

Memory disturbances and 
psychiatric symptoms

Brainstem Loss of gag reflex and horizontal 
nystagmus (rare)

Cerebellum Ataxia

Cranial nerves Hearing loss, intractable facial 
pain

Spinal cord Progressive myelopathy 
(commonly cervical cord)

Unclear localization Increased intracranial pressure

Treatment complications: Surgical resection can lead to 
memory problems if lesion is in the temporal lobe.

Radiotherapy (gamma knife radiotherapy) has 
minimal side effects including nausea, dizziness, 
and hair loss.
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Ganglion Cyst
Epidemiology and Dermographics: More common in 

women than in men; 70% of cases occur between 20 
and 40 years of age. Seen rarely in children younger 
than 10 years. Most common soft tissue tumor of the 
hand and wrist.

Disorder Description: Ganglion cyst, also known as syn-
ovial cyst, Gideon’s disease, and bible cyst, is a non- 
neoplastic soft tissue mass that may occur in any joint, 
but more commonly seen around joints and tendons 
in the hands or feet. It could be due to irritation or 
chronic damage causing cystic space formation.

Symptoms

Treatment Complications: Treatment includes ortho-
scopic resection, open excision, corticosteroid 
injection with aspiration, or aspiration alone.

Complications include wrist stiffness or neuro-
vascular injury, particularly with radial artery lac-
eration. Infection can occur. Decreased motion and 
ligament instability with open excision can be seen.
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Gastrointestinal Cancers
Epidemiology and Demographics: The incidence of brain 

metastases is <4% in esophageal and colorectal can-
cer and <1% in pancreatic and gastric cancer.

Disorder Description: Gastrointestinal tumors are more 
likely to metastasize to the posterior fossa than to 

Localization site Comment

Dorsal wrist Joint instability, weakness, 
limitation of movement

Carpal tunnel Compression of median nerve 
causing pain and numbness

Ulnar side of the wrist Ulnar nerve compression 
within the tunnel of Guyon 
causing paresthesias and pain
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the supratentorial region. They involve cerebellum 
more than other tumors and more often will be sol-
itary lesions. Gastric tumors are more likely to have 
leptomeningeal metastasis, while paraneoplastic 
features and spinal cord compression are rare com-
pared with lung and breast carcinoma.

Symptoms

Localization site Comment

Cerebral hemispheres Solitary or multiple lesions 
causing seizures, headache, 
nausea, vomiting, and 
hemiparesis (most commonly 
from colorectal cancer)

Mental status and psychiatric 
aspects/complications

Leptomeningeal spread: 
headaches, nausea, vomiting, 
cognitive changes, and 
occasionally seizures

Cerebellum Unsteadiness, headache, and 
nausea. (Solitary mass; rarely 
paraneoplastic cerebellar 
degeneration)

Cranial nerves Leptomeningeal spread: paresis 
of third, fourth, and sixth nerves 
is most common; rarely facial 
weakness, decreased hearing, 
and involvement of the optic, 
trigeminal, and hypoglossal 
nerves

Pituitary gland Diabetes insipidus and pituitary 
apoplexy (rare)

Spinal cord Progressive myelopathy (93%), 
Brown–Séquard syndrome 
(22.5%), or pseudo or partial 
Brown–Séquard syndrome 
(Intramedullary spread in 
colorectal cancer)

Specific spinal roots Leptomeningeal spread: pain, 
weakness, and paresthesias 
(lumbosacral region)

Plexus Lumbosacral plexopathy: 
prominent pain radiating 
into the lumbar fossa, hip and 
buttocks, and leg weakness

Special mention: Turcot’s syndrome: colorectal cancer 
with central nervous system neoplasms.

Secondary Complications: Paraneoplastic syndrome 
of inappropriate antidiuretic hormone secre-
tion (SIADH), Cushing’s syndrome, acanthosis 
nigricans.

Treatment Complications: Gastrectomy can result in per-
nicious anemia due to deficiency of intrinsic factor 
thereby causing vitamin B12 deficiency, which can 
lead to weakness and loss of proprioception and 
vibration due to subacute combined deficiency.

5 Fluorouracil in combination with levamisole 
produces multifocal inflammatory leukoencepha-
lopathy. The combination is not used anymore.
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Gender Dysphoria
Epidemiology and Demographics: Onset is as early as 2–4 

years old, into adulthood. Estimates of prevalence 
are likely low due to only a limited number of indi-
viduals seeking medical healthcare services. For 
adults born biologically male, estimates range from 
0.005 to 0.014%. For females, the range is 0.002 to 
0.003%. In children, male-to-female gender distri-
bution range is 2:1 to 4.5:1.

Disorder Description: Characterized in the DSM- 5 as “dis-
tress that may accompany the incongruence between 
one’s experienced or expressed gender and one’s 
assigned gender.” Duration is at least 6 months. As 
per DSM, in adolescents and adults, must be asso-
ciated with at least two of the following features: 
(1) conflict between one’s gender identity and his/
her biologic sex characteristics, (2) strong desire for 
biologic sex characteristics to either not develop or 
be eliminated, (3) strong desire for the biologic sex 
characteristics congruent with one’s gender identity,  
(4) strong desire to be another gender, (5) strong 
desire to be treated as another gender, and (6) belief 
that one has the internal experience of another gender. 
There is significant distress and impairment in several 
realms of function. There are specifiers for disorder 
of sex development or post- transition to the desired 
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gender. There is a separate set of criteria for children 
that are based more on behavioral manifestations.

During development, individuals often make 
efforts to conceal emergent secondary sex charac-
teristics, seek hormone treatments and/or surgery.

Genetic factors likely play a role, as seen with twin 
studies. Atypical gender behaviors in childhood 
help predict gender dysphoria. It is seen across many 
cultures. Comorbidities in children often include 
the disruptive, impulse- control, anxiety, depressive, 
and autism spectrum disorders. In adults, they are 
mostly depressive and anxiety disorders.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

May have higher rates of 
suicidal ideation
May have symptoms of 
comorbid disorders: disruptive, 
impulse- control, anxiety, 
depressive, and autism 
spectrum disorders

Secondary Complications: Due to nonconformity of social 
norms, there is increased risk for stigmatization and 
victimization. School and work functioning can be 
impacted. There can be isolation and challenges in 
relationships, emotionally and sexually. There is a 
high rate of suicide attempts.

Treatment complications: Hormone treatments and sex-
ual reassignment surgery carry their own respective 
risks of adverse effects.
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Generalized Anxiety Disorder
Epidemiology and Demographics: Nearly twice as com-

mon in females, with cultural variability. Most 
common phase of life affected is middle adulthood. 
In the United States, 1- year prevalence is 0.9% in 
adolescents and 3.1% in adults. It more commonly 
affects those of European descent.

Disorder Description: Characterized in the DSM- 5 by 
“excessive anxiety or worry (apprehensive expec-
tation)” that occurs with regards to several areas 
of life and is difficult to control. It affects most days 
per week over at least a 6- month period of time. It 
can be pervasive and without specific triggers. To 
meet DSM criteria, the anxiety or worry must be 
accompanied by three or more of the following: rest-
lessness, easy fatigue, difficulty concentrating, irri-
tability, muscle tension, and/or sleep disturbance. 
Symptoms must cause significant distress and not 
be better accounted for by the effects of a substance 
or another mental or medical condition.

Risk factors are genetic and trait- based, includ-
ing tendency toward harm avoidance and negative 
affect states. Environmental factors such as early 
adversity or overprotective parenting may also play 
a role.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Anxiety, irritability, difficulty 
concentrating, poor working 
memory, restlessness, fatigue

Secondary Complications: Associated difficulties with 
sleep, concentration, and fatigue can contribute to 
challenges with efficiency and effectiveness in mul-
tiple realms.

Treatment complications: Selective serotonin reuptake 
inhibitors carry potential side effects such as insom-
nia, headache, gastrointestinal distress, and sexual 
dysfunction.
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Generalized Tonic–Clonic Seizures (GTCS)
Epidemiology and Demographics: Generalized tonic–

clonic seizures (GTCS) are the most common sei-
zure type, constituting about 50% of seizures in 
adults.

Disorder Description: Can manifest as primary or second-
ary GTCS. When primary, seizures begin abruptly 
with bilateral tonic contraction of limbs, loss of con-
sciousness, jaw clenching, upward eye deviation, 
eyelid and mouth opening. May involve respiratory 
muscles producing forced expiration and an “epi-
leptic cry.” Gradually transitions to clonic activity. 
Initially, rhythmic jerking may be high frequency and 
low amplitude and evolves to have lower frequency 
and transiently higher amplitude movements before 
cessation. Event followed by a post- ictal period. 
Secondarily GTCS are of focal onset with seizure 
activity that spreads to the bilateral hemispheres. 
Focal clinical features at onset and asymmetric or 
asynchronous motor activity are more common. 
Idiopathic causes are typically genetic in origin. 
Symptomatic causes include developmental abnor-
malities, trauma, infection, stroke, and tumor.

Symptoms

Localization site Comment

Cerebral hemispheres Full body stiffening and rhythmic 
jerking, loss of awareness

Mental status and 
psychiatric aspects/
complications

Altered level of consciousness acutely, 
post- ictal obtundation, confusion, 
lethargy, agitation. Post- ictal psychiatric 
symptoms including depression, 
anxiety, and psychosis may occur in the 
days following a convulsion

Secondary Complications: Serious injuries can occur includ-
ing: head trauma, fractures, dislocations, dental dam-
age, and burns. Cardiopulmonary compromise less 
common. Uncontrolled GTCS the strongest risk fac-
tor for sudden unexpected death in epilepsy (SUDEP).

Treatment Complications: Primary GTCS may respond 
well only to broad- spectrum antiepileptic drugs 
(AEDs), whereas narrow- spectrum agents such as 
carbamazepine or gabapentin may exacerbate sei-
zures. AEDs are associated with a number of idiosyn-
cratic reactions, including multi- organ issues, and 
possible cognitive or psychiatric effects. Common 
side effects for AEDs include dizziness, fatigue, 
blurred vision, and gastrointestinal symptoms. 
Other reactions include rash, blood count abnormal-
ities, liver toxicity, cognitive or mood complaints. 
There may be an increased risk of suicidality associ-
ated with AED use. Drug interactions are common.
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Germ Cell Tumors
Epidemiology and Demographics: Germ cell tumors are 

a heterogeneous group of lesions that may occur 
in the ovary, testicles, or extragonadally, including 
intracranially.

Ovarian germ cell tumors account for 20–25% of 
ovarian neoplasms overall, but only 5% of all malig-
nant ovarian neoplasms. Malignant ovarian germ 
cell tumors are more frequent among Asian/Pacific 
Islanders and Hispanic women than Caucasians. 
They arise typically in young women between  
10 and 30 years old.

Testicular germ cell tumors account for 95% of tes-
ticular cancers, commonly affecting males between 
15 and 35 years, and are more common in males of 
Japanese/Asian descent. Overall incidence of testicu-
lar germ cell tumors among American men was about 
5/100,000 per data around the turn of the century and 
is rising, as opposed to the incidence of ovarian germ 
cell tumors, which appears to have declined.
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Extragonadal germ cell tumors occur in differ-
ent sites depending on age, with sacrococcygeal and 
intracranial germ cell tumors common in young 
children, and tumors in anterior mediastinum, ret-
roperitoneum, and intracranially, particularly pin-
eal and suprasellar regions, common in adults. There 
is an annual incidence of 0.5/100,000 (found in a 
Norwegian study). There is a 5- to 8- fold increased 
incidence of intracranial germ cell tumors in Japan. 
Males are twice as likely as females to develop intra-
cranial germ cell tumors. The only known risk factor 
for extragonadal germ cell tumors is Klinefelter syn-
drome (47XXY), which is associated with mediasti-
nal nonseminomatous germ cell tumors.

Disorder Description: Germ cell tumors consist of multi-
ple histologic types, carrying a prognosis and treat-
ment strategy depending on their type, location, 
and patient’s age and gender. They are classified as 
follows:
Teratomas

Benign cystic mature teratomas
Immature teratomas

Dysgerminomas or germinomas in females/
seminomas in males

Yolk sac tumors
Mixed germ cell tumors: combinations of teratoma 

with yolk sac, dysgerminoma, and/or embryonal 
carcinoma

Rare ovarian germ cell tumors (OGCTs): pure embry-
onal carcinomas, nongestational choriocarcinomas, 
pure polyembryoma, gonadoblastoma
Most germ cell tumors produce hormones that 

function as tumor markers, which can aid in diag-
nosis as well as monitoring, such as the beta subu-
nit of human chorionic gonadotropin (hCG), alpha 
fetoprotein, or lactate dehydrogenase (LDH).

Ovarian germ cell tumors are derived from pri-
mordial germ cells of the ovary and may be malig-
nant or benign. They are less common than epithelial 
ovarian neoplasms, but grow more rapidly. Patients 
typically present with abdominal enlargement, 
abdominal pain, precocious puberty, abnormal vag-
inal bleeding, or symptoms of pregnancy.

Testicular germ cell tumors are grouped into 
seminomas or non- seminomatous tumors and typ-
ically present as a nodule or painless swelling of the 
testicle. Please see the entry for Testicular Cancer 
for additional information on testicular germ cell 
tumors.

Extragonal germ tell tumors, without primary 
tumors in the ovaries or testes, tend to occur in the 
midline. Intracranial germinonas tend to be very 
sensitive to radiation therapy, whereas intracra-
nial nongerminomatous tumors characteristically  
are not.

Symptoms

Localization site Comment

Cerebral hemispheres Ovarian: nongestational 
choriocarcinomas are likely to 
metastasize to brain via hematogenous 
spread, highly prone to hemorrhage. 
Predilection for the posterior fossa. 
May also form neoplastic aneurysms 
via tumor embolization to the brain 
presenting with subarachnoid 
hemorrhage or intracranial hemorrhage
Testicular: may metastasize to cerebral 
hemispheres
Extragonadal: intracranial germ cell 
tumors (often germinomas) typically 
occur in pineal or suprasellar region, less 
commonly surrounding fourth ventricle, 
basal ganglia, thalamus. Pineal or fourth 
ventricle germ cell tumors may cause 
obstructive hydrocephalus

Spinal cord Testicular: metastases to spinal cord, 
which can result in motor deficits, 
sensory deficits, bowel/bladder 
dysfunction, gait imbalance depending 
on location within cord

Mental status Ovarian: anti-N-methyl-D-aspartate 
(NMDA) receptor autoimmune 
encephalitis can rarely be produced 
by mature or immature ovarian 
teratomas presenting with psychiatric 
symptoms (hallucinations, emotional 
lability, behavioral changes, altered 
level of consciousness, seizures, central 
hypoventilation) and autonomic 
dysregulation
Extragonadal: pineal/fourth 
ventricle tumors causing obstructive 
hydrocephalus leading to headache, 
lethargy, somnolence, ataxia, behavioral 
changes

Lumbosacral 
plexopathy

Ovarian: local compression by pelvic 
masses leading to local or radicular 
pain, sensory loss to anterior thigh and 
foot, weakness or knee flexion, ankle 
dorsiflexion or ankle inversion

Testicular: Retroperitoneal metastases
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Giant Cell Tumor of Bone
Epidemiology and Demographics: Giant cell tumors com-

prise approximately 5% of all skeletal tumors and 
21% of benign tumors. About 1% occur in the skull 
and most common location is sphenoid and tem-
poral bone. There is a female preponderance in the 
incidence.

Disorder Description: Giant cell tumors are benign lesions 
that typically occur at the epiphyses of long bones. 
Metastatic disease is found in approximately 1–9% 
of patients. Pulmonary metastases are the most 
common, though skull and spinal cord metastases 
have been reported.

Symptoms

Localization site Comment

Cerebral hemispheres Headaches and hemiparesis 
(Cortical or subcortical metastasis 
to brain)

Mental status and psychiatric 
aspects/complications

Confusion

Cranial nerves Visual field defects, blindness, 
and diplopia (involvement of 
sphenoid bone)
Abducens palsy (clivus 
involvement)

Spinal cord Progressive hemiparesis 
(intramedullary thoracic 
metastasis)

Treatment Complications: Denosumab may cause osteo-
necrosis of jaw and increased susceptibility to 
infections.

Secondary Complications

Ovarian germ cell tumors:
Endocrinopathies – precocious puberty, abnormal 

vaginal bleeding, symptoms of pregnancy 
related to tumor hormonal hCG production

Testicular germ cell tumors:
Endocrinopathies – paraneoplastic 

hyperthyroidism, gynecomastia (associated 
with hCG production)

Lumbar back pain – due to retroperitoneal 
metastases to the psoas muscle

Bone pain – due to skeletal metastases
Lower extremity swelling – due to iliac or caval 

venous obstruction or thrombosis
Extragonadal germ cell tumors:

Endocrinopathies – most commonly diabetes 
insipidus although precocious puberty or 
delayed puberty, growth hormone deficiency, 
hypothyroidism, and adrenal insufficiency can 
also be seen, especially if tumor in suprasellar 
location

Decreased visual acuity – occasionally with 
bitemporal hemianopsia if in a suprasellar 
location

Obstructive hydrocephalus associated with pineal/
fourth ventricle tumors causing altered 
mental status, lethargy, changes in academic 
performance and behavior

Headaches

Treatment Complications

Peripheral nerve injury: secondary to pelvic surgery. 
Femoral is the most commonly injured nerve, 
but lumbosacral plexus injury may also occur. 
Ilioinguinal or iliohypogastric nerve injuries may 
occur due to post- operative scars or adhesions.

Peripheral neuropathy: secondary to chemotherapy 
agents, typically cis- platinum or paclitaxel. Cis- 
platinum typically produces a large fiber neuropathy 
with loss of position and vibratory sensation.

Paclitaxel more commonly affects all sensory nerve 
fibers and may also cause a proximal motor 
neuropathy.

Encephalopathy: secondary to ifosfamide aklylating 
chemotherapy agent, with alterations in consciousness 
(somnolence vs delirium vs coma), as well as possible 
hallucinations, seizures, cerebellar dysfunction. The 
encephalopathy is usually reversible in 3–4 days.
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Glaucoma
Epidemiology and Demographics: Glaucoma is the sec-

ond leading cause of blindness worldwide, affect-
ing about 60 to 70 million people. It is the leading 
cause of irreversible blindness. There are two major 
forms of glaucoma: primary angle closure glau-
coma (PACG) in which the outflow structures of 
aqueous humor in the eye are obstructed; and pri-
mary open angle glaucoma (POAG) in which these 
outflow structures are freely accessible to aqueous 
humor. The epidemiology and demographics of the 
two forms are distinct. PACG is most common in 
Eskimos and East Asian individuals. The incidence 
also increases with age. Women are more likely to 
have PACG. Family history is also a risk factor. No 
systemic factors are known to contribute to PACG. 
POAG is more prevalent in individuals of African 
and Hispanic descent than in Caucasians. The inci-
dence of POAG increases significantly with age. 
Family history is an important risk factor, with stud-
ies reporting that an individual has a two- to four- 
fold increased risk of glaucoma if he or she has an 
affected first- degree relative. There is no difference 
in prevalence among males and females.

Disorder Description: Glaucoma is a broad term to 
describe a diverse group of eye conditions that 
share the common feature of progressive optic neu-
ropathy with visual field loss and corresponding 
structural changes to the optic nerve. Any descrip-
tion of glaucoma requires a basic understanding 
of the pathway of aqueous humor flow in the eye. 
Aqueous humor is a fluid made in the anterior part 
of the eye by the ciliary body behind the iris. This 
fluid maintains eye shape and provides nutrients 
to structures in the eye. It exits the eye through the 
trabecular meshwork located in the “angle” created 
by the intersection of the cornea and the iris, then 
into Schlemm’s canal and into the blood circulation. 
Although intraocular pressure is not included in the 

definition of glaucoma, elevated intraocular pres-
sure is associated with most forms of glaucoma and 
is typically associated with resistance to aqueous 
humor outflow from the eye.

PACG is associated with an identifiable mechan-
ical obstruction of the trabecular meshwork. This 
may present acutely, subacutely (intermittent angle 
closure), or chronically. It can also be categorized 
as primary (anatomic predisposition typically due 
to a shallow anterior chamber) or secondary angle 
closure (angle closure secondary to another patho-
logic process in the eye). In POAG there is no mac-
roscopically identifiable obstruction to the outflow 
structures in the eye, but trabecular meshwork dys-
function leads to aqueous backup and chronically 
elevated pressures in the eye. These chronically 
elevated pressures ultimately lead to the death of 
retinal ganglion cells and their axons by cellular 
mechanisms that are poorly understood. Besides 
POAG and PACG, there are rarer secondary glau-
comas in which glaucoma develops secondary to 
other identified ocular or systemic conditions such 
as trauma, intraocular inflammation, and ischemic 
processes.

Symptoms: Chronic forms of glaucoma (e.g., POAG) are 
insidious in nature. Patients remain asymptomatic 
with slow elevation of intraocular pressure and pro-
gressive loss of peripheral visual field. Central visual 
acuity remains intact even in severe forms of the dis-
ease. Hence, as many as 50% of patients in the devel-
oped world with glaucoma are unaware of their 
disease. Acute symptoms of angle- closure glaucoma 
include severe eye pain, blurred vision, photopho-
bia, halos around lights, even headache, nausea and 
vomiting. This constellation of symptoms overlaps 
with that of migraine. The most common forms of 
glaucoma, POAG and PACG, are not associated 
with neurologic symptoms.

Localization site Comment

Cerebral hemispheres Neurofibromatosis I is a genetic 
syndrome characterized by skin 
changes, optic nerve gliomas, 
iris nodules, bony dysplasia, and 
neurofibromas or other solid central 
nervous system tumors. NF1 is a rare 
cause of secondary glaucoma due to 
abnormalities of the angle structures
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Treatment Complications: Intraocular pressure is the 
only modifiable risk factor that can slow glaucoma 
progression. Pressure- lowering drops are typically 
the first line of treatment, and there are five major 
classes of medications. As all pressure- lowering 
drops are used chronically, they can become toxic 
to the ocular surface. Prostaglandin analogs cause 
local pigmentary changes in the iris and eyelid and 
eyelash growth. Pilocarpine is associated with head-
ache. Systemic absorption of eye drops such as beta 
blockers can lead to cardiovascular and pulmonary 
side effects. Carbonic anhydrase inhibitors can be 
prescribed systemically to lower intraocular pres-
sure. These are associated with parasthesias, altered 
taste, and fatigue.

Laser or incisional surgery is considered when 
other modalities do not adequately control the 
intraocular pressure. Complications can arise from 
surgically related infections, bleeding, failure of 
surgery to create a successful aqueous outflow tract, 
and hypotony (very low eye pressure) from exces-
sive aqueous outflow.
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Gliomatosis Cerebri
Epidemiology and Demographics: Due to the rarity of the 

condition, no reliable estimates are available on the 
incidence of gliomatosis cerebri. There is a slight 
male predominance, and the age of presentation is 
around 40 years.

Disorder Description: Rare primary brain tumor in 
which there is a diffuse infiltration of the brain 
with neoplastic glial cells that can affect multi-
ple cerebral lobes. World Health Organization 
defines it as a diffusely infiltrating glial neoplasm 
affecting at least three cerebral lobes, usually with 

Localization site Comment

Juvenile xanthogranuloma (JXG) is 
an uncommon proliferative disorder of 
histiocytes that typically manifests with 
skin lesions. Systemic JXG is rare but 
has been associated with intracranial 
lesions. JXG is a rare cause of unilateral 
glaucoma. Vascular lesions of the iris 
(the most commonly affected structure 
in the eye) can form. These vascular 
lesions can bleed spontaneously 
leading to hyphema (blood in the 
anterior chamber) and secondary 
glaucoma
Elevated episcleral venous pressure 
can cause open- angle glaucoma by 
obstructing the outflow of aqueous 
humor into the venous drainage system. 
Conditions that can cause this include 
carotid–cavernous fistula and  
dural– cavernous fistula
Sturge–Weber syndrome (SWS) is 
a sporadic neurocutaneous disorder. 
Seizures are the most common 
neurologic abnormality. The condition 
is also characteristically associated with 
leptomeningeal hemangiomatosis 
ipsilateral to the skin findings. SWS 
patients develop multifactorial 
glaucoma from developmental 
abnormalities in the angle structures 
and/or secondary to vascular anomalies 
of the episcleral and conjunctiva. These 
anomalies create outflow obstruction, 
elevated episcleral venous pressure, and 
ultimately elevated intraocular pressure

Cranial nerves Neurofibromatosis I (see above) is 
associated with glaucoma and optic 
nerve gliomas

Plexus Neurofibromatosis I (see above) 
is associated with glaucoma and 
plexiform neurofibromas

Secondary Complications: Glaucoma is a progressive 
disease that can result in irreversible loss of vision 
despite treatment. Studies show that over 20 years, 9% 
of treated patients with adequate IOPs will develop 
bilateral blindness. As the visual field constriction 
progresses, glaucoma patients report increasing dif-
ficulties with a broad range of activities such as walk-
ing, reading, and driving. Patients severely impaired 
by glaucoma may also experience adverse mental 
health effects such as anxiety and depression.
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bilateral involvement of the cerebral hemispheres 
and/or deep gray matter. Spinal cord, optic nerve, 
and brainstem involvement has also been reported.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures; hemiparesis 
(interruption of the 
corticospinal pathways); atypical 
parkinsonism (basal ganglia)

Mental status and psychiatric 
aspects/complications

Apathy and impaired executive 
functions (bifrontal location of 
the tumor)

Cranial nerves Blurry vision (tumor involvement 
of the optic nerve)

Spinal cord Progressive sensory loss and 
paraparesis (intramedullary 
location)

Specific spinal roots Decreased sensation in the 
dermatomal distribution

Unclear localization Headache, nausea, vomiting, 
papilledema (increased 
intracranial pressure)

Treatment Complications: Temozolamide can cause 
nausea, vomiting, diarrhea, transaminitis, pancy-
topenia, infertility. Radiation can cause anorexia, 
pancytopenia, bleeding diathesis, infection, fatigue, 
weakness, weight loss.
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Glomus Jugulare Tumor
Epidemiology and Demographics: Estimated annual inci-

dence is 1 case per 1.3 million people. Occurs predom-
inantly in women in the fifth and sixth decades of life.

Disorder Description: Slow- growing, hyper- vascular tumor 
that arises within the jugular foramen of the temporal 
bone. The tumor is locally invasive. Catecholamines, 

norepinephrine, or dopamine excreted by the tumor 
causing headache and tachycardia can be the first or 
leading symptoms in about 2–4% of cases.

Symptoms

Localization site Comment

Base of skull Erosion and invasion of skull base

Cranial nerves Conductive hearing loss and pulsatile 
tinnitus (most common); jugular 
foramen syndrome or Vernet’s 
syndrome paresis of 9th–11th (with or 
without 12th) cranial nerves

Unclear localization Headache, hydrocephalus, and elevated 
intracranial pressure may be produced 
by intracranial extension of the tumor

Treatment Complications: Complications of surgery 
include death, cranial nerve palsies, bleeding, cere-
brospinal fluid (CSF) leak, meningitis, uncontrolla-
ble hypotension/hypertension, and tumor regrowth.

Complications of radiation include internal 
carotid artery thrombosis, secondary tumor devel-
opment, pituitary– hypothalamic insufficiency, CSF 
leak, tumor growth, and radiation necrosis of bone, 
brain, or dura.
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Glossopharyngeal Neuralgia
Epidemiology and Demographics: There are limited case 

reports on this condition and no large population- 
based studies to estimate incidence or prevalence. 
This condition is rare. By its very nature, glos-
sopharyngeal neuralgia is considered to be strongly 
associated with facial pain syndromes. One estimate 
suggests that glossopharyngeal neuralgia occurs in 
0.2–1.3% of facial pain sydromes.

Disorder Description: A rare facial pain syndrome char-
acterized by paroxysmal severe pain in the sen-
sory distribution of cranial nerves IX and X. Pain 
is described as stabbing in nature; patients often 
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refer to pain as occurring on one side of throat 
near the tonsils and sometimes radiating to the ear. 
These events are associated with syncope, convul-
sions, asystole, and bradycardia. In the event there 
is an association, the condition is called vagoglos-
sopharyngeal neuralgia. There are two variants as 
described by the International Headache Society: 
classic type versus symptomatic type. The classic 
type has the same characterization of pain as symp-
tomatic but is episodic in nature. By contrast, the 
symptomatic type exhibits persistent aching pain 
between acute exacerbations.

Symptoms

Localization site Comment

Cranial nerves Some studies suggest a role of 
demyelination along cranial nerves IX and 
X. Other studies suggest an association 
with compressive neuropathy secondary to 
tumors, vasculature, abscess, post- surgical 
disturbances, Eagle syndrome

Secondary Complications: This condition is often mis-
taken for trigeminal neuralgia; however, treatments 
for either trigeminal neuralgia or glossopharyngeal 
neuralgia are similar.

Treatment Complications: If there is an association with 
syncope or other cardiac problem in glossopharyn-
geal neuralgia, strong consideration should be taken 
to stabilize the patient hemodynamically first before 
pursuing treatment of the pain. Conventional med-
ications to treat this condition include carbamaz-
epine, gabapentin, phenytoin, oxcarbazepine, or 
pregabalin. Outside of listed side effects to these 
medications, no known complications specifically 
associated with glossopharyngeal neuralgia have 
been reported. Occasionally, pharmacologic inter-
vention will fail and surgical intervention is needed, 
specifically nerve blocks and decompression. 
Known complications from this surgery include 
deficits associated with the cranial nerves such as 
vocal cord paralysis and dysphagia.
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Glue-Sniffing Neuropathy
Epidemiology and Demographics: Volatile substance 

abuse is most common in teenagers. It is also more 
common in the lower socioeconomic classes.

Disorder Description: Caused by intentional inhalation of 
the volatile vapors of various adhesive substances. 
One example of volatile substance abuse that also 
includes gasoline, typewriter correction fluid, and 
others. The chemical composition of glue may 
include n- hexane, toluene, benzene, phenol, chlo-
roform, and methyl ketone. Multiple chemicals in 
glue can cause neurologic symptoms with acute 
euphoria, sedation, hallucinations, and seizures. 
With repeated exposure, peripheral neuropathy 
develops, which is primarily related to hexacarbons. 
With very high- level acute exposure, acute neu-
ropathy mimicking Guillain–Barré syndrome may  
be seen.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures may occur

Mental status and psychiatric 
aspects/complications

Euphoria, confusion, lethargy, and 
hallucinations

Vestibular system (and non- 
specific dizziness)

Dizziness

Peripheral neuropathy Acute neuropathy mimicking 
Guillain–Barré syndrome after 
massive intentional inhalation. 
Low- level chronic abuse leads 
to central– peripheral distal 
axonopathy

Syndromes with combined 
upper and lower motor 
neuron deficits

Distal portions of corticospinal 
tract axons damaged with central 
peripheral distal axonopathy 
resulting from chronic low- level 
exposure
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Glutamic Acid Decarboxylase Antibody  
(GAD Ab) Syndromes
Epidemiology and Demographics: Glutamic acid decar-

boxylase antibody syndromes (GAD Abs) have been 
described in association with stiff person syndrome 
(SPS), cerebellar ataxia, limbic encephalitis, palatal 
or branchial myoclonus, thyroid disorders, and type 
1 diabetes (T1D). GAD Abs are also of interest in 
patients with chronic medically refractory epilepsy 
in and out of association with other neurologic syn-
dromes and T1D. GAD Abs reported in 60 to 88% 
of patients presenting with SPS. GAD Abs are also 
observed in up to 80% of patients with T1D.

Disorder Description: GAD is involved in enzymatic con-
version of l- glutamic acid to GABA and is present 
in GABA- ergic neuronal cytoplasm and secretory 
vesicles. GAD is also present in pancreatic beta 
islet cells where it may regulate insulin secretion. 
The 65.4-kDa isoform (GAD65) is encoded by a 
gene located on chromosome 2, while the gene for 
the 66.6 kDa isoform (GAD67) is located on chro-
mosome 10. Both isoforms have been observed in 
the central nervous system, but differ in subcellular 
localization, membrane interaction, and mode of 
GABA release.

In neurons, GAD Abs may impair conversion 
of glutamate to GABA, thus reducing the release 
of GABA, decreasing inhibitory synaptic transmis-
sion, and increasing neuronal hyperexcitability in 
a widespread manner. Variations in clinical phe-
notype remain unaccounted for at this time. GAD 
Abs may recognize different epitopes specific to 
neurologic syndromes, distinct from those in T1D. 
Higher GAD Ab titers are observed in association 
with neurologic syndromes than in T1D. Other 
autoantibodies may co- occur with GAD Abs, such 
as those against GABA, amphiphysin, or glycine 
receptors. Infrequently associated with thymic or 
lung cancers.

GAD Abs may be implicated in patients who 
develop both T1D and primary generalized epi-
lepsy, given higher than expected rates of con-
currence. GAD Abs have also been reported to be 
associated with other forms of epilepsy, including 
focal syndromes.

Treatment for SPS may involve baclofen and 
benzodiazepines, such as diazepam. Antiepileptic 
medications may be indicated for seizures or myo-
clonus. Symptoms of SPS or limbic encephalitis may 
resolve via immunotherapy with high- dose steroids, 
intravenous immunoglobulins (IVIG), and plasma 
exchange (PE), corresponding with reduction in 
absolute GAD Ab titers. Rituxamab has also been 
utilized with some benefit.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, generalized or focal in 
onset, myoclonus, encephalitis

Mental status and psychiatric 
aspects/complications

Encephalopathy, confusion, 
delirium

Brainstem Neuronal hyperexcitability 
resulting in limb stiffness in 
SPS. Oculomotor abnormalities, 
nystagmus. Palatal myoclonus

Cerebellum Ataxia and progressive 
degeneration

Spinal cord Neuronal hyperexcitability in 
SPS resulting in truncal or limb 
stiffness. Myelitis has been 
described

Anterior horn cells EMG may show continuous 
motor- unit activity in SPS

Muscle Stiffness, rigidity, spasms, aches, 
rhabdomyolysis in SPS. EMG may 
show continuous motor- unit 
activity

Secondary Complications: Respiratory failure and rhab-
domyolysis due to SPS. Complications of seizures 
include, among others, aspiration, respiratory com-
plications, psychiatric symptoms, cognitive deficits, 
and accidental injury.

Treatment Complications: Benzodiazepines are asso-
ciated with sedation, respiratory depression, and 
confusion. Baclofen associated with sedation and 
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a lowered threshold for seizures. IV hydration 
requires monitoring of fluid balance and serum 
electrolytes. Steroids associated with an increased 
risk for mood lability, psychosis, peptic ulceration, 
avascular necrosis, and infection. IVIG may be 
associated with flu- like symptoms during infusion, 
and rarely anaphylaxis.
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Glut1 Deficiency Syndrome
Epidemiology and Demographics: Wide range of age of 

onset. The “classic” syndrome presents within the 
first few months of life.

Disorder Description: Typically caused by heterozygous 
mutation in the gene encoding the GLUT1 trans-
porter (SLC2A1) on chromosome 1p35- p31.3. 
Deficits are due to malfunction of the central nerv-
ous system secondary to impaired transport of glu-
cose across the blood–brain barrier. CSF glucose 
less than 40 mg/dL and low CSF lactate are generally 
diagnostic. Genetic testing may also be performed.

The presentation is variable. The most severe 
is the classic phenotype consisting of infantile- 
onset intellectual disabilities, microcephaly, motor 
incoordination, spasticity, seizures, non- epileptic 
paroxysmal events including exercise- induced dys-
kinesia, and generalized seizures.

Ketogenic diet is the treatment of choice.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, incoordination, 
spasticity, dyskinesias

Mental status and psychiatric 
aspects/complications

Intellectual disability

Treatment Complications: Risks of the ketogenic diet 
include kidney stones, elevated blood lipids, growth 
restriction, and weight loss. Antiepileptic drugs 
may be associated with psychiatric symptoms, 
cognitive impairment, ataxia, dizziness, and more 
rarely, severe allergic reactions, liver failure, or 
pancreatitis.
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Gradenigo Syndrome
Epidemiology and Demographics: Rare but life- 

threatening complication of acute otitis media, 
most commonly seen in children. Also known as 
petrous apicitis; originally described in 1907 by 
Guiseppe Grandenigo. Infection spreads through 
Dorello’s canal from the mastoid air cells to the 
petrous apex. Commonly caused by aerobic bacte-
ria, but anaerobic bacteria have also been reported 
in the literature.

Disorder Description: Classic triad of otitis media, deep 
facial pain (involving the V1/V2 trigeminal dis-
tribution), and ipsilateral abducens palsy. Average 
interval between onset of otic symptoms and 6th CN 
involvement was 9.6 days. Diagnosed commonly 
on MRI. Treatment is with beta- lactam antibiotics 
plus metronidazole or clindamycin. Patients with 
thrombus will require anticoagulation. Outcome is 
generally favorable though there is reported resid-
ual abducens palsy.

Symptoms: Potential localized inflammatory reaction 
of the nearby vessels (especially in the cavernous 
sinus and internal carotid artery).

Secondary Complications: Vascular complications 
include sinus venous thrombosis, cavernous sinus 
and internal carotid artery thrombosis.

Treatment Complications: Adverse effects from antibiot-
ics and anticoagulation.
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Granulomatosis with Polyangiitis 
(Wegener’s Granulomatosis)
Epidemiology and Demographics: Onset of granuloma-

tosis with polyangiitis (GPA) may occur at any 
age, although patients typically present at 35–55 
years. Extremely rare in childhood. In European 
populations, this condition is slightly more com-
mon in men, with a male-to-female ratio of 1.5:1. 
More common in individuals of northern European 
descent (approximately 90%). Extremely rare in 
African American and Japanese populations. The 
prevalence of this condition in the United States is 
estimated to be 3/100,000 people.

Disorder Description: GPA is part of a larger group of 
vasculitic syndromes called systemic vasculitides or 
necrotizing vasculopathies, all of which feature an 
autoimmune attack by an abnormal type of circulat-
ing antibodies termed ANCAs (antineutrophil cyto-
plasmic antibodies) against small and medium- size 
blood vessels. Central nervous system manifesta-
tions include vasculitis of the small and medium- 
sized blood vessels of the brain or spinal cord, and 
granulomatous masses of the orbit, optic nerve, 
meninges, and the brain. Furthermore, peripheral 
nervous system involvement has been seen in 67% 
of patients with this condition. Peripheral system 
manifestations occur late in the disease and include 
mononeuritis multiplex, sensorimotor polyneurop-
athy, and cranial nerve palsies.

Potential causes include:
Diffuse-staining cytoplasmic ANCA (C- ANCA) 

that is directed against serine proteinase 3 
antigen (PR3-ANCA)

Defective allele for alpha- 1 antitrypsin, 
polymorphism of CTLA- 4, presence of 
PTPN22*620W allele, carrying the DPB1*0401 
allele, Fcγ receptor IIIb on surface of neutrophils 
and monocytes/macrophages

Staphylococcus aureus, which has been associated 
with relapses of this disease process

Exposure to solvents and silica
Risk factors include:

Male gender between ages 35 and 55
Northern European descent (Caucasians)
History of farming
History of drug/environmental allergies
History of exposure to silica or solvents

No specific regions are known to have higher 
proclivity for GPA.

Symptoms

Secondary Complications

 1. Hearing loss
 2. Vision loss
 3. Cranial nerve palsies
 4. Peripheral neuropathy with resultant weakness 

and/or numbness
 5. Residual weakness/numbness as a result of stroke
 6. Diabetes insipidus (involvement of granuloma-

tous disease of the infundibulum)
 7. Diminished higher intellectual functioning in 

those suffering from seizures

Treatment Complications

Immunosuppressants: Rituximab and cyclophospha-
mide are commonly used to treat this condition. 
Rituximab is a monoclonal antibody medication 
that carries the risk of cardiac arrest, tumor lysis 
syndrome, progressive multifocal leukoencepha-
lopathy (PML), immunotoxicity, cytokine release 
syndrome, pulmonary toxicity, and bowel obstruc-
tion/perforation. It has also been known to reacti-
vate hepatitis B infection and other viral infections. 
Cyclophosphamide has been known to cause 
hemorrhagic cystitis, neutropenia or lymphoma, 
premature menopause, and infertility in men and 
women. Cyclophosphamide is carcinogenic and 
therefore increases the risk for developing lym-
phomas, leukemia, skin cancer, transitional cell 
carcinoma of the bladder, and multiple myeloma. 
Hematopoietic complications with methotrexate 
are seen in patients not supplemented with folic 

Localization site Comment

Central nervous system: brain 
and spinal cord, small and 
medium-sized blood vessels, 
orbit, orbit–optic nerve, 
meninges

Stroke
Seizures
Vision deficits
Headache
Uveitis/episcleritis
Hearing loss secondary to serous 
otitis media

Granulomatous masses of orbit, 
optic nerve, meninges, brain

Cranial nerve palsies

Peripheral nervous system Mononeuritis multiplex

Sensorimotor polyneuropathy
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Symptoms

acid. Furthermore, medications such as azathio-
prine and methotrexate are teratogenic, and hence 
careful avoidance of such drugs during pregnancy is 
advised. Methotrexate can cause patients to develop 
ulcerative stomatitis, aplastic anemia, agranulo-
cytosis, leukoencephalopathy, seizures, Stevens–
Johnson syndrome, among other complications. 
Azathioprine can cause patients to develop progres-
sive multifocal leukoencephalopathy, lymphoma, 
and possibly other malignancies.

Steroids: Methylprednisolone is commonly used 
concurrently with immunosuppressants to treat 
this condition. Methylprednisolone can cause an 
increased risk of infection, hyperglycemia, avascu-
lar necrosis of the hip, psychosis, Cushing’s disease, 
and osteoporosis.
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Guanidinoacetate Methyltransferase  
(GAMT) Deficiency
Epidemiology and Demographics: Guanidinoacetate 

methyltransferase (GAMT) deficiency is rare; 
approximately 110 affected individuals reported. 
One- third are of Portuguese origin. Age of onset is 3 
months to 3 years.

Disorder Description: Inherited in an autosomal recessive 
pattern. GAMT is used in the synthesis of creatine 
from glycine, arginine, and methionine. The effects 
of GAMT are most severe in organs and tissue requir-
ing large amounts of energy, especially the brain.

Cerebral creatine deficiency may be apparent by 
brain MR spectroscopy. The diagnosis may be fur-
ther confirmed by measurement of guanidinoac-
etate (GAA), creatine, and creatinine in urine and 
plasma; and molecular genetic testing. If molecular 
genetic test results are inconclusive, GAMT enzyme 
activity may be directly assayed.

Early treatment is highly recommended, and 
treatment of newborn siblings of affected individu-
als has been shown to prevent disease manifestation.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, severity and semiology 
have wide variation

Mental status and psychiatric 
aspects/complication

Autism. Intellectual disability 
may be mild to severe

Basal ganglia Patients with or without 
movement disorders may have 
abnormal MRI signal in the basal 
ganglia. Approximately 30% will 
have chorea, athetosis, dystonia, 
or gait disorder

Cerebellum Ataxia may occur

Treatment Complications: Treatment includes oral cre-
atine monohydrate, as well as supplementation 
of ornithine and dietary restriction of arginine or 
protein. Treatment appears to be safe. Antiepileptic 
drugs for seizures may have a variety of side effects.
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Gynecologic Cancer
Epidemiology and Demographics: Neurologic complica-

tions can occur in about 25% of gynecologic tumors.
Disorder Description: Gynecologic cancers cause neuro-

logic symptoms predominantly by local invasion. 
They are also associated with well- defined para-
neoplastic syndromes.

Localization site Comment

Cerebral hemispheres Headache, seizure, and hemiparesis 
(rare to have cerebral metastasis). 
Choriocarcinoma is most common and 
can also hemorrhage

Mental status and 
psychiatric aspects/
complications

Confusion, memory loss, seizures, 
irritability, and depression 
(paraneoplastic limbic encephalitis)
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Treatment Complications

Vincristine: Sensorimotor peripheral polyneuropathy
Femoral neuropathy: prolonged immobilization during 

surgery
Radiotherapy: Lumbosacral plexopathy
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Localization site Comment

NMDA encephalitis: Behavioral 
changes, memory deficits, and 
psychosis. Dyskinesia of the face and 
limbs, autonomic dysfunction, status 
epilepticus, and catatonia (associated 
with ovarian teratoma)

Cerebellum Truncal ataxia, nystagmus, dizziness, and 
dysarthria (paraneoplastic cerebellar 
degeneration anti- Yo and anti- Ri 
antibodies)

Spinal cord Low back pain and paraplegia (epidural 
metastasis causing compression or 
intramedullary metastasis – spread 
through Baton’s venous plexus)

Conus medullaris Paraplegia and bladder/bowel 
dysfunction (compression of conus 
medullaris)

Plexus Lumbosacral or pelvic pain (direct 
invasion and local spread)
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Haemophilus Influenzae Type B
Epidemiology and Demographics: Haemophilus influen-

zae type B (Hib) disease occurs worldwide. In the 
early 1980s, approximately 20,000 cases occurred 
annually in the United States, predominantly 
among children younger than 5 years of age. With 
widespread use of vaccines, the incidence of Hib has 
declined by more than 99%. In 2011, only 14 cases 
of invasive disease due to Hib were reported in the 
United States among children younger than 5 years.1

Disorder Description: Haemophilus influenzae2 (Hi) is a 
gram- negative coccobacillus and is generally aerobic 
with the ability to grow as a facultative anaerobe. Hib 
is categorized into two main strains, one composed of 
a polysaccharide capsule and the other an unencap-
sulated strain. The capsule forms the basis of a sero-
typing scheme, six serotypes (a–f) consisting of six 
antigenically and biochemically distinct types, and 
plays an important role in virulence and immunity. In 
the prevaccine era, type b strains (Hib) dominated and 
accounted for 95% of invasive Hib disease. The major 
risk factors for invasive Hib disease are household 
crowding, large household size, childcare attendance, 
low socioeconomic status, low parental education, 
school- aged siblings, and chronic disease (sickle cell 
disease, antibody deficiency, and malignancies espe-
cially during chemotherapy). The most common 
types of invasive disease caused by Hib are meningitis, 
epiglottitis, pneumonia, arthritis, and cellulitis.3

Diagnosis is based on Gram staining of an infected 
body fluid, which demonstrates small gram- negative 
coccobacilli. A positive culture on appropriate media 
for Hib confirms the diagnosis. Serotype- specific 
real- time PCR is available for detection of the specific 
target gene of each Hi serotype.

Symptoms1,2

Localization site Comment

Cerebral hemispheres Meningitis: fever, decreased mental 
status, and stiff neck

Neurologic sequelae in 15–30%  of survivors

Cranial nerves Hearing loss in 15 to 30% of survivors

H
Treatment Complications: Antimicrobial therapy with an  

effective third- generation cephalosporin or chlo-
ramphe nicol in combination with ampicillin is 
used. Penicillin- class drugs may rarely induce sei-
zures or lower seizure threshold as well as cause 
encephalopathy.

The case fatality rate is 3–6% despite appropriate 
antimicrobial therapy.
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Hand–Schuller–Christian Disease (HSC)
Epidemiology and Demographics: Hand–Schuller–

Christian (HSC) disease is one of the three com-
ponents included in histiocytosis X, the other two 
being eosinophilic granuloma and Letterer–Siwe 
disease. HSC disease is primarily seen in infants and 
children and is rarely seen in adults.

Disorder Description: The classical triad of HSC disease – 
exophthalmos, diabetes insipidus, and calvarial 
lytic lesions – is seen in only one- third of patients.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, increased intracranial 
pressure, hemiparesis

Mental status and psychiatric 
aspects/complications

Intellectual disabilities and 
tremors

Brainstem Tetraparesis and respiratory 
depression (due to medulla 
oblongata compression – rare)

Cranial nerves Hearing loss

Pituitary gland Diabetes insipidus, delay in sexual 
maturity and bone development
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Localization site Comment

Cerebral hemispheres Acute to subacute altered mental 
status/confusion. Headaches may 
occur. Sleep disturbances. Seizures 
present in 60%. May progress to coma

Mental status and 
psychiatric aspects/
complications

Poor memory and concentration. 
Personality changes including 
psychotic delusions and paranoia

Localization site Comment

Cerebellum Ataxia and speech difficulties

Cranial nerves Diplopia

Peripheral neuropathy Paresthesias

Muscle Myalgias, myoclonus, tremor

Treatment Complications: If Hashimoto’s thyroiditis leads 
to thyroid hormone insufficiency, thyroid hormone 
supplementation may be indicated. Careful mon-
itoring is required as excess dosage may lead to 
symptoms of hyperthyroidism.
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Headache and Pregnancy
Epidemiology and Demographics: Headaches are  common 

in reproductive women; about 60% of women under 
age 40 report experiencing at least one headache in 
the previous year. Ten percent of primary headaches 
are first diagnosed during pregnancy. The most 
common primary headaches in this population are 
migraine (17% annual prevalence in women) and 
tension headache (more than 80% life time preva-
lence) followed by medication overuse headache. 

Secondary Complications: Diabetes insipidus, vertebral 
fracture and spinal cord compression.

Treatment Complications: Complications of surgery 
include cosmetic deformities, orthopedic deformi-
ties, or loss of function. Complications of radiation 
include fractures and bone weakness. Side effects of 
methotrexate, vinblastine, etoposide, and mercap-
topurine include neuropathy, cytopenia, vomiting, 
hair loss, and leukoencephalopathy.
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Hashimoto’s Thyroiditis
Epidemiology and Demographics: Hashimoto’s thyroiditis 

is the most common autoimmune thyroid disorder. 
It is the most common cause for hypothyroidism in 
iodine sufficient countries. Prevalence is greater in 
women than in men (7:1), and this ratio increases 
with age. A genetic susceptibility has been con-
firmed in twin studies.1

Disorder Description: Destruction of the thyroid gland  
occurs due to lymphocytic infiltration. Autoanti-
bodies to the thyroid gland are prevalent in those 
affected.1 Symptoms may be insidious and the diag-
nosis is often missed.

Symptoms
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Symptoms

Localization site Comment

Cerebral 
hemispheres

Migraine
•	 Severe unilateral throbbing 

headache lasting 4–72 hours, with 
photophonophobia and nausea, with or 
without aura

Tension type headache
•	 Bilateral non- throbbing headache that 

is mild to moderate in severity, without 
photo- phonophobia or nausea

•	 Typical descriptors include “dull,”  “band- 
like,”  and  “heavy”

Pituitary gland Pituitary apoplexy
•	 Thunderclap headache, decreased level 

of consciousness, and visual disturbances 
(visual loss or diplopia)

•	 Hypopituitarism, including hypotension 
from corticosteroid deficiency

Ventricular system Idiopathic intracranial hypertension
•	 Diffuse headache worse with lying down, 

coughing, and straining (activities that 
increase intracranial pressure). Other 
symptoms are transient visual loss, 
tinnitus, and diplopia

•	 On physical exam, there may be 
papilledema, an enlarged blind spot, visual 
field defect, and cranial nerve VI palsy

Post-LP headache
•	 Postural headache that typically develops 

within 5 days of procedure. There may be 
associated dizziness and neck stiffness

Secondary Complications: Disabling headaches are a 
source of emotional stress. Lost time and physical 
burden due to the illness can negatively impact a 
person’s mental health. Mood disorders are more 
prevalent in patients suffering from migraines, pos-
sibly linked to a genetic predisposition as well.

Migraine is associated with an increased risk 
of thrombosis, pre- eclampsia, and gestational 
hypertension. In the hypercoagulable pregnant 
state, patients should be monitored carefully for 
signs and symptoms suggestive of these comorbid 
conditions.

Treatment Complications: Non- pharmacologic treat-
ments are worth trying as many medications used 
in headache are FDA category C, D, and even X 
(valproic acid). Women should be encouraged to 
stay well hydrated, exercise regularly, keep a reg-
ular sleep schedule, reduce stress level, and avoid 

Cluster headache is rare. Sixty to 70% of migraine 
and tension headaches tend to improve during 
pregnancy, especially if there was a menstrual 
association.

Common secondary causes of headache are sinus 
thrombosis, reversible cerebral vasoconstriction 
syndrome (RCVS), and pre-eclampsia/eclampsia, 
which are discussed separately in this book. The 
secondary headaches that will be discussed here are 
pituitary apoplexy, idiopathic intracranial hyper-
tension (IIH), and post- lumbar puncture head-
ache; pituitary apoplexy is a rare phenomenon. The 
annual incidence of IIH is about 1/100,000, but 
increases to 20 per 100,000 in women who are 20% 
over their ideal weight. Post lumbar puncture (LP) 
headache affects up to one- third of patients who 
undergo spinal anesthesia. Most common between 
30 and 39 years.

The female sex is a risk factor for migraine and 
tension headache; only cluster headache is more 
common in men. There are several genes linked to 
the predisposition for migraines with a complex 
inheritance pattern that is still currently not well 
understood.

The pituitary gland tends to enlarge during 
pregnancy. A preexisting pituitary adenoma can 
enlarge during pregnancy and become more prone 
to hemorrhage. Obesity and excessive weight gain 
during pregnancy are associated with an increased 
risk of IIH. Women who receive spinal anesthesia 
during delivery are at risk for post- LP headache. 
Another risk factor of post- LP headache is bevel 
orientation perpendicular to the dura during the 
procedure.

Disorder Description: Migraines were once thought 
to be related to cerebral vasodilation. However, 
the cortical spreading depression theory is more 
widely accepted now. It hypothesizes that migraine 
and migraine aura are due to neuronal and glial 
depolarization and subsequent activation of 
 nociceptive trigeminal afferents located around 
the pia. Tension headache has a similar proposed 
pathophysiology that involves the activation of 
myofascial nociceptors.

IIH is due to increased intracranial pressure 
from excessive cerebrospinal fluid (CSF), while 
post- LP headache is due to decreased intracranial 
pressure from a CSF leak through a tract created by 
the puncture needle.
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excessive intake or withdrawal of caffeinated 
products. Magnesium and CoQ10 can be used 
as migraine prophylaxis. Vitamin D deficiency is 
associated with an increased risk of migraine and 
should be supplemented. Breastfeeding helps pro-
long the protective effects of pregnancy against 
headaches.

Analgesics like acetaminophen and NSAIDs, and 
opiates for very severe pain are relatively safe if used 
with discretion. A short course of steroids may be 
used for emergent treatment of headache but should 
not be used chronically. Triptans are FDA category 
C but adverse effects have not been reported and 
are deemed to be generally safe to use in pregnancy 
if other treatments are ineffective. Ergots are con-
traindicated. For prophylactic treatment, low dose 
beta- blockers and tricyclic antidepressants are 
probably safe. Antiepilectics (topiramate and val-
proic acid), calcium channel blockers, and lithium 
must be avoided if possible.

Pituitary surgery is often necessary in pituitary 
apoplexy with visual symptoms, followed by hor-
monal and corticosteroid supplementation.

Acetazolamide, a carbonic anhydrase inhibi-
tor, is first- line in IHH treatment. Other diuretics 
and even surgical intervention such as optic nerve 
sheath fenestration and shunting have been pursued 
in refractory cases.

Post-LP headaches are treated conservatively 
first with bed rest, caffeine, and oral analgesics. If 
symptoms do not improve, an epidural blood patch 
is the definitive treatment.

Symptomatic Treatment: NSAIDs have been associated 
with an increased risk of bleeding and premature 
closure of the fetal ductus arteriosus. Chronic opi-
ate use may cause neonatal withdrawal symptoms. 
Ergots increase the risk of miscarriage.

Prophylactic treatment: beta- blockers may 
cause fetal bradycardia and decrease uterine con-
traction when used peripartum. Calcium channel 
blockers also have a tocolytic (delivery- delaying) 
effect. Topiramate is associated with increased 
risk of oral clefts and valproic acid with neural 
tube defects, decreased IQ, and atrial septal defect 
among others. Lithium is teratogenic as well and 
has been shown to cause fetal cardiac defects. 
Botulinum toxin, which is now increasingly used 
for chronic migraine, still lacks data on its effect on 
pregnancy and lactation.
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Hemangioblastoma
Epidemiology and Demographics: Hemangioblastomas  

are rare intracranial neoplasms, but the most com-
mon primary adult intraaxial tumor of the posterior 
fossa. They occur either sporadically or as a com-
ponent in von Hippel–Lindau disease (VHLD). 
Sporadic form presents in the fourth and fifth dec-
ade while in VHLD, it presents in the second and 
third decade.

Disorder Description: Hemangioblastomas are slow- 
growing, benign vascular tumors predominantly 
occurring in the posterior fossa. Sporadic forms are 
in general solitary while in VHLD, they are multiple.

Symptoms

Localization site Comment

Cerebral hemispheres Headache (increased ICP)

Brainstem Nystagmus

Cerebellum Headache, ataxia, nausea, and 
vomiting

Cranial nerves Loss of vision (optic nerve 
hemangioblastoma)

Spinal cord Focal back or neck pain and 
sensory loss or weakness. 60% of 
spinal hemangioblastomas are 
intramedullary, associated with syrinx

Specific spinal roots Radiculopathy (21% of spinal tumors)

Peripheral neuropathy Mononeuropathy, e.g., ulnar nerve
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Secondary Complications: Polycythemia (paraneoplastic 
erythropoietin production).

Treatment Complications: Complications of surgery 
include CSF leakage, pseudomeningocele, brainstem 
injury leading to cranial nerve palsy and hemiparesis.

Complications of bevacizumab include throm-
botic microangiopathy, stroke, intracerebral hemor-
rhage, GI perforations, vomiting, nausea, diarrhea, 
and headache.

Radiation can cause leukoencephalopathy and 
radionecrosis.
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Hematomyelia/Syringomyelia
Epidemiology and Demographics: This condition is seen 

in 8.4 cases per 100,000 population. It is more 
common in men than in women. It is seen most 
commonly in the third to fourth decades of life.

Disorder Description: Development of a fluid- filled cavity 
or syrinx within the spinal cord. More than 10% com-
municate with fourth ventricle, 50% due to blockage 
of cerebrospinal fluid circulation. The blockage of 
CSF circulation is the most common form. It could 
be due to Arnold–Chiari malformation. Other causes 
include spinal trauma, radiation necrosis, or hemor-
rhage (from aneurysm rupture, arteriovenous mal-
formation, or tumor). Some are idiopathic.

Symptoms

Localization site Comment

Spinal cord Myelopathy, root irritation with pain, mild-to-
severe gait abnormality, loss of position sense 
and vibration sense, dysesthesias

Secondary Complications: Include recurrent pneumonia, 
paraplegia or quadriplegia, decubitus ulcers, bowel 
and urinary dysfunction, Charcot joints, and acute 
painful enlargement of the shoulders.
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Hemiballism
Epidemiology and Demographics: If occurring following 

stroke, the incidence in men and women is equal, 
with an average age of between 63.3 and 70 years. 
If occurring in relation to hyperglycemia, a higher 
incidence has been reported in older women of 
Asian origin

Disorder Description: Hemiballism (HB) is characterized 
by large- amplitude, violent, arrhythmic involun-
tary movements of a limb from a proximal joint. 
Common etiologies include hyperglycemia, occlu-
sive or hemorrhagic strokes, lesions related to tumor, 
or demyelinating plaques in multiple sclerosis.

Symptoms

Localization site Comment

Brainstem Hemiballism +/− chorea

Secondary Complications: HB may result in falls, if involv-
ing the lower limbs.

Treatment Complications: Treatment options include 
both typical and atypical anti- dopaminergic 
agents, catecholamine- depleting agents, and ben-
zodiazepines. Side effects of the above include 
sedation, severe depression, hypotension, and 
parkinsonism.
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Hemicrania Continua
Epidemiology and Demographics: Incidence and prev-

alence of hemicrania continua is unknown as this 
condition has not been studied extensively. From 
limited studies, the age range is 10 to 67 years, with 
mean onset at 30 years. One case report noted that 
women were more likely to have hemicrania con-
tinua than men at a 5:1 ratio; more recent studies 
have reduced that bias to 1.8:1 suggesting that there 
is a small female preponderance for this condition.

Disorder Description: This condition is described as a uni-
lateral and continuous headache without side shift. 
The pain has to be continuous without pain- free 
periods for at least 3 months. At least one ipsilateral 
cranial autonomic symptom should be present: con-
junctival injection, lacrimation, nasal blockage, rhi-
norrhea, ptosis, or miosis. Some case reports have 
shown that side shifting can occur; other case reports 
have shown the presence of photophobia and phono-
phobia (unilateral) during headache exacerbation. 
More than half of these patients have sensitivity to 
movement and show signs of agitation or restlessness.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Unilateral headache that is continuous for at 
least 3 months

Brainstem Involvement of posterior hypothalamus, 
dorsal rostral pons, ventrolateral midbrain, and 
pontomedullary junction on imaging studies

Cranial nerves Associated with trigeminal autonomic 
cephalalgias

Secondary Complications : Severe headache pain can be 
associated with irritation and agitation.

Treatment Complications: Indomethacin is the essential 
management of hemicrania continua. Complications 
of indomethacin use include peptic ulcer disease.
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Hemifacial Spasm
Epidemiology and Demographics: Presents between 40 

and 50 years of age; male-to-female ratio is 2:1. 
More common in Asians.

Disorder Description: Tonic and clonic contractions of 
the facial muscles innervated by the ipsilateral facial 
nerve. Initial site of onset: orbicularis oculi muscle 
in 90%, cheek in 11%, and perioral region in <10%. 
Spasms spread gradually to other muscles inner-
vated by the ipsilateral facial nerve in a synchronous 
manner. Bilateral involvement uncommon at <0.5% 
prevalence. Facial spasms are spontaneous and may 
persist during sleep. Symptoms are frequently aggra-
vated by stress, fatigue, anxiety, and voluntary facial 
movements. Localizes most commonly to periph-
eral injury of the facial nerve by trauma, compres-
sion of the facial nerve at the cerebellopontine angle 
(CPA), or reverberant activity in the facial motonu-
cleus centrally. Associated with symptoms of tinni-
tus, hearing loss, trigeminal neuralgia (uncommon).

Most commonly caused by a vascular compres-
sion of the facial nerve by vasculature (anterior or 
posterior cerebellar artery or the vertebral artery) or 
intracranial tumors at CPA. Diagnosed with MRI/
MRA and using electrophysiologic evidence of 
compression at the facial nerve root exit.

Differential diagnosis includes facial myokymia, 
psychogenic facial spasm, blepharospasm, Meige 
syndrome, tics, and tardive dyskinesia.

Spontaneous resolution in <10% of patients. 
Botulinum toxin is the treatment of choice, which is 
effective for several months. Most common surgical 
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procedure is microvascular decompression of the 
facial nerve at the CPA.

Symptoms: Facial nerve along its course is a potential 
site of involvement.

Secondary Complications: Facial weakness may be seen in 
long- standing cases.

Treatment Complications: Adverse effects from Botox 
include transient dry eyes, ptosis, eyelid and facial 
weakness, diplopia, and excessive tearing. If sur-
gery is performed, hearing loss is the most common 
adverse effect.
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Hemimasticatory Spasm
Epidemiology and Demographics: Rare. Onset ranges 

from 15 to 57 years (mean age of 31), with female 
predominance.

Disorder Description: Characterized by paroxysmal uni-
lateral involuntary contraction of jaw- closing mus-
cles. The pathophysiology is unclear, but may be 
due to ephaptic transmission at nerve entry zone. 
It is described to be associated with localized scle-
roderma and facial hemiatrophy. Electrodiagnostic 
studies are suggestive of demyelination of trigem-
inal peripheral motor pathway. The characteristic 
findings on needle electromyography are irregular 
bursts of motor unit action potentials, correlating 
with the involuntary movement.

Symptoms

Localization site Comment

Cranial nerve Trigeminal peripheral motor pathway: 
neurologic examination is normal, except for 
hypertrophy of involved muscle. Sensation is 
spared

Secondary Complications: Pain due to spasm and hyper-
trophy of involved muscle.

Treatment Complications: Botulinum toxin injection 
and microvascular decompression were reported 
to be successful in treatment for hemimastica-
tory spasm. Botulinum toxin injection may cause 
weakness.
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Hemiparkinsonism–Hemiatrophy Syndrome 
(HPHA)
Epidemiology and Demographics: Hemiparkinsonism–

hemiatrophy syndrome (HPHA) is a rare condition, 
and its true prevalence is unknown as it has been 
reported only in a few case series and case reports. Men 
and women seem to be equally affected. Hemiatrophy 
occurs early in childhood but may not be noticeable 
to some. Hemiparkinsonism usually develops later in 
life with mean ages ranging from 38 to 49 years.

Disorder Description: HPHA is a heterogeneous disorder 
associated with early somatic hemiatrophy com-
monly affecting the hands. The face, feet, and other 
body areas may also be affected. Hemiatrophy is 
thought to be due to a failure of growth rather than 
atrophy occurring later in life. Focal dystonia of the 
hemiatrophic side is a common presenting symptom. 
Patients may then develop bradykinesia, stiffness, 
tremor, and gait abnormalities. Symptoms are slowly 
progressive but may also develop on the other side 
of the body over time. The exact pathophysiology of 
HPHA is unknown but may be related to pre/perina-
tal and early brain injury with selective vulnerability 
of affected neurons at different stages of development.

Symptoms

Localization site Comment

Cerebral hemispheres Neuroimaging is variable: a third of 
imaging may reveal focal or hemicerebral 
atrophy with ventricular enlargement of 
the affected side; another third may have 
normal imaging and the remainder may 
reveal incidental changes or focal lesions 
within the basal ganglia including cystic 
lesions, calcifications, and rarefaction

Mental status and 
psychiatric aspects/
complications

Early developmental delay with learning 
disabilities requiring special education

Brainstem Midbrain atrophy and focal lesions on 
imaging

Muscle Variable somatic hemiatrophy
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Secondary Complications: HPHA is often associated with 
scoliosis and joint and musculoskeletal abnormali-
ties including striatal hands and feet.

Treatment Complications: Response to treatment is var-
iable but most respond to levodopa. Rarely, some 
patients develop motor fluctuations with dyskine-
sia and “OFF time.” Thalamotomy seems to pro-
vide only short- term benefit for tremor. Deep brain 
stimulation (DBS) with subthalamic (STN) and 
thalamic targets has been described. STN DBS was 
reported to be effective for dyskinesia and prolong-
ing “ON time.”
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Hemolytic–Uremic Syndrome
Epidemiology and Demographics: Two different etiolo-

gies and epidemiologies for hemolytic–uremic syn-
drome (HUS). In children, usually post- infectious, 
affecting young children with incidence of about 
2/100,000 per year. In adults (and about 10% of chil-
dren), related to genetic mutations in genes express-
ing proteins in the complement cascade.

Disorder Description: Defined clinically by triad of non- 
immune (negative Coombs test) hemolytic anemia 
with schizocytes, thrombocytopenia, and renal 
impairment. HUS is a thrombotic microangiopathy 
distinguished from thrombotic thrombocytope-
nia purpura (TTP) by normal ADAMTS13 protein 
activity (abnormally low in TTP). Majority of cases 
in children associated with Shiga toxin- producing 
Escherichia coli infection. Cases have also been 
described following Streptococcus pneumoniae infec-
tion. Adult cases more likely to be from genetic disor-
ders affecting components of alternative complement 
pathway resulting in unregulated complement 

 activation. These patients often have positive family 
history.1 HUS usually but not always primarily affects 
the renal vasculature (cerebrovascular disease is the 
most common extra- renal site).

Symptoms

Localization site Comment

Cerebral hemispheres Can cause multifocal primarily posterior 
lesions by the syndrome of posterior 
reversible encephalopathy syndrome 
(PRES) in association with hypertension 
and renal insufficiency. HUS can also 
affect cerebrovasculature causing 
multifocal deep and superficial lesions2

Mental status and 
psychiatric aspects/
complications

Symptoms of PRES can vary but 
commonly include drowsiness, 
confusion, cortical visual abnormalities, 
and seizures. Multifocal small vessel 
strokes often cause focal deficits and 
confusion. If renal failure progresses, 
uremic encephalopathy may also result

Secondary Complications: Renal insufficiency requiring 
dialysis. With renal failure, there can be associ-
ated hyperkalemia, acidosis, and volume overload. 
Infrequently, HUS may also cause myocardial injury 
and ischemic injury in other vascular distributions.

Treatment Complications: Usually treated supportively 
in children. For inherited mutations, may be treated 
with plasma exchange or ecluzimab (monoclonal 
antibody to C5), which increases the risk of life- 
threatening meningococcal infections.
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Hemorrhage into Abscess
Epidemiology and Demographics: Hemorrhage into 

pyogenic brain abscess is a rare clinical condi-
tion. Exact epidemiology has not been studied or 
published.

Disorder Description: Most of the case reports regarding 
hemorrhage into brain abscess share a single domi-
nant clinical feature, which is a dramatic alteration 
in the patient’s mental status. Most patients already 
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had symptoms of infection (e.g., fever, nuchal 
rigidity) as well as symptoms of a space- occupying 
lesion (e.g., headache, nausea and vomiting, sei-
zures) before the sudden change of mental status 
occurred.

Symptoms

Localization site Comment

Cerebral hemispheres If patient already has cortical symptom 
from existing brain abscess, hemorrhage 
into it may worsen already existing 
symptom or produce new cortical 
symptom on the top of it

Mental status and 
psychiatric aspects/
complications

As noted, the most common symptom 
of hemorrhage into brain abscess is a 
sudden change in mental status due 
to increased size of space- occupying 
lesion. This results in increased 
intracranial pressure and risk of brain 
herniation

Cerebellum Hemorrhage into a cerebellar abscess 
may result in compression of the 4th 
ventricle with resulting acute non- 
communicating hydrocephalus and risk 
of immediate herniation

Cranial nerves Increase in intracranial pressure may 
cause transtentorial or uncal herniation, 
which can induce cranial nerve deficits, 
typically a CN III palsy producing a 
“blown pupil”

Secondary Complications: Seizures and increasing focal 
neurologic deficit may accompany the alteration of 
consciousness, which is typical of hemorrhage into 
an abscess.

Treatment Complications: Treatment plan for brain 
abscess usually requires combination of surgical 
drainage and antibiotics. Neurosurgical proce-
dures always slightly increase risk of infection or 
tissue injury near surgical site. If an extraventricu-
lar drain is placed, that further increases the risk of 
ventriculitis.
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Hemorrhage into Stroke
Epidemiology and Demographics: Incidence of hemor-

rhage into stroke, frequently referred to as hemor-
rhagic transformation (HT), ranges from 38 to 71% 
in autopsy studies, whereas the incidence of symp-
tomatic HT is from 0.6 to 20%.

Disorder Description: HT is a spectrum of ischemia- 
related brain hemorrhage and is a frequent com-
plication of ischemic stroke, especially after 
thrombolytic therapy. There are several risk fac-
tors, such as age, blood glucose level, thrombo-
lytic agent used, size of the infarction, location of 
infarction, and time window allowed for the initia-
tion of the therapy. HT can be further sub- divided 
into hemorrhagic infarction (HI) and parenchymal 
hematoma (PH). HI is a heterogeneous hyperden-
sity occupying a portion of the ischemic infarct 
zone on CT scan. PH is a more homogeneous, 
dense  hematoma with mass effect. Only large PHs 
(>30% of infarcted area) with space- occupying 
effect independently cause clinical deterioration 
and impair prognosis.

Symptoms

Localization site Comment

Cerebral hemispheres Large PHs can produce multiple cortical 
symptoms related to space- occupying 
effect, such as new headache that is 
often posture- related, nausea, vomiting, 
and seizures. New focal findings can be 
seen as well

Mental status and 
psychiatric aspects/
complications

Increased intracranial pressure 
secondary to hematoma- induced mass 
effect can worsen the patient’s mental 
status

Brainstem HT into a brainstem infarct is very 
rare but can happen. Once it occurs, 
compression of the medulla may lead to 
respiratory failure. Compression of the 
4th ventricle can produce acute non- 
communicating hydrocephalus and risk 
of immediate herniation
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Secondary Complications: Cortical compression by 
hematoma- related mass effect can induce epilepsy. 
In the setting of non- convulsive status epilepticus, 
patient may fail to arouse after control of seizures 
without clear etiology.

Treatment Complications: Mainstay of the HT treatment 
is supportive, including blood pressure control, 
glucose control, and avoiding antiplatelet or antico-
agulative agents. Avoiding anti- thrombotic agents 
leaves the patient at risk for recurrent ischemic 
events. Fortunately, this is uncommon. Because deep 
vein thrombosis prophylaxis is usually restricted to 
physical means only for the first 48 hours, the risk of 
DVT increases.
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Hemorrhage into Tumor
Epidemiology and Demographics: Hemorrhage occurs in 

2–3% of brain tumors. Both primary as well met-
astatic tumors can hemorrhage, and the frequency 
varies widely among different tumor types. About 
14% of metastatic tumors bleed; metastatic malig-
nant melanoma, choriocarcinoma, thyroid carci-
noma, hepatocellular carcinoma, and those of lung 

and breast are the common metastatic tumors that 
hemorrhage.

Disorder Description: Hemorrhage can occur in any 
intracranial neoplasm, and the frequency varies 
widely among different tumor types. Likely patho-
genesis is due to rupture of an irregular and frag-
ile vascular architecture in fast- growing and highly 
vascularized neoplasms.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, change in mental status, 
hemiparesis, and homonymous 
hemianopia

Mental status and 
psychiatric aspects/
complications

Drowsiness, comatose, pathologic 
posturing, and even herniation 
leading to death

Cranial nerves Oculomotor palsy (cranial nerves  
3, 4, 6)
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Henoch–Schönlein Purpura
Epidemiology and Demographics: Henoch–Schonlein 

purpura (HSP) is a small vessel vasculitis commonly 
affecting children. The condition also affects adults 
but much less commonly. The incidence is around 
10 per 10,000 population.

Disorder Description: HSP is a small vessel leukocy-
toclastic vasculitis caused by IgA deposition in  
vessel walls of skin, gut, kidneys, and other  
organs.

Localization site Comment

Cerebellum HT in cerebellar infarct can happen. 
Patient will complain of worsening of 
the cerebellar symptoms, such as ataxia 
or vertigo. The effects of compression of 
the 4th ventricle or medulla would be 
similar to the brainstem

Vestibular system 
(and non- specific 
dizziness)

Rare HT into a pontine infarct may 
develop vestibular symptoms, especially 
if the vestibular nucleus is involved

Cranial nerves HT in the brainstem can induce various 
cranial nerve findings by affecting cranial 
nerve nuclei in the brainstem
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Symptoms

Localization site Comment

Cerebral hemispheres Seizures, cortical blindness (see 
entry for Posterior Reversible 
Encephalopathy Syndrome [PRES]), 
intracerebral hemorrhage, 
ischemic strokes

Mental status and psychiatric 
aspects/complications

Encephalopathy

Cranial nerves Cranial neuropathies are rare but 
facial palsies can occur

Mononeuropathy or 
mononeuropathy multiplex

Guillain–Barré syndrome, brachial 
plexopathy, or mononeuritis 
multiplex involving posterior 
tibial, femoral, or ulnar nerve

Polyneuropathy Persistent polyneuropathy has 
been described but is rare

Secondary Complications: Kidney failure leading to ure-
mic encephalopathy. Electrolyte abnormalities 
leading to seizures or encephalopathy.

Treatment Complications: Steroids can cause psychosis and 
myopathy. Immunosuppressive therapy increases 
the risk of opportunistic infections, including those 
involving the central nervous system.
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Heparin-Induced Thrombocytopenia (HIT)
Epidemiology and Demographics: Incidence of heparin- 

induced thrombocytopenia (HIT) is 1–3% in patients 
using unfractionated heparin and <1% in patients 
using low-molecular-weight heparin. Many (30–
50%) HIT patients experience thrombotic events, but 
hemorrhagic complications are very rare.

Disorder Description: HIT is an immune- mediated drug 
reaction to heparin. Formatted antibodies bind to 
a platelet surface protein, which leads to platelet 
activation and initiates blood clot formation and 
thrombocytopenia. Because of this, the risk of a 
major thrombosis is high in HIT despite the very 
low platelet count. HIT usually occurs between 5 
and 14 days from the commencement of heparin.

Symptoms

Localization site Comment

Cerebral hemispheres Due to high risk of thrombosis, patients 
are at risk for thromboembolic ischemic 
stroke (e.g., major vessel occlusion or 
multifocal punctate infarcts in more than 
two vascular territories)

Mental status and 
psychiatric aspects/
complications

In the setting of large vessel occlusion 
(e.g., proximal middle cerebral artery 
occlusion), the patient’s mental status 
may change significantly

Brainstem Brainstem infarction can happen from 
posterior vessel occlusion, such as posterior 
inferior cerebellar artery. This usually occurs 
with cerebellar infarction. Brainstem 
localized symptoms will be seen, such as 
cranial nerve dysfunction or crossed paresis 
(facial weakness contralateral to limbs)

Cerebellum Cerebellar ischemic stroke can also 
happen from thromboembolic events 
secondary to HIT. Cerebellar localized 
symptoms will be seen, such as ataxia, 
vertigo, or oscillopsia, accompanied by 
perpendicular tremors and nystagmus

Cranial nerves Cranial nerve symptoms can occur 
when brainstem is involved (e.g., 
ophthalmoparesis, bulbar symptoms)

Secondary Complications: Venous thrombosis such as 
deep vein thrombosis (DVT) or pulmonary embolus 
occurs much more commonly than arterial (ratio 4:1). 
In patients with patent foramen ovale, DVT can also 
produce ischemic stroke by paradoxical thrombosis.

Treatment Complications: Mainstay of treatment is dis-
continuation of heparin and replacing it with a 
newer anticoagulant, such as argatroban or lepiru-
din. Similar to classic anticoagulants (e.g., warfarin), 
newer anticoagulants increase risk of intracranial 
bleeding or GI bleeding, although incidence rate is 
lower than with classic anticoagulants.
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Hepatic Failure, Acute
Epidemiology and Demographics: Acute liver failure or 

fulminant hepatic encephalopathy is an uncommon 
disorder that accounts for approximately 6% of liver- 
related deaths in the United States and about 7% of 
liver transplant cases. Acetaminophen toxicity is the 
most common cause, which accounts for about 40% 
of the cases, with other idiosyncratic drug reactions, 
viral infections, toxins such as mushroom toxicity, 
acute fatty liver of pregnancy, Budd–Chiari syn-
drome, and autoimmune hepatitis being accounta-
ble for the majority of other cases.

Disorder Description: Acute liver failure is characterized 
by rapid and fulminant destruction of hepatocytes 
in a previously healthy liver. Clinically, patients 
initially experience non- specific symptoms such 
as nausea and vomiting and malaise, followed by 
jaundice, coagulopathy, gastrointestinal bleeding, 
and encephalopathy. The onset of symptoms to 
the development of encephalopathy takes less than 
8 weeks. Encephalopathy is presumably caused 
by conversion of urea to glutamine by astrocytes. 
Mortality is about 40% despite advances in critical 
care and liver transplant.

Symptoms

Localization site Comment

Cerebral hemispheres Hepatic encephalopathy

Seizures (focal, generalized, subclinical)

Cerebral edema and increased 
intracranial pressure

Mental status and 
psychiatric aspects

Ranges from impaired attention and 
concentration in early stages to coma in 
severe cases

Brainstem Compression of brainstem due to 
herniation

Spinal cord Multifocal myoclonus

Secondary Complications: Coagulopathy might lead to 
intracerebral hemorrhage. Compressive neuropa-
thies can occur as a result of hematomas. Rapid 

changes in concentration of sodium can cause  
central pontine myelinolysis.

Treatment Complications: Prolonged ICU stay and infec-
tions put patients at risk for critical illness myopathy/
neuropathy. Immunosuppressive medications that 
are used after the liver transplant increase the risk of 
central nervous system infections and malignancies 
such as lymphoma. Cyclosporine toxicity can cause 
syndrome of posterior reversible encephalopathy, 
seizures, and confusional state. Tacrolimus toxic-
ity can also cause altered mental status and seizure. 
Haloperidol, which is often used to control agita-
tion, can cause drug- induced extrapyramidal symp-
toms and rarely neuroleptic malignant syndrome.
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Hepatic Failure, Chronic
Epidemiology and Demographics: Chronic liver  

failure and cirrhosis is one of the leading causes 
of death in the United States. Alcoholic liver dis-
ease, chronic viral hepatitis, non- alcoholic stea-
tohepatitis (NASH), and autoimmune hepatitis  
are among the leading causes of chronic liver failure.

Disorder Description: Manifestations of chronic liver 
failure depend on the level of compensated liver 
function. Some patients have stable and well- 
compensated liver function and therefore minimal 
symptoms, while others might have decompen-
sated liver function and be very symptomatic. 
Symptoms include non- specific symptoms such 
as malaise, nausea, anorexia, and abdominal pain. 
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More advanced cases might present with ascites, 
edema, and complications of portal hypertension 
such as gastrointestinal bleeding, jaundice, and 
encephalopathy.

Symptoms

Localization site Comment

Cerebral hemispheres Hepatic encephalopathy

Cerebral edema

Seizures

Parkinsonism

Mental status and psychiatric 
aspects/complications

Depression

Impaired attention and 
concentration

Behavioral changes

Hepatic encephalopathy

Cerebellum Ataxia

Spinal cord Hepatic myelopathy

Peripheral neuropathy Hepatic neuropathy

Secondary Complications: Secondary complications are 
similar to acute liver failure. Coagulopathy might 
lead to intracerebral hemorrhage. Compressive 
neuropathies can occur as a result of hematomas. 
Rapid changes in concentration of sodium can 
cause central pontine myelinolysis.

Treatment Complications: Metronidazole, which is some-
times used to treat the gut flora and reduce the 
endogenous production of ammonia for treatment 
of hepatic encephalopathy, can cause neuropathy. 
Immunosuppressive medications that are used after 
the liver transplant increase the risk of central nerv-
ous system infections and malignancies such as lym-
phoma. Cyclosporine toxicity can cause syndrome 
of posterior reversible encephalopathy, seizures, 
and confusional state. Tacrolimus toxicity can also 
cause altered mental status and seizure. Haloperidol, 
which is often used to control agitation, can cause 
drug- induced extrapyramidal symptoms and rarely 
neuroleptic malignant syndrome.
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Hepatitis, Acute
Epidemiology and Demographics: Acute hepatitis is 

the rapid onset of inflammation of the liver. Viral 
hepatitis is the most common cause of this con-
dition. Hepatitis B is a very common condition, 
and it has been estimated that up to one- third of 
the world’s population are exposed to it. Hepatitis 
C affects about 170 million people around the 
world, with this number increasing by about 4 
million a year.

Disorder Description: Acute hepatitis is defined by 
presence of the symptoms for less than 6 months. 
Symptoms can range from mild and nonspecific 
to fulminant and life threatening. Malaise, fatigue, 
arthralgia, myalgia, nausea, vomiting, and loss of 
appetite are the initial symptoms. Jaundice, pru-
ritus, diarrhea, abdominal pain can follow. Acute 
hepatitis can resolve spontaneously or with treat-
ment or can lead to chronic hepatitis.

Symptoms

Localization site Comment

Cerebral hemispheres Aseptic meningitis (Hep A)

Encephalitis (Hep A [rare], Hep E)

Acute disseminated 
encephalomyelitis (Hep B)

Seizure (Hep E)
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Hepatitis A Virus Infection (HAV)
Epidemiology and Demographics: Hepatitis A virus 

(HAV) is present in a worldwide distribution with 
the highest prevalence of infection occurring in 
regions of poor sanitation. There are approximately 
1.4 million clinical cases of HAV reported annually. 
HAV is transmitted via the fecal–oral route or by 
contaminated water and food.1

Disorder Description: HAV is a member of the single- 
stranded RNA family Picornaviridae and is a major 
international cause of epidemic hepatitis. Liver 
cell damage is caused by a cell- mediated immune 
response. Extrahepatic manifestations in hepati-
tis A are rare. A number of neurologic syndromes 
have been reported in patients infected with hepa-
titis A, including encephalitis, meningoencephali-
tis, meningitis, transverse myelitis, Guillain–Barré 
syndrome, sensory neuropathy, mononeuropathy 

Localization site Comment

Cranial nerves Optic neuritis (Hep A)

Bell’s palsy (Hep E)

Spinal cord Transverse myelitis (Hep B)

Plexus Brachial plexopathy (Hep E, 2 cases)

Mononeuropathy or 
mononeuropathy multiplex

Mononeuritis multiplex (Hep C, 
Hep B)

Peripheral neuropathy Guillain–Barré syndrome (GBS) (Hep 
A [rare], Hep B, Hep E, Hep C)

Muscle Myopathy (Hep B)

Treatment Complications: Clevudine, used for treatment 
of Hep B, can cause myopathy. Interferons can cause 
depression, irritability, GBS, demyelinating disease of 
central nervous system, dystonia, and optic neuropathy.
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Hepatitis, Chronic
Epidemiology and Demographics: Hepatitis B can become 

chronic in about 10% of cases; the rate of chronic 
hepatitis is much higher in hepatitis C, and with-
out treatment up to 80% of the cases can turn into 
chronic hepatitis. Other less common causes of 
chronic hepatitis include autoimmune hepatitis, 
alcoholic liver disease, and non- alcoholic steato-
hepatitis (NASH).

Disorder Description: Chronic hepatitis is defined by presence 
of hepatitis for more than 6 months. Symptoms vary 
based on level of activity of the disease and can range 
from symptoms of hepatitis, such as malaise, abdomi-
nal pain, nausea and vomiting, and jaundice, to devel-
opment of cirrhosis and symptoms associated with it.

Symptoms

Localization site Comment

Cerebral hemispheres Vasculitis (polyarteritis nodosa [PAN], Hep 
B; cryoglobulinemia, Hep C)

Ischemic and hemorrhagic strokes (Hep B)

Encephalitis (Hep C)

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Depression (Hep C)

Cranial nerves Optic neuropathy (Hep C)

Spinal cord Myelopathy (Hep C)

Mononeuropathy or 
mononeuropathy 
multiplex

PAN-associated vasculitic neuropathy 
(Hep B)

Cryoglobulinemia-associated vasculitic 
neuropathy (Hep C)

Peripheral 
neuropathy

Distal symmetric axonal neuropathy 
(Hep C)

Muscle Inflammatory myopathy (Hep C)
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simplex and multiplex, myasthenia gravis, myopa-
thy, and polymyositis.

Hepatitis A encephalitis2: The involvement of the nervous 
system is rare. Encephalitis is manifested by neck 
stiffness and a clouding of consciousness accom-
panied by CSF abnormalities, which differentiate it 
from encephalopathy.

Hepatitis A meningoencephalitis3,4: A few cases have been 
reported where the patient has acute viral hepatitis 
proven by liver biopsy and IGM- specific hepatitis A. 
One patient developed increased obtundation, fever, 
nuchal rigidity, and bilateral Babinski responses and 
coma. It was attributed to hepatic encephalopathy 
due to fulminant hepatitis; however, CSF pleocytosis 
and elevated protein level support the diagnosis of 
meningoencephalitis. The other patient, in addition 
to having fulminant hepatitis A, developed an epi-
sode of convulsion, severe headache, vomiting, con-
fusion, and nuchal rigidity. Neurologic examination 
was significant for brisk reflexes and extensor plan-
tar reflexes bilaterally. Magnetic resonance imaging 
(MRI) indicated meningeal enhancement in the 
left temporo-parieto-occipital region. An electro-
encephalogram revealed sharp and slow wave dis-
charges from the left temporoparietal region. CSF 
analysis demonstrated lymphocytic pleocytosis  
(7 cells/mL), with mildly elevated proteins.

Hepatitis A transverse myelitis (TM)5: TM is a rare complica-
tion of hepatitis A and usually occurs in acute hepati-
tis A with a protracted course. Patient presented with 
acute hepatitis A diagnosed with AntiHAVIgM, then 
developed paresthesia and progressive weakness of 
both lower extremities, but preserved urination and 
defecation. Examination revealed motor power of 3/5 
bilaterally, diminished pain sensation below C6 der-
matone, impaired proprioception on both feet, hyper-
reflexia, and positive Babinski’s. Laboratory testing 
revealed elevated liver enzymes. MRI of the cervical 
spine demonstrated increased signal intensity of the 
cervical spinal cord at C4–6 level in T2- weighted 
images. Cerebrospinal fluid analysis showed WBC 
10 and elevated protein and was negative on PCR 
for cytomegalovirus, varicella zoster, herpes zoster, 
and Ebstein–Barr virus. Patient was treated with 
intravenous pulse of methylprednisone 1 g/day for  
5 days and continued with oral prednisolone 60 mg/
day tapered over a week. The patient recovered fully 
and antiHAV IgG was positive 6 months later. The 
pathogenesis of TM from hepatitis A remains unclear; 
however, an autoimmune process has been proposed.

Hepatis A Guillain– Barré syndrome (GBS)6: GBS is commonly 
associated with other viral infections. The associa-
tion of hepatitis A with GBS is based on the tempo-
ral sequence of events and absence of other trigger 
events. Most patients suffered clinical evidence of 
hepatitis with jaundice before the onset of neurologic 
symptoms. The symptoms included limb paresis, 
bulbar paresis, dyspnea requiring ventilator support, 
sensory ataxia, and pharyngo-cervical-brachial var-
iants of GBS. Electrodiagnostic studies revealed 
demyelinating polyradiculoneuropathy with a few 
cases of dominant axonal involvement. CSF tests 
 positive for anti-HAV-IgM antibodies. It is unneces-
sary to test patients with GBS for HAV because the 
association is rare, and HAV- infected patients have 
clinical evidence of hepatitis before the onset of GBS.

Hepatitis A sensory neuropathy: An association between 
neuropathy and HAV is based on the temporal 
sequence of events without another detectable trig-
ger for the neuropathy.

Hepatitis A mononeuropathy simplex and multiplex6: A 
rare association exits between acute HAV infection 
and mononeuropathy and mononeuropathy multi-
plex and is established on the temporal sequence of 
events and the absence of another cause of mono-
neuropathy. There are reports of mononeuropathy 
multiplex of the oculomotor and facial nerves as 
well as ulnar and lateral cutaneous nerves in patients 
with acute HAV infection.

Symptoms

Localization site Comment

Cerebral hemispheres Seizure, headache, confusion, stupor, 
and coma

Mental status and 
psychiatric aspects/
complications

Confusion and altered mental state

Vestibular system (and 
non- specific dizziness)

Positional vertigo and sudden, 
profound, irreversible, unilateral  
hearing loss due to 
mononeuropathy – rare

Cranial nerves Oculomotor palsy, facial palsy, 
trigeminal sensory neuropathy

Spinal cord Sensory level, proprioception 
abnormality, limb weakness,  
hyperreflexia with bilateral Babinski 
response – symptoms of transverse 
myelitis
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Hepatitis B Virus Infection (HBV)
Epidemiology and Demographics: Hepatitis B virus 

(HBV),1 a DNA virus transmitted percutaneously, 
sexually, and perinatally, affects 1.25 million per-
sons in the United States and 350 to 400 million per-
sons worldwide. HBV infection accounts annually 
for 4000 to 5500 deaths in the United States and 1 
million deaths worldwide from cirrhosis, liver fail-
ure, and hepatocellular carcinoma. In the Far East, 
most HBV infections are acquired perinatally while 
in the West, most acute HBV infections occur dur-
ing adolescence and early adulthood through sex-
ual activity, injection drug use, and occupational 
exposure.

Disorder Description: Besides fulminant hepatic failure, 
cirrhosis, liver failure, and hepatocellular carci-
noma, HBV causes many extrahepatic manifesta-
tions throughout the body through mainly immune 
complexes and cell- mediated immunity against 
HbsAg. Neurologic manifestations of hepatitis B 

infection include polyarteritis nodosa, neuropathy, 
Guillain–Barré syndrome (GBS), chronic neuropa-
thies, mononeuropathy, myopathy, dermatomy-
ositis, and subclinical hepatic encephalopathy in 
cirrhosis.

Polyarteritis nodosa (PAN) is a systemic 
necrotizing vasculitis.2,3 HBV infection can cause a 
vasculitis that almost always takes the form of PAN, 
characterized by hepatitis B surface antigen positiv-
ity. PAN occurs in only 1% or less of the total pop-
ulation of patients who are HBsAG+. Circulating 
immune complexes containing viral proteins are 
involved in the pathogenesis of hepatitis B virus 
related to PAN. The clinical features of PAN are 
weight loss in 80.5% of patients, peripheral neurop-
athy both motor and sensory in 83%, and multiple 
nerve involvement in 68.2% in addition to other 
systemic involvement (renal, urologic, abdominal, 
arterial hypertension, and cardiac failure). Clinical 
parameters associated with increased risk of death 
include age greater than 65 years, recent onset of 
hypertension, and/or gastrointestinal manifesta-
tions requiring surgery at diagnosis. Outcomes in 
PAN patients have improved due to step-by-step 
identification of a more effective treatment proto-
col involving a combination of plasma exchanges 
and a short course of corticosteroid and antiviral 
agents.

Neuropathy associated with hepatitis B virus infection4,5: 
Results from a multicenter French study of 190 
patients infected with HBV reported clinical evi-
dence of sensorimotor neuropathy in 5% of cases. 
The pathogenesis involves deposition of immune 
complexes in nerves or blood vessel walls.

Guillain–Barré syndrome: The association between GBS 
and acute viral hepatitis is rare (1% of GBS). GBS 
recurred during viral relapse after an asymptomatic 
interval of up to 2 years and at times with evidence 
of a viral relapse.

Chronic neuropathies related to HBV include 
chronic relapsing polyneuropathy, chronic relaps-
ing polyradiculoneuropathy with cranial nerve 
and respiratory muscle involvement, mononeuri-
tis multiplex, and chronic relapsing demyelinating 
polyneuropathy.

Polymyositis and dermatomyositis6,7 have been 
reported in both acute and chronic HBV infection. 
In particular, manifestations of dermatomyosi-
tis occurred during HBV- related hepatocellular 
carcinoma.

Localization site Comment

Mononeuropathy or 
mononeuropathy 
multiplex

Oculomotor palsy, facial palsy, 
trigeminal sensory neuropathy, ulnar 
neuropathy, and lateral cutaneous 
neuropathy

Peripheral neuropathy Sensory neuropathy and GBS
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Noninflammatory myopathy6,7 was reported 
in a 23-year-old woman with a painful myopa-
thy following acute HBV hepatitis. Muscle biopsy 
showed many intermyofibrillar microvacuoles 
filled with neutral lipid, without evidence of 
inflammation.

Subclinical hepatic encephalopathy (SHE)8 has 
been found in between 30 and 84% of patients with 
cirrhosis. Neuropsychiatric manifestations include 
a number of quantifiable neuropsychiatric defects 
using psychometric and electrophysiologic assess-
ment; however, the mental and neurologic status on 
examination are normal.

Symptoms2–8

Localization site Comment

Cerebral hemispheres Encephalopathy and rare central 
nervous system vasculitis

Mental status and psychiatric 
aspects/complication, 
suicidal ideation

Neuropsychiatric defects on 
psychometric assessment with 
normal mental and neurologic 
examination

Specific spinal roots Rare cause of GBS

Mononeuropathy or 
mononeuropathy multiplex

Up to 83% in PAN

Peripheral neuropathy 5% of 190 HBV positive patients in 
French study

Muscle Rare case of polymyositis and 
dermatomyositis, one case of 
noninflammatory myopathy

Treatment Complications: Treatment of hepatitis B infec-
tion and extrahepatic disease consists of plasma 
exchange and short course of corticosteroid and 
antiviral agents. Seven drugs are licensed in the 
United States: interferon alfa, pegylated interferon 
alfa- 2a, lamivudine, adefovir, entecavir, telbivu-
dine, and tenofir. Flu- like symptoms, marrow sup-
pression, depression and anxiety, and autoimmune 
disorders, especially autoimmune thyroiditis are 
the side effects of interferon. Close monitoring and 
medical supervision are essential. Adefovir and ten-
ofovir may cause nephrotoxic effects, which require 
periodic monitoring of renal function. Myopathy 
and neuropathy have been associated with nucleo-
side analog therapy for  hepatitis B.
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Hepatitis C Virus Infection (HCV)
Epidemiology and Demographics: Hepatitis C virus 

(HCV) has a prevalence rate of 2.8% worldwide and 
affects around 185 million people.1

Disorder Description: HCV causes severe hepatitis, cir-
rhosis, and hepatocellular carcinoma. It is a systemic 
disease with extrahepatic complications involv-
ing various organs including the eye, gut, thyroid, 
cardiovascular system, dermatome, and nervous 
system. Chronic HCV infections are characterized 
by hepatic and systemic inflammations induc-
ing immunologic response and metabolic imbal-
ance. HCV- related neurologic syndromes include 
autoimmune disorders, peripheral neuropathy, 
cerebrovascular events, myelitis, encephalopathy, 
encephalomyelitis, cognitive impairment, and psy-
chiatric disorders including anxiety, depression, and 
fatigue. Many such neurologic conditions are asso-
ciated with the presence of mixed cryoglobulinemia.
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Hepatitis Neuropathy
Epidemiology and Demographics: In patients with hep-

atitis C virus (HCV) infection, peripheral neu-
ropathy occurs in about 10%, and most cases 
are associated with mixed cryoglobulinemia. 
Peripheral neuropathy develops in about 5% of 
patients with hepatitis B virus (HBV) infection, 
and most cases are associated with vasculitis and 
polyarteritis nodosa (PAN).

Disorder Description: HCV and HBV may be associated 
with a mild peripheral polyneuropathy. However, 
when mixed cryoglobulinemia in HCV infection 
and polyarteritis nodosa in HBV infection occur, 
the risk of developing a prominent neuropathy 
increases significantly.

Symptoms

Localization site Comment

Peripheral neuropathy 
(HCV)

Mixed cryoglobulinemia is 
associated with HCV infection 
in about 80% of patients. Up 
to 90% of patients with mixed 
cryoglobulinemia have neuropathy. 
Sensory or sensorimotor axonal 
polyneuropathy is the most 
common presentation, followed by 
mononeuropathy multiplex with a 
predilection for the radial nerves

Peripheral neuropathy 
(HBV)

Mononeuropathy multiplex is the 
most common neuropathy and 
is due to HBV- related polyarteritis 
nodosa or vasculitis without 
classical PAN. HBV infection without 
PAN tends to have a mild axonal 
polyneuropathy

Secondary Complications: Untreated neuropathy leads to 
loss of motor function, neuropathic ulceration, and 
neuropathic pain.

Treatment Complications: Mainly due to side effects from 
medication for hepatitis viral infection.

Treatment Complications: Standard of care for HCV 
treatment includes pegylated interferon plus riba-
virin in addition to viral protease inhibitors such 
as boceprevir and telaprevir. Interferon is known 
to cause neuropsychiatric side effects1–3 including 
headache, fatigue, cognitive impairment, and con-
fusional state as well as mood alteration.
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Localization site Comment

Cerebral hemispheres Stroke, transient ischemic attack, lacunar 
syndromes, and central nervous system 
vasculitis

Acute encephalopathic forms: confusion, 
altered consciousness, incontinence

Leukoencephalopathy: multifocal signs 
and symptoms, cognitive dysfunction, 
tetraparesis, aphasia

Mental status and 
psychiatric aspects/
complications

Cognitive/neuropsychiatric: sensation 
of physical and mental exhaustion, 
depression, anxiety, alterations in verbal 
recall, working memory, sustained 
attention, concentration, and learning skills

Spinal cord Myelitis: sensory ataxia, spastic paraplegia

Mononeuropathy or 
mononeuropathy 
multiplex

Mononeuropathy: deep aching pain, 
truncal deficits

Mononeuropathy multiplex: stocking– 
glove asymmetric neuropathy

Peripheral 
neuropathy

Sensorimotor axonal polyneuropathies: 
sensory loss and distal weakness

Large fibers sensory neuropathies: 
reduced touch and proprioception 
sensations, sensory ataxia

Small fibers sensory neuropathies: burning 
feet, pain, and restless legs syndrome

Motor axonal polyneuropathies: distal 
weakness

Muscle Noninflammatory myopathy: progressive 
proximal and generalized weakness, 
atrophy

Inflammatory myopathy: progressive 
symmetric proximal weakness, atrophy, 
dysphagia, interstitial lung disease
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Hereditary Motor Sensory Neuropathy Type 
1 (Charcot–Marie–Tooth [CMT1] Disease: 
Hereditary Sensorimotor Neuropathy)
Epidemiology and Demographics: Prevalence of Charcot–

Marie–Tooth (CMT) disease is 1/2500 to 1/10,000; 
about 50% of cases are CMT1. Age of onset of symp-
toms ranges typically between 5 and 25 years of age. 
Males and females are equally affected, except for 
the X-linked type, which is much more common in 
males.

Disorder Description: CMT1 is a subtype of CMT, which 
is a heterogeneous group of hereditary diseases of 
the peripheral nerve for which several genes have 
been recognized. It is characterized by pes cavus, 
hammer toes, and slowly progressive more distal 
than proximal weakness with steppage gait. Nerve 
conduction velocities are slow (less than 35 m/s in 
forearms).

CMT1 specifically is demyelinating. Inheritance 
pattern is autosomal dominant mostly and rarely 
X- linked recessive forms, the most common gene 
being PMP22 point mutation (CMT1A). Other 
common genetic causes include MPZ (CMT1B) 
and NEFL mutations. De novo mutations should be 
sought for if negative family history.

Symptoms

Secondary Complications: Complications of CMT1 
include disability from slowly progressive weakness 
needing braces and assistive walking devices. These 
patients are more prone to compressive neuropa-
thies with prolonged malpositioning, such as dur-
ing surgery. They are also more prone to worsening 
polyneuropathy when exposed to neurotoxins such 
as chemotherapeutic agents (e.g., vincristine). Pain 
is common. Respiratory insufficiency is rare.
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Hereditary Motor Sensory Neuropathy Type 
3 (Dejerine–Sottas Disease; Also Called 
Hypertrophic Polyneuropathy)
Epidemiology and Demographics: Characterized by 

onset in infancy or early childhood. Equal gender 
involvement.

Disorder Description: Dejerine–Sottas disease is a severe 
subtype of Charcot–Marie–Tooth disease, a heredi-
tary neuropathy. It is caused by mutations in differ-
ent genes, including MPZ, PMP22, EGR2, and PRX, 
with autosomal dominant or autosomal recessive 
inheritance patterns. It is characterized by early- 
onset, progressive, severe, distal sensory loss with 
ataxia, pes cavus, distal weakness, palpable hyper-
trophied nerves, pain, and severe gait disturbance. 
Nerve conduction studies are characterized by very 
slow NCV (<10 m/s in forearms).

Localization site Comment

Cerebral hemispheres CMTX: unilateral or bilateral white 
matter changes mimicking central 
nervous system demyelinating disease 
(rare)

CMT1B: deafness and dysphagia (rare)

Localization site Comment

Peripheral neuropathy Chronic uniform demyelinating 
peripheral polyneuropathy resulting 
in foot deformities, slowly progressive 
weakness, sensory loss, and disability

Muscle Secondary neurogenic atrophy is 
seen from chronic demyelination and 
secondary axonal loss
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Symptoms

Localization site Comment

Cranial nerves Nystagmus, hearing loss, restriction in 
extraocular movements can be seen 
(rare)

Peripheral neuropathy Chronic demyelinating peripheral 
polyneuropathy resulting in 
progressive disability at an earlier age

Muscle Secondary effect on muscle from 
neurogenic process

Secondary Complications: Complications include dis-
ability at a young age from progressive weakness 
needing braces and assistive walking devices. These 
patients are more prone to compressive neuropa-
thies with prolonged malpositioning, such as during 
surgery. Pain is common. Respiratory insufficiency 
is rare.
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Hereditary Motor Sensory Neuropathy  
Type 4 (Refsum Disease)
Epidemiology and Demographics: Prevalence of disease is 

unknown. Predominantly seen in late childhood or 
adolescence, occasionally seen later in life.

Disorder Description: Refsum disease is an autosomal reces-
sive disorder of either the PHYH gene or the PEX7 
gene resulting in defective alpha oxidation of phytanic 
acid, which is a branched chain fatty acid, resulting 
in accumulation of phytanic acid in blood, fat, and 
nerves. Neurologic manifestations include a demyeli-
nating neuropathy, pes cavus, cerebellar ataxia, retini-
tis pigmentosa, hearing loss, and scaly skin.

Symptoms

Secondary Complications: Cardiac involvement (con-
duction abnormalities and cardiomyopathy), occa-
sionally with premature death. Epiphyseal dysplasia 
results in syndactyly and a characteristic shortening 
of the fourth toe.
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Hereditary Spastic Paraplegia
Epidemiology and Demographics: There are fewer than 

10,000 cases in the United States. Ten percent of 
people with hereditary spastic paraplegia have com-
plicated hereditary spastic paraplegia. In Europe 
1–9 cases per 100,000 are noted. Manifests in second 
to fourth decades of life.

Disorder Description: Group of inherited diseases whose 
main features are progressive stiffness and spastic-
ity in the lower limbs. Progressive weakness of the 
affected person’s legs is noted. It can be an autoso-
mal dominant, autosomal recessive, or X- linked 
recessive trait. There are more than 40 genetic loci, 
that is, SPG1 through SPG48 have been identified. 
Some patients may have only spasticity in the lower 
extremities, known as pure hereditary spastic para-
plegia, or it may be associated with other symptoms.

It is a clinically and genetically heterogeneous 
neurologic disorder that manifests with slowly pro-
gressive spastic paraparesis. Most common form 
is pure spastic paraparesis. Complicated form can 
have other neurologic involvement, including optic 
atrophy, bulbar dysfunction, neuropathy, extrapy-
ramidal deficit, cerebellar atrophy, and behavioral 
problems.

Localization site Comment

Cerebellum Cerebellar ataxia

Vestibular system (and 
non- specific dizziness)

Sensorineural hearing loss

Localization site Comment

Cranial nerves Retinitis pigmentosa leading to loss of 
night vision

Anosmia

Peripheral neuropathy Motor and sensory demyelinating 
polyneuropathy leading to weakness 
and sensory ataxia
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Symptoms

Localization site Comment

Cerebral hemispheres Intellectual disabilities, dementia, 
epilepsy

Cranial nerves Optic neuropathy, visual or hearing 
dysfunction, retinopathy

Subcortical dysfunction Extrapyramidal symptoms

Adrenal gland Adrenal insufficiency, skin ichthyosis

Spinal cord Paraplegia often developing progressively 
and slowly from a paraparesis, spasticity, 
back and knee pain, fatigue, urinary 
urgency, abnormal gait. There can 
also be decreased sense of balance. 
Gastrocnemius–soleus contracture

Psychiatric Stress and depression

Peripheral nerves Peripheral neuropathy

Secondary Complications: Skeletal deformities such as 
pes cavus and joint contractures. Cardiac involve-
ment (conduction abnormalities and cardiomyopa-
thy), occasionally with premature death. Epiphyseal 
dysplasia results in syndactyly and a characteristic 
shortening of the fourth toe.

Treatment Complications: Treatments may include phys-
ical therapy, range of motion and muscle strength-
ening exercises, and aerobic conditioning of the 
cardiovascular system. Antispasticity agents, e.g., 
tizanidine, and baclofen can lead to sedation.
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Herniated Nucleus Pulposus – Cervical
Epidemiology and Demographics: Herniated nucleus pul-

posus in asymptomatic patients is seen on MRI in 
10% of the population younger than 40 years and 
5% of individuals over age 40 years. True incidence 
and prevalence are unknown. It is seen equally in 
men and woman.

Disorder Description: Herniated nucleus pulposus is an 
abnormality of the intravertebral disc, which occurs 
when the inner core of the intravertebral disc bulges 
out through the outermost fibrous layer that sur-
rounds the disc.

Symptoms

Localization site Comment

C5 Weakness of shoulder abduction, external 
rotation, elbow flexion, and supination of the wrist

Sensory loss on the shoulder may or may not 
be present. Biceps, brachii, and brachioradialis 
deep tendon reflexes can be diminished

C6 Above plus extension of elbow (triceps, 
pronation and extension of the wrist) ( C7). 
Pain or sensory symptoms radiating down 
the arm into the middle digit, weakness of 
elbow extension and wrist flexion, finger 
extension and reduced triceps reflex can  
be noted

C8–T1 Sensory disturbance affecting the medial 
aspect of the hand and forearm along with 
hand weakness

Treatment Complications: Symptomatic decompres-
sive surgery can be offered. Tricyclic antidepres-
sants help. Narcotics can be used in acute phase. 
Analgesics may cause sedation and addiction among 
other many potential complications. Surgically 
induced neurologic deficits may occur.
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Herniated Nucleus Pulposus – Lumbar
Epidemiology and Demographics: Increased prevalence in 

patients aged 30–50 years, with a 2:1 ratio of males 
to females.

Disorder Description: It is the most common cause of low 
back pain. Herniated nucleus pulposus of the lum-
bar spine is defined as nuclear material that is dis-
placed into the spinal canal.

Symptoms

Localization site Comment

Nerve root L2 Thigh flexion loss of cremasteric reflex, anterior 
thigh sensory loss can be noted

Nerve root L3 Leg extension, weakness, hip flexion, and 
adduction weakness. Medial knee sensory loss 
is noted. Quadriceps reflex loss is noted

Nerve root L4 Leg extension, hip flexion, and adduction 
weakness can be seen. Medial leg sensory 
loss can be seen. Quadriceps reflex can be 
diminished

Nerve root L5 Great toe dorsiflexion, dorsiflexion of digits 2 
through 5 and foot weakness, ankle inversion 
and eversion weakness, knee flexion, and hip 
abduction weakness. Sensory loss on the great 
toe, dorsum of foot, and distal and lateral leg 
can be noted

S1 nerve root Foot plantar flexion weakness, toe and knee 
flexion, and hip extension. Sensory loss in the 
digits 4 and 5. Lateral foot and heel as well 
as plantar surface sensory loss can be seen. 
Achilles reflex can be lost

Secondary Complications: Cauda equina syndrome can 
occur with urinary, bowel, and sexual dysfunction. 
This may warrant urgent decompression.

Treatment Complications: Recommendations include 
to continue activity, avoid heavy lifting, repetitive 
actions or prolonged sitting. Short- term cortico-
steroids sometimes help. Other interventions include 
nonsteroidal anti- inflammatories, narcotics, and 
surgery. Narcotics can cause sedation, addiction, etc.
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Heroin Toxicity
Epidemiology and Demographics: The common user is 

male aged 20 years and older. There is no race or 
ethnicity predilection. In the United States, 0.2% of 
the population uses or has used heroin.

Disorder Description: Heroin is an opioid drug synthe-
sized from morphine derived from the opium plant; 
it has several modalities of absorption into the 
human body, and ultimately is converted to mor-
phine as it enters the brain. Heroin toxicity affects 
the body in many ways as indicated below.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Epileptic seizures (acute)

Stroke (acute)

Toxic spongiform leukoencephalopathy – 
progressive damage to the white matter

Delayed post- anoxic encephalopathy – 
person usually experiences a brief hypoxic 
episode and will eventually develop a 
relapse characterized by apathy, confusion, 
agitation, and/or progressive neurologic 
deficits

Mental status 
and psychiatric 
aspects/
complications

Euphoria (acute)

Coma (acute)

Apathy (acute)

Abulia (acute)

Bradyphrenia (acute)

Brainstem Dysregulation of body autonomic function

Cerebellum Cerebellum ataxia

Cranial nerves Toxic amblyopia – reaction involving optic 
nerve that results in visual loss (acute)

Miosis (acute)

Pituitary gland Dysregulation of hypothalamus–pituitary–
adrenal axis

Spinal cord Transverse myelopathy (acute)

Anterior horn cells Transverse myelopathy (acute)

Dorsal root ganglia Transverse myelopathy (acute)

Cauda equina Transverse myelitis (acute)

Specific spinal 
roots

Transverse myelitis (acute)
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insomnia, anxiety, and other opiate withdrawal 
symptoms.

Clonidine, which can be used to treat anxiety and 
agitation associated with heroin abuse, may cause 
sedation or rarely induces altered mentation and 
hallucinations.
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Heroin Withdrawal
Epidemiology and Demographics: Predominant users are 

males 18–24 years of age. No race predilection.
Disorder Description: Heroin is a diamorphine drug. 

Symptoms of withdrawal typically start after 6–12 
hours and can last for months.

Heroin withdrawal symptoms include:
•	 Abdominal pain
•	 Sweating
•	 Shaking
•	 Nervousness
•	 Agitation
•	 Depression
•	 Muscle spasms
•	 Cravings for drugs
•	 Relapse

Localization site Comment

Plexus Plexopathy (acute) symptoms of pain, 
loss of motor control, and sensory deficits 
specifically affecting brachial and lumbar 
region

Mononeuropathy 
or 
mononeuropathy 
multiplex

Mononeuropathy

Compartment syndrome (acute) – elevated 
pressures in a confined body space

Peripheral 
neuropathy

Acute inflammatory demyelinating 
polyradiculoneuropathy (acute) – 
autoimmune process involving areflexic 
weakness and sensory changes

Spinal cord Transverse myelopathy (acute) – acute 
motor, sensory, and autonomic dysfunction 
of the spinal cord

Muscle Rhabdomyolysis syndrome – breakdown of 
muscle fibers into bloodstream

Compartment syndrome (acute) – elevated 
pressures in a confined body space

Fibrosing myopathy

Acute bacterial myopathy – muscle damage 
induced by transmission of bacteria

Syndromes with 
combined upper 
and lower motor 
neuron deficits

Heroin induced leukoencephalopathy 
(acute–chronic) consisting of stage of 
progressive neurologic degeneration such 
as cerebral ataxia, extrapyramidal symptoms, 
chorea, athetosis, hyperactive reflexia to 
hypoactive reflexia leading to death

Syndromes 
with combined 
spinal cord and 
peripheral nerve 
lesions

Transverse myelopathy (acute)

Acute inflammatory demyelinating 
polyradiculoneuropathy (acute) – 
autoimmune process with areflexic 
weakness and sensory changes

Secondary Complications: Cardiac arrest leads to anoxic–
ischemic cerebral injury. Respiratory failure leads to 
cerebral white matter damage.

Treatment Complications: Complications of detoxifi-
cation are those of opiate withdrawal described 
in the entry Heroin Withdrawal. Methadone may 
acutely cause sedation, euphoria, a “drug high,” or 
insomnia. Longer term use has been associated with 
impaired cognition.

Buprenorphone may cause sedation and other 
potential opiate- related symptoms. The opioid nal-
trexone may cause mood changes, hallucinations, 
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Symptoms

Localization site Comment

Cerebral hemispheres Cerebral atrophy (chronic)

Mental status and psychiatric 
aspects/complications

Depression (chronic)

Cogntive difficulties (acute)

Agitation (acute)

Substance abuse disorder 
(chronic)

Apathy (chronic)

Cranial nerves Mydriasis (acute)

Muscle Myalgia (acute)

Tremors (chronic)

Treatment Complications: Methadone may acutely cause 
sedation, euphoria, a “drug high,” or insomnia. 
Longer term use has been associated with impaired 
cognition.

Buprenorphone may cause sedation and other 
potential opiate- related symptoms. The opioid naltrex-
one may cause mood changes, hallucinations, insom-
nia, anxiety, and other opiate withdrawal symptoms.

Clonidine, which can be used to treat anxiety and 
agitation associated with opiate withdrawal, may 
cause sedation or rarely induce altered mentation 
and hallucinations.
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Herpes Simplex Virus 1
Epidemiology and Demographics: The seroprevalence of 

herpes simplex virus 1 (HSV- 1) is estimated at 54% 
in the United States according to a 2005–10 survey 
among Americans aged between 14 and 49 years. 
The incidence of HSV- 1 encephalitis worldwide as 
well as in the United States is between 2 and 4 cases 
/1,000,000, and HSV- 1 is responsible for 90% or 
more of HSV encephalitis in adults and children. 

Bimodal distribution exists with peak incidence in 
the very young (3 years old or younger) and in adults 
aged >50 years. There is no gender predisposition in 
the majority of adults aged >50 years.1

Disorder Description: HSV- 1 is one the eight human her-
pes viruses, which are large double- stranded DNA 
viruses that cause lifelong infection in humans.2 
The most likely routes of infection are retrograde 
transport through the olfactory or trigeminal nerve 
and possibly hematogenous dissemination. HSV- 1 
encephalitis is the most common sporadic and treat-
able encephalitis in the world. Early recognition and 
treatment lead to improving outcome and can be life-
saving. As most encephalitic syndromes, HSV pre-
sents with altered mental status and features of brain 
parenchymal inflammation, which include fever, new 
seizures, focal neurologic signs, cerebrospinal fluid 
pleocytosis, and abnormalities on MRI and EEG.

The clinical manifestations of HSV- 1 encephali-
tis2,3 are similar to other etiologies of encephalitis; 
thus, the differential diagnosis can be classified into 
four broad categories:

  1. Unspecified encephalitis/meningoencephalitis
  2. Infectious encephalitis (viral or bacterial)
  3. Immune-mediated encephalitis
  4. Infectious and immune- mediated encephalitis

Among the most common treatable mimics are 
other infections (viral, bacterial, mycobacterial, and 
fungal) and the immune- mediated encephalitis.

Early recognition and treatment lead to improved 
outcomes not only for herpes simplex virus enceph-
alitis (HSVE), but also for other causes of infectious 
encephalitis and immune- mediated encephalitis, 
therefore rapid and effective evaluation is necessary. 
The advent of MRI and the availability of HSV PCR 
have greatly improved the ability to diagnose HSVE. 
Lumbar puncture is not only necessary for HSV PCR, 
but also to rule out other central nervous system infec-
tions as well as the other immune- mediated encepha-
litis associated with anti- NMDA receptor (NMDAR) 
and voltage- gated potassium channel antibodies.

Symptoms2,3

Localization site Comment

Cerebral hemispheres Seizures, loss of consciousness, 
aphasia, and memory impairment

Mental status and psychiatric 
aspects/complications

Abnormal behavior, confusion, 
and disorientation
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Secondary Complications: The infectious process and 
the host immune response cause cytotoxic and 
vasogenic edema, which lead to focal and global mass 
effect and increased intracranial pressure (ICP) in 
HSVE. ICP monitoring and prompt management of 
herniation show a trend toward improved outcome. 
Seizures are a common presentation in encephali-
tis and during the course of the illness 15% develop 
status epilepticus. Antiepileptic medications are 
strongly recommended to all patients with seizures 
and encephalitis to prevent further brain injury in 
case of recurrent seizures.

Treatment Complications: Intravenous acyclovir 10 mg/kg  
q8h for HSVE as well as antimicrobials for bac-
terial meningoencephalitis should be initiated 
promptly. The latter should also be included because 
it cannot be excluded merely on clinical grounds. 
Acyclovir may cause depressed consciousness and 
encephalopathy.
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Herpes Simplex Virus 2
Epidemiology and Demographics: The seroprevalence1 

of herpes simplex type 2 (HSV- 2) is estimated at 
15.7% in the United States according to a survey 
from 2005 to 2010 among Americans aged between 
14 and 49 years. HSV- 2 infection is transmitted 
mainly, although not exclusively, through sexual 
activity, and it is delayed until adolescence and early 
adulthood with the advent of sexual activity. The 
seroprevalence of HSV- 2 increases with the num-
ber of sexual partners, the age of sexual activity, 
and the presence of other sexually transmitted dis-
eases including HIV. It is more common in Blacks 
and Hispanics. Primary HSV- 2 infection is usually 

asymptomatic in immunocompetent adolescents 
and adults although primary HSV- 2 infection caus-
ing genital ulcers facilitates the transmission of HIV. 
HSV- 2 causes a multitude of neurologic diseases, 
which may result from primary or reactivation 
of latent HSV- 2. The most common site of HSV- 2 
latency is the sacral ganglia although polymer-
ase chain reaction (PCR) techniques have shown 
HSV- 2 latency in ganglia throughout the central 
nervous system.

Disorder Description: HSV- 2 is one the eight human her-
pes viruses, which are double- stranded DNA viruses 
that cause lifelong infection in human. HSV- 2 asso-
ciated neurologic diseases2 include neonatal herpes 
simplex encephalitis, acute septic meningitis in 
adults, recurrent aseptic meningitis, adult HSV- 2 
encephalitis, HSV- 2 ascending myelitis, HSV- 2 
radiculopathy, cranial neuropathy, acute retinal 
necrosis, and HSV- 2 in the setting of HIV infection.

Neonatal herpes encephalitis is a devastat-
ing neurologic disease found in neonates born 
to mothers infected with HSV- 2 especially in the 
third trimester. Focal and generalized seizures are 
the presenting symptoms and dissemination of the 
virus into the central nervous system occurs in 70% 
of all infected neonates.

Aseptic meningitis occurs in 36% of women with 
primary HSV- 2 genital lesions and in 13% of men. 
Hospitalization occurs in 6.4% of infected women 
and 1.6% of infected men. Headache, neck stiffness, 
and low- grade fever occur during the prodrome of 
genital herpes and the herpetic eruption.

Recurrent aseptic meningitis due to HSV- 2 
manifests as headache, neck stiffness, and low- 
grade fever. Confusion, focal neurologic signs, 
and cranial neuropathies may also be present. 
Before the advent of PCR, many were diagnosed 
as Mollaret meningitis, which should now be 
restricted to recurrent meningitis without an iden-
tifiable cause.

Adult HSV- 2 encephalitis is much less com-
mon than HSV- 1 encephalitis. Both HSV- 1 and 
HSV- 2 affect the mesial temporal or orbitofrontal 
lobes; HSV- 2 has a predilection for the brainstem 
and manifests as altered level of consciousness, 
cranial neuropathies, hemiparesis, and hemisen-
sory loss.

HSV-2 ascending myelitis, affecting the thoracic 
and lumbosacral region, is seen almost exclusively 
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in immunocompromised patients, particularly 
those with HIV infection. Pain, often anogeni-
tal or radicular, limb numbness, paresthesia, and 
weakness are the characteristic clinical presenta-
tion. Herpetic skin lesions may be present. MRI of  
the spine reveals enlargement of the lower cord 
or conus medullaris with increased signal on T2- 
weighted images and contrast enhancement of adja-
cent nerve roots.

HSV-2 radiculopathy is often misdiagnosed 
unless it occurs simultaneously with the genital 
herpes. History of recurrent genital herpes out-
break accompanied by radicular symptoms is useful 
diagnostically. It affects the lumbar or sacral nerve 
roots. Paresthesia, urinary retention, constipa-
tion, anogenital discomfort, and leg weakness may 
accompany the radicular pain. Nerve root and lower 
spinal cord edema, enlargement, and hyperintensity 
and contrast enhancement may be shown on T2- 
weighted MRI.

Cranial neuropathy including Bell’s palsy is an 
extremely rare result of HSV- 2, although Bell’s palsy 
has been reported after acyclovir discontinuation in 
a patient treated for HSV- 2 encephalitis.

HSV-2 in the setting of HIV infection: Synergism occurs 
between HSV- 2 and HIV. HSV- 2 facilitates HIV 
transmission by two- to four- fold. Neurologic dis-
eases associated with HSV- 2 appear early and are 
severe in the presence of HIV/AIDs.

CSF PCR for HSV- 2 is highly sensitive and highly 
specific for the diagnosis of HSV-2-associated neu-
rologic disease. Acyclovir is the standard therapy.

Symptoms2

Secondary Complications: As with HSV- 1 encephali-
tis, cytogenic and vasogenic edema may occur 
in HSV- 2 encephalitis as a result of the infectious 
process and host immune response. Cytogenic and 
vasogenic edema may lead to focal and global mass 
effect and increased intracranial pressure. Similarly, 
seizures and status epilepticus may develop. Three 
cases of ischemic stroke have been reported follow-
ing HSV- 2 meningitis/encephalitis.3

Treatment Complications: Intravenous acyclovir for 
severe cases may cause depressed consciousness and 
encephalopathy.
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Herpes Zoster Myelitis
Epidemiology and Demographics: Herpes zoster is pri-

marily a disease of the elderly and immunocom-
promised. The incidence in the United States is 
approximately 4 cases/1000 persons annually. 

Localization site Comment

Cerebral hemispheres Affects the mesial temporal or 
orbitofrontal lobe less often than HSV-1

Mental status and 
psychiatric aspects/
complications

Altered consciousness, confusion, and 
disorientation may occur

Brainstem HSV-2 encephalitis has a prediction for 
the brainstem

Cranial nerves Bell’s palsy although extremely rare

Spinal cord HSV-2 myelitis characterized by pain, 
often anogenital or radicular, with 
associated limb numbness, paresthesia, 
and weakness

Localization site Comment

Anterior horn cells Limb weakness

Dorsal root ganglia Limb numbness

Conus medullaris Radicular pain, paresthesia, urinary 
retention, and constipation occur in 
HSV- 2. Radiculopathy with enlargement 
of the lower cord or conus medullaris on 
T2- weighted MRI

Cauda equina Radicular pain, paresthesia, urinary 
retention, and constipation occur in 
HSV- 2. Radiculopathy with enlargement 
of the lower cord or conus medullaris on 
T2- weighted MRI
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Neurologic complications occur in approximately 
1/2000 cases of primary varicella among chil-
dren. Five percent to 20% of patients with zoster 
will develop postherpetic neuralgia after zoster. 
Transverse myelitis is seen in about 0.3% of patients 
post varicella infection.

Disorder Description: The main neurologic syndromes 
related to primary acute varicella infections are 
meningitis, encephalitis, acute cerebellar ataxia, 
and myelitis. Myelitis may also be seen due to reac-
tivation of the virus (herpes zoster). Presence of 
the rash prior to the myelopathic clinical features 
is a useful clue to diagnosis (although the rash may 
not always precede it). There is a high frequency 
of thoracic dermatomal involvement. Although 
myelitis has typically been described in immu-
nocompromised patients, it has also occurred in 
immunocompetent patients. The pathogenesis 
is likely similar to that of encephalitis with small 
vessel vasculopathy with or without demyelination 
and necrosis. Diagnosis of varicella zoster virus 
(VZV) myelitis is based on clinical and radiologic 
features (transverse myelitis pattern, may involve 
multiple levels presenting as a longitudinally 
enhancing transverse myelitis, restricted diffusion 
if spinal cord infarction) and is supported by the 
detection of VZV DNA by PCR or the production 
of VZV IgG in the cerebrospinal fluid.

Symptoms

Secondary Complications: Disseminated VZV in immu-
nocompromised patients (HIV, post- transplant 
status).

Treatment Complications: Intravenous (IV) acyclovir  
(10 mg/kg every 8 hours for 14 days) in conjunction 
with IV methylprednisolone (1 g IV for 5 days) are 
used to treat herpes zoster myelitis. Prehydration 
and slow infusion of the acyclovir prevents renal 
toxicity and deposition of acyclovir crystals in the 
tubules. Neurotoxicity is seen with acyclovir in 
patients with renal failure and may present with agi-
tation, tremors, delirium, hallucinations, and myo-
clonus as well as delirium.

Bibliography
Gilden D, Nagel M, Cohrs R, Mahalingam R, Baird 

N. Varicella zoster virus in the nervous system. 
F1000Res 2015a;4. PMID 26918131

Whitley RJ. Varicella-zoster virus. In Mandell GL, 
Bennett JE, Dolin R, eds. Principles and practice of 
infectious diseases. 4th ed. New York: Churchill-
Livingstone; 1995. pp. 1345–51.

Localization site Comment

Cerebral hemispheres Encephalitis frequently accompanies 
myelitis

VZV infection can produce stroke 
syndromes secondary to infection of 
cerebral arteries

Mental status and 
psychiatric aspects/
complications

Encephalitis frequently accompanies 
myelitis

Cranial nerves Cranial neuropathies may be 
associated – herpes zoster ophthalmicus, 
ophthalmoplegia (cranial nerves III, IV, 
VI), and Ramsay–Hunt syndrome (herpes 
zoster oticus). This painful fluid- filled 
blistering shingles rash can affect cranial 
nerves VII and VIII and therefore can result 
in facial palsy and hearing loss

Localization site Comment

Spinal cord Myelitis is seen a few days after the rash 
(presumed to spread into the spinal cord 
directly from the roots). It characteristically 
presents with upper motor neuron signs, 
including weakness, hyperreflexia, and 
positive Babinski sign. Seen often as a 
complication of zoster in HIV patients

Anterior horn cells Segmental motor paresis develops in 
approximately 3% of patients with  
zoster, felt to result from spread of VZV 
from the dorsal root ganglia to the 
anterior root/horn

Specific spinal roots Dermatomal involvement typically 
involves thoracic segments, 
typically single dermatome. In the 
immunocompromised, multiple 
dermatomes are likely to be involved. 
Post- herpetic neuralgia is a complication

Acute inflammatory demyelinating 
polyneuropathy has been described 
rarely independent of the myelitis with 
progressive, symmetric muscle weakness 
and loss of deep- tendon reflexes over 
days to a week after symptom onset. 
Presentation severity can vary leading to 
weakness of respiratory, facial, and bulbar 
muscles
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Hexane (n- Hexane) Exposure
Disorder Description: Single episodes of high- level acute 

hexane exposure cause central nervous system 
depression and narcosis. However, with repeated 
massive exposure (i.e., glue sniffing), a subacute, 
predominately motor neuropathy with cranial nerve 
dysfunction develops that may be confused with 
Guillain–Barré syndrome. This neuropathy may be 
associated with autonomic dysfunction including 
impotence, hyper- or anhidrosis, and vasomotor 
instability. Occupational or recreational exposure 
to lower doses over a longer time period results in 
a slowly developing central– peripheral axonopathy 
affecting the sensory and motor systems in a length- 
dependent fashion.
•	 Hexacarbons are present in many solvents 

and glues, and exposure is most commonly 
occupational.

•	 The neuropathy associated with hexacarbon 
exposure results in giant axonal swellings and 
distal slowing of conduction velocity.

•	 Hexacarbon neuropathy may continue to 
worsen for some time after cessation of expo-
sure (coasting).

Symptoms
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Hip Pathology and Surgical Procedures
Epidemiology and Demographics: Hip dislocation and 

hip surgery are associated with sciatic neuropathy, 
usually peroneal division, due to its proximity to hip 
joint. Prevalence of sciatic neuropathy in hip dislo-
cation is 10% in adults and 5% in children. The over-
all prevalence of nerve injury during hip surgery is 
approximately 1%, with sciatic nerve being the most 
common. Perioperative superior gluteal, obturator, 
and femoral nerve injuries have also been reported.

Disorder Description: In patients with hip dislocation, 
sciatic nerve can be lacerated, stretched, or com-
pressed. Reported etiologies for perioperative nerve 
injury include significant leg lengthening, improper 
retractor placement, cement extravasation, cement- 
related thermal damage, patient positioning, and 
postoperative hematoma.

Symptoms

Localization site Comment

Mononeuropathy Sciatic mononeuropathy with greater 
involvement of peroneal division. Prominent foot 
drop in mild cases. Flail foot seen in severe cases

Secondary Complications: Partial recovery occurs in 
60–70% of patients with hip dislocation. Among 
patients with perioperative sciatic nerve injury, 
41% have complete recovery, 41% have mild defi-
cit, while 15% have limitation of ambulation and/or 
persistent dysesthesia. Joint contracture with equi-
nus foot may develop.

Localization site Comment

Cerebral hemispheres Sedation, euphoria acutely

Mental status and 
psychiatric aspects/
complications

Sedation, euphoria acutely. 
Disinhibition, visual and auditory 
hallucinations. With repeated abuse, 
dysphoria and depression with suicidal 
ideation

Brainstem Dizziness

Cerebellum Ataxia

Cranial nerves Deafness reported with abuse

Peripheral neuropathy The neuropathy associated with 
hexacarbon exposure results in giant 
axonal swellings and distal slowing of 
conduction velocity. The neuropathy 
may continue to worsen for some time 
after cessation of exposure (coasting)

Syndromes with com-
bined upper and lower 
motor neuron deficits

Distal portions of corticospinal 
tract axons damaged with central–
peripheral distal axonopathy resulting 
from chronic low- level exposure
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Histoplasma capsulatum/Darling’s disease
Epidemiology and Demographics: Histoplasma capsu-

latum is a dimorphic fungus with two variants, 
Histoplasma capsulatum variety capsulatum (United 
States and the tropics) and variety duboisii (Africa). 
Infection is endemic to certain areas of the United 
States, including the Mississippi and Ohio River 
Valleys, as well as parts of Central America, South 
America, Africa, and Southeast Asia. The organism 
is commonly found in soil contaminated with bat 
and bird excrement that increase its sporulation. 
Individuals working in construction sites have an 
increased risk of exposure. Inhalation of spores 
causes infection, which primarily involves the lungs. 
Immunocompromised individuals (HIV, post- 
transplant patients) and those at extremes of age are 
at an increased risk for disseminated infection.

Of the documented histoplasmosis infections 
in immunocompetent individuals, 50 to 90% are 
asymptomatic, and of the symptomatic infections, 
80% require no therapy and are self- resolving. Three 
to 5% of AIDS patients within endemic areas of 
North America develop disseminated histoplasmo-
sis. Of these 3–5% infected immunocompromised 
patients, 90% have infections that advance into pro-
gressive disseminated histoplasmosis. Of this 90%, 
central nervous system involvement is clinically 
recognized in 10 to 20%.

Disorder Description: Central nervous system (CNS) 
involvement can occur in both disseminated dis-
ease and in isolation (rare). There is a report of CNS 
involvement occurring in 25% of disseminated 
cases of which 25% have neurologic involvement. 
Clinical syndromes include subacute and chronic 
meningitis (most common manifestation), enceph-
alitis, cerebritis, cerebral abscess, and focal brain 
and spinal cord lesions (histoplasmomas) as well as 
stroke syndromes. Isolated CNS histoplasmosis in 
immunocompetent hosts has been described in the 
setting of ventriculoperitoneal shunt. These patients 

present with idiopathic hydrocephalus. CNS histo-
plasmosis presents similarly to CNS tuberculosis 
and is a close differential diagnosis.

The diagnostic workup for patients with sus-
pected disseminated histoplasmosis includes urine 
and serum antigen Histoplasma capsulatum poly-
saccharide antigen (HPA) testing as well as blood 
cultures. Serology testing in HIV positive patients 
is often falsely negative in the setting of active infec-
tion. Antigen detection in CSF culture has a sensitiv-
ity of 38% and a specificity of 98%. Culturing of the 
cerebrospinal fluid or CNS parenchymal tissue is the 
gold standard for diagnosis of CNS histoplasmosis.

Symptoms

Localization site Comment

Cerebral hemispheres Histoplasma meningitis/encephalitis/
cerebritis presents with mental status 
changes, headaches, fever, seizures, 
confusion, and cranial nerve palsies, 
especially involving the oculomotor, 
abducens, and facial nerves. In 
subacute or chronic meningitis, MRI 
shows leptomeningeal thickening 
within the basilar meninges. 
Meningeal enhancement with 
multiple enhancing nonspecific 
lesions in the brain suggests 
histoplasmosis

Focal brain lesions (histoplasmomas) 
can cause seizures, motor weakness, 
and ataxia. Localized brain lesions 
occur in one- third of those with CNS 
involvement. They are hypodense 
on noncontrast CT, and appear as 
enhancing, ring- like structures on 
contrast CT. Ring- enhancing lesions 
are also evident on MRI, with a low 
signal intensity on T1 sequences 
and increased signal intensity on T2 
sequences

Stroke syndromes can occur as a 
result of emboli from Histoplasma 
endocarditis or arteritis from infection 
within Virchow–Robin spaces, 
although these syndromes are less 
common

Hemichorea has been described with 
HIV- associated CNS histoplasmosis

Hydrocephalus may be seen in 
patients with CNS histoplasmosis. 
(Detected on CT or MRI.) May 
be diagnosed even prior to the 
meningitis
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Secondary Treatment Complications: In HIV patients, 
initiation of highly active antiretroviral therapy 
(HAART) can cause an immune reconstitution 
inflammatory syndrome (IRIS), with new symp-
toms or worsening of previous symptoms associ-
ated with histoplasmosis, along with increased CD4 
count – hypothesized due to paradoxical reaction 
to antigens or unmasking of undetected active 
infection.

With treatment, patients with central nervous 
system (CNS) infection have a mortality rate of 20 
to 40%. Additionally, approximately 50% of those 
who respond to antifungal treatment relapse after 
discontinuation of their drug.

In immunocompetent patients, or if focal brain 
lesions, liposomal amphotericin B, 3 to 5 mg/kg/
day, is recommended for 2 to 4 weeks followed by 
itraconazole or fluconozale for a year to prevent 
relapse. Urine HPA is tested in follow up.

In immunosuppressed patients with disseminated 
Histoplasma, treatment is prolonged. Liposomal 
amphotericin B (5.0 mg/kg, for a total dose of 100 to  
150 mg/kg given over 6 to 12 weeks) is preferred over the 
standard formulation, as the liposomal form has greater 
CNS penetration and lower toxicity. Treatment is con-
tinued with itraconazole, 200 mg 2 or 3 times a day for  
1 year, or fluconazole, 600 to 800 mg once a day for 1 year 
(lifelong if immunosuppressed state is irreversible).

If an immune reconstitution inflammatory syn-
drome occurs, continuation of highly active antiret-
roviral therapy and starting or continuation of 
antifungal therapy is recommended.
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HIV and AIDS
Epidemiology and Demographics: Since the start of the 

human immunodeficiency virus (HIV) epidemic, 
more than 70 million people have been infected with 
the virus, and 35 million have died from complications 
of HIV. At the end of 2015, 36.7 million people were 
living with HIV infection globally. Although approx-
imately 0.8% of adults between 15 and 49 years of age 
worldwide are infected with HIV, the burden of the epi-
demic is concentrated in Sub- Saharan Africa, where 
nearly 1 in 25 adults is living with HIV. The incidence 
of opportunistic infections declined from 13.1/1000 in 
1996–1997 to 1/1000 in 2006–2007, and since 1999, 
the worldwide annual incidence has declined by 19%.

Disorder Description: The vast majority of prevalent 
cases of HIV infection are caused by HIV- 1, a 
retrovirus. HIV damages neurons not by direct 
infection, but rather by the release of neurotoxic 
viral proteins from infected cells. Neurologic man-
ifestations can occur at every stage of the disease. 
Neurologic manifestations of acute HIV are less 
common than in chronic disease but occur in 17% 
to 24% of cases.

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Mental status changes may be seen 
in patients with encephalitis and 
cerebritis

Brainstem Involvement as a result of encephalitis 
or cerebritis

Cerebellum Involvement as a result of encephalitis 
or focal brain lesions

Base of skull Often commonly involved and 
may result in “basal meningitis” with 
multiple cranial neuropathies

Cranial nerves Multiple cranial neuropathies as a 
result of basal meningitis – cranial 
nerves 3, 6, and 7 typically are involved

Spinal cord Focal spinal cord lesions, 
intramedullary granulomas of 
the spinal cord (rare), and spinal 
meningitis (rare) occur

Typically, slowly progressive 
weakness in the lower extremities, 
numbness below the mid- thoracic 
area, urinary incontinence is seen 
clinically. Meningeal enhancement 
with multiple enhancing nonspecific 
lesions in the brain or spinal cord 
suggests histoplasmosis

Mononeuropathy or 
 mononeuropathy 
multiplex

Unusual presentation includes 
peroneal nerve dysfunction
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S                                                                                            y                                          m                     p   t    oms

Localization site Comment

Cerebral 
hemispheres

Aseptic meningitis is the most common neuro-
logic presentation of acute HIV infection. Severe 
cases of meningoencephalitis also occur

Ischemic stroke
HIV-associated vasculopathy (abnormality 
of the cerebral blood vessels as a direct or 
indirect result of HIV infection, but excluding 
opportunistic infection vasculitis):
•	 Associated with aneurysm formation 

(either intracranial or extracranial)
•	 Vasculitis (as a direct result of HIV infection, 

excluding opportunistic infection)
•	 Accelerated atherosclerosis (also related to 

HAART therapy)

Opportunistic infection or neoplasia:
•	 Opportunistic infection causing stroke (e.g., 

tuberculous meningitis, varicella zoster 
virus vasculitis, meningovascular syphilis)

•	 Neoplasia, such as lymphoma involving 
cerebral blood vessels

Cardioembolism:
•	 Bacterial endocarditis
•	 Marantic endocarditis
•	 HIV-associated cardiac dysfunction
•	 Ischemic heart disease

Other established cause:
•	 Coagulopathy (e.g., antiphospholipid 

syndrome)
•	 HIV-associated hyperviscosity

Hemorrhagic stroke
•	 HIV-associated vasculopathy (aneurysm or 

vasculitis-associated)
•	 HIV-associated thrombocytopenia
•	 Mycotic aneurysm (secondary to bacterial 

endocarditis)

Mental status 
and psychiatric 
aspects/
complications

HIV-associated neurocognitive disorder 
(HAND) comprises 3 entities:
•	 Asymptomatic neurocognitive impairment 

– poor performance in 2 or more domains 
on neuropsychologic testing in HIV patient 
who is otherwise asymptomatic

•	 Mild neurocognitive disorder – impaired 
performance on neuropsychologic testing 
with impairments in daily functioning 
not attributable to pre- existing head 
injury or prior central nervous system 
(CNS) opportunistic disease. May have a 
coexisting movement disorder (e.g., tremor, 
gait disturbance, loss of dexterity)

•	 HIV dementia – severe neurocognitive 
impairment (greater than 2 standard deviations 
below the mean in at least 2 domains)

Combination antiretroviral therapy is the 
mainstay of treatment for HIV- associated 
neurocognitive disorder

Localization site Comment

Brainstem Stroke, CNS infection, lymphoma is less 
common

Cerebellum Stroke, CNS infection

Spinal cord HIV vacuolar myelopathy: most common 
myelopathy in AIDS, 30% in autopsy 
series. Presentation is with asymmetric 
leg weakness, spasticity, dorsal column 
sensory loss, urinary frequency, and erectile 
dysfunction

Other myelopathies seen in HIV include 
HTLV- 1 associated (subacute) or 
compressive myelopathies in the setting of 
lymphomatous metastasis, tuberculous or 
bacterial spinal abscess

Specific spinal 
roots

Rarely may develop either acute 
inflammatory demyelinating 
polyneuropathy (Guillain–Barré 
syndrome), or chronic inflammatory 
demyelinating polyneuropathy. Symmetric 
ascending weakness, areflexia, and CSF 
albuminocytological dissociation are classic

Progressive lumbosacral polyradiculopathy 
due to cytomegalovirus infection is 
important to recognize because, unlike many 
other neurologic complications of AIDS, this 
serious disorder can be effectively treated if 
appropriately diagnosed. Occurs in patients 
with CD4 <50/µL

Mononeuropathy 
or 
mononeuropathy 
multiplex

Mononeuropathy multiplex typically occurs 
uncommonly in patients with symptomatic 
HIV- 1 infection. Presentation is with 
asymmetric weakness and lower motor 
neuron signs

Peripheral 
neuropathy

Distal, symmetric, mixed small and large fiber 
polyneuropathy, typically affects the feet. 
Pain is the most common complaint. Some 
specific combination antiretroviral therapy 
medications themselves can contribute to 
the neuropathy

Muscle A polymyositis- like syndrome can occur with 
HIV infection rarely

Mitochondrial myopathy with lactic acidosis 
associated with the use of nucleoside reverse 
transcriptase inhibitors (NRTIs), including 
AZT, d4T, ddI, and 3TC

S                                                                                            e                                          c                     o   n    dary Complications: Secondary complications are 
primarily related to opportunistic infections, malig-
nancies, and treatment related.
Primary CNS lymphoma (PCNSL): Confusion, 

lethargy, memory loss, hemiparesis, aphasia, and/
or seizures. In addition, constitutional symp-
toms, such as fever, night sweats, and weight loss. 
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Solitary ( >4 cm) and multiple mass lesions occur 
with approximately equal frequency. Lesions that 
involve the corpus callosum or the periventricular 
or periependymal areas are more likely to be due 
to PCNSL. Enhancement pattern may be a ring- 
enhancing pattern or may be irregular and patchy.

CNS opportunistic infections: 
Toxoplasmosis. Fever, headache, altered men-

tal status, and focal neurologic complaints or 
seizures. Presence of Toxoplasma antibodies 
and advanced immunosuppression with CD4 
counts <100 cells/µL support the diagnosis. 
Lesions tend to be multifocal involving the fron-
tal and parietal lobes, thalamus or basal ganglia, 
and the corticomedullary junctions. Ninety 
percent of the lesions tend to be ring enhancing. 
Solitary lesions tend to be less than 4 cm.

Neurocysticercosis or tuberculosis can present as 
single or multiple mass lesions. Tuberculomas 
can present as a focal lesion without evidence of 
systemic illness or meningeal infection.

Cytomegalovirus encephalitis. Results from reac-
tivation in patients with CD4 cell counts below 
50 cells/µL. Patients present with delirium, con-
fusion, and focal neurologic abnormalities. MRI 
shows diffuse micronodular encephalitis in the 
basal ganglia, brainstem, and cerebellum, or 
ventriculoencephalitis.

Cryptococcosis presents as a subacute meningi-
tis. Clinical manifestations can be remarkably 
benign, with vague malaise but more commonly 
headache and fever are the presenting features 
as well as cranial nerve palsies. Lesions are along 
the basal ganglia. CSF cryptococcal antigen test-
ing is highly sensitive and specific.

Neurosyphillis. Meningitis, cerebral arteritis, and 
cerebritis, as well as optic neuropathy and deaf-
ness. Evaluation of HIV- infected patients with a 
positive serum treponemal antibody test is diag-
nostic for late latent syphilis or a positive CSF 
VDRL in the setting of abnormal spinal fluid 
establishes the diagnosis of latent neurosyphilis. 
Unfortunately, the sensitivity of the CSF VDRL 
in the setting of HIV disease is estimated at only 
70% at best.

Progressive multifocal leukoencephalopathy. 
Opportunistic demyelinating disease caused 
by the JC (John Cunningham) virus, which 
gets reactivated in the setting of severe immu-
nosuppression. Patients present with rapidly 

progressive focal neurologic deficits including 
hemiparesis, visual field deficits, ataxia, aphasia, 
and cognitive impairment. Progressive multifo-
cal leukoencephalopathy lesions are multifocal, 
noncontrast enhancing bilateral, asymmetric, 
and localized preferentially to the periventricu-
lar areas and the subcortical white matter. Mass 
effect on surrounding structures is absent. CSF 
JCV PCR is highly specific but sensitivity is 
about 55% at best with HAART therapy.

Treatment Complications: NRTIs as a class are associated 
to variable degrees with osteomalacia, bone marrow 
suppression, increased risk of myocardial infarc-
tion, insulin resistance, dyslipidemia, hepatic effects, 
lipodystrophy, lactic acidosis, myopathy (zidovu-
dine), peripheral neuropathy, and urolithiasis. 
Non- nucleoside reverse transcriptase inhibitors are 
associated with hepatotoxicity, dyslipidemia, rash, and 
neuropsychiatric effects. Protease inhibitors are asso-
ciated with spontaneous bleeding, myocardial infarcts, 
chronic kidney disease, cholelithiasis, nephrolithiasis, 
rash, and diarrhea. Integrase strand transferase inhib-
itors are associated with insomnia, depression, gastro-
intestinal side effects, and dyslipidemia.

Entry inhibitors can cause hepatotoxicity.
Immune reconstitution inflammatory syn-

drome (IRIS) occurs due to an abnormally exuber-
ant response of the recovering immune system to 
residual pathogen antigens in the CNS; typically, 
these are due to opportunistic pathogens, such as 
Cryptococcus, Mycobacterium tuberculosis, and JC 
virus and less commonly due to HIV itself. The best 
predictors of developing IRIS are a very low CD4 cell 
count nadir, presence of an opportunistic infection, 
and a rapid rate of immune recovery, which may be 
indirectly related to the drop in viral load.
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Hoarding Disorder
Epidemiology and Demographics: Point prevalence esti-

mates range from 2 to 6% in the United States and 
Europe as measured by community surveys, but 
lower when strict DSM- 5 criteria were employed. 
Symptoms may start as early as teen years and 
become more clinically apparent over time, with 
older adults most predominantly affected.

Disorder Description: As per the DSM- 5, this disorder is 
characterized by “persistent difficulty discarding or 
parting with possessions, regardless of their value, 
due to a perceived need to save these items and dis-
tress associated with discarding them.” If a third 
party does not intervene, subsequent accumulation 
of items can occur to the degree that obstructs living 
areas and interferes with their use. This causes sig-
nificant distress in important areas of functioning. 
Symptoms are not better accounted for by the effects 
of a substance or another mental or medical con-
dition. There are specifiers for excessive acquisition 
and levels of insight.

Hoarding has a genetic basis, with up to 50% hav-
ing a family member with the same affliction. Other 
risk factors include a trait of indecisiveness and his-
tory of stress or trauma. It is seen cross- culturally. A 
majority of individuals have comorbidity of mood 
or anxiety disorder.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

May have symptoms of comorbid 
depression or anxiety

Secondary Complications: When hoarding is severe, 
there can be risks to physical health and safety, 
including increased risk of fire and falls. 
Behaviors can also negatively impact work and 
relationships and lead to legal consequences such 
as eviction.

Treatment Complications: First- line is cognitive behavio-
ral therapy. Refractory cases treated with selective 
serotonin reuptake inhibitors, which carry potential 
side effects such as insomnia, headache, gastrointes-
tinal distress, and sexual dysfunction.
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Homocysteinemia
Epidemiology and Demographics: Homocysteinemia is a 

rare disease, the exact incidence of which is unknown.
Disorder Description: Homocysteine, a nonproteogenic 

amino acid, is derived from the demethylation of die-
tary methionine. Homocysteine can be remethylated 
to form methionine or undergo trans- sulfuration 
to form cysteine. Genetic deficiency in the enzymes 
needed for these processes, deficiency of vitamin 
cofactors (B6, B12, folate), or certain medications 
and medical conditions can interfere with these path-
ways, leading to homocysteinemia. A mutation of 
the methylene tetrahydrofolate reductase (MTHFR) 
gene is the most common genetically inherited form 
of homocysteinemia. High levels of homocysteine 
increase the risk for atherosclerosis and stroke.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral infarct – focal 
neurologic signs

Mental status and psychiatric 
aspects/complications

Dementia, depression

Brainstem Cerebral infarct – focal 
neurologic signs
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Secondary Complications: Homocystinuria can be seen 
in patients with homocysteinemia (see entry for 
Homocystinuria).

Treatment Complications: Treatment includes B- vitamin 
and folate supplementation with no known compli-
cations. Patients with history of infarct can be treated 
with antithrombotic therapy, which increases the 
risk of bleeding.
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Homocystinuria
Epidemiology and Demographics: Homocystinuria is a 

rare disease with an incidence of about 1/100,000 in 
the United States.

Disorder Description: Homocysteine, a nonproteogenic 
amino acid, is derived from the demethylation of die-
tary methionine. Homocysteine can be remethylated to 
form methionine or undergo trans- sulfuration to form 
cysteine. An autosomal recessive inherited deficiency 
in the enzymes needed for these processes can interfere 
with these pathways, leading to homocysteinemia and 
homocystinuria. Symptoms can appear in early infancy 
or later in childhood and can include intellectual disa-
bilities, skeletal abnormalities, downward lens disloca-
tion, and increased risk of thrombotic episodes.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral infarct – focal 
neurologic signs

Seizures

Mental status and psychiatric 
aspects/complications

Intellectual disabilities

Brainstem Cerebral infarct – focal 
neurologic signs

Secondary Complications: Thrombotic complications of 
end organs leading to organ failure.

Treatment Complications: Treatment includes B- vitamin 
and folate supplementation with no major compli-
cations. Patients may be treated with antithrombotic 
therapy which increases the risk of hemorrhage.
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Hopkins Syndrome (Acute Postasthmatic 
Amyotrophy)
Epidemiology and Demographics: Hopkins syndrome is 

a very rare condition. It occurs mostly in children 
younger than 13 years of age. A few cases post- 
puberty have also been reported.

Disorder Description: A sudden onset of a flaccid paraly-
sis of one or more extremity occurs approximately 1 
week after an acute asthmatic attack. The etiology is 
unknown, but it is presumed to be due to an infec-
tious or immunologic mechanism.

Symptoms

Localization site Comment

Anterior horn cells Flaccid weakness of either an arm or a 
leg without sensory dysfunction

Secondary Complications: Poor recovery has been 
reported. Disuse atrophy and joint contracture may 
develop.

Treatment Complications: Standard treatment has not 
been established. Steroids and intravenous immu-
noglobulin (IVIG) were used as a treatment trial. 
Steroids may cause hyperglycemia and gastric 
ulcer. IVIG may lead to anaphylactoid reaction in 
IgA- deficiency patients, as well as thromboembolic 
event.
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HTLV-1-Associated Myelopathy (HAM)/
Tropical Spastic Paraparesis
Epidemiology and Demographics: HTLV-1-associated 

myelopathy (HAM) is essentially a disease of 
persons of Caribbean and Japanese origins, but 
through horizontal transmission more Caucasians 
are affected as well as Canadian Natives of the 
Northwest Pacific, Equatorial and southern Africa, 
Melanesia, and immigrants from Eastern Iran and 
West Indies. It affects females more often than males 
(ratio 3:2). Only about 1 in 400 people infected with 
HTLV- 1 goes on to develop a neurologic disease. 
HTLV- 1 is transmitted by bodily secretions and 
blood.

Disorder Description: HAM is a retroviral disease spe-
cific to certain ethnic groups and transmitted in a 
manner similar to HIV. Clinically it looks like spinal 
cord primary progressive multiple sclerosis and is 
a close differential diagnosis. Spinal cord MRI with 
serology and PCR in the cerebrospinal fluid (CSF) 
will make the diagnosis.

The thoracic spinal cord bears the brunt of the 
disease, which eventually becomes atrophic (seen 
on MRI in 50–74% of patients). The thoracic cord 
is primarily affected based on the hypothesis that 
cell extravasation from the blood stream to the spi-
nal cord is increased in this area where blood flow 
is slower. In areas where HTLV- 1 is not endemic, 
the likelihood of exposure and the finding of a pos-
itive serology should be sufficient for diagnosis in 
the presence of an inflammatory myelopathy. The 
diagnosis of inflammatory myelopathy is made 
when there is a progressive myelopathy with CSF 
lymphocytosis, and increased synthesis of CSF IgG 
and oligoclonal bands, and if the MRI rules out 
anatomic causes. CSF serology for HTLV- 1 and 
polymerase chain reaction can be used to confirm 
the diagnosis.

Symptoms start insidiously with painful burn-
ing sensations occurring symmetrically in the 
legs in an ascending pattern and dysesthesia 
in the lower back in band- like fashion. Bladder 

dysfunction is manifested by chronic urinary 
retention or urinary urgency with incontinence. 
Spasticity sets in within months to years and 
evolves towards pronounced extensor spasms and 
scissoring. Spasticity is out of proportion to the 
milder muscle weakness. There is sparing of the 
arms for a long time, and weakness involves distal 
muscles predominantly.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral white matter lesions were 
found in of 85% of HTLV- I carriers and 
80% of HAM/TSP patients. Cognitive 
function is found to be lower but 
does not correlate with the number 
of lesions

Peripheral neuropathy A peripheral neuropathy that can 
be found in carriers and HAM/TSP 
patients has been reported. It may 
be multifactorial, as demyelination, 
inflammatory infiltrates, and axonal 
degeneration have been found on 
biopsies. Neuropathic pain associated 
with HAM/TSP may be indicative of 
neuritis/peripheral neuropathy

Muscle Polymyositis is directly due to the 
HTLV- 1 virus and is associated with 
infiltration of muscle by CD8+ cells. 
It remains clinically silent, and is 
recognized by increased creatine 
phosphokinase and by biopsy. It is 
present among patients with HAM/
TSP but not in carriers. When proximal 
muscle weakness occurs in TSP, 
polymyositis should be suspected

Syndromes with 
combined upper and 
lower motor neuron 
deficits

An HTLV-1-associated amyotrophic 
lateral sclerosis- like syndrome is rarely 
seen. There are cases described with 
upper extremity weakness, atrophy, 
and fasciculations confirmed by EMG 
and accompanied by up- going toes, 
fulfilling ALS criteria for diagnosis. The 
distinguishing factor was the bladder 
involvement in patients with HTLV-1

Syndromes with 
combined spinal cord and 
peripheral nerve lesions

HAM/TSP may be associated with 
peripheral neuropathy

Secondary Complications: Other disease associations 
include SjÖgren’s syndrome, sarcoidosis, monoclo-
nal gammopathy, and idiopathic thrombocytopenic 
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purpura. HTLV-1-associated myelopathy is a pro-
gressive disorder leading to triple flexion/exten-
sion paralysis, decubitus ulcers, urinary sepsis, and 
death in 2 to 3 decades.

Treatment Complications: There is no recognized effec-
tive treatment for HTLV-1-associated myelopathy. 
Symptomatic treatment of spasticity (baclofen 30 to 
60 mg/day or tizanidine 2 to 12 mg/day) can result 
in hypotonia (2 to 35%), drowsiness (6 to 21%), and 
confusion (1 to 11%).

Repeated treatments with methylprednisolone 
(1000 mg IV monthly) may be of help in reducing 
spasticity. Steroids can cause acute reactions such 
as insomnia and psychosis, in addition to hyper-
glycemia and hypertension. Long- term use of 
steroids can lead to osteoporosis, higher infection 
risk, bruising, weight gain, and cataract among 
others.

Bladder care (anticholinergic agents such as 
oxybutynin chloride 5 to 30 mg/day or tolterodine 
tartrate 2 to 8 mg/day) can cause confusion/cogni-
tive impairment and further retention of urine in 
patients with poor appreciation of bladder fullness. 
Clean self- catheterization is helpful but may be 
complicated by urinary tract infection if improperly 
performed.

Interferon beta- 1a doses up to 60 µg twice weekly 
did not reduce the proviral DNA load, but reduced 
spontaneous lymphoproliferation and the fre-
quency of HTLV-1-specific CD8+cells. Headache 
(58 to 70%), fatigue (33 to 41%), depression (18 to 
25%), altered liver enzymes, injection site reactions, 
fever, flu- like symptoms, and thyroid disease are 
some of the adverse effects associated with inter-
feron beta- 1a use.
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Human Herpes Virus 6 (HHV-6)
Epidemiology and Demographics: Human herpes virus 

6 (HHV- 6) has a worldwide distribution. In 
HIV- 1 endemic regions (sub- Saharan Africa), 
the predominant form in infant infections was 
found to be HHV- 6A. In Europe and the United 
States, HHV- 6B is the agent mainly responsible 
infections.

Disorder Description: HHV- 6 infection most commonly 
occurs after maternal antibodies have waned, usu-
ally between the ages of 6 months and 3 years (aver-
age, 9 months). The virus is shed in and probably 
spread through saliva of asymptomatic seropos-
itive children. Primary HHV- 6 infection is rare in 
adults. However, reactivation can occur at any age. 
The majority of human herpesvirus 6 (HHV- 6) 
transmission events are thought to occur via shared 
saliva early in life.

HHV-6 causes roseola, a mild illness, in chil-
dren who are immunocompetent. In some rare  
cases, patients who are immunocompetent may 
develop additional symptoms, including res-
piratory distress, multiorgan involvement, and 
seizures.

In adults who are immunosuppressed, HHV- 6A 
can cause disseminated organ involvement, acceler-
ated organ rejection (post- transplant), and death. 
Examples of immunosuppressed conditions include 
hematopoietic cell (allogenic especially major histo-
compatibility complex mismatched hematopoietic 
cell transplantation [HCT] more than autologous 
HCT) and solid organ post- transplant status, or 
AIDS.

In adults who are immunocompetent, primary 
infection or reactivation with HHV- 6 can produce a 
mononucleosis- like illness and, more rarely, severe 
disease, including encephalitis.
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Symptoms

Localization site Comment

Cerebral 
hemispheres

Roseola in infants: febrile with erythematous 
maculopapular rash, with irritability, febrile 
seizures (10–15%), bulging fontanelle, 
meningoencephalitis features with otitis, 
upper respiratory tract infections, hepatitis

In immunocompetent adults: fever with 
lymphadenopathy, a mononucleosis- like 
disease (with negative EBV), encephalitis, 
and hepatitis. Clinical presentations have 
included altered level of consciousness, 
seizures, psychosis, acute cerebellar ataxia, 
and focal neurologic signs (i.e., cranial nerve 
deficits or hemiparesis)

In transplant recipients "post- transplant acute 
limbic encephalitis" has been described as a 
distinct syndrome of anterograde amnesia, 
syndrome of inappropriate antidiuretic 
hormone, mild CSF pleocytosis, temporal 
EEG abnormality often reflecting clinical or 
subclinical seizures, and MRI hyperintensities 
in the limbic system

HHV-6 has been associated with mesial 
temporal lobe epilepsy (MTLE)

HHV-6 has been implicated in both acute 
and chronic inflammatory demyelinating 
diseases

Mental status 
and psychiatric 
aspects/
complications

Psychosis may be seen as a manifestation of 
encephalitis

Delirium may be seen (described in post- 
HCT) independent of encephalitis

Brainstem As a manifestation of encephalitis, the 
brainstem may be affected leading to 
alterations in level of consciousness and 
cranial nerve deficits

Cerebellum Acute cerebellar ataxia as a manifestation of 
encephalitis

Vestibular system 
(and non specific 
dizziness)

Hearing loss may be seen as a complication 
of encephalitis

Spinal cord HHV-6 myelitis is seen in post- transplant 
patients

Peripheral nerves Rare cases of peripheral neuropathy

Non-localizable Chronic fatigue syndrome

Secondary Complications: In immunocompetent 
patients, encephalitis, multi- organ dysfunction, 
hepatitis, and rarely fatal.

Following HCT, complications include encephalitis 
(limbic encephalitis) and bone marrow suppression, 
also possibly graft-versus-host disease, cytomegalovi-
rus reactivation, pneumonitis, and death.

Treatment Complications: No FDA approved agent avail-
able for treatment. Foscarnet (60 mg/kg IV every  
8 hours or 90 mg/kg IV every 12 hours) is associated 
with electrolyte depletion, which can lower the sei-
zure threshold, as well as nephrotoxicity and genital 
ulcers. Prehydration before each dose of foscarnet is 
used to protect the kidneys. Ganciclovir (5 mg/kg IV 
every 12 hours) causes bone marrow suppression, 
which is of concern in HCT recipients.
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Humeral Fracture
Epidemiology and Demographics: A third of proxi-

mal humeral fractures are associated with nerve 
injury. Axillary nerve injury is the most common. 
Suprascapular, radial, and musculocutaneous nerves 
may also be affected in proximal humeral fracture. 
Approximately 18% of humeral shaft fractures have 
associated radial nerve injury, and more commonly 
in distal third humeral fracture. Supracondylar frac-
ture is more common in children. Up to 50% of supra-
condylar fractures result in median nerve injury.

Disorder Description: The humerus bone has close 
proximity to neurovascular bundle, and humeral 
fracture commonly results in mononeuropathy. 
Affected nerve depends on site of the fracture.

Symptoms

Localization site Comment

Mononeuropathy •	 Proximal humeral fracture: axillary 
mononeuropathy

•	 Humeral shaft fracture: radial 
mononeuropathy

•	 Medial epicondyle fracture: ulnar 
mononeuropathy

•	 Supracondylar fracture: median 
mononeuropathy
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Secondary Complications: Neuropathic pain, numbness, 
and residual weakness leading to joint contracture 
may occur.
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Huntington’s Chorea
Epidemiology and Demographics: The worldwide preva-

lence of Huntington’s chorea (HD) is estimated to 
be 2.71/100,000. There is a higher prevalence of this 
disease in Europe, North America, and Australia: 
5.70/100,000 vs 0.4/100,000 in Asia.

Disorder Description: HD is an autosomal dominant, neu-
rodegenerative disorder, characterized by trinucle-
otide repeat of equal or greater than 40 CAG repeats 
within the Huntington gene (HTT). The symptoms 
are described in three categories of motor, cognitive, 
and psychiatric. The motor symptoms are progres-
sive in nature and present as involuntary movements 
of chorea. These symptoms in the initial phases may 
present as restlessness. The cognitive symptoms often 
start with deficits in executive functioning and deci-
sion making, goal- directed activity and multitasking, 
eventually leading to a more global dementia in later 
stages. The psychiatric symptoms, due to frontal lobe 
involvement, can range from disinhibition and emo-
tional dysregulation to apathy, abulia, or depression. 
In the early stages of the disease, family members of the 
patient might report noticeable personality changes.

Symptoms

Secondary Complications: Patients often report depres-
sion in early phases of the disease, and there is an 
increased risk of suicidality. The natural progression 
of HD leads to a subcortical dementia involving the 
cortico- striatal pathway.

Treatment Complications: Since there is no cure or disease- 
modifying treatment available, HD management is 
symptom- based and is often challenging. Typical or 
atypical neuroleptics, as well as tetrabenazine, can be 
used to treat the patient’s chorea. Underlying mood/
anxiety symptoms should be treated appropriately 
with pharmacologic regimens such as selective sero-
tonin reuptake inhibitors. Non- pharmacologic man-
agement can include physiotherapy, occupational 
therapy, and speech therapy as well as high calorie 
diet due to high metabolic demand.
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Hyperadrenalism
Epidemiology and Demographics: Hypercortisolism (see 

entry for Cushing Disease) affects about 10–15 per 
million people with a female predominance usually 
in the 20–50 years age range. Hyperaldosteronism 
has a female preponderance and is more frequently 

Localization site Comment

Caudate Rapid, involuntary, non- repetitive 
movement of face, trunk, and limbs 
(chorea) are seen

Eye movement Eye movement abnormality is a 
prominent feature, which involves delays 
in initiation of volitional saccades, and 
decrease in saccade velocity

Frontal lobe Typical frontal lobe disinhibition leading 
to irritability, impulsivity, and mood 
dysregulation. Fontal abulic constellation 
involving apathy, loss of initiative, 
creativity, and curiosity can also be seen

Localization site Comment

Corticostriatal 
pathway

The deficit in this pathway leads to 
executive functioning difficulties such as 
problems with decision making, planning, 
and multi-tasking

Psychiatric 
symptoms (diffuse)

These symptoms include irritability, 
anxiety, depression, obsessive- compulsive 
disorder, delusions, and hallucinations. 
These symptoms can occur at any stage of 
the disease
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discovered in adults. The incidence of pheochro-
mocytoma is about 2–8/1,000,000 occurring most 
commonly in the 4th to 5th decade of life.

Disorder Description: Caused by excessive levels of adre-
nal hormones in the body including aldosterone, 
corticosteroids, androgenic steroids, epinephrine, 
and norepinephrine.

Symptoms

Localization site Comment

Cerebral hemispheres Episodic and chronic headache. Stroke 
and hypertensive encephalopathy. 
Visual blurring and papilledema

Mental status and 
psychiatric aspects/
complications

Cognitive deficits, behavioral 
disturbances. Depression, anxiety and 
irritability, insomnia, decreased libido, 
hallucinations

Muscle Muscle weakness. Spasms. Tremor

Secondary Complications: Hypertension from primary 
aldosteronism and pheochromocytoma may cause 
hypertension, which increases the risk for ischemic 
or hemorrhagic strokes and posterior reversible 
encephalopathy syndrome.

Treatment Complications: Treatment is dependent on 
the specific excess hormone produced and asso-
ciated specific etiologies. Treatment may involve 
specific medications (e.g., those that reduce cor-
tisol production, such as metyrapone or pasireo-
tide) or sometimes surgical removal of an adrenal 
gland.

Bibliography
Fardella CE, Mosso L. Primary aldosteronism. Clin 

Lab. 2002;48(3–4):181–90.
Salpietro V, Polizzi A, Di Rosa G, et al. Adrenal disorders 

and the paediatric brain: pathophysiological 
considerations and clinical implications. Int J 
Endocrinol. 2014;2014:282489.

Sharma V, Borah P, Basumatary LJ, et al. Myopathies 
of endocrine disorders: a prospective clinical 
and biochemical study. Ann Indian Acad Neurol. 
2014;17:298–302.

Sweeney AT, Griffing, GT. Pheochromocytoma. 
eMedicine. August 2, 2011. Available from 
https://emedicine.medscape.com/article/124059-
overview. Accessed Aug 30, 2018.

Hyperammonemia
Epidemiology and Demographics: Statistical data on 

hyperammonemia are limited, though the prev-
alence of urea cycle disorders is approximately 
1/40,000 births, globally.

Disorder Description: Dangerous metabolic condition 
marked by elevated levels of ammonia in the blood. 
Neurotoxicity may result from ammonia crossing the 
blood–brain barrier, altering the neurotransmitter 
system, as well as modifying water and electrolyte 
homeostasis in the brain. Early onset hyperammone-
mia may be caused by autosomal recessively inherited 
congenital urea cycle disorders or X- linked ornithine 
transcarbamoylase deficiency. Onset later in life may 
result from acquired liver disease of diverse potential 
causes, alcohol abuse, or medications or substance 
abuse, that overwhelms hepatic metabolic processes.

Symptoms

Localization site Comment

Cerebral hemispheres Altered level of consciousness, 
coma, intellectual impairment, 
headache, seizures

Mental status and psychiatric 
aspects/complications

Hyperactivity, sleep disturbance, 
agitation, mania, psychosis

Cerebellum Ataxia

Secondary Complications: Encephalopathy, depressed 
consciousness leading to death.

Treatment Complications: Treating seizures with valproic 
acid increases ammonia levels and may worsen 
the condition. Osmotic demyelination syndrome 
may result from cellular fluid shifts, particularly in 
ornithine transcarbamylase deficiency. Low protein 
diets should be replaced with sufficient calories to 
avoid malnutrition.
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Hypercarbia
Epidemiology and Demographics: Hypercarbia severe 

enough to cause neurologic complications is mainly 
seen in hospitalized patients. Since the etiology of 
hypercarbia varies from patient to patient, the exact 
overall incidence of hypercarbia in the population 
is not known.

Disorder Description: There are many medical causes of 
hypercarbia. It can be caused by sedative use, pri-
mary lung disorders, or cardiac dysfunction, and 
can cause many neurologic signs and symptoms. 
Chronically elevated levels of carbon dioxide can be 
secondary to chronic pulmonary insufficiency.

Symptoms

Localization site Comment

Cerebral hemispheres Encephalopathy, seizures, 
headache, papilledema, asterixis, 
myoclonus

Mental status and psychiatric 
aspects/complications

Confusion, lethargy, anxiety, coma

Secondary Complications: Hypercarbia can depress men-
tal status, leading to poor ventilation and hypox-
emia. The need for possible ventilatory support can 
lead to many complications including infection and 
death.

Treatment Complications: Worsening of hypercarbia 
with oxygen administration.
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Hypereosinophilic Syndrome
Epidemiology and Demographics: Rare disorder with inci-

dence of 0.035/100,000 per year in the United States, 
usually in adults.

Disorder Description: Generally defined as sustained 
peripheral blood eosinophil count greater than 
1500 cells/μL measured 1 month apart or patho-
logic confirmation of eosinophilic infiltration of 
tissue. The disorder can be neoplastic, secondary to 
other provoking factors such as parasitic helmin-
thic infection, idiopathic (75% of cases of hyper-
eosinophilia), or hereditary. Clinical symptoms are 
from tissue infiltration and injury from eosinophil 
infiltration most commonly in the lung and skin 
and less commonly affecting cardiac and neurologic 
function. Eosinophilic myocarditis often precedes 
cardioembolism causing strokes.1

Symptoms

Localization site Comment

Cerebral hemispheres Central nervous system neurologic 
symptoms most commonly caused by 
strokes affecting focal regions. Can also 
cause more diffuse injury and altered 
cognition from meningoencephalitis or 
demyelination. Can infrequently cause 
venous sinus thrombosis2

Mental status and 
psychiatric aspects/
complications

Multifocal injury from strokes or by 
meningoencephalitis can present as 
non- specific encephalopathy

Peripheral neuropathy Symmetric or asymmetric sensorimotor 
neuropathy

Secondary Complications: Extensive eosinophilic car-
diac injury can lead to endomyocardial fibrosis and 
restrictive heart failure. Chronic lung injury usu-
ally associated with dry cough but can progress to 
restrictive lung disease. Endovascular injury from 
hypereosinophilia may cause thrombotic compli-
cations. Eosinophils can also infiltrate gastrointes-
tinal tract resulting in abdominal pain, diarrhea, or 
nausea/vomiting.

Treatment Complications: Traditional treatment of idio-
pathic hypereosinophilia with corticosteroids and 
hydroxycarbamide is often poorly tolerated with 
hematologic and gastrointestinal toxicity.
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Hyperglycemia
Epidemiology and Demographics: In 2014, estimated 

global prevalence of diabetes was 9% in adults. 
Approximately 50% of diabetic patients have poly-
neuropathies associated with both type 1 and type 2 
diabetes mellitus (DM.)

Disorder Description: Elevated blood sugar levels strongly 
associated with DM type 1 or type 2. Duration and 
severity of hyperglycemia may lead to neuropsy-
chiatric manifestations from a complex interplay 
of metabolic, vascular, and hormonal factors. Type 
1 diabetes is due to a lack of insulin from an auto-
immune destruction of islet cells in the pancreas. 
Type 2 diabetes is due to insulin resistance associ-
ated with sedentary lifestyle, poor diet, obesity, and 
genetic predisposition.

Symptoms

Secondary Complications: Acute hyperglycemia in the dia-
betic patient may lead to diabetic ketoacidosis  or hyper-
glycemic hyperosmolar nonketotic coma. Diabetes 
may lead to increased risk of Alzheimer’s dementia, 
stroke, heart disease, diabetic retinopathy, diabetic 
nephropathy, infection, and poor wound healing.

Treatment Complications: Over- administration of insu-
lin may cause hypoglycemia and related compli-
cations, including coma and death. See entry for 
Hypoglycemia.
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Localization site Comment

Cerebral hemispheres Seizures

Mental status and 
psychiatric aspects/
complications

Confusion, cognitive decline, major 
depression, anxiety, eating disorders

Cranial nerves Oculomotor neuropathy: diplopia, 
ptosis, eye pain. Bell’s palsy

Spinal roots Intercostal radiculopathy: aching pain, 
paresthesias, electric pain

Plexus Brachial/lumbosacral plexopathy: deep 
muscular pain

Mononeuropathy Carpal tunnel syndrome, ulnar 
neuropathy, meralgia paresthetica

Localization site Comment

Peripheral neuropathy Symmetric  “stocking and glove” 
distribution neuropathy: paresthesias, 
burning, pain, itching, numbness. 
Dysautonomia: orthostatic dizziness, 
postural orthostatic tachycardia 
syndrome, arrhythmia, abnormal 
sweating/anhidrosis. Erectile dysfunction. 
Gastrointestinal neuropathy: satiety, 
nausea, dysphagia, diarrhea, constipation/
incontinence. Neurogenic bladder

Muscle Wasting secondary to late diabetic 
polyneuropathy, loss of deep tendon 
reflexes
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Hyperhomocysteinemia
Epidemiology and Demographics: Severe hyperhomocyst-

einemia with homocystinuria is a rare autosomal 
recessive disease with developmental delay, prema-
ture atherosclerosis, and other defects. Mild eleva-
tion in homocysteine levels present in up to 7% of 
population.

Disorder Description: Elevated levels of homocysteine 
are independently associated with stroke and ath-
erosclerosis including carotid artery stenosis. 
Homocysteinemia can occur from deficiency of 
pyridoxine (vitamin B6), folate, or vitamin B12.

Symptoms

Localization site Comment

Cerebral hemispheres Associated with arterial ischemic strokes 
resulting in focal deficits

Secondary Complications: Associated with coronary 
artery disease. May also increase risk of venous 
thromboembolism.

Treatment Complications: Lowering homocysteine lev-
els with vitamin supplementation in patients with 
diabetes or vascular disease did not decrease risk of 
cardiovascular outcomes. There are insufficient data 
to guide vitamin supplementation for secondary 
prevention of stroke in patients with mild to moder-
ately elevated homocysteine.
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Hyperkalemic Periodic Paralysis
Epidemiology and Demographics: Onset is in childhood 

and usually occurs by adolescence. The estimated 
prevalence is 1/200,000. There is high penetrance in 
both sexes.

Disorder Description: Autosomal dominant disorder 
characterized by episodic weakness that is precipi-
tated by hyperkalemia. Linked to the sodium chan-
nel mutation SCN4A. Weakness is usually mild 

but can lead to flaccid paralysis. Attacks can vary 
in frequency from several episodes daily to several 
episodes yearly. The duration is usually brief last-
ing 15–60 minutes, but episodes may last days. It 
is differentiated from hypokalemic periodic paral-
ysis by the presence of myotonia (delayed muscle 
relaxation after contraction), which occurs between 
attacks (either spontaneously or after muscle per-
cussion). Serum potassium concentration is usually 
normal between and during attacks. Episodes are 
normally triggered by rest after vigorous exercise, 
stress, fatigue, or foods high in potassium.

Symptoms

Localization site Comment

Peripheral neuropathy Paresthesia

Muscle Episodic weakness, muscle tension. 
Flaccid quadriparesis. Progressive 
myopathy. Prominent paradoxical 
myotonia of the eyelids during attacks

Secondary Complications: Precaution should be taken 
for patients requiring anesthesia for surgical proce-
dures because it may result in paralysis, lasting hours. 
Medications such as opioids or depolarizing agents 
may complicate intubation and ventilation because 
they may cause a myotonic reaction in these patients. 
Muscle relaxants should also be avoided. It is impor-
tant to perform an EKG to rule out Anderson syn-
drome, where a prolonged QT interval may be evident.

Treatment Complications: Thiazide or loop diuretics 
could cause hypokalemia, which may lead to cardiac 
arrhythmias (supraventricular or ventricular tachy-
arrhythmia), respiratory failure, paralytic ileus, and 
muscle paralysis. Other complications of hypo-
kalemia include nephrogenic diabetes insipidus and 
glucose intolerance.
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Hyperlordosis
Disorder Description: Lordosis refers to the normal 

inward lordotic curvature of the lumbar and cervi-
cal region of the spine. Excessive lordotic curvature 
is called lumbar hyperlordosis. It can be associ-
ated with Ehlers–Danlos syndrome. It can be seen 
in dancers. True epidemiological numbers are not 
known. Treatments include conservative exercise 
maneuvers like hamstring stretches or use of the 
Boston brace.

Symptoms

Localization site Comment

Ruptured disc Radiculopathy, weak iliopsoas, swayed back
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Hypermagnesemia
Epidemiology and Demographics: Rare disorder mainly 

seen in renal failure patients given high amounts of 
magnesium. There is no difference in the prevalence 
between men and women. It is seen more commonly 
in the elderly population.

Disorder Description: Magnesium is required for the acti-
vation of many intracellular enzymes and has a key 
role in synaptic transmission throughout the nerv-
ous system. High serum levels of magnesium can be 
seen with magnesium supplementation in patients 
who cannot properly excrete the electrolyte (renal 
failure patients).

Symptoms

Localization site Comment

Cerebral hemispheres Seizures

Mental status and psychiatric 
aspects/complications

Confusion, somnolence, and 
lethargy

Neuromuscular junction and 
muscle

Loss of deep tendon reflexes 
and paralysis

Secondary Complications: Weakness can lead to failure 
of the respiratory muscles. This can lead to apnea, 
increased carbon dioxide concentrations, coma, 
and possible death.

Treatment Complications: Hypermagnesemia is treated 
by holding magnesium supplementation, which 
can rarely lead to hypomagnesemia. Treatment in 
severe renal failure may also require dialysis and all 
the associated complications.
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Hypernatremia
Epidemiology and Demographics: Most often seen in 

infants or the elderly populations.
Disorder Description: Neurologic symptoms of hyperna-

tremia are not usually seen until sodium concentrations 
elevate above 160 mEq/L. The usual cause is dehydra-
tion, either from decreased fluid uptake or increase 
in fluid loss (sweat, urine, feces). However, it can also 
occur secondary to iatrogenic causes of administration 
of hypertonic solution or rarely hypothalamic lesions.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, coma, tremor, myoclonus

Mental status and psychiatric 
aspects/complications

Confusion, somnolence and 
lethargy; can proceed to coma

Neuromuscular Weakness, rhabdomyolysis
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Treatment Complications: Overcorrecting the hyper-
natremia can lead to both fluid overload and 
hyponatremia.
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Hyperparathyroidism
Epidemiology and Demographics: Primary hyperpar-

athyroidism is common and is seen in 1/500–
1000 adults. It is more common in females with 
a female-to-male ratio of 3:1 under the age of 40 
years, and 5:1 in those older than 75 years of age. 
The prevalence increases with age and is estimated 
to be 2/1000 in females older than 60 years of age. 
The highest incidence is seen in postmenopausal 
women.

Secondary hyperparathyroidism occurs in 
patients with dialysis- dependent chronic kidney 
disease and may progress to tertiary hyperpar-
athyroidism. Children in poor and developing 
countries may develop nutritional rickets, a form 
of secondary hyperparathyroidism. Risk factors 
include genetic predisposition to hyperparathy-
roidism and childhood exposure to external neck 
irradiation.

Disorder Description: Solitary parathyroid adenoma is 
the most common cause of primary hyperparathy-
roidism (85%) and results from the oversecretion of 
parathyroid hormone. Other causes include multi-
ple parathyroid adenoma, parathyroid hyperplasia, 
and ectopic parathyroid glands. It also rarely arises 
secondary to parathyroid cancer, radiation ther-
apy, and multiple endocrine neoplasia (MEN- 1 or 
MEN- 2). Secondary hyperparathyroidism is seen 
in chronic kidney disease and vitamin D deficiency 
and results from the compensatory oversecretion of 
parathyroid hormone secondary to abnormalities 
in calcium metabolism. Other less common causes 
include pseudohypoparathyroidism, metastatic 
prostate cancer, cholestatic liver or biliary disease, 
malabsorption, and medications (lithium, anticon-
vulsants, ketoconazole, rifampin, leucovorin).

Symptoms

Secondary Complications: Hypercalcemia and nephro-
lithiasis are commonly seen. Nephrocalcinosis also 
occurs but less commonly. Chrondrocalcinosis, 
fractures, osteoporosis (from progressive bone loss), 
and episodes of acute gout can occur in patients 
with primary hyperparathyroidism. Osteitis fibrosa 
cystica (subperiosteal bone resorption in the dis-
tal phalanges and skull) can be seen in patients 
with secondary hyperparathyroidism, secondary 
to renal failure. Acute or subacute monoarticular 
inflammatory arthritis may develop from calcium 
pyrophosphate dihydrate crystal arthropathy. Joint 
laxity, ectopic calcifications, and ruptures of ten-
don are also seen. Some studies suggest that these 
patients may be insulin resistant and at greater risk 
for cardiovascular events.

Localization site Comment

Cerebral hemispheres Headaches, seizures, and dystonia. 
Extrapyramidal signs including 
choreathetosis and parkinsonism 
(increased motor tone and 
tremors)

Mental status and psychiatric 
aspects/complications

Encephalopathy, fatigue, lethargy, 
irritability, difficulty concentrating, 
memory deficits, and dementia

Depression, affective disorders, 
personality changes, delirium, 
decreased social interactions, and 
psychosis (elderly population is 
particularly vulnerable)

Cerebellum Ataxia. Calcium deposits in 
cerebellum

Base of skull Subperiosteal bone resorption

Spinal cord Myelopathy secondary to 
compression by discrete lytic bone 
lesions in osteitis fibrosa cystica

Anterior horn cells Motor neuron disease

Mononeuropathy or 
mononeuropathy multiplex

Chvostek or Trousseau sign

Peripheral neuropathy Paresthesia

Muscle Proximal weakness, muscle pain, 
and stiffness

Syndromes with combined 
upper and lower motor 
neuron deficits

May mimic amyotrophic lateral 
sclerosis
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Symptoms

Localization site Comment

Cerebral hemispheres Headache due to mass effect

Mental status and 
psychiatric aspects/
complications

Anxiety and depression may occur 
independent of comorbid psychiatric 
illness or treatment with antipsychotics

Mass effect causing visual and olfactory 
hallucinations due to perceptual 
disturbances as well as episodes of  “losing 
time,”  and apathy have been reported

Cranial nerves Visual complaints due to mass effect

Pituitary gland Hypopituitarism in men due to delayed 
diagnosis

Treatment Complications: Dopamine agonist treatment 
for prolactinomas may induce or exacerbate psy-
chotic symptoms.
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Hypertension, Chronic
Epidemiology and Demographics: Approximately 30% 

of US adults have chronic hypertension (29% of 
Caucasians, 33.5% of African Americans).

Treatment Complications: Parathyroidectomy is the only 
curative treatment but complications include recur-
rent laryngeal nerve damage, postoperative hypo-
calcemia, and permanent hypoparathyroidism. 
Cinacalcet is used to lower serum calcium levels but 
it does not normalize parathyroid hormones or pre-
vent future bone loss.
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Hyperprolactinemia
Epidemiology and Demographics: Prolactinomas are the 

most common cause of hyperprolactinemia, and 
they occur most frequently in females aged 20–50 
years. Other less common causes of hyperprolac-
tinemia include decreased dopamine inhibition of 
prolaction secretion, hypothalamic or pituitary dis-
orders, and drug induced (mainly antipsychotics). 
Symptoms present earlier in women as compared 
with men.

Disorder Description: Prolactin is a hormone, mainly 
secreted by the lactotroph cells of the anterior pitu-
itary gland. Hyperprolactinemia leads to amenor-
rhea, infertility, and galactorrhea in women and 
decreased libido and impotence in men. Neurologic 
deficits are mainly due to mass effect.
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Disorder Description: Systolic blood pressure >130 mmHg 
or diastolic blood pressure >80 mmHg defines 
hypertension. In 95% is essential hypertension and 
in 5% is secondary hypertension. Long- standing 
uncontrolled hypertension induces lipohyalinosis 
in small vessels that leads to end- organ ischemic 
damage. Hypertension can also increase risk of 
bleeding by persistently loading pressure to weak 
points of small vessel walls. Chronic hypertension 
may also increase risk of cerebral aneurysm. See 
entry for Lacunar Strokes.

Symptoms

Secondary Complications: Cardiovascular complications 
of hypertension (e.g., coronary artery disease, con-
gestive heart failure, aortic dissection) increase risk 
of thromboembolism, which can cause multifocal 
small cerebral infarcts or large vessel occlusion.

Treatment Complications: Supratherapeutic anti- 
hypertensive medication dosing can cause decreased 
cerebral blood flow, which leads to depressed 
mentation.
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Hypertensive Crisis
Epidemiology and Demographics: One percent to 5% of 

patients with hypertension will develop a hyper-
tensive crisis in their lifetime. Incidence is higher 
in older adults, African- Americans, and men. It is 
commonly caused by sudden escalation of chronic 
essential hypertension, drug interaction, or with-
drawal from antihypertensive drugs.

Disorder Description: “Hypertensive crisis” contains two 
concepts: hypertensive urgency and emergency. 
SBP>180 or DBP>120 mmHg is defined as hyper-
tensive urgency. If acute symptomatic end- organ 
ischemic damage occurs with hypertensive urgency, 
it is called hypertensive emergency. The brain is one 
of the most sensitive end organs and is frequently 
affected.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Both ischemic and hemorrhagic stroke 
can be caused by hypertensive crisis. 
These result in acute onset of focal cortical 
symptoms, such as hemiparesis, aphasia, or 
hemiparesthesia. Acute onset of headache 
and confusion or lethargy are common 
with hemorrhages

Mental status and 
psychiatric aspects/
complications

If diffuse, higher cortical symptoms are 
seen in hypertensive crisis, which is called 
hypertensive encephalopathy. Various 
cortical symptoms can be seen, including 
headache, confusion, restlessness, altered 
consciousness, and seizures. Nausea and 
vomiting are also common

Posterior reversible encephalopathy 
syndrome is a radiographic finding 
that is present in severe hypertensive 
encephalopathy, typically involving the 
posterior cerebral hemispheres on MRI or CT

Brainstem Brainstem hemorrhage can be caused by 
hypertensive crisis

Cerebellum Cerebellar hemorrhage can be caused by 
hypertensive crisis

Cranial nerves Multiple cranial nerve dysfunctions can 
happen as a part of brainstem hemorrhage, 
but isolated optic nerve injury can 
also happen. Blurry vision is common, 
and patient usually has papilledema. 
Retinal hemorrhages can be induced by 
hypertensive crisis as well

Localization site Comment

Cerebral 
hemispheres

Chronic hypertension is classical risk factor for 
stroke and transient ischemic attack, especially 
lacunar strokes. Chronic hypertension also 
increases risk of intraparenchymal hemorrhage, 
usually in deep brain areas. Subarachnoid 
hemorrhage occurs secondary to aneurysmal 
rupture

Mental status 
and psychiatric 
aspects/
complications

Large intraparenchymal or subarachnoid 
hemorrhage commonly induces mental status 
deterioration. If patients are awake, they usually 
complain of sudden onset severe headache

Brainstem Chronic hypertension increases risk of 
brainstem lacunar infarct and hemorrhage

Cerebellum Risk of cerebellar lacunar infarct and 
hemorrhage is also increased. In case of 
large cerebellar hemorrhage, expansion to 
4th ventricle is common and risk of cerebral 
aqueduct occlusion is high

Cranial nerves Cranial symptoms usually present as a part of 
brainstem infarction or hemorrhage
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Secondary Complications: The liver and kidney can be 
damaged by hypertensive crisis as well, with sec-
ondary superimposed metabolic derangements and 
even encephalopathy. Sudden onset of congestive 
heart failure may occur because of the extremely 
high afterload.

Treatment Complications: Intravenous antihyperten-
sive agents are the choice of treatment for hyper-
tensive emergency. It is important not to drop the 
mean arterial pressure by more than 25% during 
the first 24 hours to avoid hypoperfusion brain 
injury such as watershed infarct. This 25% rule 
may apply for several days so that careful clini-
cal follow- up is essential on further lowering of 
blood pressure.
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Hyperthyroidism
Epidemiology and Demographics: More common in 

women than men (5:1 ratio).1 Prevalence is between 
0.5 and 2% in women. Higher incidence in smokers.2

Disorder Description: Most common causes of hyper-
thyroidism are Graves’ disease followed by toxic 
multinodular goiter and autonomously functioning 
thyroid adenoma. More commonly occurring in 
iodine- replete communities.

Symptoms

Secondary Complications: Stroke as a result of thyrotoxic 
atrial fibrillation. Cerebral venous thrombosis as a 
result of an induced hypercoagulable state due to 
hyperthyroidism may occur.

Treatment Complications: Antithyroid medications 
propylthiouracil and methimazole may cause 
arthralgia or myalgia. Other treatments include 
radioactive iodine and total or partial thyroidec-
tomy. Adverse effects of these therapies include 
hypothyroidism that often warrants thyroid hor-
mone supplementation.

References
 1. Hollowell JG, Staehling NW, Flanders WD,  

et al. Serum TSH, T(4), and thyroid antibodies 
in the United States population (1988 to 1994): 
National Health and Nutrition Examination 
Survey (NHANES III). J Clin Endocrinol Metab. 
2002;87(2):489–99.

 2. Asvold BO, Bjøro T, Nilsen TI, Vatten LJ. Tobacco 
smoking and thyroid function: a population- 
based study. Arch Intern Med. 2007;167(13):1428–
32. DOI:10.1001/archinte.167.13.1428.

 3. Aiello DP, DuPlessis AJ, Pattishall EG 3rd, Kulin HE. 
Thyroid storm. Presenting with coma and seizures in 
a 3-year-old girl. Clin Pediatr (Phila). 1989;28:571–4.

 4. Awad AG. The thyroid and the mind and 
emotions/thyroid dysfunction and mental 
disorders. Thyroid Foundation of Canada. 2000. 
Available from https://thyroid.ca/resource-
material/articles/e-10-f/. Accessed Aug 16, 2018.

 5. Martin FI, Deam DR. Hyperthyroidism in elderly 
hospitalised patients. Clinical features and 
treatment outcomes. Med J Aust. 1996;164:200.

Localization site Comment

Cerebral 
hemispheres

Encephalopathy and seizure activity with 
thyroid storm.3 If untreated, may progress 
to agitated delirium and coma

Cardioembolic strokes from thyrotoxic 
induced atrial fibrillation

Mental status and 
psychiatric aspects/
complications

Overactivity of the adrenergic system 
is thought to cause anxiety, emotional 
lability, depression, and problems 
with sleep and rarely acute psychotic 
episodes and delirium.4 These behavioral 
manifestations can be accompanied by 
impaired concentration, confusion, poor 
orientation and immediate recall, amnesia, 
and constructional difficulties5

Localization site Comment

Peripheral 
neuropathy

Axonal sensory polyneuropathy and rarely 
demyelinating polyneuropathy

Basedow paraplegia acutely in the 
hyperthyroid state6 characterized by 
weakness and areflexia

Carpel tunnel syndrome in thyrotoxicosis

Muscle High-frequency low- amplitude tremor and 
hyperreflexia with thyrotoxicosis due to 
stimulation of the beta adrenergic system. 
Chorea is a rare complication due to 
dopamine modulation7

Myalgias. Proximal muscle weakness with 
normal creatine kinase levels
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 7. Seeherunvong T, Diamantopoulos S, Berkovitz 
GD. A nine year old girl with thyrotoxicosis, 
ataxia, and chorea. Brain Dev. 2007;29:660–1.

Hypertrophic Cardiomyopathy
Epidemiology and Demographics: The prevalence of 

hypertrophic cardiomyopathy (HCM) worldwide is 
approximately 0.2%, and it occurs equally in men 
and women as it is an autosomal dominant genetic 
disorder. Clinical symptoms of HCM may present at 
any age throughout life.

Disorder Description: HCM is an autosomal dominant 
disorder that has been linked to mutations of at 
least 11 genes that encode proteins of the sarcomere. 
These mutations result in a thickened (hypertro-
phied) yet nondilated left ventricle and irregulari-
ties of the mitral valve, which in many cases leads to 
an outflow tract obstruction.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral hypoperfusion resulting 
in symptoms of presyncope and/or 
syncope as a result of outflow tract 
obstruction if present. In addition, 
secondary arrhythmias may also provoke 
similar hypoperfusion with presyncope/
syncope and potentially sudden death

Mental status and 
psychiatric aspects/
complications

Dizziness, lightheadedness, and 
confusion along with impairment 
of consciousness plus syncope and 
presyncope

Brainstem Same as above

Cerebellum Same as above

Vestibular system (and 
non- specific dizziness)

Same as above

Base of skull Same as above

Secondary Complications: Atrial fibrillation and its asso-
ciated complications, progressive heart failure, and 
sudden death may all result from HCM.

Treatment Complications: A treatment used for patients 
with severe symptoms is surgical myectomy whose 
risks include infection, arrhythmias, myocardial 

infarction, stroke, and death. An alternative proce-
dure is alcohol septal ablation, which carries simi-
lar risks of morbidity and mortality. An implantable 
defibrillator may be used for patients with high 
risk of sudden death; in addition common medi-
cations include beta blockers and calcium channel 
blockers.

Bibliography
Cleveland Clinic. Septal myectomy. June, 2009. 

Available from http://my.clevelandclinic.org/
services/heart/disorders/septal_myectomy 
Accessed June 22, 2015.

Maron BJ, Olivotto I. Hypertrophic cardiomyopathy. 
In Mann DL, Zipes  D, Libby P, Bonow RO, 
Braunwald E, eds. Braunwald’s heart disease: 
A textbook of cardiovascular medicine. 10th ed. 
Philadelphia, PA: Elsevier/Saunders; 2015.  
pp. 1574–86.

Mayo Clinic Staff. Hypertrophic cardiomyopathy. Feb 
18, 2015. Available from www.mayoclinic 
.org/diseases-conditions/hypertrophic-
cardiomyopathy/home/ovc-20122102. Accessed 
June 22, 2015.

Hyperventilation Syndrome
Epidemiology and Demographics: In those with an anxiety 

disorder, studies show a wide range of prevalence 
from 25 to 83%. Prevalence outside the context of 
anxiety is unclear. It is more common in women. 
Affects teens to elderly.

Disorder Description: A syndrome in which an individual 
breathes at a volume and/or rate above that which is 
required for metabolic needs, resulting in a decrease 
in arterial pCO2. There is no consensus for standard-
ized criteria. It occurs intermittently, typically lasts 
minutes to hours and resolves on its own. It is often 
accompanied by symptoms of dyspnea, dizziness, 
palpitations, chest tightness, paresthesias, and/or 
carpopedal spasm. There may or may not be insight 
into the fact that one is hyperventilating.

It is commonly associated with panic disor-
der, but which process is primary or secondary is 
unclear. When associated with distressing psycho-
logic processes, symptoms include the feeling that 
one is not getting enough air, shallow and irregular 
breathing patterns, and frequent sighing. Increased 
physiologic fear sensitivity has been theorized to be 
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associated with hyperventilation that is associated 
with psychiatric disorders. Other neurologic and 
pulmonary factors may also play a role.

Many disorders can present with hyperventila-
tion, but a diagnosis of hyperventilation syndrome 
implies there is no known underlying cardiac, pul-
monary, metabolic, or other medical etiology.

Symptoms

Localization site Comment

Cerebral hemispheres Differential diagnosis: central 
hyperventilation syndrome 
(pontine lesion), post- ictal 
hyperventilation

Mental status and psychiatric 
aspects/complications

Anxiety, fear, and panic

Vestibular system (and non- 
specific dizziness)

Dizziness

Peripheral neuropathy Paresthesias, carpopedal spasm

Secondary Complications: Emergency department pres-
entation, which may be recurrent.

Treatment Complications: First line is reassurance and 
cognitive behavioral techniques. Beta blockers and 
benzodiazepines are also used for refractory cases, 
with associated side effects of potential worsening 
of asthma and dependence/tolerance, respectively.
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Hyperviscosity Syndrome
Epidemiology and Demographics: Hyperviscosity 

syndrome usually occurs from Waldenström 

macroglobulinemia (85%) and less frequently 
from multiple myeloma or disorders with ele-
vated blood counts such as leukemia or poly-
cythemia. White blood cell counts are generally 
over 100,000/μL in leukemias, while in poly-
cythemia, the hemoglobin level is usually greater 
than 18 g/dL.

Disorder Description: Red blood cells typically determine 
blood viscosity in healthy individuals. In hyper-
viscosity syndrome with paraproteinemia, excess 
protein forms aggregates increasing resistance to 
flow. Serum viscosity is generally greater than 4 cen-
tipoise in symptomatic patients. In disorders with 
elevated blood counts, there is leukostasis resulting 
in sluggish flow.

Symptoms

Localization site Comment

Cerebral hemispheres Diffuse localization causing headache, 
confusion, and somnolence. Focal stroke 
from thrombosis can also occur

Cerebellum Vertigo, nystagmus, and ataxia

Cranial nerves Blurred vision, retinal hemorrhages, or 
central retinal vein thrombosis

Secondary Complications: Mucosal bleeding and purpura 
are common. Other clinical effects include heart 
failure, kidney injury, and pulmonary edema.

Treatment Complications: Usual treatment with daily 
plasmapheresis carries risk of thrombosis and infec-
tion in often immunocompromised individuals.
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Hypocalcemia
Epidemiology and Demographics: Relatively rare condi-

tion that is seen mainly in neonates or in patients 
with renal failure. It occurs in all age groups, 
especially those with genetic predisposition for 
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pseudohypoparathyroidism, vitamin D receptor 
abnormalities, and hypoparathyroidism.

Disorder Description: It is defined as a serum ionized cal-
cium less than 4.65 mg/dL or a total serum calcium 
less than 8.5 mg/dL. Patients usually become symp-
tomatic when serum calcium concentrations fall 
below 7.5 mg/dL. It is seen in conditions associated 
with hypoparathyroidism (primary or secondary), 
pseudohypoparathyroidism (parathyroid hormone- 
resistant syndromes), vitamin D deficiency, acute 
pancreatitis, or malabsorption syndromes. Severe 
acute hypocalcemia commonly occurs following 
thyroid or parathyroid surgery. Other causes of hypo-
calcemia include hypomagnesemia from alcohol use, 
vomiting, or poor oral intake. Hyperphosphatemia 
secondary to excessive oral or parenteral phosphate, 
tumor lysis syndrome, and rhabdomyolysis- induced 
acute renal failure can also lead to hypocalcemia. 
Medications such anticonvulsants and antimicrobi-
als (foscarnet, pentamidine, and ketoconazole) can 
cause hypocalcemia. Risk factors include acute pan-
creatitis, hypoparathyroidism, vitamin D deficiency, 
and chronic kidney disease.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Seizures (focal or generalized) nonresponsive 
to anticonvulsants, and pseudotumor cerebri

Chronic hypocalcemia may result in 
headaches (secondary to increased 
intracranial pressure) and chorea or 
parkinsonism

Mental status 
and psychiatric 
aspects/
complications

Irritability, confusion, agitation, mental 
dullness and intellectual disabilities, anxiety, 
delirium, delusions, hallucinations, psychosis, 
depression, and dementia

Spinal cord Myelopathy secondary to vertebral lamina 
overgrowth

Peripheral 
neuropathy

Perioral paresthesia. Limb paresthesia (distal 
then spread proximally)

Muscle Tetanic muscle contraction, which may 
progress to opisthotonos if truncal spasms 
occur. Laryngeal spasms. Carpopedal spasm

Secondary Complications: Cataracts and papilledema. 
Cardiac arrhythmias and abnormal EKG findings 
(prolonged QT interval and ST flattening). Basal 

ganglia calcifications in chronic hypoparathyroidism. 
Osteopetrosis, dental abnormalities, dry skin, coarse 
hair, and psoriasis in chronic untreated cases.

Treatment Complications: Overcorrection of calcium and 
magnesium may lead to EKG changes and careful mon-
itoring is warranted. Magnesium toxicity may lead to 
diminished deep tendon reflexes and intravenous cal-
cium gluconate can be used as a useful antidote.
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Hypoglossal Nerve Palsy
Epidemiology and Demographics: Prevalence is unknown.
Disorder Description: The twelfth or hypoglossal nerve is 

a purely motor nerve controlling the extrinsic and 
intrinsic muscles of the tongue (except palatoglos-
sus). Peripheral lesion could be due to head and 
neck tumor, internal carotid artery aneurysm or dis-
section, trauma, retropharyngeal abscess, or radia-
tion therapy. Iatrogenic cases may follow internal 
jugular vein cannulation, carotid endarterectomy, 
and glomus jugulare resection. Motor neuron dis-
eases, syringobulbia, tumor, and stroke may cause 
lesion to hypoglossal nucleus.

Symptoms

Localization site Comment

Cranial nerves 
or cranial nerve 
nuclei

Ipsilateral tongue atrophy with tongue 
deviation toward the side of lesion. Difficulty 
in swallowing and talking, particularly in 
bilateral lesion
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Secondary Complications: Aspiration and malnutrition 
due to swallowing problem.

Treatment Complications: Complication varies with 
treatment for each underlying cause.

Bibliography
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Hypoglycemia
Epidemiology and Demographics: Hypoglycemia can 

occur in any age group. It is seen in 10–30% per 
year of patients with type 1 diabetes mellitus and 
1.2% per year in patients with type 2 diabetes 
mellitus.

Disorder Description: The brain is very vulnerable to 
hypoglycemia because of the normally low con-
centration of glucose in the brain and its high 
cerebral metabolic rate. There are many causes of 
hypoglycemia secondary to the complexity of glu-
cose homeostasis (insulin release, glycogen break-
down, and gluconeogenesis). It can result from 
conditions causing fasting hypoglycemia such as 
exogenous insulin, oral hypoglycemics, glucose 
overuse, elevated insulin levels, ketotic hypo-
glycemia, hypermetabolic state (sepsis), normal 
to low insulin levels, antibodies to endogenous 
insulin, excessive islet cell function (prediabetes, 
obesity), islet cell disorders (adenoma, cancer, 
nesidioblastosis), extrapancreatic tumors, and 
carnitine deficiency. It can also result from con-
ditions causing postprandial hypoglycemia such 
as postoperative rapid gastric emptying, fructose 
intolerance, galactosemia, and leucine intoler-
ance. Medications inducing hypoglycemia, severe 
malnutrition, alcohol abuse, hormone deficiencies 
(growth hormone, glucagon, and hypoadrenal-
ism), disorders of metabolism, and liver disease 
can also increase the risk of hypoglycemia.

Symptoms

Secondary Complications: There is significant morbid-
ity associated with hypoglycemia such as injuries, 
convulsions, and mortality. Hypoglycemic una-
wareness is a condition seen in diabetic patients, 
especially those with type 1 diabetes. It is related to 
both alteration in neuroendocrine responses that 
are involved in the regulation of blood glucose lev-
els and dysfunction in the central nervous system 
affecting counterregulatory hormonal responses. It 
is challenging because if prolonged and not recog-
nized, it can lead to irreversible neuronal injury.

Treatment Complications: Treatment can lead to hyper-
glycemia (see entry for Hyperglycemia). Of note, 
beta blockers can mask premonitory systemic symp-
toms such as perspiration, anxiety, tachycardia,  
nausea, and tremors.
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Localization site Comment

Cerebral hemispheres Alternating hemiparesis, seizures; 
permanent and irreversible injury to the 
cortex, basal ganglia, and dentate gyrus

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Acute symptoms: feelings of 
detachment from the environment, 
restlessness, and anxiety, leading to 
panic and ataxia

Subacute symptoms: inattention, 
confusion, drowsiness, altered 
consciousness, disorientation, 
clumsiness, and amnesia of episode

Chronic: personality, behavior and 
memory changes, which may mimic 
dementia

Coma in severe cases, with tremor and 
myoclonus sometimes preceding coma
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Hypokalemic Periodic Paralysis
Epidemiology and Demographics: Hypokalemic periodic 

paralysis is the most common primary periodic 
paralysis. Onset is usually during adolescence, and 
60% are affected by the age of 16 years. The preva-
lence is approximately 1/100,000, and symptoms are 
more severe in males. Attacks usually become less 
frequent and may cease during the fourth and fifth 
decades of life.

Disorder Description: It is an autosomal dominant disor-
der characterized by limb weakness in the setting 
of hypokalemia. It is caused by a mutation in the 
gene CACNA1S on chromosome 1q (70% of cases) 
and 10–20% of families have mutations in the gene 
SCN4A on chromosome 17q. The attacks commonly 
occur in the morning and are triggered by rest fol-
lowing strenuous exercise or are precipitated after 
ingestion of a carbohydrate load and high salt diet 
the previous night. Serum potassium concentrations 
are usually low during an attack. The attacks usually 
last several hours but may vary from minutes to days. 
Patient usually makes a full recovery but mild weak-
ness may persist for several days and rarely may result 
in permanent weakness. It is important to consider 
secondary causes of hypokalemic weakness such as 
hypothyroidism, excessive insulin, barium poison-
ing, poor potassium intake, excessive potassium 
excretion, and renal loss of potassium.

Symptoms

Localization site Comment

Peripheral neuropathy Paresthesia

Muscle Diurnal fluctuation with proximal 
weakness of the limbs, muscle cramps. 
Progressive myopathy

Secondary Complications: Cardiac arrhythmias can be 
seen as a complication of hypokalemia. Oliguria 
or anuria may develop during major attacks, and 
patient may be constipated. Hypokalemia also 
could potentially lead to glucose intolerance, sec-
ondary to decreased insulin secretion, increasing 
risk of stroke. Some patients may have permanent 
weakness with recurrent attacks.

Treatment Complications: Acetazolamide may worsen 
symptoms in patients with hypokalemic periodic 
paralysis caused by sodium channel mutations. It 

is important not to overestimate the replacement of 
intravenous potassium because it can lead to hyper-
kalemia. Hyperkalemia can result in cardiac arrest 
and lead to EKG changes; it could also cause ascend-
ing muscle paralysis.

Bibliography
Goldman L, Schafer A. Muscle diseases. In Goldman’s 

Cecil medicine. 24th ed. Philadelphia, PA: 
Saunders; 2011. Chapter 429.

Kerchner G, Ptacek L. Channelopathies: episodic and 
electrical disorders of the nervous system. In Daroff 
RB, et al., eds. Bradley’s neurology in clinical practice. 
6th ed. Philadelphia, PA: Saunders; 2012. Chapter 64.

Moxley R, Heatwole C. Channelopathies. In Swaiman 
KF, ed. Swaiman’s pediatric neurology: principles 
and practice. Philadelphia, PA: Saunders; 2012. 
pp. 1667–89.

Riggs J. Neurologic complications of electrolytes 
disturbances. In Aminoff MJ, Josephson SA, 
eds. Aminoff ’s neurology and general medicine. 
London, UK: Elsevier; 2014. pp. 317–26.

Hypomagnesemia
Epidemiology and Demographics: Hypomagnesemia is 

seen in approximately 12% of hospitalized patients 
and is seen most commonly in critical care illness. 
There is no difference in the prevalence between 
men and women.

Disorder Description: Magnesium is required for the 
activation of many intracellular enzymes and has 
a key role in synaptic transmission throughout the 
nervous system. Low serum levels of magnesium 
can be seen with decreased intake or gastrointesti-
nal absorption or with increased renal loss. It is also 
seen in patients on cisplatin or with a history of a 
cardioskeletal mitochondrial myopathy.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures

Mental status and psychiatric 
aspects/complications

Agitation, irritability, and 
confusion

Peripheral nerves, neuromuscular 
junction, and muscle

Tetany, hyperreflexia, 
Trousseau and Chvostek signs, 
muscle spasms, and cramps
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Secondary Complications: Hypocalcemia or hypomag-
nesemia can be worsened by hypomagnesemia 
causing decreased parathyroid hormone release or 
increased resistance to the action of parathyroid 
hormone throughout the body.

Treatment Complications: Intravenous magnesium must 
be given slowly with calcium gluconate available at 
bedside in case administration leads to hypermag-
nesemia, which can cause failure of the respiratory 
muscles.
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Hyponatremia
Epidemiology and Demographics: Most common electro-

lyte abnormality in hospitalized patients; 15–20% 
have a serum sodium level <135 mEq/L.

Disorder Description: Electrolyte abnormality charac-
terized by serum sodium less than 135 mEq/L or, in 
severe cases, serum sodium less than 125 mEq/L. 
Classification breaks down to normal osmolarity 
(rare), hyperosmolarity (usually from hypergly-
cemia), and hypo- osmolarity (most common.) 
Hypo- osmolar hyponatremia can be further clas-
sified into low, normal, and high extracellular vol-
ume status.

Hyponatremia may be caused by relatively 
high free water concentrations from polydipsia, 
to the syndrome of inappropriate antidiuretic 
hormone secretion (SIADH) seen in euvolemic 
hypo- osmolar hyponatremia. SIADH can be 
observed following strokes, head traumas, sub-
arachnoid hemorrhage, and pituitary surgery. 
Medications may also cause hyponatremia  – 
particularly antiepileptic agents carbamazepine 
and oxcarbazepine, as well as chemotherapeutic 
agents, antidepressants, and diuretics. Associated 
neurologic conditions often depend on the rapid-
ity of electrolyte disturbance.

Symptoms

Localization site Comment

Cerebral hemispheres Related to cerebral edema: headaches, 
dizziness, nystagmus, nausea, seizures 
(in severe cases serum sodium <120 
mEq/L). Unilateral focal signs: aphasia, 
hemiparesis, may be secondary to 
aggravated underlying lesions

Mental status and 
psychiatric aspects/
complications

Confusion, delirium

Muscle Muscle cramping

Secondary Complications: Hyponatremia can cause nau-
sea and vomiting, which can lead to other electro-
lyte disorders.

Treatment Complications: Rapid correction of serum 
sodium to >10–12 mEq/L per day may cause 
osmotic demyelination syndrome (formerly central 
pontine myelinolysis) – demyelination of the cen-
tral nervous system, causing spastic quadriparesis 
and bulbar palsy.
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Hypoparathyroidism
Epidemiology and Demographics: In the United States, the 

prevalence of hypoparathyroidism is estimated to 
be 37/100,000 person- years. Age of onset depends 
on the etiology. Found equally in men and women.

Disorder Description: Can be transient or more sus-
tained, inherited, or acquired. The most common 
cause is secondary to surgical removal or auto-
immune destruction of the parathyroid glands. 
Hypoparathyroidism is characterized by hypocalce-
mia, hyperphosphatemia, and low levels of parathy-
roid hormone.
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Symptoms

Localization site Comment

Cerebral hemispheres Seizures, increased intracranial pressure. 
Cerebral calcifications

Mental status and 
psychiatric aspects/
complications

Irritability. Memory loss. Psychosis

Brainstem Basal ganglia calcifications. Thalamic 
infarcts. Ectrapyramidal disorders due to 
chronic hypocalcemia

Cerebellum Cerebellar calcifications

Muscle Carpopedal spasms as noted by 
one study to be the most common 
presenting symptom. Chorea. 
Fasciculations. Dystonia

Unclear localization Gait instability

Treatment Complications: Some reported side effects of 
calcium, vitamin D, and uncommonly parathyroid 
hormone supplementation include dizziness and 
leg cramps. Uncommonly, excessively high or low 
calcium may result in extrapyramidal symptoms, 
mood changes, or seizures.
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Hypophosphatemia
Epidemiology and Demographics: Hypophosphatemia 

can be seen in approximately 5% of hospitalized 

patients and is much more common in patients with 
a history of alcoholism, sepsis, or with other critical 
illness.

Disorder Description: There are many medical causes of 
hypophosphatemia. It can be caused by a shift of 
phosphate into the cells (insulin administration, 
respiratory alkalosis), decreased absorption or 
intake (starvation, alcoholism, phosphate binders, 
malabsorption), renal dysfunction, and parathyroid 
dysfunction.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures

Mental status and psychiatric 
aspects/complications

Confusion, lethargy, irritability, 
delirium

Muscle Myopathy with weakness, 
rhabdomyolysis

Secondary Complications: Weakness can lead to failure 
of the respiratory muscles. This can lead to apnea, 
increased carbon dioxide concentrations, coma, 
and possible death.

Treatment Complications: High intravenous doses of 
phosphate can lead to hyperphosphatemia that 
can cause renal injury, hypocalcemia, and cardiac 
arrhythmia.
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Hypoxia
Epidemiology and Demographics: Incidence and preva-

lence of hypoxia vary and are linked to a multitude 
of cardiopulmonary and toxic disorders. Given its 
broad association, the specific incidence in gender, 
ethnicity, or region is difficult to define.

Disorder Description: Hypoxia is literally defined as 
deficiency in oxygen, which can be further broken 
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down into generalized hypoxia or local tissue 
hypoxia. Generalized hypoxia can occur in cases of 
insufficient alveolar oxygen such as high altitude. 
Generalized hypoxia can also be seen in a multi-
tude of respiratory conditions such as cases of dis-
rupted or compromised blood supply. Among the 
most prevalent causes of hypoxia (chronic obstruc-
tive pulmonary disease, acute respiratory distress 
syndrome [ARDS], obstructive sleep apnea), it 
has been well documented that cognitive impair-
ment is the most common detrimental effect. In 
ARDS, profound hypoxemia is seen acutely with 
high associated mortality rates. Alveolar micro-
vascular injury and associated fluid leakage leads 
to large alveolar–arterial gradient and perfusion 
defect. Patients with a diagnosis of ARDS are often 
found to have cognitive dysfunction up to 1 to 2 
years following discharge. In fact one case noted 
ongoing cognitive deficits up to 6 years after dis-
charge, which further supports cognitive dysfunc-
tion as the most common effect of hypoxia and 
hypoxemia.

Symptoms

Localization site Comment

Cerebral hemispheres Hypoxia, cellular dysfunction 
prominent at prefrontal cortex, 
choreoathetosis, and coma

Mental status and psychiatric 
aspects/complications

Cognitive dysfunction, 
memory impairment, poor 
verbal fluency, and depression

Cerebellum Cerebellar ataxia

Muscle Poor fine motor skills, 
myoclonus

Secondary Complications: Profound hypoxia from con-
ditions such as altitude sickness can lead to cerebral 
edema. Hypoxia and hypoxemia if severe can lead 
to programed cell death in highly metabolic tissues 
such as cardiac myocytes.

Treatment Complications: Since treatment of hypoxia 
and hypoxemia often involves supplemental O2, 
detrimental effects from high fraction of inspired 
oxygen (FiO2) are seen. Prolonged exposure to 
increased FiO2 allows formation of reactive oxy-
gen species and further tissue damage, especially in 
those tissues previously hypoxic.
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Ice Pick Headache
Epidemiology and Demographics: Some studies estimate 

a prevalence of 2–35% in the general population. 
This condition affects mostly women at a ratio of 
1.46–2.6:1 One study performed in Sweden demon-
strated an incidence of 2%. Another study done in 
Norway showed an incidence of up to 35%.

Disorder Description: Ice pick headache is also called 
idiopathic or primary stabbing headache. The con-
dition is characterized by paroxysmal, ultra- short 
stabs of pain in the head that can be unilateral or 
bilateral. For proper diagnosis, this condition must 
not be secondary to any disease in the surrounding 
structures of the brain. The International Headache 
Consortium defines this condition as a single stab or 
series of stabs occurring in the V1 distribution of the 
trigeminal nerve. However, studies reveal that this 
stabbing attack does not always follow the V1 der-
matome. This stabbing pain can last up to 3 seconds 
and occur multiple times during the day; stabbing 
pain of longer duration have been reported. There 
are no associated cranial autonomic features; how-
ever, this condition is associated with nausea, vom-
iting, photophobia, phonophobia, and dizziness. 
The presentation of this condition can change with 
each attack. Diagnosis is made based on clinical 
presentation only.

Symptoms

Localization site Comment

Cerebral hemispheres Can present unilaterally or bilaterally

Cranial nerves Formal criteria list V1 trigeminal 
dermatome as affected area but 
subsequent reports reveal that this is 
not always the case

Secondary Complications: The presentation of ice pick 
headache should always be concerning for alter-
native etiologies before arriving at diagnosis of this 
condition. Specifically, patients who are male and 
older presenting with this symptom should warrant 
additional imaging work up and consideration for 
alternative pathology.

I
Treatment Complications: Indomethacin is considered 

to be first line treatment for this condition; how-
ever, up to 40% of patients with this condition do 
not respond to treatment, have side effects to this 
treatment, or harbor contraindications. Alternative 
treatments have been found like external hand 
warming.
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Idiopathic Hypersomnia
Epidemiology and Demographics: Prevalence and inci-

dence are not known. May be more common in 
women. Frequently develops in adolescence.

Disorder Description: Idiopathic hypersomnia is charac-
terized by an irrepressible need to sleep or falling 
asleep during the daytime, daily for at least 3 months. 
There must be an absence of cataplexy symptoms. A 
Multiple Sleep Latency Test (MSLT) performed must 
show fewer than two or no sleep onset REM periods 
with a sleep onset latency of less than or equal to 8 
minutes, which is consistent with hypersomnolence. 
Insufficient sleep syndrome must be ruled out and 
the findings of hypersomnolence on MSLT are not 
better explained by another sleep disorder such as 
sleep apnea, medical or psychiatric disorder, or the 
use of medications or recreational drugs. Supportive 
features include symptoms of sleep inertia (pro-
longed difficulty waking up with repeated returns 
to sleep, irritability, and confusion) and long naps of 
greater than or equal to 1 hour that are not refreshing.

Symptoms: Unknown pathophysiology and neurobiol-
ogy. CSF hypocretin- 1 levels as well as other neu-
rotransmitters have been studied and found to be 
normal in this group of patients. Recent evidence, 
although still investigational, suggests a possible 
endogenous GABA receptor ligand of unclear etiol-
ogy in idiopathic hypersomnia.

Secondary Complications: Prolonged sleep inertia with 
associated symptoms of headache, orthostatic 
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disturbance, perception of temperature dysregu-
lation, and peripheral vascular complaints. These 
symptoms may be related to a dysfunction of the 
autonomic nervous system.

Treatment Complications: Treatment focuses on improve-
ment of excessive daytime somnolence. Options 
include modafinil, armodafinil, methylphenidate, 
and amphetamines.

Stimulants can cause and/or worsen systemic 
hypertension as well as cause symptoms of anxiety 
and dysphoria, tachycardia, headaches, and hepati-
tis. Amphetamines may be rarely linked to pulmo-
nary hypertension.
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Idiopathic Intracranial Hypertension 
(Pseudotumor Cerebri)
Epidemiology and Demographics: Idiopathic intracranial 

hypertension (IIH), also known as pseudotumor 
cerebri, is a disease mainly of obese women of repro-
ductive age. It occurs rarely in individuals of normal 
weight, children, and male patients. There are about 
0.5 to 2 cases per 100,000 people per year in the gen-
eral population, but between 12 and 20 cases per 
100,000 in obese women aged 20 to 44 years.

Disorder Description: IIH occurs when there are symp-
toms of elevated intracranial pressure without clear 

etiology (i.e., not due to mass, tumor, or other sec-
ondary cause). It presents classically with headache, 
sometimes worsened with Valsalva maneuvers. 
Other reported symptoms include transient visual 
obscurations (blackening or dimming of vision 
lasting under 60 seconds, often with changes in 
posture), pulsatile tinnitus, back or neck pain, and 
sometimes vision loss.

When suspected, neuroimaging with con-
trast  – preferably MRI brain with and without  
contrast  – is usually obtained. As young female 
patients are also at risk of venous sinus thrombosis, a 
venogram study, such as magnetic resonance venog-
raphy, is also often obtained. Formal visual field test-
ing should also be obtained promptly to assess the 
patient’s baseline and to monitor improvement.

Once a secondary cause of raised intracranial 
pressure has been ruled out (such as a mass lesion 
or venous sinus thrombosis), the following criteria 
help to refine the diagnosis, as per 2013 revised diag-
nostic criteria:
 A. Papilledema
 B. Normal neurologic exam (except cranial nerve 

abnormalities)
 C. Neuroimaging with normal brain parenchyma, 

no hydrocephalus, mass or other structural 
lesion, and no abnormal meningeal enhance-
ment or venous sinus thrombosis with appro-
priate cerebral venous imaging

 D. Normal CSF composition
 E. Elevated opening pressure on lumbar puncture 

(>25 cmH2O in the lateral decubitus position)
A diagnosis can also be made if no papilledema is 

detected, but there is a sixth neve palsy and criteria 
B–E are met. Finally, in the absence of papilledema 
and sixth nerve palsy, a suspected diagnosis can be 
made with certain radiographic features (flattening 
of the posterior globe, empty sella, perioptic sub-
arachnoid space distention with or without optic 
nerve tortuosity, and transverse venous stenosis).

Recently, optical coherence tomography, with an 
increased thickness of the retinal fiber layer detected 
in patients with papilledema, has been used to aid 
diagnosis.

IIH can lead to permanent visual field loss, loss 
of visual acuity, and in rare cases, blindness. And 
despite successful treatment, even with improve-
ment in vision, persistent headache remains a com-
mon complaint.

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.009
https://www.cambridge.org/core


Idiopathic Thrombocytopenic Purpura (ITP) 

297

Symptoms

Localization site Comment

Psychiatric aspects/
complications

Occasional cognitive disturbances, 
manifesting with increased 
reaction time and increased 
processing speed

Vestibular system Dizziness, pulsatile tinnitus

Cranial nerves Sixth nerve palsy (third, fourth, and other 
cranial nerve palsies have also been 
reported)
Diplopia
Transient visual obscurations
Vision loss, including an enlarging blind 
spot, visual field constriction, or loss of 
nasal visual field
Low frequency hearing loss
Papilledema

Spinal cord Neck or back pain, often with radicular 
features

Unclear localization Headache: with or without nausea, 
vomiting, photophobia, phonophobia

Secondary Complications: Spontaneous cerebrospinal 
fluid leaks have been reported with IIH, and this can 
result in bacterial meningitis.

Treatment Complications: In cases of mild visual field 
loss, conservative management is recommended, 
with weight loss and the carbonic anhydrase inhibi-
tor acetazolamide, titrated up to 4 g per day.

The landmark Idiopathic Intracranial Hyper-
tension Treatment Trial studied lifestyle modification 
(including weight loss) in patients with mild vision 
loss assigned to either treatment with acetazolamide 
versus placebo. The trial demonstrated that the treat-
ment group (i.e., lifestyle modification and aceta-
zolamide) demonstrated a greater improvement in 
follow- up visual field testing and other parameters, 
such as improvement in grade of papilledema and 
visual quality of life measures, as compared to the 
placebo group. Other potential pharmacologic treat-
ments include furosemide or topiramate, but efficacy 
is less well established for these agents.

Treatment complications or negative side effects 
of acetazolamide use include dysgeusia, nausea, 
vomiting, fatigue, and paresthesias.

Surgical interventions are sought for cases of 
rapid vision loss or those refractory to conserva-
tive treatment measures. Surgical interventions 

carry their own risks and treatment complications. 
Optic nerve sheath fenestration, for example, can 
cause traumatic optic neuropathy or retinal vascu-
lar occlusion. CSF diversion with ventriculoperito-
neal or lumboperitoneal shunting can lead to shunt 
failure (up to 75% at 2 years), infection, or intracra-
nial hypotension. Venous sinus stenting is another 
potential intervention, but carries risks of stent 
thrombosis, stent migration, or vessel perforation.
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Idiopathic Thrombocytopenic  
Purpura (ITP)
Epidemiology and Demographics: Idiopathic throm-

bocytopenic purpura (ITP) occurs in 5/100,000 
children per year. Spontaneous recovery is typical. 
Intracranial hemorrhage occurs in 0.5–1.0% of 
affected children, and half are fatal. The incidence in 
adults is 2/100,000 and spontaneous remission rate 
varies between 5 to 11%.

Disorder Description: Primary ITP involves isolated 
thrombocytopenia due to idiopathic immune 
platelet destruction. Secondary ITP is associated 
with infections, systemic lupus erythematosus, 
lympho proliferative diseases, and drugs, includ-
ing heparin. Patients usually present with insidi-
ous onset of mucocutaneous bleeding, such as easy 
bruising or purpura. On CBC, decreased num-
ber of platelets is found while the other cell lines 
are within normal range. Peripheral blood smear 
shows large platelets.
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Symptoms

Localization site Comment

Cerebral 
hemispheres

Thrombocytopenia increases the risk 
of intracranial hemorrhage, either 
spontaneous or traumatic. Based on the 
site where hemorrhage occurs, various 
neurologic symptoms can be seen. 
Commonly, patient complains of sudden 
onset headache with neurologic symptoms. 
(See also entries for Intracranial Hemorrhage, 
Subdural Hematoma, and Subarachnoid 
Hemorrhage)

Mental status 
and psychiatric 
aspects/
complications

If the hemorrhage is large, especially when 
it produces midline shift, this can suppress 
cerebral cortex broadly and lead to altered 
mental status. Thalamic or brainstem 
hemorrhage can also cause mental status 
change regardless of the hematoma size

Brainstem Brainstem hemorrhage occurs rarely, but 
is usually fatal. Patients typically show 
highly localized cranial nerve symptoms 
such as diplopia, facial weakness, or 
vertigo, with change in mental status. If it 
expands to medulla, respiratory failure will 
occur

Cerebellum Cerebellar hemorrhage can occasionally 
happen and produces localized symptoms 
such as ataxia, vertigo, or oscillopsia. If the 
hemorrhage is big enough to compress 
the 4th ventricle, it leads to acute non- 
communicating hydrocephalus with high 
risk of hernation

Cranial nerves Cranial nerve dysfunctions can be seen as a 
part of brainstem hemorrhage but rarely in 
isolation

Treatment Complications: Steroid therapy is used as first-
line treatment in ITP. Long- standing use of steroid 
can induce myopathy. Intravenous immunoglobu-
lin (IVIG) is also chosen frequently for ITP treat-
ment. IVIG may increase risk of venous thrombosis, 
including dural sinus thrombosis.
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Illness Anxiety Disorder (Hypochondriasis)
Epidemiology and Demographics: Occurs at rate of 3 mil-

lion per year in United States. Prevalence in com-
munity setting is 1.8–10% with equal predominance 
in males and females. Onset is typically in early to 
mid adulthood.

Disorder Description: Marked by excessive preoccupation 
around having or getting an illness. As per DSM- 5 
criteria, physical symptoms, when present, are often 
mild. If there is an existing underlying medical con-
dition or risk of one, the preoccupation is dispro-
portionately higher than expected. There is high 
anxiety about health, often manifesting as frequent 
health- related behaviors (such as repeatedly exam-
ining self or researching disorders) or avoidance of 
medical care. Must be present for 6 months and not 
better explained by another psychiatric disorder.

Risk factors may include history of childhood 
abuse, significant illness as a child, threat of serious 
illness that did not end up manifesting, and family 
member with serious illness. Course tends to be 
chronic and relapsing. Rates similar cross-culturally.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Anxiety, excessive worry, or rumination. 
When comorbid with depressive, anxiety, 
or somatic symptom disorder, may have 
clinical features of those illnesses

Secondary Complications: Excessive health care utiliza-
tion (or avoidance of care) with potential desensiti-
zation by providers. Iatrogenic complications from 
repeated testing and procedures. Impairment in 
social and occupational realms.

Treatment Complications: Supportive psychotherapy and 
cognitive behavioral therapy found to be helpful, as 
well as treatment of psychiatric comorbidity when 
present.
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Infantile Spasms
Epidemiology and Demographics: Majority of cases are 

between 3 and 7 months of age, ranging from a 
few weeks old to >3 years of age. Incidence about 
1/2000–4000 live births.

Disorder Description: Seizure type described as sudden, 
bilateral, and symmetric contractions of neck, 
trunk, and extremity muscles. Seizures often occur 
in clusters and may be subtle enough to cause delay 
in diagnosis. Ictal EEG during spasms shows a 
high- amplitude slow wave correlating with the 
spasm, then a diffuse electrodecremental response. 
Infantile spasms with hypsarrhythmia and psy-
chomotor delay is known as West syndrome. 
Hypsarrhythmia is a disorganized interictal EEG 
pattern with high- voltage multifocal spike wave 
discharges.

Symptomatic etiologies include: hypoxic 
ischemic encephalopathy, stroke, cortical dys-
plasia, tuberous sclerosis, meningoencephali-
tis, TORCH (Toxoplasmosis, Other [syphilis,  
varicella- zoster, parvovirus B19], Rubella, 
Cytomegalovirus [CMV], and Herpes infections) 
infections, trauma, chromosomal abnormalities 
(Down syndrome), or metabolic causes. Idiopathic 
cases occur, with better long- term prognosis. 
Treatments include adrenocorticotropic hormone 
(ACTH) and vigabatrin.

Symptoms

Secondary Complications: Neurodevelopmental delays 
and evolution to Lennox–Gastaut syndrome are 
common. Death in a third of patients by age 3 years.

Treatment Complications: ACTH may have side effects 
of hypertension, immune suppression, electrolyte 
imbalance, gastrointestinal disturbances, ocular 
opacities, hypertrophic cardiomyopathy, cerebral 
atrophy, growth impairment, and rarely, death.  
Vigabatrin treatment may cause irreversible 
retinal dysfunction and concentric visual field 
constriction.
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Infective Endocarditis
Epidemiology and Demographics: The incidence of 

infective endocarditis (IE) is less than 10 cases per 
100,000 person- years, and males are more likely to 
be seen with IE than women.

Disorder Description: Many pathogenic bacteria and 
fungi may cause infective endocarditis, an infection 
of the heart tissue, but gram- positive cocci bacteria 
are the most common pathogens involved. IE is seen 
most often in the mitral valve and aortic valve, and 
a regurgitant valve is more susceptible to infections 
than a stenotic valve. Further circumstances that 

Localization site Comment

Cerebral 
hemispheres

Ictal spasms with abrupt flexor or extensor 
contraction of the axial muscles and limbs
EEG with interictal hypsarrhythmia, 
and high- amplitude slow wave with 
electrodecremental response during spasms
MRI abnormalities depend on underlying 
etiology

Localization site Comment

Mental status 
and psychiatric 
aspects/
complications

Developmental regression
Neurocognitive impairments in up to 
70–90% of patients. Prognosis better for 
earlier treated infants with good response to 
therapy and no delays prior to onset

Cranial nerves Auditory or visual abnormalities in up to 
33–50% of patients
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contribute to a risk of IE include congenital heart 
disease (excluding bicuspid aortic valve disease), 
a history of IE, history of intravenous drug abuse, 
diabetes mellitus, immunosuppressive therapy, and 
history of invasive dental procedures. Patients with 
artificial heart valves are also more prone to IE as 
pathogens are more likely to attach to a prosthetic 
heart valve.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Embolic/microembolic cerebral infarction 
may occur, which may impair cortical 
and subcortical function. In addition, 
endocarditis may result in patients with 
aortic regurgitation/stenosis (see entries for 
Aortic Regurgitation and Aortic Stenosis for 
their specific nervous system sequelae)

Mental status 
and psychiatric 
aspects/
complications

May result in focal lesions as well as diffuse 
microemboli resulting in significant 
nervous system deficits including effects on 
speech and movement, disorientation, and 
dementia

Brainstem Same as above

Cerebellum Same as above

Vestibular system 
(and non- specific 
dizziness)

Same as above

Base of skull Same as above

Secondary Complications: Destruction of the valves 
with worsening regurgitation, heart failure, valvu-
lar abscess of the infection, and embolic events are 
often seen early in the natural history of IE.

Treatment Complications: High risk of embolic event, 
and persistent and unresolved infection despite 
treatment with antibiotics. Surgical interventions 
include excision of infected area and reconstruction 
of damaged structure/valve, and replacement of a 
prosthetic valve may be necessary.
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Influenza
Epidemiology and Demographics: Influenza is an acute 

respiratory illness caused by influenza A or B 
viruses that occurs in outbreaks and epidem-
ics worldwide, mainly during the winter season 
(which is different in the Southern and Northern 
Hemispheres). Dry air may dehydrate mucous 
membranes, preventing effective expulsion of the 
virus and cold temperature promote longer sur-
vival of the virus. Increased travel and increased 
indoor stay may promote the transmission of the 
virus in the colder season.

Disorder Description: The most common symptoms 
include high fever, runny nose, sore throat, muscle 
pains, headache, coughing, and fatigue. These symp-
toms typically begin a couple of days after exposure 
to the virus and most last less than a week. Infection 
can be transmitted via droplets through sneezing 
and coughing. Older adult patients may not have 
the typical symptoms, fever may be absent, and gen-
eral symptoms such as anorexia, malaise, weakness, 
and dizziness may predominate. Gastrointestinal 
illness, such as vomiting and diarrhea, is usually 
not part of influenza infections in adults but can 
occur in 10–20% of influenza infections in chil-
dren. Pneumonia is the most common complica-
tion of influenza. Central nervous system (CNS) 
complications include encephalopathy, encepha-
litis, Guillain–Barré syndrome, transverse myeli-
tis, and aseptic meningitis. Other complications 
include myositis and rhabdomyolysis. Specifically, 
in children certain CNS complications such as acute 
necrotizing encephalopathy, febrile seizures, and 
Reye’s syndrome have been described.

Rapid influenza diagnostic tests (RIDTs) are 
immunoassays that can identify the presence of 
influenza A and B viral nucleoprotein antigens in 
respiratory specimens, and display the result in a 
qualitative way. Molecular assays such as RT- PCR 
are recommended for testing hospitalized patients.
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Secondary Complications: Adults at high risk for com-
plications of influenza include residents of nursing 
homes, age more than 65 years, pregnant women, 
patients with diabetes and hemoglobinopathies.

Post-encephalitis morbidity, neurologic seque-
lae, and mortality are high especially with the acute 
necrotizing variant. Death is ascribed to cerebral 
edema/seizures or multiorgan failure.

Kleine–Levin syndrome (rare and complex neu-
rologic disorder characterized by recurring periods 
of excessive amounts of sleep and altered behavior) 
is described in association with influenza infection.

Treatment Complications: Vaccination is an impor-
tant prophylaxis against influenza, decreasing the 

Symptoms

Localization site Comment

Cerebral 
hemispheres

Encephalopathy/encephalitis may be seen as a complication of influenza usually affecting children younger than 
5 years, with neurologic deterioration occurring 1–3 days after onset of influenza symptoms. The most common 
clinical findings of encephalitis are high fever, seizures, intracranial hypertension, altered consciousness, and coma. 
Neuroimaging results in influenza- associated encephalopathy might be normal, but in severe cases, abnormalities can 
include diffuse cerebral edema and bilateral thalamic lesions. Mortality can be as high as 30%. There is a report that novel 
influenza H1N1 is associated with increased risk of encephalopathy syndromes
Reye’s syndrome is not as common with the diminished use of aspirin in children with influenza
Acute necrotizing encephalopathy is a fulminant type of encephalopathy characterized by multiple and symmetric 
brain lesions, affecting the bilateral thalami, and by the involvement of systemic organs leading to disseminated 
intravascular coagulation or multiorgan failure in the severest cases. It is associated with certain genetic predispositions
Acute encephalopathy with biphasic seizures and late reduced diffusion (AESD) is associated with febrile convulsions 
and status epilepticus
Mild encephalitis/encephalopathy with a reversible splenial lesion (MERS) characterized by neurologic symptoms, such 
as delirium, stupor, and seizures, and by the typical MRI finding of a lesion in the splenium of the corpus callosum. More 
common in children between 3 and 8 years of age. Outcome is good in most cases

Mental status 
and psychiatric 
aspects/
complications

Febrile delirium is a common but ill- defined syndrome prevalent among young children with acute febrile diseases. 
Clinically, this condition is a mild impairment of consciousness, manifested with fear, anxiety, disorientation, and 
hallucination, lasting for several minutes or hours

Cerebellum Acute cerebellitis may be seen in children with influenza. It has a good prognosis

Muscle Elevated creatine kinase was seen in about 50% of children and 25% of adults with myalgia
In about 5.5 to 33.9% of children, a specific syndrome referred to as “benign acute childhood myositis,”  presenting with 
sudden- onset calf pain and difficulty walking, with tenderness, swelling of gastrocnemius muscles, soleus, or other 
muscles
Rhabdomyolysis is a rare, potentially fatal syndrome due to the breakdown of skeletal muscle with the rapid release of 
large quantities of potassium, calcium, organic acids, and myoglobin, which can lead to renal tubular toxicity and acute 
renal failure as well as cardiac arrhythmias and compartment syndrome. A review of 300 cases of influenza- associated 
myositis found that only 3% developed rhabdomyolysis; however, among all viruses that cause rhabdomyolysis, 
influenza virus is the most common (42%)

Specific spinal 
roots

Guillain–Barré syndrome

infection rate and preventing severe complications. 
Vaccines are associated with the rare complication 
of Guillain–Barré syndrome.

Neuraminidase inhibitors (oseltamivir, perami-
vir, and zanamivir) have activity against influenza 
A and B viruses (including H1N1), and are recom-
mended for use preferably within the first 24 to 48 
hours of symptom onset. Adverse effects include 
potential bronchospasm with inhaled zanamivir, 
and nausea, vomiting, and headache from oseltam-
ivir. Diarrhea is the most common side effect of 
peramivir.

Neurologic complications are treated sympto-
matically  – anti- seizure medications for seizures, 
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steroids for cerebral edema, and plasma exchange 
or intravenous immunoglobulin for Guillain–Barré 
syndrome.
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Insomnia, Chronic
Epidemiology and Demographics: Chronic insomnia 

occurs in approximately 10% of the population. It is 
more common in females and older adults. It occurs 
more commonly in those with medical or psychiat-
ric disorders, substance use disorders, and of lower 
socioeconomic status.

A history of prior transient episodes of poor 
sleep, difficulty sleeping during stressful times, and 
those who report being light sleepers are predis-
posed to developing chronic insomnia. Anxiety and 
depression as well as restless legs syndrome, gastro-
esophageal reflux, and chronic pain can all be pre-
disposing factors to chronic insomnia. Precipitators 
include major life events such as death of a loved 
one, divorce, job stress, and employment loss.

A familial pattern to chronic insomnia is not 
well documented though the prevalence is higher 
in first- degree relatives and between mothers and 
daughters.

Disorder Description: Chronic insomnia is character-
ized by difficulty initiating or maintaining sleep. 
For diagnosis, symptoms must be present for at 
least 3 months and occur at least 3 times a week. 
Often there are complaints of early wake ups, with 
termination of sleep at least 30 minutes before the 
desired waking time and reduced total sleep time. 
In children there may be resistance to going to sleep 
and difficulty sleeping without caregiver interven-
tion. The degree of sleep disturbance is dependent 
on the subjective sleep complaints by the individ-
ual. In general, sleep onset latency and periods of 
wakefulness after sleep onset are considered to be 
clinically significant when >20 minutes in children 
and young adults and >30 minutes in adults.

There must be an adequate opportunity to sleep 
in an appropriate environment (i.e., quiet, dark, and 
comfortable).

These disruptions to sleep initiation and sleep 
maintenance must result in daytime consequences 
such as sleepiness, fatigue, or functional impairment.

The sleep/wake difficulty cannot better be 
explained by another sleep disorder. A polysomno-
gram is not indicated in the routine evaluation of 
insomnia though it is helpful in evaluating for other 
sleep disorders. Chronic insomnia can occur in iso-
lation or in relation to a mental disorder, medical 
condition, or substance use.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Physiologic hyperarousal during sleep 
and wakefulness – increased heart rate, 
increased cortisol and adrenocorticotropin 
levels, and altered heart rate variability. 
Increased body temperature during NREM 
sleep
Daytime fatigue with lack of energy, 
reduced concentration, attention and 
motivation, memory impairment, and 
irritability

Secondary Complications: Daytime fatigue with lack of 
energy, reduced concentration, attention and moti-
vation, memory impairment, and irritability may 
all be associated with insomnia. Individuals may 
report reduced performance at work or school and 
impaired social functioning. There is an increased 
risk of depression, hypertension, work disability, 
and prolonged use of prescription hypnotics and 
over-the-counter sleep aids.

Treatment Complications: Initial approach to treatment 
includes behavioral therapy with counseling on 
sleep hygiene and stimulus control. Behavioral 
therapies including sleep restriction therapy and 
cognitive behavioral therapy should be considered. 
Treatment of underlying medical conditions, pain, 
or psychiatric disorders that may be contributing to 
insomnia is also imperative.

Medications such as hypnotics (nonbenzodiaze-
pine BZ- receptor agonists zolpidem, zaleplon, and 
eszopiclone; orexin receptor antagonist suvorexant; 
melatonin receptor agonist ramelteon; benzodiaz-
epine hypnotic temazepam) and sedating antide-
pressants (trazadone, mirtazepine) may be used 
alone or in combination with behavioral therapies.

All hypnotics may cause residual daytime som-
nolence with morning performance impairment 
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and rebound insomnia after discontinuation. 
Respiratory suppression may also occur with some 
hypnotics and can worsen obstructive sleep apnea 
and hypoventilation. Complex sleep- related behav-
iors such as somnambulism, driving, and sleep eat-
ing can occur as well. Combination with alcohol or 
another central nervous system depressant can lead 
to overdose and respiratory depression.

Multiple observational studies have found an 
association between long- term use of hypnotics 
and all-cause mortality, although causality has not 
been established. As many patients who use hyp-
notic drugs also have other medical and psychiat-
ric disorders, there are likely multiple confounders 
to these findings. There has yet to be a prospective 
study examining the effects and long- term risk of 
hypnotic use versus placebo or behavioral therapy.
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Insomnia, Short-Term
Epidemiology and Demographics: Short- term insomnia 

has a 1- year prevalence of 15–20%. It is more com-
mon in females and older adults. It occurs more 
commonly in those with medical or psychiatric dis-
orders, substance use disorders, and of lower socio-
economic status.

Predisposing Factors: A history of prior transient episodes 
of poor sleep, difficulty sleeping during stressful 
times, and those who report being light sleepers pre-
disposes to development of insomnia. Precipitators 
include major life events such as death of a loved one, 
divorce, job stress, and employment loss.

Disorder Description: Short- term insomnia is character-
ized by difficulty initiating or maintaining sleep. For 
diagnosis, symptoms must be present for less than 
3 months and less than 3 nights a week. Often there 
are complaints of early wake ups, with termination 
of sleep at least 30 minutes before the desired wak-
ing time and reduced total sleep time. The degree 
of sleep disturbance is dependent on the subjec-
tive sleep complaints by the individual. In general, 
sleep onset latency and periods of wakefulness after 
sleep onset are considered to be clinically significant 
when >20 minutes in children and young adults and 
>30 minutes in adults. There must be an adequate 
opportunity to sleep in an appropriate environment 
(i.e., quiet, dark, comfortable).

These disruptions to sleep initiation and sleep 
maintenance must result in daytime consequences 
such as sleepiness, fatigue, or functional impairment.

The sleep/wake difficulty cannot better be 
explained by another sleep disorder.

Symptoms

Localization site Comment

Brainstem, cerebral 
cortex

Increased metabolic activity in 
the pontine tegmentum and in 
thalamocortical networks in a frontal, 
anterior temporal, and anterior 
cingulate distribution

Mental status and 
psychiatric aspects/
complications

Physiologic hyperarousal during 
sleep and wakefulness – increased 
heart rate, increased cortisol and 
adrenocorticotropin levels, and altered 
heart rate variability. Increased body 
temperature during NREM sleep
Daytime fatigue with lack of energy, 
reduced concentration, attention and 
motivation, memory impairment, and 
irritability

Secondary Complications: Daytime fatigue with lack of 
energy, reduced concentration, attention and moti-
vation, memory impairment, and irritability may 
all be associated with insomnia. Individuals may 
report reduced performance at work or school and 
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impaired social functioning. There is an increased 
risk of depression, hypertension, work disability, 
and use of prescription hypnotics and over-the-
counter sleep aids.

Treatment Complications: Initial approach to treatment 
includes behavioral therapy with counseling on 
sleep hygiene and stimulus control. Treatment of 
underlying medical conditions, pain, or psychiatric 
disorders that may be contributing to insomnia is 
also imperative.

Short-term use of hypnotic medications such 
as nonbenzodiazepine BZ- receptor agonists zolpi-
dem, zaleplon, and eszopiclone, orexin receptor 
antagonist suvorexant, melatonin receptor angonist 
ramelteon, and benzodiazepine hypnotic temaz-
epam may be used alone or in combination with 
behavioral therapies. Over-the-counter hypnotics 
such as antihistamines may be considered.

All hypnotics may cause residual daytime som-
nolence with morning performance impairment 
and rebound insomnia after discontinuation. 
Respiratory suppression may also occur with some 
hypnotics and can worsen obstructive sleep apnea 
and hypoventilation. Complex sleep- related behav-
iors such as somnambulism, driving, and sleep eat-
ing can occur as well. Combination with alcohol or 
another central nervous system depressant can lead 
to overdose and respiratory depression.

Multiple observational studies have found an 
association between long- term use of hypnotics 
and all-cause mortality, although causality has not 
been established. As many patients who use hyp-
notic drugs also have other medical and psychiat-
ric disorders, there are likely multiple confounders 
to these findings. There has yet to be a prospective 
study examining the effects and long- term risk of 
hypnotic use versus placebo or behavioral therapy.
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Insufficient Sleep Syndrome
Epidemiology and Demographics: All ages and both sexes 

are affected. A higher frequency occurs in adoles-
cents who have increased sleep requirements, but 
due to a tendency toward delayed sleep time and 
societal pressure for early wake up times, will obtain 
inadequate sleep. No familial pattern is known.

Disorder Description: Patient’s sleep time as determined 
by history, sleep logs, and/or actigraphy is usually 
shorter than expected for age. This results in exces-
sive daytime somnolence. Extension of total sleep 
time results in resolution of these symptoms.

Associated symptoms include irritability, defi-
cits in concentration, reduced vigilance, dysphoria, 
malaise, and anergia.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Irritability, deficits in concentration, 
reduced vigilance, dysphoria, and 
anergia

Secondary Complications: Increased daytime sleepiness, 
inability to concentrate, and low energy levels may 
lead to social dysfunction and impact employment 
and school performance. Stimulant abuse, motor 
vehicle accidents, and injuries may occur.

Insufficient sleep has been associated with 
increased prevalence of obesity, diabetes, and 
hypertension.

Treatment Complications: Treatment goal is to increase 
total sleep time.
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Intensive Care Unit (ICU) Psychosis (and 
Postoperative Psychosis)
Epidemiology and Demographics: The prevalence of delir-

ium in medical and surgical intensive care unit 
(ICU) settings has varied from 20 to 80% in studies.

Disorder Description: See also entry for Delirium.
DSM-5 describes delirium as a disturbance in 

attention and cognition over a short period of time. 
ICU psychosis is a phrase used by many clinicians 
to describe delirium in the context of an acutely ill 
patient, often in a medical or surgical ICU setting. 
The American Psychiatric Association and many 
experts recommend that the term “delirium” be 
used uniformly to describe this disturbance, regard-
less of setting. Factors that are believed to play a part 
in this are: sensory deprivation (being placed in a 
room without windows, and away from friends/
family), sensory overload (machines that create 
noise day and night), pain (uncontrolled specifi-
cally), sleep deprivation, disruption of the normal 
day–night rhythm, pre- existing cognitive impair-
ment, advanced age, psychoactive drugs (such as 
opiates), prolonged immobilization, and loss of 
control over their lives that patients feel while in 
ICU. One patient in every three who spends more 
than 5 days in an ICU experiences some form of 
psychotic reaction. More recently, it was shown that 
40% of older ICU patients had ongoing delirium 
during the post- ICU period and that almost 20% of 
elderly patients had delirium at the time of admis-
sion to subacute facilities.

Differential Diagnosis: See entry for Delirium.
Secondary Complications: In medical ICU patients, delir-

ium is associated with adverse outcomes and hos-
pital stay complications, increased healthcare costs, 
and mortality. Self- extubation, removal of cathe-
ters, and failed extubation are more common in ICU 
patients with delirium. Delirium in ICU patients 
was also predictive of neurocognitive decline 1–3 
years after hospital discharge.

Treatment Complications: Typical and atypical antipsy-
chotics including haloperidol and olanzapine have 
been successful in treatment studies of delirium 
in the ICU setting, albeit lacking placebo control 
groups. Side effects of typical antipsychotics include 
the extrapyramidal side effects including parkin-
sonism (mask- like facies, bradykinesia, cogwheel 
rigidity, pill- rolling tremor), akathisia, and dysto-
nia. Other side effects include hyperprolactinemia, 

sedation, weight gain, orthostatic hypotension, car-
diac abnormalities, sexual dysfunction, anticholin-
ergic side effects (dry mouth, tachycardia, urinary 
retention, blurry vision, constipation, worsening of 
narrow- angle glaucoma), tardive dyskinesia, and 
neuroleptic malignant syndrome. Atypical antipsy-
chotic side effects are similar, but more frequently 
and to a larger extent include metabolic syndrome, 
weight gain, hyperlipidemia, and hyperglycemia. 
Melatonin has also been shown to be useful, to 
restore the normal sleep cycle and circadian rhythm. 
This has been helpful to reduce “sundowning” in 
patients (being more confused at night as part of the 
delirium).

Besides anti- psychotic medication, some non- 
pharmacologic interventions are helpful. These 
are frequent re- orientation by the staff, keeping the 
lights on during the daytime, and having the clock 
visible to the patient. These interventions in addi-
tion to pharmacologic therapy can decrease the 
length of delirium.
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Intermittent Explosive Disorder
Epidemiology and Demographics: Intermittent explosive 

disorder (IED) has an annual prevalence in the US 
population of approximately 2.7%. It is more prev-
alent among younger individuals (<40 years) and 
those with a high school education or less. Some 
studies have shown increased prevalence among 
males, but others have shown no difference between 
genders. IED is an impulse control disorder and the 
hallmark of IED is “reactive aggression” as opposed 
to “proactive aggression.” Reactive aggression is 
when the individual acts out impulsively when faced 
with a situation that induces anger or frustration, 
e.g., a teenager who is angry with his teacher for 
setting limits “blows up” and throws a chair at the 
teacher. His impulsivity keeps him from acknowl-
edging the consequences of this action.

It is important to note that irritability is a fre-
quent indicator of mood disorders such as depres-
sion and bipolar disorder. Especially in children 
and the elderly, anger and irritability is a common 
presenting symptom of depression. It is essential to 
rule out comorbid psychiatric conditions through a 
thorough psychiatric assessment.

Disorder Description: As per DSM- 5, IED can be 
defined as:
 A. Recurrent behavioral outbursts representing a 

failure to control aggressive impulses as mani-
fested by either of the following:
 i. Verbal aggression (e.g., temper tantrums, 

tirades, verbal arguments), physical aggres-
sion toward property, animals, or other  
individuals, occurring twice weekly, on 
average, for a period of 3 months. The phys-
ical aggression does not result in damage or 
destruction of property and does not result in 
physical injury to animals or other individuals.

 ii. Three behavioral outbursts involving 
damage or destruction of property and/or 
physical assault involving physical injury 
against animals or other individuals occur-
ring within a 12- month period.

 B. The magnitude of aggressiveness expressed 
during the recurrent outbursts is grossly out of 
proportion to the provocation or to any precip-
itating psychosocial stressors.

 C. The recurrent aggressive outbursts cause 
either marked distress in the individual or 
impairment in occupational or interpersonal 

functioning, or are associated with financial or 
legal consequences.

 D. Chronologic age is at least 6 years (or equiva-
lent developmental level).

 E. The recurrent aggressive outbursts are not bet-
ter explained by another mental disorder (e.g., 
major depressive disorder, bipolar disorder, 
disruptive mood dysregulation disorder, a psy-
chotic disorder, antisocial personality disorder, 
borderline personality disorder) and are not 
attributable to another medical condition (e.g., 
head trauma, Alzheimer’s disease) or to the 
physiologic effects of a substance (e.g., a drug 
of abuse, a medication). For children aged 6–18 
years, aggressive behavior that occurs as part of 
an adjustment disorder should not be consid-
ered for this diagnosis.

Differential Diagnosis: Differential diagnosis should 
include disruptive mood regulation disorder, anti-
social personality disorder, delirium, major neu-
rocognitive disorder, and personality change due 
to another medical condition (aggressive type), 
attention- deficit hyperactivity disorder (ADHD), 
conduct disorder, oppositional defiant disorder, and 
autism spectrum disorder.

In contrast to intermittent explosive disorder, 
disruptive mood dysregulation disorder is charac-
terized by a persistently negative mood state most 
of the day nearly every day in between explosive 
outbursts.

In antisocial personality disorder any impulsive 
or aggressive outbursts tend to be much lower in 
intensity and severity than in intermittent explo-
sive disorder. The hallmark of antisocial personal-
ity disorder is proactive aggression where acts are 
planned, contemplated, and executed.

In delirium, major neurocognitive disorder, and 
personality changes due to another medical condi-
tion, there may be aggressive or impulsive outbursts. 
However, these outbursts are secondary to the other 
mental condition. The aggression usually resolves 
when the underlying medical cause is addressed.

In substance or medication intoxication or with-
drawal, impulsive or aggressive outbursts occur 
secondary to intoxication or withdrawal from a 
substance. Such substances include alcohol, phen-
cyclidine (PCP), cocaine and other stimulants, bar-
biturates, and inhalants among many others. The 
onus is on the clinician to stay up to date on the latest 
drugs on the streets, for example, K2 or bath salts. 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.009
https://www.cambridge.org/core


Internal Iliac Artery Ischemia

307

Websites such as www.Erowid.org can help one to 
stay abreast with the latest substances in use.

In ADHD, conduct disorder, oppositional defi-
ant disorder, and autism spectrum disorder, indi-
viduals may also have impulsive or aggressive 
outbursts. Individuals with ADHD are typically 
impulsive, and may thus exhibit impulsive aggres-
sive outbursts. Aggression associated with ADHD 
typically remits with ADHD treatment. Individuals 
with conduct disorder may also exhibit impulsive 
aggressive outbursts, but the form of aggression, as 
in antisocial personality disorder, is proactive and 
predatory. Aggression in oppositional defiant dis-
order is typically characterized by temper tantrums 
and arguments with authoritative figures, whereas 
outbursts in IED occur in a much broader context.

Secondary Complications: IED can lead to social, finan-
cial, occupational, and legal problems. Depressive 
disorders, anxiety disorders, and substance use dis-
orders are frequently comorbid with intermittent 
explosive disorder.

Treatment Complications: Treatment usually consists of 
psychotherapy and/or medications.

Psychotherapy may utilize a cognitive- behavioral 
approach. If legal issues are frequent, the patient 
may require mandated treatment.

Commonly used medications include selective 
serotonin reuptake inhibitors (SSRIs) and anti-
convulsant mood- stabilizers in refractory cases. 
Antipsychotic medications may also be efficacious. 
In emergency settings, high- potency antipsychotics 
such as haloperidol are usually combined with ben-
zodiazepines such as lorazepam for the treatment of 
acute agitation.

SSRI side effects include nausea, diarrhea, 
insomnia, headache, anorexia, weight loss, sexual 
dysfunction, restlessness (akathisia- like), serotonin 
syndrome (fever diaphoresis, tachycardia, hyper-
tension, delirium, neuromuscular excitability), 
hyponatremia, and seizures (0.2%).

Anticonvulsant mood stabilizers may be used in the 
treatment of IED that is refractory to SSRIs. Valproic 
acid, oxcarbazepine, or carbamazepine may be uti-
lized. Levetiracetam should be avoided in patients 
with aggression, mood disorders, or suicidality.
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Internal Iliac Artery Ischemia
Epidemiology and Demographics: Internal iliac artery 

ischemia is caused by internal iliac artery stenosis 
(IIAS). Incidence and prevalence of IIAS have not 
been established in the general population. IIAS is 
often associated with common iliac artery stenosis. 
The major etiology is atherosclerosis. The internal 
iliac artery may be ligated intentionally to control 
severe pelvic bleeding.
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Disorder Description: The main symptom of IIAS is clau-
dication at lower back, hip, buttock, or thigh, which 
is called proximal claudication (or buttock claudica-
tion). As a vascular claudication, symptoms are typ-
ically induced by ambulation and rapidly fade with 
rest, but it can be variable and mimick non- vascular 
claudication. Pain may appear when IIAS is severe.

Symptoms

Localization site Comment

Plexus Acute lumbosacral plexopathies have been 
reported after surgical internal iliac artery 
clamping, especially in older patients with 
known vascular disease. Acute burning pain 
in the affected limb with multiple peripheral 
neuropathies is more common than isolated 
mononeuropathy

Muscle Ischemic myopathy may occur to the 
muscles served by the internal iliac artery 
(iliopsoas and quadratus lumborum). 
Patients may experience weakened hip 
flexion on the affected side

Secondary Complications: No clear secondary complica-
tions have been reported.

Treatment Complications: Endovascular angioplasty and 
stenting is the treatment of choice. The most com-
mon procedural complication is a small dissection 
near the internal iliac artery. Although there is a 
theoretical risk of thrombosis, no severe neurologic 
complications have been reported.
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Intra-arterial Injections
Epidemiology and Demographics: Most drugs are deliv-

ered intravenously. Rarely, intra- arterial injec-
tions may occur inadvertently, most commonly in 
the antecubital fossa, where branches of ulnar and 
brachial arteries are superficial and easily entered. 

There are no clear epidemiologic data on intra- 
arterial injection.

Disorder Description: The initial symptom of an intra- 
arterial injection is an immediate severe burn-
ing pain radiating distally from the injection site. 
Thereafter, various peripheral sensory and motor 
dysfunctions follow. Pathophysiologic mechanism 
remains unclear. Several theories have been pro-
posed, such as endothelial inflammation, thrombo-
sis, high osmolality, and norepinephrine- induced 
vasoconstriction. All proposed mechanisms involve 
tissue ischemia distal to the injection site.

Symptoms

Localization site Comment

Peripheral 
neuropathy

Ischemic polyneuropathy can be 
induced, especially distal to the injection 
site. Uncomfortable paresthesias occur 
immediately after injection. Further pain will 
develop as a part of compartment syndrome

Muscle Ischemic myopathy can occur due to 
occlusion of distal arteries from injection- 
induced thrombosis. Muscle weakness and 
involuntary muscle contracture have been 
reported

Secondary Complications: Few data are available on sec-
ondary complications.

Treatment Complications: Because of the incomplete 
understanding of the pathophysiology, specific 
treatment algorithms have not been developed. 
Removal of the intra- arterial catheter and anticoag-
ulation is commonly proposed treatment. However, 
anticoagulation can increase the risk of hemor-
rhage, especially for the patients who already have 
had a large acute stroke.
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Intracranial Atherosclerosis
Epidemiology and Demographics: Intracranial athero-

sclerosis is one of the major etiologies of ischemic 
stroke. In the United States, it causes 50,000 strokes 
annually. Non- Caucasians have higher rates of 
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intracranial atherosclerosis than Caucasians. 
Conversely, Caucasians have higher rates of extra-
cranial atherosclerosis. The prevalence of strokes 
in intracranial atherosclerosis is 3, 13, and 15 per 
100,000 for Caucasians, Hispanics, and African- 
Americans, respectively.

Disorder Description: Atherosclerosis is a narrowing 
and hardening of the arteries, caused by a plaque 
build- up around the arterial walls, especially 
around bifurcations. Over time, the build- up can 
reduce or block blood flow, which leads to tissue 
ischemia. Contributing risk factors include smok-
ing, hypertension, diabetes, hypercholesterolemia, 
and obesity (the metabolic syndrome).

Symptoms

Localization site Comment

Cerebral 
hemispheres

Intracranial atherosclerosis is a major cause 
of ischemic stroke. This more commonly 
affects large arteries than small arterioles. 
Transient blood flow reduction due to high- 
grade stenosis or platelet plugging can 
cause transient ischemic attack. Complete 
occlusion of major vessels causes highly 
localized neurologic symptoms related to 
the occluded vascular territory. (See other 
stroke- related entries in this book)

Mental status and 
psychiatric aspects/
complications

Major vessel occlusion, especially middle 
cerebral artery, can easily put patients in 
altered mental status. Complete posterior 
cerebral artery (PCA) infarct can also cause 
severe mental status change, by involving 
thalami. (See entry for Middle Cerebral Artery 
Occlusion)

Brainstem Brainstem infarct is associated with 
intracranial atherosclerosis, especially of 
the vertebral or basilar arteries. If the basilar 
artery is involved, this can lead to ischemic 
stroke of bilateral PCA, superior cerebellar 
artery (SCA), and anterior inferior cerebellar 
artery (AICA) territory

Cerebellum Again, if the basilar artery is occluded, the 
SCA or AICA territory is at risk of infarction, 
including the upper and middle portions of 
the cerebellum

Cranial nerves Cranial nerve symptoms usually occur as a 
part of brainstem stroke

Secondary Complications: Atherosclerosis can also occur 
in extracranial arteries. If proximal extra cranial 
vessels (e.g., ICA) have narrowed and the patient 

experiences a sudden drop in blood pressure, this 
can induce watershed infarcts ipsilaterally. These 
patients have higher risk of ischemic heart disease 
and peripheral arterial disease.

Treatment Complications: Mainstay of atherosclerosis 
treatment is daily low- dose aspirin, cholesterol- 
lowering medications (statins), and lifestyle modifi-
cation. Long- term usage of statins may increase risk 
of statin- induced myopathy. Aspirin may increase 
the risk of mucocutaneous bleeding slightly.
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Intravascular Malignant Lymphomatosis
Epidemiology and Demographics: It is a rare malignancy 

and hence the true incidence is unknown. Most of 
the literature is from case series and case reports. 
Median age at diagnosis is in the sixth to seventh 
decades; there is no sex predilection.

Disorder Description: Intravascular lymphomatosis is a 
rare neoplastic disorder due to malignant prolifer-
ation of lymphocytes occurring exclusively in the 
vessels. Central nervous system and skin involve-
ment are common. There are multiple small- and 
large- vessel occlusions by neoplastic cells.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Seizures and stroke- like episodes, gait 
disturbance with asymmetric lower limb 
weakness (left > right), urinary retention, 
and diffuse headache

Mental status and 
psychiatric aspects/
complications

Dementia (most common symptom) and 
delirium

Cerebellum Ataxia (cerebellar infarctions)

Spinal cord Progressive urinary retention and weakness 
(spinal cord infarction due to occlusion of 
vessels with large lymphoma cells)
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Treatment Complications: R- CHOP regimen (rituximab, 
cyclophosphamide, doxorubicin, vincristine, and 
prednisone) is used for treatment. This can result 
in cardiomyopathy, neuropathy, and pulmonary 
complications such as Pneumocystis jirovecii pneu-
monia, drug- induced interstitial fibrosis, and pul-
monary tuberculosis.
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Intraventricular Hemorrhage (IVH)
Epidemiology and Demographics: Primary intraventicu-

lar hemorrhage (IVH) is uncommon, accounting 
for 3% of all spontaneous hemorrhages. Secondary 
IVH, which is an extension of blood from intra-
cerebral hemorrhage (ICH) or subarachnoid hem-
orrhage (SAH), is more common. Incidence of 
secondary IVH lies between 19.1% and 55.26% 
among 12 retrospective and prospective trials.

Disorder Description: IVH is an extension of intracranial 
hemorrhage into the ventricles and can happen early 
or late in the sequence of events. Data demonstrate 
that the amount of blood in the ventricles relates 

directly to the clinical outcome. Patients always 
have symptoms of SAH or ICH with the symptoms 
described below.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Blood in the ventricles may clot and 
obstruct CSF outflow. This can lead to 
hydrocephalus and increased intracranial 
pressure, which produces disorientation, 
confusion, headache, nausea, and vomiting

Brainstem Blood in the ventricles circulates with CSF, 
and tends to clot and obstruct CSF outflow. 
If it occludes the foramen of Magendie or 
Luschka, the aqueduct of Sylvius, or the 4th 
ventricle, the hematoma can compress the 
brainstem, leading to cranial neuropathies, 
altered consciousness, and respiratory 
compromise

Cerebellum Cerebellum can be compressed by 
hematoma in 4th ventricle with symptoms 
such as ataxia, dysmetria, or oscillopsia

Cranial nerves Isolated cranial nerve abnormalities are 
uncommon. CN III and VI are the most 
commonly affected nerves, due to 
stretching across the basilar skull surface. 
These are important “false localizing” signs

Secondary Complications: Most patients become bed- 
bound for a long time, which can increase risk of 
deep vein thrombosis, pneumonia, urinary tract 
infections, and muscular atrophy.

Treatment Complications: Classical ventriculostomy is 
the treatment of choice if obstructive hydrocephalus 
occurs secondary to IVH. Similar to other neurosur-
gical procedures, this can mildly increase risk of intra-
cranial hemorrhage or infection and, less commonly, 
injury to the neural tissues near the surgical site.
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Iron Deficiency
Epidemiology and Demographics: Iron deficiency anemia 

is present in 1–2% in the United States. In developed 
countries, iron deficiency without anemia is more 
common, occurring in as many as 10% of women.

Localization site Comment

Dorsal root ganglia Dysesthesia (occlusion of parenchymal 
small vessels of dorsal root ganglia with 
large lymphoma cells)

Specific spinal roots Polyradiculopathy (occlusion of 
parenchymal small vessels of spinal roots 
with large lymphoma cells)

Muscle Lower motor neuron (LMN) type of 
weakness (tumor cells were also identified 
at targets in between nerve roots and 
muscles)
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Disorder Description: Primary cause of iron deficiency 
in developed countries is blood loss. Decreased 
iron intake is a more common cause in developing 
regions. Decreased iron absorption is an uncommon 
cause but can occur in malabsorption syndromes. 
Iron is used not only in hemoglobin formation but 
also is essential in multiple cellular processes, hence 
deficiency results in neurologic symptoms. In non- 
inflamed states, total body iron stores are best meas-
ured by serum ferritin levels rather than absolute 
blood iron levels.1

Symptoms

Localization site Comment

Unclear 
localization

Pica – appetite for non- food items such as 
ice, dirt, or paper. Restless leg syndrome 
characterized by discomfort in legs at rest 
resolved with movement. Fatigue and 
difficulty concentrating are common. 
Unusual eating behaviors of pregnancy may 
be related to relative iron deficiency

Secondary Complications: Increased risk of preterm labor 
during pregnancy. Iron deficiency may be associ-
ated with worsening heart failure.

Treatment Complications: The benefit of treating asymp-
tomatic iron deficiency for fatigue is unclear. In areas 
with endemic malaria, iron supplementation may 
increase susceptibility to malaria (the Plasmodium 
parasite is less efficient at infecting iron- deficient 
erythrocytes).

Reference
 1. Camaschella C. Iron-deficiency anemia. N Engl J 

Med. 2015;372:1832–43.

Irregular Sleep–Wake Rhythm Disorder
Epidemiology and Demographics: There is no known sex 

predominance. The disorder may occur at any age. 
Compared with the general population, irregular 
sleep–wake rhythm disorder (ISWRD) is commonly 
observed in patients with neurodegenerative dis-
orders, psychiatric disorders, and in children with 
developmental disorders. Patients with Alzheimer’s 
disease, Parkinson’s disease, and Huntington’s dis-
ease, children with developmental disorders such 
as autism, Asperger’s syndrome, or pervasive devel-
opmental disorders not otherwise specified, and 

patients with schizophrenia are the most commonly 
reported to have ISWRD. Poor sleep hygiene and 
lack of exposure to zeitgebers may predispose to the 
development of ISWRD.

Disorder Description: Patients with ISWRD lack a 
defined circadian rhythm of sleep and wake. They 
tend to have fragmented sleep with the longest 
bouts of sleep being 2–4 hours in duration. Often 
these patients take multiple naps throughout the 
daytime to make up for decreased sleep time at 
night. Symptoms may include insomnia and exces-
sive sleepiness; however, this will vary based upon 
their particular sleep–wake pattern. Patients pres-
ent with complaints of difficulty initiating sleep, 
trouble awakening in the morning, and excessive 
daytime sleepiness. The abnormalities of ISWRD 
are thought to be multifactorial in origin, including 
decreased visual input to the suprachiasmatic nuclei 
and lack of a strong day–night rhythm in the institu-
tionalized environment.

Diagnosis of irregular sleep–wake rhythm disor-
der is made if the patient meets the following cri-
teria: (1) there is a chronic or recurrent pattern of 
irregular sleep and wake episodes throughout the 
24- hour period with symptoms of insomnia dur-
ing the scheduled sleep period or excessive daytime 
sleepiness or both; (2) the symptoms are present for 
≥3 months; (3) sleep log and when possible actigra-
phy for ≥7 days demonstrates no major sleep period 
and ≥3 irregular sleep bouts during a 24- hour 
period; and (4) the sleep disturbance is not better 
explained by another disorder or medication.

Sleep logs and actigraphy are key instruments 
and 7–14 days of data are needed to ensure that 
working and non- working days are included. 
Although not necessary, biologic markers of endog-
enous circadian timing such as salivary or plasma 
dim light melatonin onset can provide important 
information.

Symptoms

Localization site Comment

Cerebral hemispheres The main site of the 
endogenous circadian rhythm 
is in the suprachiasmatic nuclei

Mental status and psychiatric 
aspects/complications

In adolescents may present 
with school absences, chronic 
tardiness, and academic failure
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Secondary Complications: In the elderly there is an 
increased risk of nocturnal wandering and falls.

Treatment Complications: The approach to patients 
with ISWRD must be individualized and different 
approaches should be taken in the population of 
elderly adults with dementia compared with chil-
dren and adolescents with neurologic disorders. 
For the elderly with dementia, studies involving 
light therapy in the morning to consolidate sleep 
and improve behavior have had mixed results. The 
American Academy of Sleep Medicine (AASM) 
recommends against the use of sleep- promoting 
medications, melatonin or melatonin agonists, and 
combination treatments in this population. For 
children and adolescents with neurologic disorders, 
the ASSM recommends timed oral administration 
of melatonin or melatonin agonists.
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Ischemic Demyelination
Epidemiology and Demographics: Ischemic white matter 

lesions are present in Binswanger disease, migraine, 
and CADASIL (cerebral autosomal dominant arte-
riopathy with subcortical infarcts and leukoenceph-
alopathy). Ischemic white matter lesions also have 
an association with intracerebral hemorrhage.

Prevalence of Binswanger disease is 1.2–4.2% in 
patients over the age of 65. There are no consistent 
data on gender predilection.

Migraine is most common between the ages of 30 
and 39. Prevalence is 24% in women and 7% in men.

The prevalence of CADASIL is 2/100,000. The 
age of onset is typically adulthood, and men and 
women are equally affected.

Prevalence of amyloid angiopathy is 2.3% for 
65–74, 8% for 75–84, and 12.1% for more than 85 
years old. There is no strong predilection for gender.

Disorder Description: Binswanger disease, also known 
as subcortical arteriosclerotic encephalopathy, is 
associated with extensive microvascular ischemic 
changes or white matter lesions due to hypertension. 
It is associated with cognitive decline and cortical 
release signs may be found on exam. CADASIL is an 
autosomal dominant neurologic disorder. It is char-
acterized by stroke- like symptoms, migraine, white 
matter angiopathy in subcortical and periventricu-
lar areas, and dementia as the disease progresses. It 
is diagnosed by genetic testing, which shows a muta-
tion in the Notch3 gene, or by skin biopsy, which 
reveals granular osmiophilic material. Patients with 
migraine can have white matter ischemic changes on 
MRI with no other risk factors. Finally, lobar hem-
orrhage and amyloid angiopathy are associated with 
white matter ischemic change and cognitive decline.

Symptoms

Localization site Comment

Cerebral hemispheres Subcortical infarcts, intracerebral 
hemorrhage, amyloid angiopathy, 
migraine

Mental status and 
psychiatric aspects/
complications

Cognitive decline, encephalopathy, 
dementia

Secondary Complications: Dependency and disability 
due to focal neurologic deficit from intracerebral 
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hemorrhage or infarct and from cognitive decline 
due to dementia and amyloid angiopathy.
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Ischemic Monomelic Neuropathy (IMN)
Epidemiology and Demographics: Ischemic monomelic 

neuropathy (IMN) is a rare condition, although the 
exact incidence is unclear due to lack of adequate 
study.

Disorder Description: IMN involves multiple distal mono-
neuropathies owing to acute arterial occlusion or 
low blood perfusion to an extremity. Both sensory 
and motor nerves are affected. This condition is usu-
ally axonal. The nerves in the distal limb are most 
affected. It is most commonly associated with recent 
surgical procedures, typically arteriovenous fistula 
or dialysis graft formation, arterial catheterization, 
abdominal aneurysm repair, or use of intra- aortic 
balloon pump (IABP). Hypercoagulable states, 
trauma or laceration, intra- arterial injection, cellu-
litis, and peripheral vascular disease are also possi-
ble causes.

Symptoms

Localization site Comment

Mononeuropathy or 
mononeuropathy 
multiplex

Although symptoms can vary depending 
on the location of ischemia, patients 
usually present with acute pain and 
weakness of the distal upper or lower 
extremities. Variable sensorimotor 
deficits are seen as well. Weakness and 
paresthesias occur along the several 
different peripheral nerve distributions

Secondary Complications: Decreased sensation to distal 
extremities can increase the frequency of injury, 
especially burns and infections, at the affected site. 

Particularly in diabetic patients, this can lead to 
uncontrolled infections and sepsis.

Treatment Complications: There is no standard treatment 
algorithm proposed and, therefore, no specific neu-
rologic complications of treatment. When ischemic 
neuropathy is associated with identifiable systemic 
vasculitis or connective tissue disease, immunosup-
pressive therapy can be tried.
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Ischemic Myelopathy (Secondary to Surgery 
or Traumatic Laceration of Aorta)
Epidemiology and Demographics: Spinal cord infarctions 

represent 1% of all strokes and 5% to 8% of acute 
myelopathies, but their precise incidence is unclear, 
and the likelihood of their occurrence varies greatly 
with the clinical situation. There is no sex predomi-
nance. The peak incidence of spinal cord infarction 
is between the sixth and seventh decades. There is 
no major geographic distribution.

Disorder Description: The spinal cord is supplied by 
three main longitudinal arteries: the anterior spinal 
artery and the two smaller posterior spinal arter-
ies. Ischemia typically affects the anterior spinal 
artery territory. The most common location of spi-
nal cord infarction is the lower thoracic cord, and 
the most frequently encountered sensory level is 
at T10. Typically seen after trauma, centrospinal 
infarction can be partially reversible, with recovery 
of leg strength and persistent weakness of the arms, 
in a pattern often referred to as man-in-the-barrel 
syndrome.

Spinal cord infarctions can have multiple causes, 
but aortic surgery is by far the most common. 
Trauma is another common cause.

The diagnosis of spinal cord infarction is pri-
marily clinical. Spinal cord MRI T2- weighted and 
fluid- attenuated inversion recovery sequences will 
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show an infarction that takes the appearance of “owl 
eyes,” reflecting the preferential involvement of the 
ventral gray matter.

Symptoms

Localization site Comment

Spinal cord Most common location of spinal cord 
infarction is the lower thoracic cord
Flaccid weakness below the lesion 
(paraplegia or quadriplegia). Anesthesia or 
hypoesthesia to pain and temperature below 
the lesion. Urinary retention (atonic bladder). 
Constipation (paralytic ileus). Areflexia below 
the lesion. Absent rectal tone. Preservation 
of proprioception and vibration (usually). 
Respiratory failure (with rare midcervical and 
upper cervical infarctions)

Anterior horn cells Muscular atrophy, fasciculation, and areflexia

Specific spinal 
roots

Back or radicular pain at the level of the 
lesion

Secondary Complications: Respiratory failure (with 
rare midcervical and upper cervical infarctions). 
Patients with spinal cord infarction are at high risk 

of secondary systemic complications, especially 
venous thromboembolism, urosepsis, and pressure 
ulcers. Aspiration pneumonia and autonomic dys-
reflexia are additional threats for patients with cer-
vical spinal cord infarction.

Treatment Complications: The treatment of spinal cord 
infarction consists of trying to improve cord per-
fusion through collateral flow. This can sometimes 
be achieved by the combination of hemodynamic 
augmentation and lumbar drainage. No recanaliza-
tion therapy has been formally tested in spinal cord 
infarction.

Complications of hemodynamic augmentation 
are largely fluid overload and are primarily a risk for 
patients with comorbid heart failure.
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Japanese Encephalitis
Epidemiology and Demographics: Japanese encephalitis 

(JE) virus is a flavivirus spread by Culex mosqui-
toes. It is the leading cause of vaccine- preventable 
encephalitis in Asia and the western Pacific, with 
an estimated 68,000 new cases each year. Annual 
incidence of clinical disease within endemic coun-
tries ranges from <1 to >10 per 100,000 popula-
tion. Twenty- four countries in the World Health 
Organization South- East Asia and Western Pacific 
regions have endemic Japanese encephalitis trans-
mission, exposing more than 3 billion people to 
risk of infection. Children are more frequently and 
severely affected. Thirty percent of those affected 
by the virus are adults; males are more frequently 
affected than females.

The case- fatality rate can be as high as 30%. 
Permanent neurologic or psychiatric sequelae can 
occur in 30% to 50% of patients. TLR3 gene poly-
morphism might confer host genetic susceptibility 
to Japanese encephalitis in the Indian population. 
In temperate areas, the virus spreads during the 
warmer months; in tropical areas it spreads during 
the rainy season and pre- harvest period in rice cul-
tivation regions.

Disorder Description: Most JEV infections are mild 
(fever, diarrhea, coryza, rigors, and headache) or 
without apparent symptoms, but approximately 1 
in 250 infections results in severe clinical illness. 
Severe disease is characterized by rapid onset of 
high fever, headache, neck stiffness, disorientation, 
coma, seizures, spastic paralysis, and ultimately 
death. In a proportion of patients, recovery is rapid 
and spontaneous (“abortive encephalitis”). The 
thalamus, basal ganglia, midbrain, cerebellum, and 
anterior horns of the spinal cord are heavily affected, 
providing anatomical correlates for the tremor, dys-
tonias, and flaccid paralysis that characterize the 
disease. Diagnostic tests include lumbar puncture, 
neuroimaging, and serology. CSF shows pleocy-
tosis of 10 to 100 cells per cubic millimeter, with 
predominant lymphocytes, mildly elevated protein 
(50 to 200 mg%), and a normal glucose ratio. MRI 
shows bilateral thalamic lesions with or without 
hemorrhagic changes as well as in the substantia 

J
nigra, medial temporal lobes, cerebellum, cerebral 
cortex, and white matter. Serologic tests include 
IgM ELISA testing of Japanese encephalitis virus- 
specific IgM antibody in serum or CSF, Japanese 
encephalitis virus antigens in tissue by immunohis-
tochemistry, Japanese encephalitis virus genome in 
serum, plasma, blood, cerebrospinal fluid, or tissue 
by reverse transcriptase polymerase chain reaction, 
or isolation of the virus in serum, CSF, or tissue.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Aseptic meningitis – without 
encephalopathic features
Classical description of Japanese 
encephalitis includes a dull, flat “mask- like” 
face with wide unblinking eyes, tremor, 
generalized hypertonia, and cogwheel 
rigidity. Rigidity spasms, particularly on 
stimulation, occur in about 15% of patients 
and are associated with a poor prognosis. 
There may be other extrapyramidal features 
including head nodding and pill- rolling 
movements, facial grimacing, lip- smacking, 
opisthotonus, and choreoathetosis
Seizures may occur as a manifestation in up 
to 8% of children and 10% of adults

Mental status and 
psychiatric aspects/
complications

Cognitive impairment may be seen as a 
sequela

Brainstem Brainstem encephalitis may occur and 
present with opsoclonus, gaze palsies, and 
pupillary changes with waxing and waning 
character

Cerebellum Cerebellar signs are distinctly absent

Spinal cord Transverse myelitis in association with JE 
virus has been reported

Anterior horn cells Polio-like acute flaccid paralysis: weakness 
occurred more frequently in the legs than 
the arms and was usually asymmetric. 30% 
of such patients subsequently developed 
encephalitis, with reduced level of 
consciousness and upper motor neuron 
signs, but in the majority, acute flaccid 
paralysis was the only feature. Presence of 
flaccid paralysis is a poor prognostic factor

Secondary Complications: Twenty percent of patients 
have severe cognitive and language impairment 
(most with motor impairment too) and 20% have 
further convulsions. Children have a higher rate of 
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sequelae than adults. Some patients may have sub-
tle sequelae such as learning difficulties, behavioral 
problems, and subtle neurologic signs. Coinfection 
of neurocysticercosis and Japanese encephalitis has 
frequently been noted in the endemic regions, often 
resulting in poor outcome.

Treatment Complications: There is currently no spe-
cific antiviral treatment for Japanese encephalitis. 
Patients are treated symptomatically for seizures, 
fever, and cerebral edema. WHO recommends JE 
immunization in all regions where the disease is a 
recognized public health priority.
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Jet Lag Sleep Disorder
Epidemiology and Demographics: Jet lag sleep disorder 

affects all age, sex, and racial groups. The prevalence 
is unknown.

Predisposing factors include disturbed sleep and 
reduced amount of sleep prior to and during the 
travel. Stress, caffeine, and alcohol consumption 
may worsen symptoms of insomnia and impaired 
daytime function.

Disorder Description: The disorder is defined by a mis-
alignment of the sleep and wake cycle generated by 
the individual’s circadian rhythm and that of the 
new time zone. At least two time zones must have 
been traveled. Symptoms of disturbed sleep with a 
reduction of total sleep time, daytime fatigue, and 
sleepiness are all characteristic of jet lag sleep dis-
order. The severity and duration of symptoms are 
dependent on the number of time zones traveled, 
the direction of travel, ability to sleep during travel, 
and exposure to circadian cues. It is typically more 
difficult to travel east than west.

Symptoms

Localization site Comment

Midbrain Suprachiasmatic nucleus of the 
hypothalamus (circadian clock alteration)

Mental status and 
psychiatric aspects/
complications

Impaired daytime function, general 
malaise, sleepiness with difficulty 
concentrating, and memory difficulties

Secondary Complications: Impaired daytime function, 
general malaise, sleepiness with difficulty concen-
trating, and memory difficulties.

Treatment Complications: Treatment should focus on 
preparing prior to travel with phase shifting sleep in 
accordance with the direction in which the individual 
is traveling (phase advancing bedtime and wake time 
for eastward travel, phase delay for westward travel). 
The individual should be well rested prior to travel to 
decrease sleep debt. During travel, staying hydrated 
and avoiding alcohol and caffeine is important, as 
either one may promote insomnia. Upon arrival, 
the appropriately timed exposure to light is impor-
tant; for eastward travel, minimize morning light 
and maximize afternoon light. On westward flights, 
stay awake while it is light out. The administration of 
melatonin before bedtime and sleep scheduling are 
also important to the realignment of the individual’s 
circadian rhythm and their environment.

The use of short- acting nonbenzodiazepine 
non- BZ receptor agonist hypnotics such as zolpi-
dem and zaleplon can be effective to help initiate 
sleep but has been associated with amnesia, nausea, 
and somnabulism. To help counteract the symptoms 
of daytime sleepiness, modafinil or armodafinil may 
be considered. However, there are limited data on 
efficacy and the adverse effects of headaches, nau-
sea, and palpitations may outweigh the benefits of 
therapy. Caffeine consumption in the earlier part of 
the day may help with maintaining wakefulness, but 
it should be judiciously consumed in those prone to 
insomnia.

Treatment Complications: Melatonin has been associated 
with sleepiness, dizziness, and headache; however, 
it is unclear if this is a medication side effect or the 
effect of jet lag.

Short-acting nonbenzodiazepine non- BZ recep-
tor agonist hypnotics such as zolpidem and zaleplon 
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have been associated with amnesia, nausea, and 
sleepwalking.

Modafinil or armodafinil may be considered, but 
there are limited data on efficacy and the adverse 
effects of headaches, nausea, and palpitations may 
outweigh the benefits of therapy. Caffeine consump-
tion may cause sleep disruption in those prone to 
insomnia.
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Juvenile Absence Epilepsy
Epidemiology and Demographics: Age of onset 8–16 years, 

peak occurrence between 10 and 12 years. Incidence 
and prevalence are not known. Family history of 
epilepsy in 11%. Males and females affected equally.

Disorder Description: Type of idiopathic generalized 
epilepsy syndrome, predominantly composed of 
absence seizures, though generalized tonic–clonic 
seizures (GTCS) and myoclonic seizures may occur. 
Genetic factors appear to play a major role, with 

mutations identified in genes encoding the voltage- 
gated sodium and potassium channels, as well as the 
GABA receptor.

Impairment of consciousness milder than in child-
hood absence epilepsy (CAE) and may occur once 
per day or in clusters after wakening. GTCS and age 
of onset help distinguish from CAE. Interictal EEG 
generally normal. Absence seizures on EEG similar 
to those in CAE; however, frequency often faster than  
3 Hz (3.5–4.0 Hz). AEDs usually required lifelong.

Symptoms

Localization site Comment

Cerebral hemispheres Absence seizures, GTCS, myoclonic 
seizures
EEG with 3.5–4 Hz generalized spike 
and wave activity
MRI normal

Mental status and 
psychiatric aspects/
complications

Attention deficit hyperactivity disorder 
(ADHD), learning difficulties

Secondary Complications: ADHD and learning difficul-
ties have been described. Increased risk of acciden-
tal injury, risks associated with driving or operating 
heavy machinery.

Treatment Complications: An inappropriate selection of 
antiepileptic drugs, such as vigabatrin, gabapentin, 
phenytoin, phenobarbital, or carbamazepine and its 
derivatives, can worsen seizures. Ethosuxamide may 
be associated with headache or rash, and less com-
monly with a lupus- like syndrome, blood dyscrasias, 
and psychosis. Valproate side effects include hyperac-
tivity, weight gain, transaminitis, thrombocytopenia, 
pancreatitis, and known teratogenic effects.
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Juvenile Myoclonic Epilepsy (JME)
Epidemiology and Demographics: Juvenile myoclonic epi-

lepsy (JME) accounts for 26% of idiopathic general-
ized epilepsy and up to 10% of all cases of epilepsy. 
Onset after puberty; mean age 15 years.

Disorder Description: An idiopathic generalized epilepsy 
syndrome characterized by myoclonic seizures, 
generalized tonic–clonic seizures (GTCS), and less 
frequently, absence seizures. Myoclonic seizures are 
most frequent in the morning within the first hour 
after awakening, and may present as isolated jerks 
involving one or both arms, sometimes as subtle as a 
finger twitch. EEG findings include generalized 4–6 
Hz polyspike-and-wave (in 61%) or 3–4 Hz spike-
and-wave discharges (in 14%), with otherwise nor-
mal background activity. Photosensitivity described 
in a third of patients. JME appears to be a heritable 
syndrome but with several different susceptibility 
genes indentified. Seizures typically well controlled 
on broad- spectrum antiepileptic drugs (AEDs), but 
requiring lifelong treatment.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Myoclonic seizures, GTCS, absence seizures
EEG with 4–6 Hz generalized spike and 
wave activity
MRI normal

Mental status and 
psychiatric aspects/
complications

Increased incidence of psychiatric 
comorbidity in about a third of patients, 
and frequently observed subtle cognitive 
deficits and learning difficulties. 
Neuropsychologic profiles are suggestive 
of frontal lobar dysfunction

Secondary Complications: Increased risk of accidental 
injury; risks associated with driving or operating 
heavy machinery secondary to seizures.

Treatment Complications: An inappropriate selection of 
AEDs such as vigabatrin, gabapentin, phenytoin, or 
carbamazepine and its derivatives can worsen sei-
zures. Valproate considered first line; however, may 
lead to weight gain, hyperactivity, transaminitis, 
thrombocytopenia, and pancreatitis. Valproate has 
the greatest risk of teratogenicity among the AEDs. 
Other broad- spectrum AEDs may be effective such 
as levetiracetam, topiramate, zonisamide, and lam-
otrigine (may exacerbate myoclonus).
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Keratitis
Epidemiology and Demographics. Keratitis can affect any 

age group without sex predilection.
Disorder Description: Keratitis refers to inflammation of 

the cornea due to exposure, infection, or inflamma-
tion. Corneal exposure, from poor eyelid closure, 
is a major risk factor for corneal infective kerati-
tis. This exposure keratitis may start innocuously 
with punctate epithelial erosions, which are tiny 
defects in the corneal epithelium. If the exposure 
is not corrected, these erosions may coalesce into a 
larger epithelial defect called an abrasion. Without 
the protective corneal epithelium, the underlying 
corneal stroma is at risk for infection and corneal 
ulceration. An untreated corneal ulcer may quickly 
progress to perforation.

Symptoms

Localization site Comment

Cranial nerves Trigeminal neuropathy: The ophthalmic 
branch of the trigeminal nerve provides 
sensation to the cornea. Corneal sensation 
is important to detect foreign bodies, 
exposure, or dryness that elicit a normal 
blink reflex to clear them. Without normal 
sensation, neurotrophic keratopathy may 
result, potentially leading to corneal infection, 
ulceration, and perforation. Common causes 
include herpetic infection and diabetes

Facial nerve paresis may result in various 
degrees of flaccid paralysis of the ipsilateral 
muscles of facial expression. Paralysis of 
the orbicularis oculi muscle results in an 
inability to close the eye and exposure of the 
cornea, which may lead to exposure keratitis, 
ulceration, or perforation

Autonomic 
nervous system

Riley–Day syndrome, or familial 
dysautonomia, is a hereditary sensory 
neuropathy that can lead to neurotrophic 
keratopathy

Secondary Complications: Corneal perforation is the 
most feared complication of keratitis. Perforation 
may lead to endophthalmitis, vision loss, or com-
plete loss of the eye. Corneal ulcers may result in 
scarring of the cornea, which can compromise 

K
vision. Some corneal scars can be treated with cor-
neal transplantation.

Treatment Complications: Exposure keratitis in facial 
paralysis may be treated with a number of surgical 
procedures to help close the eyelids. Tarsorrhaphy 
is the placement of one or more sutures to hold the 
eyelids closed. These sutures may be the full width of 
the eyelid or partial. If the sutures are not placed cor-
rectly, they may make contact with the corneal surface 
causing an abrasion. An eyelid weight (made of gold 
or platinum) or spring (made of nickel alloy) can be 
implanted into the upper eyelid to assist in closure of 
the eyelid. Both of these devices may extrude through 
the skin. The weights only work with the force of grav-
ity. When patients are supine, they may not close the 
eyelid at all. The spring works independently of grav-
ity, and one of its advantages over an eyelid weight is 
that it works regardless of patient positioning.
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Kernicterus
Epidemiology and Demographics: One in 50,000 to 

100,000 live births will have abnormal neurologic 
outcomes as a result of extreme hyperbilirubinemia 
(>25 mg/dL). It is less common in black infants and 
females. The prevalence of kernicterus has remained 
unchanged in the last 30 years, thought to be attrib-
uted to increasingly earlier discharge of term infants. 
Risk factors include hemolytic disease, particularly 
Rh incompatibility between mother and baby, and 
a family history of RBC abnormalities (i.e., G6PD 
deficiency, hereditary spherocytosis). Polycythemia 
and the breakdown of extravasated blood (e.g., 
severe cephalhematoma, subgaleal hemorrhage) 
may also be a significant source of bilirubin, whilst 
hypoalbuminemic states and hepatic dysfunction 
will reduce bilirubin- conjugating abilities. Certain 
cultural postnatal practices, such as salting babies in 
Middle Eastern cultures, may cause hypernatremia, 
exacerbating the effects of hyperbilirubinemia.

Disorder Description: Kernicterus is a neurologic condi-
tion in the neonate, characterized by cerebral depo-
sition of unconjugated bilirubin. While historically 
a pathologic entity, the term kernicterus (lit. “yellow 
kern” in Latin, describing the yellow staining of the 
deep nuclei of the brain) is used clinically to describe 
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the associated clinical finding of bilirubin- induced 
neurologic dysfunction (BIND). This clinical entity 
is composed of movement disorder, hearing loss, 
and visuomotor abnormalities secondary to hyper-
bilirubinemia. Cognitive function is usually spared.

The clinical expression of BIND varies with loca-
tion, severity, and time of assessment, and is influ-
enced by the amount, duration, and developmental 
age of exposure to the excessive unbound bilirubin. 
Clinical findings include:
 a. Acute bilirubin encephalopathy – three stages:

 1. First few days: Non- specific  – decreased 
alertness, hyptonia, poor feeding.

 2. Variable onset and duration: hypertonia of 
extensor muscles, with retrocollis (back-
ward arching of neck), and opisthotonus. 
Progression to this phase indicates the 
development of long- term neurodisability.

 3. >1 week: hypotonia.
 b. Chronic bilirubin encephalopathy.

Symptoms and signs evolve slowly, character-
ized by hypotonia and delayed acquisition of motor 
milestones. Tonic neck reflex can still be observed in 
children older than 1 year. In those older than 1 year, 
abnormalities are characterized by a tetrad of move-
ment disorder (usually extrapyramidal), auditory 
dysfunction, oculomotor impairments (especially 
upgaze), and dental enamel hypoplasia of decidu-
ous teeth. Dental dysplasia affects only deciduous 
(baby) teeth.

Pathophysiology. Laboratory investigations 
have demonstrated that bilirubin is neurotoxic at 
a cellular level, and acute bilirubin toxicity appears 
to occur in the first few days of life of term infants. 
Preterm infants may be at higher risk of toxic-
ity for slightly longer than a few days, with factors 
such as acidosis and infection affecting the perme-
ability of the blood–brain barrier. Bilirubin stain-
ing can be noted in the basal ganglia (especially 
 globus pallidus and subthalamic nucleus), brain-
stem nuclei –  especially auditory (cochlear nucleus, 
inferior colliculus, superior olivary complex), and 
 oculomotor and vestibular nuclei. Other susceptible 
areas include the cerebellum (especially Purkinje 
cells) and  hippocampus (CA2 sector). Neuronal 
necrosis is necessary to lead to the clinical findings 
in chronic bilirubin encephalopathy.

Different patterns of expression may relate to 
amount and duration of exposure, variability in the 
susceptibility of the developing nervous system, and 

whether surviving neurons become functionally 
normal or are more susceptible to other stressors.

Symptoms
Localization 
site

Comment

Cerebral 
hemispheres

Deep nuclei:

Globus pallidus interna, subthalamic nucleus – 
initial hypotonia, developing into athetosis and 
dystonia, but may also include spasticity. Upper 
extremities usually more affected than lower 
limbs. Bulbar function can be impacted

Cognitive deficits:

Relatively spared – often mistakenly considered 
to have intellectual disabilities because of their 
choreoathetoid movement disorder and hearing 
deficits

Cerebellum Truncal tone and postural abnormalities

Brainstem Auditory brainstem nuclei – sensorineural high- 
frequency hearing loss, auditory neuropathy, 
auditory dys- synchrony – abnormal auditory 
brainstem response with normal inner ear 
function. CN VIII (auditory nerve) may be directly 
affected

Oculomotor nuclei – impaired upgaze (may 
improve with age). Other gaze abnormalities 
may coexist

Treatment Complications: Treatment of acute hyperbiliru-
binemia is via exchange transfusion, to mechanically 
remove already formed bilirubin from the blood.
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Ketamine Abuse
Epidemiology and Demographics: Typical abusers of ket-

amine are adolescents or young adults, with ages 
ranging from 13 to 60 years.
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Disorder Description: Ketamine is an arylcycloalky-
lamine that is structurally related to phencyclidine 
(PCP). Ketamine is a dissociative anesthetic and 
hallucinogen. It also possesses opioid receptor 
activity and sympathomimetic properties.

Symptoms

Localization site Comment

Cerebral hemispheres Coma (acute)
Cortical atrophy: frontal, 
parietal, occipital, para 
hippocampal (chronic)
Petit mal seizure activity 
(acute)

Mental status and psychiatric 
aspects/complications

Depressed mental status 
(acute)
Phobia (acute)
Agitation (acute)
Euphoria (acute)
Hallucinations (acute)
Schizophrenic psychosis/
behavior (acute)

Brainstem Hypersomnia (chronic)
Brainstem degeneration 
(chronic)

Cerebellum Ataxia (acute)
Cerebellar degeneration 
(chronic)

Cranial nerves Nystagmus: rotatory, vertical, 
or horizontal (acute)
Mydriasis (acute)

Spinal cord Analgesic effects (acute)

Anterior horn cells Analgesic effects (acute)

Dorsal root ganglia Analgesic effect (disrupting 
sodium channels) (acute)

Specific spinal roots Analgesic effects (acute)

Plexus Analgesic effects (acute)

Mononeuropathy or 
mononeuropathy multiplex

Analgesic effects (acute)

Peripheral neuropathy Analgesic effects (acute)

Muscle Tremors (chronic)
Hypertonia (acute)

Neuromuscular junction Blocks glutamate receptors 
(acute)

Secondary Complications: Indirectly affects nervous sys-
tem via:
•	 Respiratory complications – respiratory depres-

sion/apnea can result in cerebral ischemia.
•	 Cardiovascular complications – sympathom-

imetic effect of and increases in blood pressure 
increase risk for stroke.

Treatment Complications: The use of benzodiazepines 
for treatment of agitation episodes increases risk of 
addictive behavior for patients.
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Kleine–Levin Syndrome
Epidemiology and Demographics: This is a rare disorder, 

with an estimated prevalence of 1 to 2 cases per mil-
lion. Onset typically occurs in the second decade of 
life with a male gender predominance of 2:1. A higher 
prevalence has been reported in Ashkenazi Jews.

Family patterns have been reported in up to 
5% of patients. HLA DQBI*02 has been shown to 
be increased in one large retrospective study in 
patients with Kleine–Levine syndrome; however, 
this was not confirmed in a large prospective study.

Flu-like illness and an upper respiratory tract 
infection have been reported to precede some cases, 
with other less common triggers including alcohol 
intoxication, head trauma, and anesthesia.

Disorder Description: The disorder is characterized by 
recurrent episodes of prolonged hypersomnolence 
with associated alterations in sensorium and mem-
ory as well as behavioral disturbances. Periods of 
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hypersomnolence with generalized psychomotor 
slowing are often accompanied by hypersexuality, 
hyperphagia or anorexia, and altered perception of 
the environment, known as derealization. The first 
episode is typically triggered by an infection or alco-
hol intake and lasts a median of 10 days. These recur-
rent episodes usually occur more than once a year.

In between episodes, patients are in their normal 
state of sleep, cognition, mood, and eating. The dis-
ease typically resolves after approximately a decade; 
however, adult- onset cases may be prolonged.

Menstrual-related Kleine–Levin syndrome is a 
variant with episodes of hypersomnolence occur-
ring just before or during menstruation with associ-
ated compulsive eating, depressed mood, and sexual 
disinhibition.

Electroencephalogram findings of general slow-
ing of brain activity with brief 0.5- to 2- second 
bursts of generalized 5- to 7- Hz waves. Computed 
tomography and magnetic resonance imaging are 
normal.

Symptoms

Localization site Comment

Forebrain Brain functional imaging is typically abnormal 
with hypoperfusion of the thalamus, 
hypothalamus, temporal– parietal junction, 
and frontal lobes

Possible autoimmune etiology

HLA DQBI*0201 increased allele frequency 
has been identified in one study

Mental status 
and psychiatric 
aspects/
complications

Hypersomnolence, cognitive slowing, 
hypersexuality, hyperphagia or anorexia, 
derealization, social dysfunction

Secondary Complications: Social and occupational 
impairment is a common phenomenon during 
disease episodes. Physical safety of the patient and 
caregiver is of utmost importance during these epi-
sodes. Patients are at increased risk of motor vehicle 
accidents.

Treatment Complications: Treatment is mainly support-
ive and includes education of family members and 
caregivers on keeping patients safe and allowing 
them to sleep while waiting for the episode to end. 
Symptom- based pharmacologic therapies may be 
considered such as stimulants and nonamphetamine 

wakefulness- promoting agents. Antipsychotics 
have also been used. However, pharmacologic ther-
apy is based on case series and retrospective series 
and therefore is not generally recommended.

Menstrual-related Kleine–Levin syndrome has 
been treated with estrogen- containing contracep-
tives with a variable response.

Modafinil and armodafinil are hepatically 
metabolized and inducers of the cytochrome P450 
enzyme system, which may affect the metabolism of 
other drugs. Methylphenidate and amphetamines 
are both central nervous system stimulants and can 
cause systemic hypertension and psychiatric events 
such as psychosis, anorexia, and anxiety.
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Klinefelter Syndrome
Epidemiology and Demographics: Klinefelter syndrome 

(KS) is limited to males. It is one of the most common 
genetic causes of male infertility, with estimated fre-
quencies ranging between 1:500 and 1:1000 men 
overall, and with rates of 0.1–0.2% in newborn male 
infants, 3–4% among infertile males, and 10–12% 
in azoospermic males. It is present at birth, with a 
broad spectrum of presentation depending on the 
expressed phenotype. There is some evidence that it 
is increasing in frequency, potentially due to more 
common paternal meiotic errors. However, due 
to the frequency of mild phenotypes, it can often 
go undiagnosed. There is no specific geographic 
distribution.
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Disorder Description: KS is a disease of genetic aneuploidy 
with a wide and varied presentation, with mosaics 
presenting with less severe symptoms. Because of 
this wide variety, and frequency of mild phenotypes, 
it can often go undiagnosed. It is a disease based on 
abnormal chromosomal counts, most commonly 
47, XXY karyotype (80–90%), while the remaining 
10–20% are a mixture of aneuploidies with 46–48 
chromosomes, potentially in mosaic form with or 
without chromosomal structural abnormalities. It 
can occur due to nondisjunction or inconsistent X 
chromosome loss (for mosaics). Risk factors include 
advanced maternal, and possibly paternal, age at 
conception, such that reports have shown a >four-
fold increase in KS where mothers >40 vs <24.

KS is first clinically suspected, then confirmed 
through karyotyping. However, clinical suspicion 
is frequently followed by investigating serum lev-
els of gonadotropins (follicle- stimulating hormone 
and luteinizing hormone), evaluation of sperm 
counts (for azoospermia), or, for pre- natal diagno-
ses (about 10%), via chorionic villus sampling or 
amniocentesis.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Normal to slightly decreased verbal 
intelligence (language learning or 
reading impairment), frequent deficits 
in executive functions, and there may 
also be delays in motor development

Outside central nervous 
system (CNS)

Infertility (azoospermia: inability to 
produce sperm, oligospermia with 
hyalinization and fibrosis of the 
seminiferous tubule), sparse facial 
and body hair, small testes, tall stature, 
gynecomastia (enlarged breasts) in late 
puberty, gynoid aspect of hips (broad 
hips), signs of androgen deficiency and 
low serum testosterone coupled with 
elevated gonadotropins

Secondary Complications: Secondary complications are 
primarily related to the hypogonadism, and result 
in the aforementioned extra- CNS symptoms.

Treatment Complications: Treatment is largely hormone 
supplementation with testosterone. Supportive psy-
chologic and physical therapy can be helpful. In cer-
tain cases, surgical options to remedy psychologic 

issues can be done (e.g., breast removal), but this is 
not standard of care.

There are minimal complications with opti-
mal management, but complications are largely 
related to testosterone effects, such as cosmetic/
dermatologic changes, emotional lability/irrita-
bility, and changes in smell sensation, but mostly 
endocrinologic (hyperlipidemia, increased thyroid- 
stimulating hormone, hypokalemia, etc.).

Bibliography
Bonomi M, Rochira V, Pasquali D, et al.; ItaliaN 

Group (KING). Klinefelter syndrome (KS): 
genetics, clinical phenotype and hypogonadism.  
J Endocrinol Invest. 2017;40(2):123–34.

Korsakoff Syndrome
Epidemiology and Demographics: Korsakoff syndrome 

refers to a chronic neurologic condition that usually 
occurs as a consequence of Wernicke encephalopathy.

Approximately 80% of alcoholics recovering from 
classic Wernicke encephalopathy develop the mem-
ory disturbance of Korsakoff syndrome. Korsakoff 
syndrome is seen less frequently in nonalcoholics.1 It 
is believed that ethanol neurotoxicity is a contribut-
ing factor for development of Korsakoff syndrome.2 
Korsakoff syndrome has also been described in the 
literature in the absence of ethanol ingestion.3–8

Some alcohol abusers develop Korsakoff syn-
drome without a noticeable episode of Wernicke 
encephalopathy, but lesions of Wernicke enceph-
alopathy are present at autopsy.9–11 In these cases, 
Korsakoff syndrome may result from a series of 
subclinical or unrecognized episodes of Wernicke 
encephalopathy.

Disorder Description: Korsakoff syndrome was described 
by Russian psychiatrist Sergei Korsakoff. He 
described chronic amnestic syndrome in which 
memory was impaired out of proportion to other 
cognitive domains. In Korsakoff syndrome, patients 
develop anterograde amnesia (unable to recall new 
information) despite normal immediate memory, 
attention span, and level of consciousness. Memory 
for new events is seriously impaired, whereas mem-
ory prior to the illness remains relatively intact. 
Oxidative stress, glutamate- related excitotoxicity, 
and inflammation play a role in damaging memory 
processing centers of the limbic system, thalamus, 
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and hypothalamus. Patients are confused, disori-
ented, and cannot store information for more than 
a few minutes. Patients may be conversant, engag-
ing, and able to perform simple tasks and follow 
immediate commands. Confabulation is common, 
although not always present.9,12,13 Mammillary 
body atrophy may be visible on MRI in the chronic 
phase.12

It is most commonly caused by severe thiamine 
(vitamin B1) deficiency.

Symptoms: Amnestic defect is related to lesions in the 
dorsal medial nuclei of the thalamus.14 Confabulation 
is related to lesion, which interferes with parts of the 
frontal network.12

Neurologic diseases that give rise to an amnestic 
state include tumors (of the sphenoid wing, poste-
rior corpus callosum, thalamus, or medial temporal 
lobe), infarctions (in the territories of the anterior 
or posterior cerebral arteries), head trauma, herpes 
simplex encephalitis, paraneoplastic limbic enceph-
alitis, and degenerative dementias such as Alzheimer 
dementia and Pick disease.12

Korsakoff syndrome is believed to result from 
irreversible damage to the medial thalamic nuclei 
and mammillary bodies associated with previous 
thiamine deficiency.

Secondary Complications: There are few long- term stud-
ies but approximately 25% of patients fail to recover 
and may require institutionalization.

Treatment Complications: There are anecdotal reports 
that favor the use of acetylcholinesterase inhibitors 
and memantine leading to improvement in atten-
tion and memory.15–17
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Krabbe Disease
Epidemiology and Demographics: The prevalence of 

Krabbe disease is estimated at 1–9/100,000. Caused 
by a homozygous or compound heterozygous muta-
tion in the galactosylceramidase gene (GALC) on 
chromosome 14q31.

Disorder Description: Krabbe disease is a rare autosomal 
recessive lysosomal disorder affecting the white 
matter of both the central and peripheral nervous 
systems.

There are multiple forms including an infantile 
“classic” (onset 6 months, death by 2 years), late- 
infantile (6 months to 3 years), juvenile (3 to 8 years), 
and adult form. Most patients (90%) present within 
the first 6 months of life with infantile classic disease 
manifesting as extreme irritability, spasticity, and 
developmental delay. There is severe motor and men-
tal deterioration, with death by 2 years of age. Later- 
onset forms are variable, but generally less severe 
and more slow to progress. The adult onset form 
usually manifests with weakness, gait disturbance 
(spastic paraparesis or ataxia), burning paresthesia, 
hemiplegia, and visual loss with or without periph-
eral neuropathy. Cognitive regression is variable and 
often absent in adult forms. Disease severity is vari-
able, even within families. Adult- onset patients can 
survive many years after symptom onset.

The GALC gene encodes a lysosomal enzyme, 
galactocerebrosidase, which catabolizes the hydrol-
ysis of galactose from galactocerebroside, a nor-
mal constituent of myelin. The deficiency leads to 
the accumulation of cytotoxic psychosine within 
microglial cells. These cells become filled with the 
material and later become described as “globoid” 
cells. The apoptosis of oligodendrocytes leads to 
demyelination in both the central nervous system 
and peripheral nervous system.

Nerve conduction studies demonstrate involve-
ment of the peripheral nervous system, while 
brain MRI appearance showing central periven-
tricular white matter demyelination with subcor-
tical U- fiber sparing is suggestive of the diagnosis. 
Definitive diagnosis is by enzyme activity in white 
cells, or mutation analysis.

Symptoms

Cerebral hemispheres  a. Cognitive deficits – cognitive 
regression (rare in adult form)

 b. Gait disturbance – white matter loss 
leads to spastic paraparesis or ataxia, 
hemiplegia

MRI – T2 high signal periventricular 
demyelination with non- contrast 
enhancement (T1); centrum semiovale 
and deep gray matter; subcortical 
U- fiber sparing

Cranial nerves CN II – optic neuropathy, visual loss

Peripheral nervous 
system

Peripheral neuropathy

Burning paresthesia

Peripheral neuropathy – motor and 
sensory

Treatment Complications: Stem cell transplantation has 
been shown to slow progression of disease in pre- 
symptomatic patients. Other treatment options 
(i.e., chaperone therapy, enzyme replacement ther-
apy, gene therapy) are currently under investigation 
in animal models (see https://clinicaltrials.gov/ct2/
results?cond=%22krabbe+disease%22).

Side effects of drugs used in immunosuppres-
sive therapy for bone marrow transplantation 
include neurobehavioral disorders, neurocogni-
tive dysfunction, including changes in attention 
and processing speed, PRES (posterior reversi-
ble encephalopathy syndrome), and peripheral 
neuropathies.
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Kyphosis
Epidemiology and Demographics: Kyphosis is seen in 12% 

of girls and 15.3% of boys.
Disorder Description: Kyphosis refers to the accentuation 

of the normal curvature of the thoracic and sacral 
spine.

Symptoms

Localization site Comment

Cervical spine Pain

Thoracic spine Pain, myelopathy, hyperreflexia, 
restrictive lung disease

Lumbosacral spine Pain

Secondary Complications: Discitis, vertebral osteomyeli-
tis, and osteoporosis.

Treatment Complications: Narcotics can cause sedation 
and dependency. After surgery, atelectasis, blood loss, 
wound infection, and pseudoarthrosis can be seen.
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La Crosse Virus
Epidemiology and Demographics: La Crosse virus is the 

most pathogenic member of the California encepha-
litis serogroup. It is transmitted by the tree- hole mos-
quito, Aedes triseriatus, and causes the most prevalent 
arboviral infection in children in North America. 
Nevertheless, La Crosse encephalitis often goes 
unrecognized. Human infections occur in the cen-
tral and eastern United States, mostly in school- aged 
children from July through September. Most infec-
tions are asymptomatic. A small percentage develop 
encephalitis of which 1–3% are fatal, and another 15% 
of patients have long- term nervous system problems.

Disorder Description: Symptomatic disease, after an incu-
bation period of 3–7 days, presents with headache, 
fever, vomiting, and altered mentation. Seizures occur 
in about half the patients and focal neurologic abnor-
malities in about 20%. The virus typically cannot be 
recovered from cerebrospinal fluid, and the disease 
can masquerade as enteroviral meningitis when mild 
and as herpes simplex encephalitis when severe.

CSF shows pleocytosis with either neutrophilic or 
lymphocytic predominance. Electroencephalography 
is abnormal in two- thirds of patients, mainly with 
slowing or epileptiform discharges. The diagnosis of 
La Crosse encephalitis can be made by demonstration 
of IgM antibody by capture immunoassay of CSF, a 
fourfold rise in serum antibody titers against La 
Crosse virus, or isolation of virus from or demonstra-
tion of viral antigen or genomic sequences in tissue, 
blood, or CSF.

Symptoms

Localization site Comment

Cerebral hemispheres Aseptic meningitis alone, 
without evidence of 
encephalitis, occurred in 13%

Severe cases mimic herpes 
simplex encephalitis with fever, 
altered mental status, seizures, 
and temporal lobe involvement

Mental status and psychiatric 
aspects/complications

Long-term sequelae of 
cognitive impairment in about 
15% of encephalitis cases

L
Secondary Complications: Cerebral edema and seizures 

may be seen as a complication of the encephalitis 
specifically as temporal lobe involvement is seen. 
Mortality is 1–3% in patients with severe encepha-
litis. Neurologic sequelae occur in about 15% of the 
patients and include recurrent seizures, hemiparesis, 
and cognitive and neurobehavioral abnormalities.

Treatment Complications: Treatment is supportive, with 
emphasis on control of cerebral edema and seizures. 
Ribavirin has been used, but efficacy is unproven.
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Lacunar Strokes
Epidemiology and Demographics: Lacunar strokes 

account for 30–40% of all ischemic strokes. While 
essential hypertension is by far the most common 
cause of chronic hypertension, chronic cocaine 
abuse or severe sleep apnea may cause elevated 
blood pressure (the latter two causes usually unrec-
ognized since blood pressure is often unchecked in 
these circumstances). Typical atherosclerotic risk 
factors may accelerate the condition.

Disorder Description: Lacunar strokes occur in the termi-
nal distribution of penetrating arteries of the brain. 
These small arteries and arterioles branch off larger 
vessels at right angles and are subject to narrowing 
of their orifice due to chronic hypertension. Because 
the vessels have few or no collaterals, occlusion vir-
tually always produces infarction.

Symptoms

Localization site Comment

Cerebral  
hemispheres

The typical lacunar stroke affects the basal 
ganglia, thalamus, internal capsule, or 
periventricular white matter, although the 
cortex may be affected. Because the lesions 
are typically small, less than 1.5 cm, the 
neurologic deficit is often very restricted. 
The classic syndromes are pure motor 
hemiparesis (including dysarthria – clumsy 
hand syndrome) or pure hemisensory loss. 
However, thalamic lesions may mimic nearly 
any syndrome of the cerebral hemisphere

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.012
https://www.cambridge.org/core


Section 1 Diagnostics

328

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Larger thalamic lesions may alter 
consciousness or produce sensorimotor 
syndromes resembling a middle cerebral 
artery syndrome

Brainstem Most brainstem strokes are lacunar in 
nature. Again, the small size of the involved 
vessel produces highly localized deficits 
such as diplopia, vertigo, dysarthria, a 
peripheral facial weakness, or isolated facial 
sensory syndromes. Involvement of the 
base of the pons produces hemiparesis, 
often including incoordination from 
involvement of cerebellar pathways. A 
treacherous lacunar syndrome to recognize 
occurs in the midline of the medulla, 
producing bilateral leg weakness and 
dysarthria. If untreated, it may progress to 
respiratory failure and intractable dysphagia

Cerebellum The cerebellum is occasionally involved 
in lacunar strokes and produces localized 
syndromes such as ataxia of one limb, gait 
ataxia with veering to one side, vertigo or 
oscillopsia, which is the subjective symptom 
of nystagmus

Vestibular system  
(and non specific 
dizziness)

The vestibular system may be involved 
by lacunar strokes at the pontomedullary 
junction, producing vertigo accompanied 
by nausea and/or vomiting, often with gait 
ataxia. Because the blood supply of the 
inner ear derives from the basilar artery 
through penetrating blood vessels, the 
vertigo may appear to be “peripheral” on 
exam and may involve hearing loss when 
it does

Cranial nerves True involvement of the cranial nerves 
outside of the brainstem due to a lacunar 
stroke is unusual

Secondary Complications: Lacunar strokes may cause 
dysphagia requiring feeding tubes or rarely res-
piratory compromise due to failure to protect 
the oropharyngeal airway. Diplopia may require  
eye patching. Facial weakness can produce ulcer-
ation of the cornea. Falls are common due to the  
associated weakness. Shoulder dislocations may 
occur. Cognitive decline or a parkinsonian syn-
drome occurs on occasion. Mortality rate is less 
than 5%.

Treatment Complications: The modern management 
of lacunar strokes is intravenous tissue plasmino-
gen activator (tPA). The primary complication is 

intracerebral hemorrhage, which occurs in about 
3% of patients, usually with severe consequences. 
Systemic hemorrhage occurs much less frequently. 
Patients who present beyond the therapeutic win-
dow for intravenous tPA (variously set at 3 or 4.5 
hours) usually receive antiplatelet therapy. Systemic 
bleeding or intracranial hemorrhage, including 
subdural hematoma, can occur with chronic ther-
apy in 2–5% of patients.
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Lafora Disease
Epidemiology and Demographics: It can be found in any 

population, particularly those with consanguinity. 
It is rare, considered an orphan disease. Estimated 
prevalence is four per million individuals.

Normally has onset in adolescence (6–19 years is 
the reported range; late onset is 20 years). Presents 
initially as myoclonus, followed by visual, atonic, 
tonic–clonic, and absence seizures. There is also 
progressive cognitive decline, and death generally 
occurs within 10 years of onset.

Disorder Description: Autosomal recessive progressive 
myoclonic epilepsy. It is caused by mutations in the 
EPM2A and EPM2B genes, which regulate glycogen 
structure. Pathogenesis of the disease is character-
ized by accumulations of Laphora bodies (LBs), 
which are polyglucosans (malformed and insoluble 
glycogen molecules).

LBs accumulate in brain as well as in periportal 
hepatocytes of the liver, skeletal and cardiac myo-
cytes, eccrine ducts (sweat glands), and apocrine 
myoepithelial cells. Diagnosis is made via skin 
biopsy. Genetic testing confirms diagnosis.

Antiepileptics have only partial effect on myo-
clonus and seizures and may be more effective ini-
tially; as the disease progresses, polytherapy is used. 
Differential diagnosis includes other progressive 
myoclonic epilepsy syndromes.
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Symptoms

Localization site Comment

Cerebral – diffuse LBs found in brain, diffusely. EEG 
abnormalities often precede clinical 
presentation. MRI is usually normal at 
onset

Mental status 
and psychiatric 
considerations/
complications

Often present with visual hallucinations 
as manifestation of focal visual 
seizures. Not all visual hallucinations are 
epileptic. Behavioral changes, apathy, 
depression, psychosis, are often present. 
As disease progresses to intractable 
myoclonus, refractory seizures, psychosis, 
dementia, and dysarthria

Visual hallucinations sometimes respond 
to antipsychotic medication

Cerebellum Ataxia

Spinal cord LBs are rare or absent in the anterior part 
of spinal cord

Muscle Myoclonus remains asymmetric as 
disease progresses and becomes almost 
constant

Treatment Complications: Some antiepileptic medica-
tions can exacerbate myoclonus.
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Lambert–Eaton Myasthenic Syndrome 
(LEMS)
Epidemiology and Demographics: The mean age of onset 

of Lambert–Eaton myasthenic syndrome (LEMS) is 
50 years. Those patients with associated small cell 
lung cancer (SCLC) tend to develop symptoms later. 
The prevalence of LEMS among small cell lung can-
cer cases is approximately 1–3%.

Disorder Description: Presynaptic neuromuscular 
junction disorder due to antibody to P/Q type 
voltage- gated calcium channel on presynaptic 
membrane. As a result of low calcium in presyn-
aptic nerve terminal, fewer acetylcholine vesi-
cles are released. LEMS may be autoimmune or 
 paraneoplastic. Small cell lung carcinoma is the 
most common associated malignancy in parane-
oplastic cases.

Symptoms

Localization site Comment

Neuromuscular junction •	 Fatigable proximal muscle 
weakness (lower limbs worse than 
upper limbs) with decreased or 
absent deep tendon reflexes

•	 Proximal lower extremity weakness 
without bulbar weakness and 
improving with repetitive activity, 
with recovery of tendon reflexes

•	 Oculomotor or bulbar weakness
•	 Dysautonomic manifestations: dry 

mouth, impotence, constipation

Unclear localization •	 Dry mouth, chest pain, erectile 
dysfunction, hypotension, pain in 
weakened limb

Secondary Complications: Neuropathic pain, focal weakness, 
disability, insomnia, erectile dysfunction. Respiratory 
insufficiency may rarely occur in severe cases.

Treatment Complications: 3,4- Diaminopyridine (3,4- 
DAP) improves both neuromuscular and autonomic 
manifestations in 80% of patients with LEMS. The 
most serious adverse effect of 3,4- DAP is seizure. 
In addition, 3,4- DAP causes side effect of perioral 
or digital paresthesia. Concomitant use of 3,4- DAP 
and pyridostigmine may cause cramp, diarrhea, 
nausea, and vomiting. Immunosuppressants are 
used when 3,4- DAP is not effective and may cause 
leukopenia. Maintenance pulse intravenous immu-
noglobulin is also a useful treatment.
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Landau–Kleffner Syndrome (Progressive 
Epileptic Aphasia)
Epidemiology and Demographics: Rare. Onset in children 

aged usually between 3 and 8 years (range 2–14 
years). Boys affected more frequently.

Disorder Description: An epileptic encephalopathy of 
childhood associated with a subacute progressive 
loss of language function associated with epileptic 
activity and seizures. EEG with frequent epilepti-
form discharges and nearly continuous fronto- , cen-
tro- , or posterior temporal maximal slow spike and 
wave activity in non- REM sleep. Formal neuropsy-
chologic testing and speech therapy are indicated.

Diagnosis and early initiation of treatment 
associated with better outcomes. Antiepileptic 
drug (AED) therapy, such as valproate, is typically 
initiated first, but is infrequently associated with 
improvements in speech. Steroids and intravenous 
immunoglobulin may be effective for some indi-
viduals, suggesting an autoimmune or inflamma-
tory component of this syndrome. Autoantibodies 
including those against brain- derived neuro-
trophic factor (BDNF) have been detected in some 
patients. Steroids are typically continued for sev-
eral months. Multiple subpial transections have 
also been performed in severe cases with notable 
improvements.

Prognosis variable, with a third of patients despite 
therapy experiencing severe loss of language func-
tion, a third with moderate impairments, and a third 
with recovery of language function. Overt clinical 
seizures may be infrequent. EEG typically shows 
spontaneous improvement in puberty by age 15.

Symptoms

 Localization site Comment

Cerebral hemispheres Seizures in 70–80% (absence, focal, 
or generalized tonic–clonic seizures). 
Progressive aphasia of variable severity

EEG with typically unilateral peri- Sylvian 
1.5- to 2.5-Hz spike wave discharges 
continuous in non- REM sleep

Secondary Complications: Psychiatric issues related to 
loss of speech: attention deficit hyperactivity disor-
der, anxiety, depression, sleep disorders.

Treatment Complications: AEDs such as phenytoin, car-
bamazepine, oxcarbazepine, and phenobarbital 
may exacerbate electrical status epilepticus in sleep 
and are typically avoided. Steroids are associated 
with an increased risk for mood lability, psychosis, 
peptic ulceration, avascular necrosis, and infection. 
Intravenous immunoglobulin may be associated 
with flu- like symptoms during infusion and rarely 
anaphylaxis.
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Lead Toxicity (Adults) Including Lead 
Neuropathy
Epidemiology and Demographics: Lead toxicity is rare 

in adults. Most cases have a clear exposure history 
and routine testing for lead or other heavy metals 
without any exposure in cases of neuropathy is not 
indicated.

Disorder Description: Lead intoxication as a result of 
working in indoor firing range, burning batteries for 
heat, or drinking moonshine made in automobile 

 Localization site Comment

Mental status and 
psychiatric aspects/
complications

Progressive loss of language skills. Verbal 
and auditory agnosia, word finding 
difficulty, expressive and receptive 
aphasia, mutism. Hypersensitivity 
to sound. Attention and short- term 
memory often impaired. Hyperactivity, 
disinhibition, emotional lability, anxiety, 
depression are common. Sleep disorders 
common
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radiators causes encephalopathy commonly in chil-
dren but rarely in adults, while the opposite is true 
regarding neuropathy. Anemia and GI disturbances 
are almost always present. The neuropathy is clas-
sically motor greater than sensory, but in a study 
evaluating workers with chronic low- level exposure 
there was predominant sensory involvement.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures with acute high- level 
exposure only

Mental status and psychiatric 
aspects/complications

Encephalopathy in adults only 
with acute high- level exposure. 
Hallucinations may occur. Can 
progress to coma. Cognitive and 
behavioral changes may occur 
with chronic low- level exposure

Peripheral neuropathy Classically motor predominant 
neuropathy but with chronic 
low- level exposure sensory 
involvement is more frequent
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Leber’s Hereditary Optic Atrophy
Epidemiology and Demographics: Affects males more 

than females. Age of onset is usually in late teens, 
but age of onset ranges from age 8 to 60 years.

Disorder Description: A subacute bilateral optic neu-
ropathy caused by mutations in the mitochondrial 
genome. It is a result of mutations at 3460, 11778, 
and 11484 nucleotide positions. It presents with 
visual loss due to demyelination of the optic tracts 
and cell loss and gliosis of the geniculate bodies. It 
can also present with tremor, extrapyramidal symp-
toms, seizures, ataxia, spasticity, and intellectual 
disabilities. There is no current treatment.

Symptoms

Localization site Comment

Cerebral hemispheres Visual loss, seizures, spasticity

Mental status and psychiatric 
aspects/complications

Intellectual disabilities, 
extrapyramidal symptoms

Secondary Complications: Physical injury due to diffi-
culty walking and loss of vision.
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Left Anterior Cerebral Artery (ACA) Infarction
Epidemiology and Demographics: Anterior cerebral 

artery (ACA) infarction is the least common large 
vessel stroke syndrome, accounting for ~1.3–3% of 
all strokes. African Americans and Hispanics are at 
higher risk for an ACA infarct.

Disorder Description: ACA infarction may occur as a 
result of cardiogenic emboli, emboli originating 
from the internal carotid artery, or in situ athero-
sclerosis. The ACA commonly supplies the para-
sagittal motor, sensory, prefrontal cortices, and the 
supplemental motor areas. Infarction to these areas 
may present with right- sided weakness and sensory 
loss (leg > arm). Other symptoms can include apha-
sia, abulia, and alien limb syndrome due to callosal 
disconnection. Patients with hypertension, hyper-
lipidemia, diabetes, atrial fibrillation, history of 
myocardial infarction, and smokers are at increased 
risk for ACA stroke.
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Symptoms

Localization site Comment

Cerebral hemispheres Right hemiparesis and right- sided 
sensory loss (leg > arm), mutism, 
transcortical motor aphasia

Mental status and psychiatric 
aspects/complications

Acute confusional state, frontal 
lobe behavioral disorder

Secondary Complications: Increased intracranial 
pressure.

Treatment Complications: Complications of thromboly-
sis, i.e., intracerebral hemorrhage, systemic bleed-
ing, and angioedema.
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Leigh Disease/Subacute Necrotizing 
Encephalomyelopathy
Epidemiology and Demographics: Occurs by 1 year of 

age in more than 50% of patients, but may present 
as late as early adulthood. Occurs in 1/40,000 new 
borns, and occurs more commonly in Canada and 
the Faroe Islands.

Disorder Description: Mitochondrial neurodegener-
ative disorder with a wide range of clinical pres-
entations. In infants or children it presents as loss of 
head control, vomiting, irritability, hypotonia, gen-
eralized seizures, myoclonic jerks, dysarthria, ataxia, 
tonic spasms, ophthalmoplegia, nystagmus, episodic 
hyperventilation, peripheral neuropathy, autonomic 
failure, or delay in walking. In adults it may present 
as progressive dementia. It can present episodically 
or progressively with exacerbations. It is usually 
exacerbated by viral illness or infection.

Symptoms

Localization site Comment

Cerebral hemispheres Generalized seizures, myoclonic 
jerks, tonic spasms, choreiform 
movements

Mental status and psychiatric 
aspects/complications

Dementia, psychomotor 
regression, developmental delay

Brainstem Ataxia, dysarthria

Cerebellum Ataxia

Cranial nerves Nystagmus, ophthalmoplegia

Spinal cord Myelopathy

Peripheral neuropathy Areflexia, weakness, atrophy, slow 
conduction velocities on nerve 
testing

Secondary Complicatons: Respiratory issues associ-
ated with this disease including apnea, dyspnea, 
and dysphagia can lead to infections and eventual 
death.
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Lennox–Gastaut Syndrome (LGS)
Epidemiology and Demographics: Onset of Lennox–

Gastaut syndrome (LGS) is between 2 and 6 years 
old. Incidence is unknown; estimated to comprise 
between 1% and 10% of all childhood epilepsies.

Disorder Description: LGS is characterized by multi-
ple seizure types, cognitive delay, and characteris-
tic EEG pattern. Symptomatic etiologies include 
genetic abnormalities, neurocutaneous syndromes, 
hypoxic–ischemic injury, and head injury. West 
syndrome may precede diagnosis in 30–65% of 
patients.

Generally poor prognosis, with medically 
intractable seizures and developmental delays. 
Treatment options include lamotrigine, topiramate, 
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rufinamide, felbamate, clobazam, zonisamide, and 
valproate. Corpus callosotomy or vagal nerve stim-
ulation may be palliative.

Symptoms

Localization site Comment

Cerebral hemispheres Seizure types include atonic, 
tonic, atypical absence seizures, 
and generalized tonic–clonic 
seizures. Focal onset seizures may 
occur as well

EEG findings include slowing, 
disorganization, a slow spike and 
wave pattern at 1.5–2.5 Hz, and 
bursts of paroxysmal fast activity

Mental status and psychiatric 
aspects/complications

Psychomotor delay and 
intellectual impairment

Attention deficit hyperactivity 
disorder, anxiety, aggressive 
behavior, psychosis, and depression

Social dysfunction

Sleep cycle disruption

Secondary Complications: Developmental delay, intellec-
tual disability, and intractable seizures. Injuries and 
falls related to seizures leading to head trauma, den-
tal injury, and fractures.

Treatment Complications: Felbamate carries a black 
box warning for aplastic anemia and hepatic fail-
ure, and is associated with anorexia and insomnia. 
Topiramate and zonisamide are associated with som-
nolence, anorexia, and nephrolithiasis. Lamotrigine 
is associated with risk for serious rash. Rufinamide 
is associated with gastrointestinal upset. Valproate is 
associated with liver dysfunction, thrombocytope-
nia, tremor, hair changes, and weight gain. Clobazam 
is associated with sedation, hypersecretion, consti-
pation, paroxysmal agitation, and insomnia. Corpus 
callosotomy may be associated with surgical com-
plications, a disconnection syndrome, and tran-
sient symptoms of frontal lobe dysfunction (paresis, 
akinetic- mutism). Vagal nerve stimulation is most 
commonly associated with hoarseness.
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Lens Subluxation
Epidemiology and Demographics: Lens subluxation, or 

ectopia lentis, may be an autosomal dominant or 
recessive trait and may be isolated or associated with 
other ocular abnormalities. In a Danish national 
survey, 396 cases were identified, with equal male 
and female prevalence, with an estimated prevalence 
rate of 6.4/100,000 people. The majority of cases in 
the study had ectopia lentis as a manifestation of 
systemic disease with Marfan syndrome being the 
most common condition. Isolated ectopia lentis 
may present at any age, including being present  
at birth.

Disorder Description: The lens is a transparent structure 
that alters the refraction of light entering the eye. It 
is suspended behind the iris by zonular fibers that 
attach the lens to the surrounding ciliary body. The 
zonules can be broken by trauma or iatrogenically 
during intraocular surgery, causing the lens to de- 
center, or dislocate entirely. As mentioned above, 
the lens can also dislocate because of inherited 
disorders that affect zonular strength. The lens is 
displaced away from the area of weakened zonules. 
Visual acuity, refractive error, and intraocular 
pressure can all be affected by lens location and 
these need to be monitored regularly in affected 
patients.

Symptoms: Symptoms depend on the severity of lens 
subluxation. Patients with mild decentration, 
where the edge of the lens remains outside the 
visual axis, maintain the best correctable vision and 
may be asymptomatic. If the subluxation extends 
such that the lens is no longer in the visual axis, 
the patient becomes effectively aphakic. Patients 
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may also complain of fluctuating vision as the lens 
moves from zonule instability.

Localization site

Cerebral hemispheres Homocystinuria is a multisystem 
disorder of metabolism resulting in 
elevated levels of homocysteine, which 
is associated with downward lens 
subluxation. Thromboembolic events 
and seizures are other neurologic 
complications if the condition is untreated

Marfan syndrome, a connective 
tissue disorder, is associated with 
upward lens subluxation. Vascular 
complications such as dissection of 
cerebral arteries leading to stroke have 
been reported

Mental status and 
psychiatric aspects/
complications

Homocystinuria (see above) is 
associated with intellectual disabilities
Sulfite oxidase deficiency is a rare 
disorder of lens subluxation associated 
with intellectual disability, attenuated 
growth of the brain, and seizures

Secondary Complications: Secondary complications 
include progression of lens subluxation, cataract 
formation, pupil block glaucoma, or retinal detach-
ment. A subluxed lens can become cataractous even 
if it does not dislocate completely.

Treatment Complications: Many cases of lens subluxa-
tion can be managed medically, typically by cor-
recting the refractive error with glasses or contact 
lenses. Surgery for a subluxated lens requires addi-
tional surgical planning to minimize the risk of 
complications such as dropped lens (when the lens 
dislocates completely and falls into the vitreous 
cavity) and vitreous prolapse (vitreous entering 
the anterior chamber). As with cataract surgery, 
treatment complications include vision loss, pain, 
and diplopia.
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Leprosy (Lepromatous Neuropathy)
Epidemiology and Demographics: About 200 new cases 

annually in the United States. More than 75% of 
cases were immigrants. Global prevalence is 175,000 

in 2014. Most cases occur in developing countries 
including India, Brazil, and Indonesia. Male-to-
female ratio is 1.5 to 1.

Disorder Description: Leprosy is caused by Mycobacterium 
leprae infections. Mycobacterium leprae can be 
transmitted by respiratory route or direct contact 
with armadillos. Depending on the host immune 
responses, clinical manifestation can be either tuber-
culoid (pauci- bacillary) or lepromatous (multi- 
bacillary). Skin and peripheral nerves are commonly 
affected. Patients with leprosy usually present with 
characteristic skin lesions, hair loss, sensory loss, 
neuropathic pain, claw hand, and foot drop.

Symptoms

Localization site Comment

Cerebral hemispheres Dementia

Peripheral nerves Neuropathy of median nerve, ulnar 
nerve, common peroneal and 
posterior tibial nerve, facial nerve, 
radial cutaneous nerve, great auricular 
nerve. Segmental demyelination is 
thought to be the pathogenesis. Nerve 
enlargement often occurs

Symmetric polyneuropathy has been 
reported

Secondary Complications: Systemic inflammatory 
response (immunologic reactions) can cause 
deformity and paralysis secondary to severe nerve 
injury.

Treatment Complications: Dapsone inhibits folic acid 
synthesis with subsequent peripheral neuropathy. 
Minocycline can cause dizziness and unsteadiness.

Bibliography
Lastória JC, de Abreu MAMM. Leprosy: review of 

the epidemiological, clinical, and etiopathogenic 
aspects – Part 1. An Bras Dermatol. 
2014;89(2):205–18. http://doi.org/10.1590/
abd1806–4841.20142450.

Su TW, Wu LL, Lin CP. The prevalence of dementia 
and depression in Taiwanese institutionalized 
leprosy patients, and the effectiveness evaluation 
of reminiscence therapy: a longitudinal, single- 
blind, randomized control study. Int J Geriatr 
Psychiatry. 2012;27(2):187–96.

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.012
https://www.cambridge.org/core


Lesch–Nyhan Syndrome

335

Leptospirosis
Epidemiology and Demographics: The reported incidence 

of leptospirosis worldwide is 870,000 cases annu-
ally. Leptospirosis is more prevalent in tropical 
climates.

Disorder Description: Leptospirosis is a zoonotic disease 
caused by Leptospira spirochetes. Infected animal or 
environmental exposure is the main route of trans-
mission. Patients with leptospirosis usually present 
with sudden-onset fever, myalgia, headache, and 
conjunctival suffusion. Hemorrhagic diathesis, 
hypokalemia/hyponatremia, and transaminitis are 
common laboratory abnormalities. Severe lepto-
spirosis can lead to Weil syndrome (Weil’s disease), 
which is characterized by jaundice, renal failure, 
and hemorrhagic manifestations.

Symptoms

Localization site Comment

Cerebral hemispheres Aseptic meningitis (most common), 
cerebral venous thrombosis, and 
intracranial hemorrhage

Cerebellum Ataxia

Cranial nerves Optic neuritis

Spinal cord Myelitis

Peripheral nerves Neuropathy

Secondary Complications: Hepatic failure and renal fail-
ure secondary to severe leptospirosis can lead to 
altered mental status.

Treatment Complications: Antimicrobial treatment of 
leptospirosis can lead to Jarisch–Herxheimer reac-
tion, an acute inflammatory response to spirochete 
clearance. Common symptoms include fever, rig-
ors, and low blood pressure.
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Lesch–Nyhan Syndrome
Epidemiology and Demographics: Prevalence of Lesch–

Nyhan syndrome (LNS) is 1/380,000, with similar 
frequency in all populations. The genetic defect is 
X- linked recessive, with males almost exclusively 
affected. The HPRT- 1 gene encodes an enzyme 
responsible for purine metabolism, resulting in 
breakdown but not recycling of purines. This in 
turn results in abnormally high levels of uric acid. 
Low dopamine levels have also been noted, and may 
explain some of the neurobehavioral profile.

Disorder Description: LNS is a neurodevelopmental disease 
caused by deficiency of the hypoxanthine–guanine 
phosphoribosyl transferase (HPRT) enzyme. It is 
characterized by hyperuricemia, neurologic disabil-
ity, and behavioral problems. Diagnosis is suggested 
by raised uric acid and a raised urinary urate to creati-
nine ratio greater than 2.0. Cell enzyme activity <1.5% 
is diagnostic.Symptoms begin from age 3–6 months, 
with hypotonia and developmental delay evident. 
Within the first few years, extrapyramidal (dystonia, 
chorea) and then pyramidal involvement is evident. 
Cognitive impairment and behavioral disturbances 
emerge between ages 2 and 3 years. Behavioral prob-
lems include intellectual disability, aggressive, impul-
sive behaviors, and obsessive self- injurious behavior, 
with persistent self- injurious behavior (biting fingers, 
hands, lips, and cheeks) being a hallmark of the syn-
drome. The deposition of “orange sand” in diapers of 
infants (urate crystals) may occur from the age of 6 
months; urate nephrolithiasis may predispose to UTI 
and hematuria. In older children, uric acid deposition 
may manifest as gouty tophi in joints and ears.
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There is a clinical spectrum of severity with par-
tial syndromes being increasingly recognized. In 
these milder variants, self- injury may not occur, 
cognition may be normal, and dystonia may be mild 
or absent. Some patients may demonstrate renal 
effects of hyperuricemia alone.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Deep nuclei:
 – Extrapyramidal movement disorder
 – Hypotonia, then severe action dystonia, 

choreathetosis, ballismus, opisthotonus, 
resembling athetoid cerebral palsy

Pyramidal involvement – spasticity, 
hyperreflexia, extensor plantar response:
 – Most children with classic LNS never walk

Cognitive behavioral deficits:
 – Difficult to assess because of behavioral 

disturbance
 – Aggression, vomiting, spitting, 

coprolalia
 – Self-mutilation – biting of hands and lips

MRI demonstrates non specific atrophy with 
reduced caudate nucleus volume

Skull base/cervical 
spine

Death may occur from atlantoaxial 
subluxation from forcible opisthotonus

Secondary Complications: Confusion secondary to uro-
sepsis or endstage renal disease due to renal stones.

Treatment Complications: Management includes the use 
of allopurinol for renal  complications, but has no 
effect on the neurobehavioral profile. Symptomatic 
treatment of dystonia and spasticity (baclofen, ben-
zodiazepine), behavioral therapy, and protective 
equipment and restraints to reduce injury from self- 
harming behaviors. Deep brain stimulation (DBS) 
has been used with mixed results, and ecopipam, 
a D1/D5 dopamine antagonist, is currently being 
studied in phase III trials.

Potential treatment adverse effects:
Sedation may result from benzodiazepines, 

baclofen, and ecopipam.
Benzodiazepines in overdose can cause confusion 

and respiratory depression and coma.
Hypotonia, particularly axial hypotonia, may result 

from baclofen.
Seizures may result from a lowered seizure 

threshold (baclofen).
Mild emesis and anxiety from ecopipam.
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Leukemia
Epidemiology and Demographics: According to the 

National Cancer Institute, the incidence in the 
United States is nearly 14/100,000, with over 400,000 
individuals diagnosed with leukemia in 2015. 
Lifetime risk of developing leukemia is believed to 
be 1.5% of the population.

Disorder Description: Leukemias are neoplasms charac-
terized by malignant cells in the bloodstream with 
origin from granulocytic or lymphoid precursors. 
Neurologic involvement is most commonly due to 
meningeal metastasis. It can also be due to mass 
lesions (chloroma), direct parenchymal infiltration, 
conversion of chronic lymphocytic leukemia to a 
non- Hodgkin lymphoma (Richter syndrome), and 
side effects of treatment.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Hemorrhagic and nonhemorrhagic 
stroke due to septic emboli, nonseptic 
embolic disease (nonbacterial thrombotic 
endocarditis), or disseminated 
intravascular coagulation

Hemiparesis, aphasia, visual disturbances, 
headache, abrupt loss of consciousness, 
or seizures

Mental status and 
psychiatric aspects/
complications

Confusion and encephalopathy 
(along with seizures and blurry 
vision in reversible posterior 
leukoencephalopathy)
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disease dementia (PDD). LBD is the second 
most common neurodegenerative dementia after 
Alzheimer’s disease (AD). Cognitive decline in DLB 
patients typically occurs after age 55 years. The inci-
dence of dementia in Parkinson’s disease increases 
with the duration of illness.1

Disorder Description: When dementia occurs before or 
within 1 year of the development of parkinsonian 
motor signs, DLB is the diagnosis. When motor 
signs present first and cognitive impairment devel-
ops later, PDD is the diagnosis. This distinction is 
somewhat arbitrary, and at autopsy, Lewy bodies are 
found in the brainstem and throughout the cortex 
and limbic system in both DLB and PDD. Similarly, 
loss of dopaminergic neurons in the midbrain and 
loss of cholinergic neurons in the ventral forebrain 
are found in both LBD and PDD. Amyloid plaques 
are found in both. It is not possible to distinguish the 
two entities reliably based solely on neuropathologic 
features.1,2 Some speculate that DLB and PDD may 
represent different phenotypes of a similar under-
lying pathologic process. In DLB, the limbic system 
and basal forebrain are affected early on. In PDD, 
Lewy bodies initially deposit in the medulla (Braak 
stage 1), spreading up the brainstem to the mid-
brain including the substantia nigra (stages 2, 3),  
and later on involve diffuse regions of the cortex 
(stages 4 to 6).3

Clinical features of DLB include visual halluci-
nations, fluctuations in the level of alertness and/
or wakefulness, and “soft” parkinsonian signs. 
Visual hallucinations occur early in DLB, whereas 
in AD and PDD, they are features of more severe 
disease. Visual hallucinations in DLB are typi-
cally well formed and often feature people or small 
animals. They can be either emotionally neutral 
or dysphoric. Fluctuations in arousal are another 
core feature of DLB. Patients can be lucid and 
coherent one moment, and confused or somnolent 
the next.1

Dementia occurs in a significant percentage 
of Parkinson’s patients, with one study finding an 
8- year prevalence rate of 78%.4 Medications used 
to treat PD occasionally impair cognition and/
or behavior. Dopamine agonists often precipitate 
hallucinations. Amantadine and anti- cholinergic 
drugs such as triphexyphenidyl can be associated 
with cognitive impairment.1

Cognitive impairment presents similarly in DLB 
and PDD. Executive dysfunction occurs in both. 

Localization site Comment

Cerebellum Ataxia due to mass (chloroma)

Base of skull Skull-based chloroma: results in cranial or 
optic neuropathies

Spinal cord Paraneoplastic necrotizing myelopathy 
(no known antibody so far): bilateral 
motor, sensory, and sphincter deficits 
(ascending, transverse cord dysfunction 
affecting both anterior and posterior 
horns of the spinal cord)

Peripheral nerves Paraneoplastic sensory neuropathy 
(very rare anti- Hu antibodies and anti- CV2 
antibodies): both upper and lower 
extremities are affected and can be either 
symmetric or asymmetric

Unclear localization Bacterial meningitis: opportunistic 
infections

Treatment Complications: There are many chemothera-
peutic drugs that can result in multiple complica-
tions, including:

Cisplatin: autonomic neuropathy, encephalopathy, 
cortical blindness, optic neuritis, ototoxicity, 
peripheral neuropathy

Cyclophosphamide: blurred vision, dizziness, 
encephalopathy, seizures

Ifosfamide: encephalopathy, extrapyramidal syn-
drome, peripheral neuropathy, seizures

L-asparaginase: venous sinus thrombosis
Radiotherapy used in treatment can result in leuko-

encephalopathy.
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Lewy Body Dementia (LBD)
Epidemiology and Demographics: Lewy body demen-

tia (LBD) is an umbrella term encompassing both 
dementia with Lewy bodies (DLB) and Parkinson’s 
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Patients may also have problems with visuospatial 
orientation, and become lost. Impairment of recent 
memory is a common finding. Problems with mem-
ory retrieval with relatively preserved encoding 
(storage) distinguish patients with DLB from AD 
patients where storage problems predominate. For 
example, the DLB/PDD patient may have prob-
lems with free recall, but performance may improve 
when given category cues. Such cues are less helpful 
in patients with AD.1

Symptoms

Localization site Comment

Cerebral hemispheres Lewy body disease throughout the 
cortex and limbic system, loss of 
dopaminergic neurons in the midbrain, 
and loss of cholinergic neurons in the 
ventral forebrain all contribute to a 
global picture of cognitive impairment 
and neuropsychiatric symptoms

Brainstem/cranial 
nerves

LBD occurs initially in the brainstem 
in PD, subsequently ascending to the 
midbrain including the substantia nigra, 
presenting clinically with the cardinal 
features of PD

Secondary Complications: Late in the disease course, the 
individual becomes bedbound and susceptible to 
decubitus ulcers and assorted infections, as well as 
severe malnourishment. Decisions concerning the best 
ways to provide nutrition are challenging and require 
repeated discussion with family members over several 
visits. Referral to specialists such as social workers, 
family clergy, and support groups can be invaluable.

Treatment Complications: Cholinesterase inhibitors 
(for example, rivastigmine) can be used for cog-
nitive impairment in both DLB and PDD, and 
may also improve psychotic symptoms (although 
in the authors’ experience this effect is modest). 
Carbidopa/levodopa is the mainstay for treat-
ing motor features of PD. When motor features in 
DLB such as gait impairment warrant a therapeutic 
trial, carbidopa/levodopa is often ineffective and 
may worsen hallucinations and/or cognition. DLB 
patients are especially sensitive to neuroleptics that 
may exacerbate motor slowing and gait impairment, 
and can also cloud cognition further by impairing 
alertness. Neuroleptics should be used with cau-
tion in DLB. Nonetheless, hallucinations may be so 
frightening that pharmacologic therapy is needed. 

Quetiapine, clozapine, and pimavanserin are rea-
sonable choices as they exacerbate parkinsonism 
less than most other neuroleptics.1

Treating parkinsonian motor symptoms with 
dopaminergic drugs may worsen hallucinations or 
exacerbate cognitive dysfunction for patients with 
PDD. Treating psychosis in DLB with neuroleptics 
may precipitate clinical worsening, as DLB patients 
are highly sensitive to neuroleptics.
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Lhermitte–Duclos Disease (LDD)
Epidemiology and Demographics: Lhermitte–Duclos 

disease (LDD) is a rare condition, usually affecting 
patients aged 30–50 years with no sex predilection. 
About 220 LDD cases have been reported in the lit-
erature so far.

Disorder Description: Lhermitte–Duclos disease, also 
known as dysplastic gangliocytoma of the cerebel-
lum, is a rare benign cerebellar mass characterized 
by enlargement of the cerebellar folia; MRI typically 
shows “tiger striping” sign. It can be associated with 
Cowden’s disease.

Symptoms

Localization site Comment

Cerebellum Falls and unsteady gait with cerebellar 
signs on examination

Unclear localization Increased intracranial pressure due to 
obstructive hydrocephalus: headache, 
nausea, vomiting, papilledema
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Listeria monocytogenes

Treatment Complications: Surgical resection can cause 
ataxia.
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Lightning Strike
Epidemiology and Demographics: Annual death rate 

less than 0.1 cases per million for the last 5 years. 
Direct strike injuries are seen in 3 to 5% of inju-
ries. Lightning injuries are multisystem, primary 
neurologic injuries and widely variable injuries. 
Occasionally, a person may incur secondary injuries 
such as blunt trauma, burns, penetration by shrap-
nel or bits of an exploded tree.

Symptoms

Secondary Complications: Hearing loss, cataracts, neuro-
cognitive deficits, isolation, and depression.

Treatment Complications: Nonsteroidal anti- 
inflammatories can cause GI side effects; narcotics 
and tricyclic antidepressants can cause drowsiness. 
Narcotics can cause dependency.
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Listeria monocytogenes
Epidemiology and Demographics: The annual incidence 

of Listeria monocytogenes infection is 0.29/100,000 
persons. The incidence is significantly higher in 
immunocompromised individuals, including neo-
nates, older adults (1.3/100,000), and pregnant 
women (3/100,000).

Disorder Description: Listeria monocytogenes is a short, 
gram- positive rod with tumbling activity that can 
cause self- limited gastroenteritis in immunocom-
petent individuals and invasive disease, including 
bacteremia and central nervous system (CNS) infec-
tion, in immunocompromised patients. Patients 
usually acquire infection from contaminated food. 
Severe fetal complications such as fetal death, 

Localization site Comment

Cardiac Cardiac arrest

Respiratory Respiratory arrest

Autonomic nervous 
system

Hypertension, positive tilt table test, 
autonomic instability

Extremities Chronic pain syndrome

Neurocognitive Cognitive blunting, short- term 
memory problems, and working 
memory deficits, attention deficit, 
easy distractibility, decreased 
executive function, difficulty 
multitasking, dizziness, balance 
problems

Otologic system Tinnitus, hearing loss, balance 
problems, and dizziness

Localization site Comment

Cerebral hemisphere Headache, nausea, vomiting, sleep 
disorder, atypical seizure disorder, 
hemiplegia, coma, secondary 
endocrine deficits, hypothalamic 
damage. Keraunoparalysis is defined 
as temporary paralysis, which may 
last minutes to hours

Pituitary Secondary endocrine effects, 
hypothalamic damage

Ophthalmic Cataracts, macular holes, corneal 
lesions, hyphema, iritis, vitreous 
hemorrhage, retinal detachment, 
and optic nerve injury
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premature birth, or newborn infection can occur in 
pregnancy- related listeriosis, although CNS infec-
tion during pregnancy is uncommon.

Symptoms

Localization site Comment

Cerebral hemispheres Meningoencephalitis is most 
common, and can present with fever, 
altered mental status, or event coma. 
Cerebritis, brain abscess with focal 
findings or seizures

Brainstem Rhombencephalitis with fever, nausea, 
vomiting, headache, and later cranial 
nerve palsy and ataxia. Respiratory 
failure can occur

Cerebellum Ataxia secondary to encephalitis

Cranial nerves Cranial nerve palsy secondary to 
encephalitis, deafness

Secondary Complications: In previous studies, about 
60% of survivors from either rhombencephalitis or 
brain abscess develop chronic neurologic sequelae. 
Highest mortality rate was found in patients with 
bacteremia, in whom 3- month mortality rate is 
more than 50%.

Treatment Complications: Ampicillin is used to treat lis-
teria bacteremia. Ampicillin and gentamicin are 
the combination therapy for CNS listeria infection. 
If patient has penicillin allergy and is unable to be 
desensitized, trimethoprim–sulfamethoxazole or 
meropenem can be used. Gentamicin can lead to 
neuromuscular blockade and ototoxicity and mer-
openem can cause headache and seizure.
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Lobar Hemorrhages
Epidemiology and Demographics: Lobar hemorrhages 

result from ruptured vessels within the white mat-
ter or at the gray–white junction of the cerebral 

hemispheres. Chronic or severe acute hypertension 
and cerebral amyloid angiopathy are the most com-
mon causes by far. Acute hypertension may result 
from abuse of cocaine or other sympathomimetic 
drugs. Amyloid angiopathy, practically speaking, 
occurs after the age of 65 and the relative contribu-
tion to lobar hemorrhages of this disorder increases 
with age. Anticoagulation for atrial fibrillation or 
other cardiac or coagulapathic disorders is increas-
ingly common as a cause. However, underlying 
lesions must always be excluded, especially primary 
or metastatic malignancies, and arteriovenous 
malformations.

Disorder Description: Lobar hemorrhage is a parenchy-
mal hemorrhage that usually occurs suddenly and 
without warning. There is increased risk during 
Valsalva maneuver such as may occur during strain-
ing at a bowel movement or on lifting a heavy object. 
Focal symptoms are typically maximal at onset but 
level of consciousness can deteriorate with time as 
edema develops. Diagnosis is by CT and/or MRI.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Lobar hemorrhage can occur in the frontal, 
parietal, occipital, or temporal lobe and 
will produce focal findings appropriate 
to that lobe. Frontal lobe lesions tend to 
produce apathy with contralateral weakness. 
Parietal lesions produce neglect with 
sensory disturbance and apraxia. Temporal 
lesions produce memory disturbances and 
confusion as described below. Dominant 
hemisphere lesions also cause aphasia, 
typically Wernicke’s type. Occipital lesions 
cause hemianopia

Mental status 
and psychiatric 
aspects/
complications

Lobar hemorrhages of the temporal lobe 
produce confusion and frequently agitation 
immediately. When speech disturbance 
occurs, the patient is often extremely 
frustrated, adding to their agitation. They 
are frequently misdiagnosed with an acute 
psychiatric disturbance. Lobar hemorrhages 
in any location can produce alteration of 
consciousness, from mild drowsiness to 
coma

Secondary Complications: Lobar hemorrhages may be 
associated with intraventricular extension of the 
hemorrhage (IVH). This is typical of amyloid angi-
opathy. In the setting of hypertension, this increases 
mortality risk. Hydrocephalus is common after IVH. 
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Seizures occur in up to 50% so that most patients 
with lobar intracerebral hemorrhage (ICH) receive 
a prophylactic antiepileptic drug. All of the usual 
complications associated with altered conscious-
ness are common, including respiratory failure, 
ventilator- associated pneumonia, DVT, pulmonary 
embolus, and UTI.

Treatment Complications: When lobar hemorrhage 
occurs in patients taking antiplatelet agents or anti-
coagulants, it is routine to provide a dose of plate-
lets or to reverse the anticoagulant. This exposes the 
patient to risk of the thrombotic event for which 
the agent had been prescribed. Hyperventilating 
patients to reduce elevated intracranial pressure  
exposes the patient to risk of global central nervous 
system ischemia if pCO2 falls below 25 mmHg. After 
hypertensive ICH, lowering systolic blood pressure 
to 140 mmHg may yield a mean arterial pressure 
that is insufficient to support cerebral perfusion if 
their autoregulatory curve has shifted significantly 
to the right due to severe chronic hypertension. 
This may result in watershed infarcts in the cerebral 
hemispheres. In general, lowering the mean arterial 
pressure by more than 25% from baseline should be 
avoided. When an extraventricular drain is inserted, 
there is the risk of bleeding or of ventriculitis, espe-
cially if the drain is retained for more than 5 days. 
Craniectomy is often associated with a scaphoid 
appearance of the head overlying the large bone flap 
that is removed between the acute period and bone 
flap reinsertion. Skin breakdown may occur on the 
edges.
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Locked-In Syndrome
Epidemiology and Dermographics: Locked- in syndrome 

nearly always results from thrombosis of the basi-
lar artery, which is usually due to atherosclerosis or 
cardioembolus but can occur with any type of injury 
to the vertebrobasilar system, including dissection 
or operative complications. Locked- in syndrome 
is estimated to occur in less than 1% of strokes and 
is considered to be very rare. A transient syndrome 
similar to locked- in syndrome may result from neu-
romuscular paralysis from any cause.

Disorder Description: Locked- in syndrome is among the 
most catastrophic neurologic syndromes because 
the patient has normal consciousness but is para-
lyzed and virtually unable to communicate. The 
hallmark of the syndrome is the preserved ability 
to elevate the eyes on request. Locked- in syndrome 
must be tested for in all apparently comatose patients 
by seeking this sign, including while holding their 
eyelids open and requesting the patient to look up.

Symptoms

Localization site Comment

Cerebral 
hemispheres

The patient is usually awake and has 
normal mentation

Mental status and 
psychiatric aspects/
complications

It is difficult to imagine the psychiatric 
reaction of patients with this disorder. 
Because communication is limited, even 
with the use of custom communicative 
devices, full expression is rarely achieved

Brainstem The syndrome results from infarction 
of basis pontis and part of the pontine 
tegmentum so that all cranial nerve 
function is lost except that the patient 
may have preserved upgaze and eyelid 
opening, which permits identification 
of the syndrome and provides the only 
means of communication. Interruption 
of the corticospinal tracts in basis pontis 
produces complete bilateral hemiplegia

Secondary Complications: These patients are paralyzed 
and require ventilation so that they are at high risk 
for pulmonary, skin, and genitourinary tract infec-
tions as well as DVT and pulmonary emboli.

Treatment Complications: Because of the catastrophic 
nature of the established syndrome, intra- arterial 
thrombolysis is recommended for up to 24 hours 
after symptom onset. Aggressive efforts at the 
later times are associated with hemorrhagic com-
plications within the brainstem and cerebellum. 
Systemic thrombolysis or anticoagulation carry risk 
of local or systemic bleeding.

Bibliography
Patterson JR, Grabois M. Locked-in syndrome: a 

review of 139 cases. Stroke. 1986;17:758–64.
Roussea M-C, et al. Quality of life in patients with 

locked- in syndrome: Evolution over a 6- year 
period. Orphanet J Rare Dis. 2015;10:88.

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.012
https://www.cambridge.org/core


Section 1 Diagnostics

342

Loiasis
Epidemiology and Demographics: Loiasis is prevalent in 

west and central Africa. About 3–13 million people 
are estimated to have Loa loa infection worldwide. 
Chrysops species, biting deerflies, are the major vec-
tor transmitting Loa loa.

Disorder Description: Loiasis (African eye worm) is 
caused by the nematode Loa loa. Patients with 
loiasis are usually asymptomatic but can present 
with two characteristic symptoms: Calabar swell-
ing  (localized, transient swelling) and subcon-
junctival worm migration. Pathology is caused by 
hypersensitivity reaction to parasite or adult worm 
migration. Loiasis can be diagnosed by direct visu-
alization or serologic testing and can be treated with 
antiparasite therapy including diethylcarbamazine, 
albendazole, or ivermectin.

Symptoms

Localization site Comment

Cerebral hemispheres Encephalitis is associated with high 
Loa loa microfilariae concentration in 
the blood; often occurs after treatment

Eye Adult worm migrates underneath the 
conjunctiva, which can be visualized 
directly. Rarely, eye pain or intraocular 
inflammation can occur

Peripheral neuropathy Compression, entrapment, or 
angioedema of peripheral nerves 
can occur as a consequence of 
Calabar swelling, a form of transient 
localized angioedema secondary to 
hypersensitivity reaction to parasite or 
microfilariae

Secondary Complications: Severe eosinophilia induced 
by the parasite can lead to endomyocardial fibrosis 
and subsequent cardiomyopathy. Renal failure was 
reported in some cases secondary to immune com-
plex deposition.

Treatment Complications: Adverse effects from treat-
ment are highly correlated with microfilariae blood 
counts. It is recommended to monitor patients 
in the first 3 days of treatment for hypersensitiv-
ity response and, more severely, encephalopathy. 
For patients with high microfilariae blood counts 
(>50,000 microfilariae/mL blood), apheresis or pre-
treatment with albendazole should be considered 
prior to diethylcarbamazine.
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Lumbar Disc Degeneration
Epidemiology and Demographics: In the United States 

back pain is the second leading symptom that 
prompts a visit to a physician. Eighty percent 
of adults in the United States experience at least 
one episode of low back pain during their life-
time and 5% have chronic problems. It is much 
more prevalent in African Americans than the 
white population. It is equally seen in males and 
females.

Lumbar disc degeneration can be associated 
with mild to severe low back pain associated with 
aging due to decreased water and proteoglycan 
content in the discs combined with increased colla-
gen. Risk factors include being overweight, obesity, 
and diminished physical and social functioning. 
Metabolic syndrome is four times more prevalent 
in patients with radiographic evidence of severe 
degenerative disc disease.

Symptoms

Localization site Comment

Lumbosacral spine Low back pain, which is increased with 
activity. It can also cause buttock pain

Secondary Complications: Can cause deep- seated spinal 
ache. Patients may describe extremity or perianal 
pain. Depression is common.

Treatment Complications: Narcotics and tricyclic 
antidepressants can cause dizziness and drows-
iness. Dependency can be seen with the use of 
narcotics.
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Lumbar Spondylolisthesis
Epidemiology and Demographics: Prevalence of this con-

dition is 5% from age 5 to 7 years, 6–7% by age 18 
years. Seen more in males. It is more common in 
white population compared with black population.

Disorder Description: Spondylolisthesis is defined as a 
forward or backward slippage of one vertebra on an 
adjacent vertebra. Potential identifiable causes are 
trauma, degeneration, tumor, or congenital etiology.

Symptoms

Localization site Comment

Lumbar spine Pain in the affected thigh, hamstring 
tightness

Roots Numbness and tingling in the legs. Cauda 
equina-related symptoms

Secondary Complications: Spondylolisthesis can lead to 
deformity of the spine as well as narrowing of the spi-
nal canal (central spinal stenosis) or compression of 
the exiting nerve roots (foraminal stenosis).

Treatment Complications: Nonsteroidal anti-inflammatory  
drugs can cause gastrointestinal side effects or 
uncommonly vascular events.
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Lumbar Spondylolysis
Epidemiology and Demographics: More common in 

males. Prevalence is 6.4% in white men, 2.8% in 
black men, 2.3% in white women, and 1.1% in black 
women.

Disorder Description: Lumbar spondylosis is a unilat-
eral or bilateral defect of the pars interarticularis 
that affects one or more of the lumbar vertebrae. 
It is most common at L5. Most of the time it is 
asymptomatic.

Symptoms

Localization site Comment

Lumbosacral spine Pain with activity on the right

Bibliography
O’Neill TW, McCloskey VE, Kanis JA, et al. The 

distribution determinants and clinical correlates 
of vertebral osteophytosis: a population based 
survey. J Rheumatol. 1999;26(4):A42–8.

Lumbar Spondylosis
Epidemiology and Demographics: Lumbar spondylosis 

can be present in 27–30% of the asymptomatic pop-
ulation; 84% of men and 74% of women have verte-
bral osteophytes. It is most commonly seen at T9 to 
T10 level and L3 level. This condition is seen equally 
in men and women.

Disorder Description: Lumbar spondylosis is described as 
bony overgrowth with osteophytes, predominately 
those at the anterior, lateral, and less commonly 
posterior aspect of the superior and inferior mar-
gins of the vertebral body. The condition increases 
with age but is often asymptomatic.

Symptoms

Localization site Comment

Lumbosacral spine Sciatica, low back pain

Secondary Complications: Nerve compression from pos-
terior osteophytes if neural foramina is reduced to 
less than 30% of normal.

Treatment Complications: Surgery is sometimes used with 
equivocal benefit for some. Post- surgical complica-
tions including pain or new deficits are possible.
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Lumbar Sprain
Epidemiology and Demographics: Eighty percent of adults 

experience low back pain in their lifetime; 7–13% of 
all sports injuries in intercollegiate athletes are low 
back injuries, 60% of which are muscle sprains.

Disorder Description: Lumbar sprain is defined as mus-
culoligamentous injury that arises when ligaments 
become ripped from their attachments.
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Symptoms

Localization site Comment

Lumbosacral spine Low back pain radiating into the 
buttocks if condition progresses to 
radiculopathy. Pain increases with 
activity. Decreased range of motion will 
be noted

Secondary Complications: This condition may progress to 
root compression causing sciatica or radiculopathy. 
May cause bowel or bladder dysfunction if severe.
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Lumbar Stenosis
Epidemiology and Demographics: Eighty percent of 

patients in the United States have low back pain. It 
is seen more frequently in men. Lumbar stenosis 
affects the middle-aged and elderly population.

Disorder Description: Entrapment of the cauda equina roots 
occurs due to hypertrophy of the osseous and soft tis-
sue structures surrounding the lumbar spinal canal.

Symptoms

Localization site Comment

Lumbosacral spine Thighs, calves, back, rarely buttock pain 
increased by erect posture, ambulation, 
extension of the spine. Pain relieved by 
squatting, bending forward, and sitting

Secondary Complications: Cauda equina syndrome can 
occur due to compression of the nerve roots in the 
lumbosacral spine distal to the conus medullaris.

Treatment Complications: Surgery can uncommonly be 
complicated by wound infection, hematoma for-
mation, dural tears with subsequent cerebral spinal 
fluid leaks, and risk of meningitis.
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Lumbosacral Plexopathy: Immune 
(Vasculopathy)
Epidemiology and Demographics: Immune lumbosacral 

plexopathy is rare. True incidence is unknown. It 
occurs in approximately 1% of diabetic patients. It 
usually presents in middle age (average 65 years), 
with no gender preference.

Disorder Description: Characterized by epineurial and 
perineurial microvasculitis resulting in multifocal 
ischemia of nerve, followed by axonal loss. Clinical 
entities include diabetic, idiopathic, and post- 
surgical lumbosacral plexopathy. There is associ-
ation with significant weight loss of greater than  
10 lbs. It is usually a monophasic illness.

Symptoms

Localization site Comment

Lumbosacral 
plexus

Patients present with acute to subacute 
severe pain in legs, followed by weakness. 
Pain usually improves when patient 
presents with weakness. Disease starts 
focally then progresses to adjacent segment 
or contralateral side in an asymmetric 
distribution. Proximal leg is more involved 
than distal part. Course progresses over 6 
months before improvement

Secondary Complications: Minority of patients have resid-
ual weakness. Seventeen percent of idiopathic cases 
have recurrence in the same or opposite lower limb.

Treatment Complications: Spontaneous recovery occurs. 
Intravenous methylprednisolone may hasten recov-
ery, but not improve functional outcome. Steroid may 
cause hyperglycemia and gastric ulcer. Intravenous 
immunoglobulin (IVIG) in addition to steroid is 
considered in severe cases; however, there is no ran-
domized controlled trial to support this. IVIG may 
lead to anaphylactoid reaction in IgA- deficiency 
patients, as well as thromboembolic event.
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Lumbosacral Plexopathy: Intra- arterial 
Injections
Epidemiology and Demographics: Rare. There is a limited 

number of case reports.

Disorder Description

 1. Administration of cisplatin into internal iliac 
artery may be complicated by lumbosacral 
plexopathies. This is postulated to be due to 
a combination of small vessel injury leading 
to nerve infarct and direct toxicity from the 
chemotherapy.

 2. Injections into buttock area could cause ischemic 
injury due to an accidental intra- arterial injection 
of vasoactive drugs, causing retrograde propaga-
tion of vasospasm and thrombosis.

Symptoms

Localization site Comment

Lumbosacral plexus Patients develop paresthesia, pain, and 
weakness in lumbosacral distribution 
after receiving medication. Symptoms 
develop after 12–48 hours in patients 
who received intra- arterial cisplatin, 
and within minutes to hours in buttock 
injection cases

Secondary Complications: In those who received injec-
tion to buttock area, skin discoloration and ischemia 
(embolia cutis medicamentosa) may be observed. 
This may be followed by skin necrosis.
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Lumbosacral Plexopathy: Ischemic
Epidemiology and Demographics: Rare. True incidence is 

unknown. Most cases were reported in patients with 
atherosclerotic risk factors.

Disorder Description

 1. Chronic ischemia: atherosclerotic stenosis of dis-
tal aorta or iliac arteries causing steal phenome-
non during muscular exertion.

 2. Acute ischemia:
Ischemic monomelic neuropathy occurs from 

acute noncompressive occlusion of proximal 
arteries, e.g., emboli to aortoiliac arteries, 
intra-aortic balloon pump placement. Distal 
nerve is more vulnerable to ischemia; results 
in distal to proximal gradient symptoms, 
physical signs, and electrodiagnostic studies. 
The injury is axonal degeneration of nerves.

Occlusion or damage to iliac artery during 
aortoiliac artery surgery or the use of 
intraaortic balloon pumps can also result in 
damage to entire lumbosacral plexus.

Symptoms

Localization site Comment

Lumbosacral 
plexus and 
peripheral nerve

 1. Chronic ischemia: pain in the gluteal 
region after exertion, followed by 
paresthesia and possible weakness. The 
sensory loss is not in dermatomal pattern, 
but has ascending involvement from distal 
to proximal segments. Minority of patients 
have sensory loss and weakness without 
pain. Symptoms resolve after rest and 
improve after revascularization

 2. Acute ischemia: in ischemic monomelic 
neuropathy, deep, burning pain in 
feet is the most prominent symptom. 
Examination reveals impairment of all 
sensory modalities and weakness in 
intrinsic muscle of affected foot. Patient 
could be misdiagnosed, because pain is out 
of proportion to physical signs, and pain 
may persist after revascularization.In case of 
complete lumbosacral plexopathy, entire 
limb could be affected with variable degree 
of pain, sensory loss, and weakness. There 
was also report of associated skin ischemia
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Lumbosacral Plexopathy: Obstetric–
Gynecologic Complications
Epidemiology and Demographics: Often seen in primi-

gravida mothers of short stature with relatively 
large fetus.

Disorder Description: Injury is a result of compres-
sion of fetal head on lumbosacral cord (trunk), 
formed mostly by the L5 root, over pelvic brim. 
The lesion is usually demyelinating.

Symptoms

Localization site Comment

Lumbosacral plexus Symptoms begin during second 
stage of labor. There may be 
sciatica or paresthesia in lateral 
side of leg and dorsum of foot. 
However, symptoms are more often 
noticeable when patients attempt 
to walk after delivery. Foot drop 
is the most common complaint. 
Neurologic finding mimics L5 
radiculopathy with weak ankle 
dorsiflexion, inversion, eversion, and 
hip abduction

Secondary Complications: Prognosis is good with 
complete recovery within 3 months.
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Lumbosacral Plexopathy: 
Trauma-Induced
Epidemiology and Demographics: Unlike brachial 

plexus, traumatic lumbosacral plexopathy is 
relatively uncommon because it is protected in 
the pelvic bone. Incidence of lumbosacral plex-
opathy is 2.03% among patients with sacral frac-
tures, and 0.7% among patients with pelvic and 
acetabular fractures.

Disorder Description: Most cases are associated with 
high impact injury with pelvic ring fracture. Other 
causes of traumatic plexopathy include gunshot 
wound, compression from associated retroperi-
toneal hematoma, and avulsion of nerves.

Symptoms

Localization site Comment

Lumbosacral plexus Weakness, more commonly affected 
muscles innervated by common 
peroneal and gluteal nerves than 
those innervated by tibial and 
femoral nerve. Sensory symptom is 
predominantly in sciatic and posterior 
femoral cutaneous nerve distribution. 
Electrodiagnostic study is helpful in 
prognosis. Conservative management is 
recommended, unless compression of 
nerve fiber is identified
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Lung Cancer
Epidemiology and Demographics: According to the 

American Cancer Society, approximately 234,000 
new cases of lung cancer occurred in the United 
States in 2018, with comparable frequency in men 
and women. Lung tumors are one of the common 
tumors associated with brain metastases.

Disorder Description: Lung tumors commonly involve 
the cerebral hemispheres. They can homogeneously 
spread as well as produce paraneoplastic syndromes 
and affect any part of the nervous system. The neu-
rologic manifestations can precede the tumor diag-
nosis in many cases.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, headaches, and focal 
neurologic deficits such as 
hemiparesis, heminumbness, 
aphasia, or hemianopia

Mental status and 
psychiatric aspects/
complications

Encephalitis with confusion, 
agitation, somnolence 
(paraneoplastic – syndrome of 
inappropriate antidiuretic hormone 
secretion [SIADH])

Cerebellum Truncal ataxia and tremor 
(paraneoplastic)
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Secondary Complications: Lambert–Eaton myasthenic 
syndrome (antibodies against VGCCs), limbic 
encephalitis (anti- Hu antibodies), cerebellar degen-
eration (anti- Hu and anti CV2 antibodies), SIADH, 
Cushing syndrome, and stroke (hypercoagulable).

Treatment Complications:
Radiation: Fatigue, loss of appetite, sore throat, 

dysphagia, skin irritation, lung fibrosis, cough, 
fever, dyspnea.

Chemotherapy: Carboplatin, cisplatin, doclitaxel, 
paclitaxel, pemetrexed, or vinorelbine can 
cause cytopenia, opportunistic infection, hair 
loss, nausea and vomiting, and peripheral 
neuropathy.

Avastin: stroke, intracerebral hemorrhage.
Erlotinib: rash, diarrhea.
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Lyme Disease
Epidemiology and Demographics: Lyme disease is the 

most common tick- borne disease in both the United 
States and Europe. The incidence in the United  
States is approximately 300,000 cases per year. The 
majority of cases (94%) occur in the northeast 
and selected states (Minnesota and Wisconsin) in 
the Midwest. Lyme disease affects all age groups 
but exhibits bimodal distribution in 5- to 10-year-
old and 35- to 50-year-old age groups. About 53% 
of cases are in men. Due to climate changes, both 
the incidence and prevalence have been increasing 
recently.

Disorder Description: Lyme disease is caused by Borrelia 
burgdorferi, which is transmitted by Ixodes deer 
ticks. Eighty percent of patients with Lyme disease 
have skin manifestations, about 60% develop joint 
symptoms, and 10–15% have neurologic symptoms.

There are three clinical stages of Lyme disease. 
Early localized disease is featured by erythema 
migrans (“bull’s eye”), and nonspecific symptoms 
that resemble viral infections develop within the 
first month of infection. Early disseminated dis-
ease usually occurs within weeks to months and is 
characterized by neurologic or cardiac symptoms. 
Late disseminated disease often develops months or 
years after the initial infection and is associated with 
arthritis involving one or more large joints, mild 
encephalopathy, or polyneuropathy.

Symptoms: The neurologic manifestation of Lyme dis-
ease (also called neuroborreliosis) is primarily a 
result of multifocal inflammatory axonal processes 
and only occurs during the disseminated stage of 
the disease. Classic triad of neuroborreliosis is men-
ingitis, cranial neuritis, and radiculoneuritis.

Localization site Comment

Cranial nerves Diplopia (cranial nerve VI, III, and 
IV dysfunction) and visual blurring 
(optic nerve involvement). (All due to 
leptomeningeal spread)

Pituitary gland Visual changes, polyuria, and 
polydipsia

Spinal cord Pain and paraplegia

(Due to epidural spinal cord 
compression)

Conus medullaris Bowel and bladder dysfunction 
(epidural compression)

Specific spinal roots Limb weakness, pain referable to the 
involved nerve roots (leptomeningeal 
spread)

Muscle Stiff person syndrome: muscle 
rigidity that waxes and wanes 
with concurrent spasm (rare; 
paraneoplastic – amphiphysin 
antibodies)

Neuromuscular junction Lambert–Eaton myasthenic 
syndrome: fluctuating weakness, 
fatigue, and autonomic dysfunction 
(paraneoplastic syndrome in small 
cell lung cancer with voltage- gated 
calcium channel [VGCC] antibodies)
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Secondary Complications: If left untreated, the majority 
of infected individuals will develop chronic neu-
rologic sequelae including persistent numbness, 
weakness, or even paralysis, dysfunction of cranial 
nerves.

Treatment Complications: Borrelia infection usu-
ally responds very well to appropriate antibiotic 
treatment including doxycycline, amoxicillin, or 
ceftriaxone. The timing of treatment is the key. 
Identification of the neurologic symptoms of Lyme 
disease is crucial to minimize long- term neurologic 
complications.
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Lymphocytic Choriomeningitis Virus (LCMV)
Epidemiology and Demographics: About 5% of mice are 

infected with lymphocytic choriomeningitis virus 
(LCMV) in the United States. Approximately 5% of 
American adults have positive antibodies to LCMV.

Disorder Description: LCMV is an arenavirus that infects 
humans via contact with secretions from infected 
rodents, inhalation of aerosolized virus, or infec-
tion through organ transplant. LCMV has strong 
neurotropism and leads to several neurologic dis-
orders including meningitis, encephalitis, and neu-
rologic birth defects. Patients with acquired LCMV 
infection usually present with “flu- like” symptoms, 
followed by temporary symptom relief. Symptoms 
involving central nervous system often develop after 
as a second phase with “meningitis like” symptoms. 
Diagnosis can be established by detecting virus in 
CSF. Supportive care is the treatment of choice.

Localization site Comment

Cerebral hemispheres Lymphocytic meningitis is the most 
common central nervous system 
involvement, with symptoms 
resembling viral meningitis and variable 
meningeal symptoms

Cranial neuropathy and 
radiculoneuropathy often occur 
concurrently

Elevated intracranial pressure

“Pseudotumor-like” presentation 
often occurs in pediatric population 
presenting with headache and 
associated with visual symptoms or 
even blindness secondary to optic nerve 
compression

Transient ischemic attack and ischemic 
stroke can occur as a result of Lyme 
vasculitis

Vestibular system (and 
non specific dizziness)

Involvement of CN VIII can lead to 
vestibular symptoms

Cranial nerves Cranial neuropathies usually present 
suddenly early in the disease

Facial nerve (CN VII) is the most common 
cranial nerve involved; in almost 80% of 
cranial neuropathies, however, all cranial 
nerves can be affected. Involvement can 
be unilateral or bilateral

Spinal cord Lyme encephalomyelitis can have 
segmental spinal cord involvement at 
the same level as radiculopathy. Clinical 
symptoms and CSF findings can mimic 
multiple sclerosis

Specific spinal roots Lyme radiculoneuritis is the most 
common missed diagnosis, with 
possible involvement of motor, 
sensory, or both. Usually first presents 
with radicular pain in one or several 
dermatomes. Constellation of painful 
radiculoneuritis is the hallmark of Garin–
Bujadoux–Bannwarth syndrome (or 
Bannwarth syndrome)

Plexus Plexopathy (brachial, lumbosacral) can 
occur early in infection

Mononeuropathy or 
mononeuropathy 
multiplex

Mononeuropathy, mononeuropathy 
multiplex, confluent mononeuropathy 
multiplex, and simulating diffuse 
polyneuropathy can occur later in 
infection

Peripheral neuropathy Including cranial neuropathy, 
radiculopathy, mononeuropathy, 
mononeuropathy multiplex, and 
plexopathy
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Symptoms

Localization site Comment

Cerebral hemispheres Aseptic meningitis, encephalitis, 
hydrocephalus (congenital and 
acquired)

Microencephaly, periventricular 
calcifications, gyral dysplasia, and focal 
cerebral destruction in congenital 
LCMV

Cerebellum Cerebellar hypoplasia in congenital 
LCMV

Spinal cord Transverse myelitis

Peripheral neuropathy Guillain–Barré syndrome

Secondary Complications: Subsequent static encephalopa-
thy, seizure, spastic weakness, and severe vision prob-
lems can occur after congenital LCMV infection. 
Post meningitis and ventriculitis, normal pressure 
hydrocephalus is a common complication requiring 
ventriculoperitoneal shunting for management.

Infections acquired by solid organ transplanta-
tion are always severe. Recipients of infected organs 
typically develop fever, leukopenia, and lethargy 
several weeks post- transplantation and then rapidly 
progress to multi- organ system failure and shock. 
Most of these cases are fatal.

Treatment Complications: No specific approved antiviral 
for use. Steroids are used for severe meningitis or 
encephalitis. Symptomatic treatment of spasticity 
and seizures. Complications of ventriculoperito-
neal shunting include infections and shunt failure.
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Lymphomatoid Granulomatosis
Epidemiology and Demographics: Lymphomatoid granu-

lomatosis occurs more frequently in patients with 

immunosuppressive conditions and autoimmune 
conditions. It is common in fourth to sixth decades 
of life.

Disorder Description: Lymphomatoid granulomatosis is a 
rare Epstein–Barr virus (EBV)-associated systemic 
angiodestructive and lymphoproliferative disease. It is 
characterized by prominent pulmonary involvement 
but can also involve multiple extrapulmonary sites.

Symptoms

Localization site Comment

Cerebral hemispheres Headache, hemiparesis, 
involuntary movements, 
incontinence, and seizures

Mental status and psychiatric 
aspects/complications

Disorientation, memory loss

Brainstem Diplopia, facial and abducens 
nerve palsy

Spinal cord Spastic gait and paraplegia 
(thoracic and cervical cord)

Peripheral neuropathy Distal sensory neuropathy or 
mononeuritis multiplex (due to 
vasculitis)

Treatment Complications: Rituximab can result in trans-
fusion reactions, hepatitis B/C reactivation, and 
progressive multifocal leukoencephalopathy.
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Lysergic Acid Diethylamide (LSD) abuse
Disorder Description: Lysergic acid diethylamide (LSD) 

is a hallucinogenic drug (also known as “acid”) that 
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alters perception, mood, and thought, and may have 
mild sympathomimetic effects that stem from the 
disruption of serotonin.

Epidemiology and Demographics: Young white males are 
predominant users.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures (acute)

Mental status and 
psychiatric aspects/
complications

Anxiety (acute)

Delusions (acute)

Paranoia

Panic attacks (acute)

Strong correlation in development of 
schizophrenia schizoaffective disorder 
(chronic)

Prolonged psychosis (chronic)

Depression (chronic)

Post-hallucinogen disorder (chronic)

Hallucinations (acute)

Comatose (acute )

Brainstem Dysregulation of the sleep–wake cycle

Cerebellum Gait ataxia (acute)

Cranial nerves Mydriasis (acute)

Spinal cord Hyperreflexia (acute)

Muscle Rhabdomyolysis (acute)

Neuromuscular 
junction

5-HT2A dysregulation (chronic)

Dopamine dysregulation (chronic)

Secondary Complications: Indirectly affects nervous sys-
tem via:
Respiratory complications: respiratory arrest/acute 

respiratory distress syndrome, which leads to 
cerebral ischemia.

Coagulopathy complications: disseminated 
intravascular coagulopathy with secondary 
complication of stroke.

Hepatic complications: acute hepatic failure from 
hyperthermia resulting in mood/cognitive 
disorders.

Endocrinologic complications: hyperthermia resulting 
in psychomotor agitation, ataxia, delirium, 
seizures, and coma.
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Lysosomal Storage Disorders
Disorder Description: The lysosomal storage disorders 

are a heterogeneous group of more than 50 rare 
inherited disorders, characterized by the accumu-
lation of macromolecules within storage organelles 
named lysosomes; ultimately resulting in cellular 
dysfunction and clinical abnormalities.

The disorders often result from abnormalities 
associated with the enzymes involved in metab-
olism within lysosomes (hydrolases), but also 
include enzymes which act as activator proteins, 
or intracellular trafficking proteins. Given varying 
distribution within organs in the body, they lead to 
accumulation within organ systems, including the 
skeleton, brain, skin, heart, and central nervous sys-
tem. Age of onset and clinical manifestations may 
vary widely among patients with a given lysosomal 
storage disease, and significant phenotypic hetero-
geneity between family members is common.

Lysosomal storage diseases are generally classi-
fied by the accumulated substrate.

The lysosomal disorders with available specific 
treatments (enzyme replacement therapy  – ERT) 
include:
•	 Gaucher’s disease I, III
•	 Mucopolysaccharidosis types I, II, VI
•	 Acid maltase deficiency (glycogen storage dis-

ease type II, Pompe’s disease)
•	 Fabry’s disease

ERT has been successful in preventing pro-
gression of peripheral manifestations, but largely 
unsuccessful in improving central nervous system 
symptoms, presumably due to the inability of the 
enzyme to cross the blood–brain barrier.

Hunter – MPS II
Epidemiology and Demographics: Very rare cases of 

female presentations. Prevalence ~1/100,000, with 
no ethnic predisposition.
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Disorder Description: The most common lysosomal 
storage diseases are the mucopolysaccharidoses 
(MPS), caused by a deficiency of lysosomal enzymes 
required for the degradation of mucopolysac-
charides or glycosaminoglycans (GAGs). Eleven 
distinct single lysosomal enzyme deficiencies are 
known to cause seven different and recognized phe-
notypes of MPS. All of the MPS are inherited in an 
autosomal recessive fashion, except for Hunter syn-
drome, which is X- linked recessive.

Mutations of the gene Xq28 cause iduronate sul-
fatase deficiency (IDS), leading to accumulation of 
chondroitin sulfate B and heparan sulfate.

There is a varying clinical picture due to cell- line 
mosaicism. Initial symptoms between 18 months 
and 4 years of age. Features include distinctive coarse 
facies – thickening of lips and nostrils, enlarged and 
protruding tongue; macrocephaly due to overgrowth; 
frequent respiratory tract infections and otitis media; 
umbilical and inguinal hernias; bone dysplasia and 
short stature; cardiomyopathy; hepatosplenomegaly; 
sleep apnea, and behavioral problems.

Two subtypes exist: MPSIIA – a severe form with 
early psychomotor regression and mortality before 
age 25; and MPSIIB – an attenuated form without 
cognitive involvement and survival into adulthood 
up to 60 years of age.

Diagnosis is based on screening urinary glycos-
aminoglycans and confirmation by measuring I2S 
activity and analyzing I2S gene mutations.

Symptoms

Localization site Comment

Cerebral hemispheres Macrocephaly and hydrocephalus

MRI – T2 hyperintense 
cystic perivascular lesions – 
accumulation of foam cells in 
Virchow–Robin spaces

Cranial nerves Hearing and visual involvement

Peripheral nervous system Carpal tunnel syndrome due to 
overgrowth

Secondary Complications

Macroglossia and adenotonsillar hypertrophy 
may predispose to obstructive sleep apnea and 
secondary cardiac and behavioral (attention deficit 

hyperactivity disorder) comorbidities – require 
sleep studies and continuous positive airway 
pressure (CPAP).

Cardiomegaly – yearly cardiac follow-up.
Atlantoaxial instability and cervicomedullary spinal 

stenosis due to overgrowth.
Dysostosis predisposes to hip pathology – requires 

orthopedic surveillance.
Hepatosplenomegaly.
Special risks associated with general anesthesia 

include:
ankylosis of the temporomandibular (TM) joint, 

which can restrict oral access to the airway;
difficult intubation due to macroglossia.

Care must be taken to avoid hyperextension of the neck 
secondary to atlantoaxial instability.

Treatment Complications: Idursulfase (recombinant 
I2S) (Elaprase) enzyme replacement therapy (ERT) 
improves walking capacity and respiratory func-
tion, and reduces spleen and liver size and urinary 
glycosaminoglycan levels. Intrathecal ERT is under 
investigation. Treatment complications are pyrexia 
and headache in approximately two- thirds of cases, 
arthralgia, anxiety, and irritability.
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Macular Degeneration
Epidemiology and Demographics: Age- related macular 

degeneration (AMD) is a leading cause of vision 
loss in elderly individuals affecting 30 to 50 million 
people worldwide. Macular degeneration is rare 
before the age of 55 with the highest prevalence in 
individuals over 80. It is primarily seen in developed 
nations.

Disorder Description: AMD is a multifactorial degenera-
tive disease of the macula (central part of the retina). 
Age, genetics, and ethnic environmental factors 
have all been shown to play a role in disease devel-
opment. Smoking is consistently associated with all 
forms of AMD in epidemiologic studies. Early on in 
the disease, deposits known as drusen appear in the 
macula. Patients are generally asymptomatic at this 
stage. As the disease progresses, significant vision 
loss can occur through two major mechanisms. In 
what is referred to as the “dry” form of AMD, well- 
defined areas of atrophy of the retina appear. This 
is known as geographic atrophy. In the “wet” form 
of AMD, choroidal neovascularization (abnormal 
blood vessel growth under the retina) occurs lead-
ing to fluid accumulation in the retina, exudates, 
and hemorrhage. Dry AMD accounts for the major-
ity of diagnosed cases but wet AMD is responsible 
for the majority of vision loss.

Symptoms

M

Secondary Complications: Late manifestations of AMD, 
geographic atrophy and choroidal neovasculari-
zation, are associated with central vision loss. The 
risk of disease progression is highly variable. Higher 
risk clinical features include large drusen and pig-
mentary changes, particularly if bilateral. When 
both eyes are affected by late stages of AMD, vision 
is markedly reduced, and tasks such as reading, 
driving and facial recognition are compromised. 
Peripheral vision is typically spared.

Treatment Complications: There are currently no treat-
ments for the most common dry form of AMD. 
Antioxidant supplementation through vitamin pills, 
smoking cessation, and nutritional modification 
have been shown to slow the progression of disease. 
Treatments for neovascular AMD have been stud-
ied extensively. The current standard of care is intra-
vitreal injections of the anti- vascular endothelial 
growth factor (VEGF) agents ranibuzumab, afliber-
cept, or bevacuzumab. Serious ocular side effects are 
rare but endophthalmitis (inflammation of ocular 
structures usually secondary to infection) and uvei-
tis have been reported. Anti- VEGF agents adminis-
tered systemically have been known to cause serious 
side effects including thromboembolic events and 
death. There is concern that repeated injections of 
anti- VEGF agents can result in clinically significant 
systemic levels of these agents but the exact systemic 
risks are unclear.

Localization site Comment

Cerebral hemispheres It is well accepted that genetics 
and inflammation play an 
important role in AMD. Many 
hypothesize that AMD is a 
local manifestation of systemic 
dysregulation of inflammation 
and lipid metabolism. AMD 
has also been theorized 
to be a vascular disorder. 
Epidemiologic studies linking 
AMD and cardiovascular risk 
(such as for stroke), however, 
are inconsistent

Localization site Comment

Mental status and psychiatric 
aspects/complications

Visual release hallucinations 
(sometimes termed Charles 
Bonnet syndrome) may occur 
in patients with macular 
degeneration and severe 
vision loss. These patients 
will report seeing geometric 
shapes, small characters, or 
faces, but they have insight 
into the hallucinations and 
recognize that they are not real. 
These patients do not have 
psychiatric disease, but may be 
disturbed by the images, and 
afraid to admit that they see 
them for fear of being labelled 
with psychiatric disease
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Major Depressive Disorder
Epidemiology and Demographics: In the United States, the 

12- month prevalence of major depressive disorder 
(MDD) is about 7%. Prevalence differs according to 
age with rates in 18- to 19-year-olds threefold higher 
than in those 60 years or older. Females have a 1.5- 
to 3- fold increased incidence of MDD relative to 
males. Depression should be screened for in patients 
who have neurologic disorders such as Parkinson’s, 
stroke, and epilepsy. These rates are discussed under 
the appropriate headings below.

Disorder Description: As stated in the DSM- 5, MDD can 
be defined as:
 A. Five or more of the following symptoms have 

been present during the same 2- week period 
and represent a change from previous func-
tioning; at least one of the symptoms is either 
(1) depressed mood or (2) loss of interest or 
pleasure.
 i. Depressed mood most of the day, nearly 

every day, as indicated by either subjective 
report (e.g., feels sad, empty, hopeless) or 
observation made by others (e.g., appears 
tearful). (In children and adolescents, this 
can manifest as irritability.)

 ii. Markedly diminished interest or pleasure 
in all, or almost all, activities most of the 
day, nearly every day (as indicated by either 
subjective account or observation).

 iii. Significant weight loss when not dieting 
or weight gain, or decrease or increase in 
appetite nearly every day.

 iv. Insomnia or hypersomnia nearly every day.
 v. Psychomotor agitation or retardation 

nearly every day (observed by others).
 vi. Fatigue or loss of energy nearly every day.

 vii. Feelings of worthlessness or excessive or 
inappropriate guilt (which may be delu-
sional) nearly every day.

 viii. Diminished ability to think or concentrate, 
or indecisiveness, nearly every day.

 ix. Recurrent thoughts of death, recurrent sui-
cidal ideation without a specific plan, or a 
suicide attempt or a specific plan for com-
mitting suicide.

 B. The symptoms cause clinically significant dis-
tress or impairment in social, occupational, or 
other important areas of functioning.

 C. The episode is not attributable to the physio-
logic effects of a substance or to another med-
ical condition.

 D. The occurrence of the major depressive episode 
is not better explained by schizoaffective dis-
order, schizophrenia, schizophreniform disor-
der, delusional disorder, or other specified and 
unspecified schizophrenia spectrum and other 
psychotic disorders.

 E. There has never been a manic episode or hypo-
manic episode.

Differential Diagnosis: Differential diagnosis should 
include manic episodes with irritable mood or 
mixed episodes, mood disorder due to another 
medical condition, substance/medication-induced 
depressive or bipolar disorder, attention deficit 
hyperactivity disorder, adjustment disorder with 
depressed mood, sadness and grief. In grief, the 
predominant affect is feelings of emptiness and loss, 
while in MDD it is persistent depressed mood and 
inability to anticipate happiness and pleasure.

In manic disorders with irritable mood or mixed 
episodes, there is the presence of manic symptoms, 
thus patients with depressive symptoms should be 
carefully examined for past manic episodes. This 
can differentiate between unipolar and bipolar 
depressive episode.

In a mood disorder due to another medical condi-
tion, there is a direct pathophysiologic link between 
the medical condition and the mood occurrence.

Substance/medication-induced depressive or 
bipolar disorder is characterized by depression or 
mania caused by intoxication or withdrawal of a 
substance.

In attention deficit hyperactivity disorder, there 
may also be distractibility and low frustration 
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tolerance (as in MDD). The two disorders are not 
mutually exclusive; if criteria are met for each, both 
disorders should be diagnosed.

In adjustment disorder with depressed mood, 
the full criteria for MDD are not met (five of nine 
symptoms, most of the day, nearly every day for at 
least 2 weeks).

Episodes of sadness are fundamental aspects of 
the human experience. These episodes should not 
be diagnosed as MDD, unless they meet the full cri-
teria (five of nine symptoms, most of the day, nearly 
every day for at least 2 weeks, causing clinically sig-
nificant distress or impairment).

MDD in stroke: Poststroke depression is common, 
although difficult to quantify precisely due to differ-
ences among studies. Depression at 3 months after 
stroke is correlated with a poor outcome at 1 year. 
Nonethess, remission of depression is associated 
with better functional outcome at 3 and 6 months 
than continued depression. A 2008 systematic 
review of 12 pharmacotherapy trials with 1121 sub-
jects found that antidepressant therapy is modestly 
beneficial for remission of poststroke depression. 
However, adverse events were significantly more 
common with antidepressants. There is no defin-
itive evidence to guide specific choice of therapy 
for patients with poststroke depression. However, 
major depression (MDD) is a treatable illness that 
responds to a variety of therapeutic interventions, 
and it is likely that the standard approach to the 
treatment of depression in adults is generaliza-
ble to patients with poststroke depression. Also, 
 fluoxetine has been looked at to see whether it can 
help early poststroke depression. It was deemed an 
efficacious and well- tolerated treatment; however, 
further research is needed.

MDD in seizure disorder: Mood disorders, particularly 
anxiety and depression, are common in patients 
with epilepsy; prevalence ranges from 13 to 35%. In 
a community survey, epilepsy was associated with 
43% higher odds of depression after adjustment for 
other demographic factors. Epilepsy- related disa-
bility, including unemployment and activity restric-
tion (e.g., driving), along with impaired social 
support, are risk factors for depression. Suicide risk 
is a particular concern in patients with epilepsy. A 
population- based study in Denmark saw a three 
times higher rate of suicide in patients with epilepsy 
compared with controls. In addition, antiseizure 

drugs have also been associated with increased risk 
of suicidality. Clinicians prescribing these drugs 
should identify a current or past history of depres-
sion, anxiety, and suicidal ideations or behavior 
in their patients. History of depression has been 
associated with onset of seizures, given that a his-
tory of depression increases the risk of developing  
a seizure.

MDD in Parkinson’s disease: Depression is one of the most 
common psychiatric disturbances seen in patients 
with Parkinson’s disease (PD). It has a negative 
impact on motor disability and decreased quality 
of life. There is no clear consensus regarding use of 
anti depressants for the treatment of depression in 
patients with PD. However, a review by the Academy 
of Neurology (AAN) of six small randomized con-
trolled trials that evaluated pharmacologic inter-
vention of depression in patients with PD found that 
in one of the trials, amitriptyline but not fluoxetine 
treatment was associated with significant improve-
ment. Since the 2006 AAN report, a number of 
small randomized placebo- controlled trials have 
reported the following observations: desipramine 
and citalopram were equally effective, nortriptyline 
was efficacious while paroxetine controlled release 
was not, atomoxetine was not beneficial, and parox-
etine and venlafaxine improved depression and did 
not worsen motor function. Ropinirole and prami-
pexole may improved depressive symptoms. In the 
absence of a clear first choice, it is reasonable to start 
with a selective serotonin reuptake inhibitor (SSRI) 
in most patients, as the likelihood of adverse events 
is lower with SSRIs than with tricyclic antidepres-
sants. The anticholinergic side effects of tricylics, 
such as cognitive impairment and orthostatic hypo-
tension, may be particularly problematic in a patient 
with PD. However, for patients who do not improve 
with an SSRI, a tricyclic antidepressant may work 
when tremor is the dominant symptom and poten-
tial benefits outweigh the risk. There are two poten-
tial concerns regarding SSRI use in PD patients: 
the possibility of aggravating motor symptoms and 
the possibility of an adverse interaction with sele-
giline (monoamine oxidase [MAO] B inhibitor) 
used to treat PD. Extrapyramidal symptoms such 
as dystonia, akathisia, tremor, and parkinsonism 
are associated with SSRIs. This is due to increased 
serotonin- mediated inhibition of dopamine release 
in the substantia nigra. Fluoxetine and paroxetine 
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have been the SSRIs most commonly associated 
with increased parkinsonism, while sertraline has 
been associated with relatively few cases.

Serotonin syndrome: Serotonin syndrome is a poten-
tially severe condition associated with increased 
serotonergic activity in the central nervous system 
and severely disturbed mental, motor, and auto-
nomic function. The MAO B inhibitors selegiline 
and rasagiline should be used only at recommended 
doses and with caution when combined with other 
anti- depressants, because of the risk of causing sero-
tonin syndrome. Also, at higher than recommended 
doses (10 mg daily for selegiline and 1 mg daily for 
rasagiline), the MAO B inhibitors may also inhibit 
MAO A, and when given with anti depressants, 
carry the risk of tyramine cheese reaction, also 
called hypertensive crisis.

Secondary Complications: Impairment secondary to 
MDD can be severe. In some cases, the individual 
may exhibit complete incapacity to care for him 
or herself, or is mute or catatonic. At that time, 
electroconvulsive therapy can be considered as a 
treatment. These individuals may also have more 
pain and physical illness and greater decreases in 
physical, social, and role functioning. The possi-
bility of suicide exists throughout major depressive 
episodes. The most frequently described risk fac-
tor is a past history of suicide attempts or threats. 
Additional risk factors include male sex, being sin-
gle or living alone, and having prominent feelings of 
hopelessness.

Treatment Complications: First- line treatment for MDD 
usually consists of SSRIs. This can be followed by 
tricyclic antidepressants (TCAs) and MAOIs, and 
possible an atypical antipsychotic adjuvant. SSRIs 
have black box warnings for risk of increased sui-
cidal thoughts.

SSRI side effects include nausea, diarrhea, insom-
nia, headache, anorexia, weight loss, sexual dysfunc-
tion, restlessness (akathisia- like), serotonin syndrome 
(fever diaphoresis, tachycardia, hypertension, delir-
ium, neuromuscular excitability), hyponatremia, and 
seizures (0.2%).

Treatment with antidepressants has been contro-
versial given the propensity of some antidepressants 
to increase risk of seizure. However, risk of seizure 
with most antidepressants is quite small when these 
agents are used at standard doses. Citalopram, 
setraline, venlafaxine, and transcortical stimula-
tion have all been used successfully in patients with 

epilepsy without significantly worsening the under-
lying seizure disorder.

TCAs are highly protein bound and lipid soluble 
and thus have many drug interactions. They have anti-
histaminic properties including sedation and weight 
gain; anti- adrenergic properties including orthostatic 
hypotension, dizziness, reflex tachycardia, arrhyth-
mias; and anti- muscarinic effects including dry mouth,  
constipation, urinary retention, blurry vision, tachy-
cardia, and exacerbation of narrow angle glaucoma. 
TCAs are lethal in overdose and thus suicide risk 
should be carefully assessed. Symptoms of overdose 
include agitation, tremors, ataxia, arrhythmias, delir-
ium, hypoventilation (secondary to central nervous 
system depression), myoclonus, hyperreflexia, sei-
zures, and coma. Serotonergic effects are also seen in 
TCAs including erectile/ejaculatory dysfunction in 
males and anorgasmia in females.

MAOI side effects include serotonin syndrome 
(usually when taken in combination with SSRIs). 
Serotonin syndrome first consists of lethargy, rest-
lessness, confusion, flushing, diaphoresis, tremor, 
and myoclonic jerks. These symptoms may progress 
to hyperthermia, hypertonicity, rhabdomyolysis, 
renal failure, convulsions, coma, and death. Thus, 
when switching to or from an SSRI and MAOI, a 
2- week “washout period” should be implemented 
(5 weeks appropriate for fluoxetine given its longer 
half life). Hypertensive crisis may also be seen as a 
side effect of MAOIs. This generally occurs when 
MAOIs are taken with tyramine- rich foods (wine, 
cheese, etc.). Additional side effects include ortho-
static hypertension, drowsiness, weight gain, sexual 
dysfunction, dry mouth, sleep dysfunction, numb-
ness and parasthesias (if pyridoxine deficiency), sei-
zures, and edema (if liver toxicity).

Atypical antipsychotic side effects include met-
abolic syndrome, weight gain, hyperlipidemia, and 
hyperglycemia. At times, atypical antipsychotic 
agents may be used in conjunction with an SSRI to 
treat mood symptoms.
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Malaria
Epidemiology and Demographics: Malaria is a parasitic 

disease caused by sporozoites of the Plasmodium 
genus. Greater than 200 million infections were 
reported in 90+ countries in 2016 alone. There is no 
sex predominance, and it can afflict any age group. 
Children are disproportionately at risk for death, 
since children younger than 5 years of age consti-
tute 70% of the 445,000 malaria deaths annually. 
Depending on the species, incubation after initial 
infection can range from a week to a month, wherein 
patients are often asymptomatic.

Plasmodium species are widespread globally. 
They are most commonly seen in Africa, but also 
can be found in Latin America, the Caribbean, Asia, 
Eastern Europe, and the South Pacific.

Disorder Description: Malaria is caused by the 
Plasmodium genus, most commonly by five major 
species (the first two being the most widespread 
and common): P. vivax, P. falciparum, P. malariae, P. 
ovale, and P. knowlesi. The parasites are transmitted 
primarily by mosquitos (mostly Anopheles species). 
P. falciparum causes the most severe symptoms and 
mortality, with more frequent systemic and cerebral 
involvement. Risks of infection are tied to exposure 
(e.g., living in or traveling to endemic areas), but 
risks of severe morbidity and mortality are linked to 
immunocompromise, age (mostly younger patients, 
as noted above), and pregnant women.

Once clinically suspected, rapidly performed 
diagnostic tests can detect antibodies, but are less 
specific for acute infections and only provide qual-
itative rather than quantitative results. PCR test-
ing can provide confirmation, but blood smear 

microscopy is still the gold standard, as it can also 
help quantify infection burden.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral malaria 
(encephalopathy, seizures, 
delirium), microinfarctions, 
cerebral edema, elevated 
intracranial pressure

Mental status and psychiatric 
aspects/complications

Encephalopathy, autoimmune 
encephalitis

Ocular – retinal Retinal hemorrhages

Outside CNS Fever, headache, chills, 
hypovolemia

Anemia, hepatic dysfunction

Secondary Complications: Secondary complications are 
largely related to the severity of systemic disease 
as the sporozoites parasitize red blood cells (RBC), 
resulting in RBC adherence to microvasculature. 
Hypoglycemia, anemia, and hemolysis are common 
initially, which can cascade into renal failure, hepatic 
dysfunction, coagulopathy (including possibly dis-
seminated intravascular coagulation), circulatory 
collapse, and even respiratory distress (largely from 
acidosis). This can result in hepatomegaly, jaundice, 
splenomegaly (with potential splenic rupture), and 
thrombocytopenia. Cerebral malaria can result 
in residual deficits including hemiplegia, cortical 
blindness, deafness, chronic epilepsy, language defi-
cits, and cognitive deficits. In fact, a post- malarial 
autoimmune encephalitis can rarely occur, within 2 
months of resolution of the acute illness.

Treatment Complications: Depending on the severity of 
infection and patient risk factors for mortality, hospital-
ization may or may not be necessary. There are a variety 
of anti- malarial drugs used. In areas of chloroquine- 
sensitive Plasmodium species (reference to regularly 
updated CDC guidelines and maps is helpful), use 
of chloroquine, hydroxychloroquine, atovaquone- 
proguanil, mefloquine, quinine + tetracycline/ 
doxycycline combination may be appropriate. 
However, in resistant areas, WHO guidelines include utili-
zation of  artemisinin- containing combination regimens.

Specific complications are related to adverse reactions 
based on the specific drug(s) chosen. These can range from 
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general gastrointestinal symptoms and hematological 
symptoms (e.g., anemia, thrombocytopenia, leukope-
nia) to more severe neurological symptoms of myopa-
thy and mild neuropathy.
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Male Hypoactive Sexual Desire Disorder
Epidemiology and Demographics: The prevalence of 

male hypoactive sexual desire disorder varies 
widely based on age and geographic location. 
Approximately 6% of men aged 18–24 years and 
41% of men aged 66–74 years have problems with 
sexual desire. However, a persistent lack of interest 
in sex for 6 months or longer affects only 1.8% of 
men (ages 16–44 years).

Disorder Description: As stated in the DSM- 5, male hypo-
active sexual desire disorder can be defined as:
 A. Persistently or recurrently deficient (or absent) 

sexual/erotic thoughts or fantasies and desire 
for sexual activity. The judgment of deficiency 
is made by the clinician, taking into account 
factors that affect sexual functioning, such as 
age and general and sociocultural contexts of 
the individual’s life.

 B. The symptoms in Criterion A have persisted 
for a minimum duration of approximately 6 
months.

 C. The symptoms in Criterion A cause clinically 
significant distress in the individual.

 D. The sexual dysfunction is not better explained 
by a nonsexual mental disorder or as a conse-
quence of severe relationship distress or other 
significant stressors and is not attributable to 
the effects of a substance/medication or another 
medical condition.

Differential Diagnosis: Differential diagnosis should 
include nonsexual mental disorders, substance/

medication use, another medical condition, inter-
personal factors, and other sexual dysfunctions.

In nonsexual mental disorders, there may also be 
a lack of interest. In major depressive disorder, for 
example, there may be lack of interest or pleasure 
in all or most activities. This may account for lack 
of sexual desire as well, and in such cases an addi-
tional diagnosis of hypoactive sexual desire disor-
der should not be given.

In substance/medication use, the use of some 
substance may account for hypoactive sexual desire, 
and hypoactive sexual desire disorder would not 
be the diagnosis. It is important to consider sexual 
side effects of psychotropic medications. The esti-
mated incidence of selective serotonin reuptake 
inhibitor (SSRI)-induced sexual dysfunction ranges 
from approximately 15 to 80%. With the exception 
of buproprion, most of the other SSRIs and selec-
tive serotonin– norepinephrine reuptake inhibitors 
(SNRIs) as well as neuroleptics (both typical and 
atypical) are associated with sexual dysfunction. 
This is usually dose dependent and reversible when 
the drug is stopped. A 14- week prospective observa-
tional study (STAR*D) of 1473 patients treated with 
citalopram found that: decreased libido occurred in 
54%, difficulty achieving orgasm occurred in 36%, 
and among 574 males, erectile dysfunction occurred 
in 37%. A cross- sectional survey of 704 patients who 
had started SSRIs or SNRIs estimated that sexual dys-
function occurred in approximately 50%. Women 
are treated with SSRI medications more frequently 
than men and are thus more likely to be affected by 
SSRI- related sexual dysfunction. On the other hand, 
several randomized trials have established that sex-
ual dysfunction occurs less often with buproprion 
than with SSRIs. A network meta- analysis of 37 
randomized trials (n > 14, 000 depressed patients) 
found that the incidence of sexual dysfunction was 
less with bupropion than escitalopram, paroxetine, 
or sertraline. In addition, one prospective study (n = 
31 patients with fluoxetine- induced sexual dysfunc-
tion) found that after switching from fluoxetine to 
buproprion, sexual functioning was much or very 
much improved in 81%.

In another medical condition, such as hypo-
gonadism, diabetes mellitus, thyroid dysfunction, 
and central nervous system disease, there may be 
secondary hypoactive sexual desire, and thus a diag-
nosis of hypoactive sexual desire disorder should 
not be given.
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In the context of interpersonal factors, such as 
severe relationship distress or other stressors, there 
may be an associated loss of sexual desire in a male, 
but in these cases a diagnosis of male hypoactive 
sexual desire disorder would not be accurate.

In up to one-half of men with hypoactive sexual 
desire disorder, there are comorbid erection prob-
lems. In a slightly lower proportion of these men, 
there are ejaculation problems. Thus, the presence 
of another sexual dysfunction does not rule out 
male hypoactive sexual desire disorder.

Finally, if a man’s low sexual desire is explained 
by his self- identification as asexual, then the diag-
nosis of male hypoactive sexual desire disorder is 
not made.

Secondary Complications: Male hypoactive sexual 
desire disorder may negatively affect one’s partner 
relationships. Furthermore, male hypoactive sex-
ual desire disorder is often comorbid with major 
depressive disorder and other mental disorders, as 
well as endocrine abnormalities.

Treatment Complications: Treatment usually consists of 
counseling, but pharmacologic therapy may also be 
used. Testosterone supplementation has been shown 
to be effective for short- term treatment. Testosterone 
supplementation side effects include acne, increased 
risk of blood clots, worsening sleep apnea (and 
thus daytime sleepiness), decreased testicular size, 
aggression and mood swings, breast enlargement, 
and increased risk of heart attack and stroke.

Another treatment, albeit only modestly more 
effective than placebo, is Flibanserin. Its side effects 
include dizziness, sleepiness, and nausea.

Bibliography
American Psychiatric Association. Diagnostic and 

statistical manual of mental disorders: DSM-5. 
5th ed. Washington, DC: American Psychiatric 
Association; 2013.

Meuleman EJ, Van Lankveld JJ. Hypoactive sexual 
desire disorder: An underestimated condition in 
men. BJU Int. 2005;95(3):291–6.

Segraves KB, Segraves RT. Hypoactive sexual desire 
disorder: Prevalence and comorbidity in 906 
subjects. J Sex Marital Ther. 1991;17(1):55–8.

Stoléru S, Redouté J, Costes N, et al. Brain processing 
of visual sexual stimuli in men with hypoactive 
sexual desire disorder. Psychiatry Res. 
2003;124(2):67–86.

Malignant Hyperthermia (MH)
Epidemiology and Demographics: Reported frequency of 

malignant hyperthermia (MH) is 1 in 100,000 in 
patients receiving anesthetics (frequency is proba-
bly underestimated due to atypical cases and mild 
reactions). Occurs in all ethnic groups, males more 
than females in a ratio of 2:1. Over 90% have no 
family history of MH and over 50% have previous 
uneventful exposure to general anesthetics. When 
inherited, it is an autosomal dominant trait, with 
a defect in the ryanodine receptor (RYR1), the 
primary channel for release of intrasarcoplasmic 
calcium.

Disorder Description: Manifests clinically as a hypermet-
abolic crisis when an MH- susceptible (MHS) indi-
vidual is exposed to a volatile anesthetic (halothane, 
isoflurane, enflurane, sevoflurane, desflurane) or 
succinylcholine. Clinical signs are variable but tend 
to occur in a similar order: masseter spasm, hyper-
carbia, sinus tachycardia, generalized muscle rigidity, 
tachypnea, cyanosis, hyperthermia, sweating, cola 
colored urine, ventricular tachycardia/fibrillation, 
and excessive bleeding. Diagnosis is best accom-
plished by the caffeine halothane contracture test.

Symptoms

Localization site Comment

Cerebral hemispheres Hypercarbia can produce 
encephalopathy with confusion

Mental status and psychiatric 
aspects/complications

Patient may be restless and 
agitated, with alteration in mental 
status. Can have cardiac arrest as 
a complication from ventricular 
fibrillation with subsequent cerebral 
edema, herniation, and death

Muscle Muscle rigidity may be limited to 
masseter spasm, most frequently 
observed after administration of 
succinylcholine

Generalized muscle rigidity noted 
with inhalational anesthetics. 
Delayed complication of muscle 
weakness

Secondary Complications: Muscle breakdown can 
result in myoglobinuria and renal failure as well 
as hyperkalemia and increased body temperature. 
Hyperkalemia further worsens cardiac instability 
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and ventricular arrhythmias. Eventually hemo-
dynamic instability may cause multi- organ failure. 
Disseminated intravascular coagulation can occur.

Treatment Complications: Treatment involves aborting 
the anesthetic as soon as possible, hyperventilat-
ing the patient with 100% oxygen, placement of 
activated charcoal filters in the breathing circuit to 
rapidly reduce the concentration of potent inhala-
tional anesthetic to less than 5 ppm, initiation of IV 
dantrolene, correction of electrolyte disturbances, 
and use of cooled IV fluids and cooling blankets. 
Because rapid correction and avoiding hypother-
mia are both important, devices used for targeted 
temperature management are particularly effective.
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Malingering
Epidemiology: Malingering is a common occurrence 

in hospitalized patients. One study showed that 
46–60% of cases of social security disability exams 
were judged as malingering. Malingering is more 
common in males than females. Malingering is a 
diagnosis of exclusion after medical tests have been 
performed, and found to be negative for pathology.

Description: Malingering is not a mental disorder. 
Malingering is the exaggeration or fabrication of 
signs or symptoms for the purpose of a secondary 
gain. Common secondary gains are room and board, 
drugs, exemption for work or service, reduction of 
criminal sentences, financial, and avoiding police. 
Elements from history that suggest malingering are 
legal involvement, significant discrepancy between 
objective findings and reported symptoms, failure 
to cooperate with the evaluation or treatment, and 
presence of anti- social personality disorder.

Malingering patients often present with vague and 
multiple physical complaints that are inconsistent with 
any one medical condition. Most often pick symp-
toms that are highly subjective and difficult to prove 
(or disprove). They often eagerly and dramatically 
describe symptoms, and have a marked inconsistency 
between history and mental status exam. They may 
also use technical medical terms and demand specific 

medications. They often have a history of many long 
hospital stays, and their symptoms often remit as soon 
as their secondary gain is acquired.

Malingerers may report anxiety or depression, 
and try to convince the examiner of how much their 
function is impaired and how much they are both-
ered by the symptoms. When malingering is sus-
pected, objective tests are crucial. The Minnesota 
Multiphasic Personality Inventory- 2 (MMPI- 2) 
may pick up distortions in both physical and psycho-
logic symptoms. Direct confrontation is not advised 
because this often results in the patient becoming 
angry and fleeing from treatment. Strategies that 
allow the patient to save face are generally more 
successful.

Differential Diagnosis: Malingering should be differ-
entiated from factitious disorder imposed on self 
(Munchausen syndrome). In factitious disorder 
imposed on self, a patient may feign symptoms, but 
in the absence of any external goal or reward. In fac-
titious disorder, the symptoms are feigned so that 
the individual may assume the “sick role.”

Secondary Complications: Malingering may result in fines 
and/or incarceration.

Treatment Complications: Because malingering is a con-
scious deception and not a medical disorder, medi-
cal treatment is not appropriate.
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Manganese Toxicity
Epidemiology and Demographics: May be absorbed via 

inhalation or ingestion. Mostly occupational expo-
sure in miners and industrial workers.
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Disorder Description: Initially non- specific symptoms 
like asthenia, restlessness, apathy, and cramping. 
Miners seem to be more likely to develop “manga-
nese madness” with compulsive acts, delusions, and 
hallucinations. A few months later, the extrapyram-
idal syndrome begins with all of the classic parkin-
sonian manifestations: bradykinesia, masked face, 
hypophonia, micrographia, tremor, stooped pos-
ture, and gait disturbance.

Symptoms

Localization site Comment

Brainstem Substantia nigra NOT affected

Basal ganglia A classic cause of toxin- induced 
parkinsonism

Manganese accumulates in the globus 
pallidus
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Mania
Epidemiology and Demographics: In the United States, 

the 12- month prevalence of bipolar I disorder 
is approximately 0.6% and bipolar II disorder is 
approximately 0.8%.

Disorder Description: As stated in DSM- 5, a manic epi-
sode can be defined as:
 A. A distinct period of abnormally and persis-

tently elevated, expansive, or irritable mood 
and abnormally and persistently increased goal- 
directed activity or energy, lasting at least 1 week 
and present most of the day, nearly every day (or 
any duration if hospitalization is necessary).

 B. During the period of mood disturbance and 
increased energy or activity, three (or more) 
of the following symptoms (four if the mood is 
only irritable) represent to a significant degree 

and represent a noticeable change from usual 
behavior:
 i. Inflated self- esteem or grandiosity.
 ii. Decreased need for sleep (e.g., feels rested 

after only 3 hours of sleep).
 iii. More talkative than usual or pressure to 

keep talking.
 iv. Flight of ideas or subjective experience that 

thoughts are racing.
 v. Distractibility (i.e., attention too easily 

drawn to unimportant or irrelevant exter-
nal stimuli), as reported or observed.

 vi. Increase in goal- directed activity (either 
socially, at work or school, or sexually) or 
psychomotor agitation (e.g., purposeless 
non-goal-directed activity).

 vii. Excessive involvement in activities that 
have a high potential for painful conse-
quences (e.g., engaging in unrestrained 
buying sprees, sexual indiscretions, or fool-
ish business investments).

 C. The mood disturbance is sufficiently severe to 
cause marked impairment in social or occupa-
tional functioning or to necessitate hospitaliza-
tion to prevent harm to self or others, or there 
are psychotic features.

 D. The episode is not attributable to physiologic 
effects of a substance (e.g., a drug of abuse, a 
medication, or other treatment) or to another 
medical condition.

As stated in DSM- 5, a hypomanic episode can be 
defined as:
 A. A distinct period of abnormally and persis-

tently elevated expansive or irritable mood 
and abnormally and persistently increased 
activity or energy, lasting at least 4 consecu
tive days and present most of the day, nearly 
every day.

 B. During the period of mood disturbance and 
increased energy and activity, three (or more) 
of the following symptoms (four if the mood 
is only irritable) have persisted and represent 
a noticeable change from usual behavior, and 
have been present to a significant degree:
 i. Inflated self- esteem or grandiosity.
 ii. Decreased need for sleep (e.g., feels rested 

after only 3 hours of sleep).
 iii. More talkative than usual or pressure to 

keep talking.
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 iv. Flight of ideas or subjective experience that 
thoughts are racing.

 v. Distractibility (i.e., attention too easily 
drawn to unimportant or irrelevant exter-
nal stimuli), as reported or observed.

 vi. Increase in goal- directed activity (either 
socially, at work or school, or sexually) or 
psychomotor agitation (e.g., purposeless 
non-goal-directed activity).

 vii. Excessive involvement in activities that 
have a high potential for adverse conse-
quences (e.g., engaging in unrestrained 
buying sprees, sexual indiscretions, or fool-
ish business investments).

 C. The episode is associated with an unequivocal 
change in functioning that is uncharacteristic 
of the individual when not symptomatic.

 D. The disturbance in mood and the change in 
functioning are observable by others.

 E. The episode is not severe enough to cause 
marked impairment in social or occupational 
functioning or to necessitate hospitalization. If 
there are psychotic features, the episode is, by 
definition, manic.

 F. The episode is not attributable to the physio-
logic effects of a substance (e.g., a drug of abuse, 
a medication, other treatment).

Differential Diagnosis: Neurologic or other medical 
causes of mania must be ruled out such as cerebro-
vascular accident (CVA), brain tumors, mild trau-
matic brain injury (TBI), HIV, hyperthyroidism, 
tertiary syphilis, neurodegenerative disorders, and 
MS. These may appear clinically like mania, but 
have other core features. Strokes in the right orbital 
frontal lobe, temporal lobe, basal ganglia, or thal-
amus have been associated with mania. Tertiary 
syphilis can present with mania. However, this will 
be accompanied with dysarthia, facial and limb 
hypotonia, intention tremors of the face, tongue, 
and hands; with reflex abnormalities. As for neuro-
degenerative disorders, frontotemporal dementias, 
Huntington’s disease, and basal ganglia calcifica-
tion are associated commonly with mania. A manic 
or hypomanic episode is not itself a diagnosis, but 
occurs in the context of bipolar I or bipolar II disor-
der, respectively.

Secondary Complications: As mentioned above, manic 
and hypomanic episodes occur in the context of 

mood disorders. Complications of the episodes 
themselves include interpersonal, societal, and 
financial problems, usually secondary to rash and 
adverse decisions during mania. See entries for 
Bipolar I Disorder, Bipolar II Disorder, and Bipolar 
and Related Disorder due to Another Medical 
Condition.

Treatment Complications: Treatments and associated 
side effects are discussed in the entries for Bipolar  
I Disorder and Bipolar II Disorder.

Selective serotonin reuptake inhibitors (SSRIs) 
used to treat major depressive disorder and other 
disorders may trigger mania. SSRI side effects 
include nausea, diarrhea, insomnia, headache, 
anorexia, weight loss, sexual dysfunction, restless-
ness (akathisia- like), serotonin syndrome (fever 
diaphoresis, tachycardia, hypertension, delirium, 
neuromuscular excitability), hyponatremia, and 
seizures (0.2%).

Mood stabilizers are the treatment of choice for 
bipolar patients. Most frequently used are valproic 
acid and lithium, specifically for bipolar I. For val-
proic acid, patients need to have labwork such as 
complete blood count (CBC) and liver function 
tests prior to initiation. For lithium, patients must 
have labwork such as metabolic panel, paying 
close attention in particular to renal function tests. 
Valproic acid side effects include headache, nausea, 
vomiting, somnolence, thrombocytopenia, dys-
pepsia, dizziness, diarrhea, tremor, weight changes, 
hepatotoxicity, pancreatitis, SIADH (syndrome 
of inappropriate antidiuretic hormone secretion), 
hyponatremia, pancytopenia, and hyperammone-
mia. Lithium side effects include hypothyroidism, 
tremor, polyuria, polydipsia, weight gain, diarrhea, 
vomiting, cognitive impairment, acne, edema, 
coma, seizures, arrhythmias, syncope, goiter, and 
diabetes insipidus.
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Maple Syrup Urine Disease
Epidemiology and Demographics: Autosomal recessive; 

consanguinity leads to higher rates in certain pop-
ulations (e.g., Mennonites in the United States). 
Other rates are recorded as ~1/180,000.

Disorder Description: Maple syrup urine disease (MSUD) 
belongs to a group of conditions known as amino
acidopathies (including phenylketonuria, heredi-
tary tyrosinemia, nonketotic hyperglycinemia, and 
homocystinuria), presenting with encephalopathy 
and vomiting, or liver failure in the first days to 
months of life. They are a heterogeneous group of 
disorders, with the severe form of nonketotic hyper-
glycinemia presenting as unremitting seizures with 
hypotonia and hiccoughs; tyrisonemia presenting 
in a neonate with bleeding diathesis due to liver dis-
ease, or later in infancy with a renal Fanconi syn-
drome. MSUD classically presents at the end of the 
first week of life with feeding difficulties, lethargy, 
coma, seizures, and urine with a characteristic odor 
of maple syrup.

MSUD is an amino- acidopathy associated with a 
defect in the metabolism of branched chain amino 
acids  – leucine, isoleucine, and valine. Enzyme 
deficiency allows accumulation of these amino 
acids and leads to encephalopathy and progressive 
neurodegeneration.

MSUD is caused by a deficiency in the BCKD 
(branched chain alpha ketoacid dehydrogenase) 
complex (Chr 19), which catalyzes decarboxylation 
of branched chain amino acids to branched acyl- 
CoAs. Accumulation of leucine, which is rapidly 
transported across the blood–brain barrier, causes 
neurologic issues, whilst elevation of plasma isoleu-
cine is associated with the maple syrup odor.

Various forms exist: classic (infantile onset), 
intermediate, or intermittent forms – based on resid-
ual BCKD enzyme activity. All children are at risk of 
metabolic decompensation during periods of stress 
and protein catabolism – illness, trauma, surgery. A 
partially thiamine- responsive form also exists.

Post birth, untreated neonates with classic 
(infantile form) MSUD have elevated plasma 
concentrations of branched- chain amino acids 
(BCAAs) (leucine, isoleucine, and valine) and allo- 
isoleucine by 12–24 hours. By age 2–3 days, ketonu-
ria, irritability, and poor feeding are present; and 
the characteristic odor of maple syrup is usually 
present. The disease is usually not detected until age 
4–5 days, when deepening encephalopathy ensues, 
manifesting as lethargy, intermittent apnea, opist-
hotonus, seizures, and stereotyped movements such 
as “fencing” and “bicycling.” By 7–10 days, if left 
untreated, coma and respiratory failure may occur. 
Classic MSUD in neonates is a medical emergency.

Intermediate forms are characterized by acute 
crises of severe metabolic encephalopathy during 
sufficient catabolic stress.

Acute transient ataxia has also been reported in 
well- controlled patients with classic MSUD.

Diagnosis is made by assessing plasma amino 
acids and finding elevated branched- chain amino 
acids and the presence of alloisoleucine. Plasma 
leucine is greatly elevated, with a ratio of leucine: 
 valine:isoleucine of approximately 4:2:1. Plasma 
allo- isoleucine >5 µmol/L is diagnostic. Genetic 
testing confirms the diagnosis. Differential diagno-
ses include other inborn errors of metabolism asso-
ciated with predominant neurologic deterioration 
such as urea cycle defects and organic acidemias (i.e., 
propionic or isovaleric acidemias, methylmalonic 
acidemia with homocystinuria, multiple carboxy-
lase deficiency).

Symptoms

Localization site Comment

Cerebral hemispheres Acute encephalopathy – lethargy, 
confusion, seizures, coma – usually 
in acute metabolic crises

Central hypotonia, dystonia

Cerebellar Intermittent ataxia even in well- 
controlled individuals with classic 
MSUD – etiology unknown
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Treatment Complications: Treatment and prevention 
of acute metabolic decompensation via dietary 
restriction of branched chain amino acids. MSUD 
has been added to some newborn screening pro-
grams and early dietary intervention (preferably 
before symptom onset) leads to good outcomes. 
Dietary management aims to maintain stable 
plasma BCAA concentrations and ratios. Use 
of a “sick- day” formula recipe (devoid of leucine 
and enriched with calories, isoleucine, valine, and 
BCAA- free amino acids) combined with rapid and 
frequent amino acid monitoring allows many cata-
bolic illnesses to be managed in the outpatient set-
ting. Prognosis is good for those who are diagnosed 
early, treated promptly, and who follow a strict life-
long diet.
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Marchiafava–Bignami Disease
Epidemiology and Demographics: Marchiafava–Bignami 

disease occurs predominantly in men and in chronic 
alcoholics.

Disorder Description: A rare neurologic disorder charac-
terized by demyelination and necrosis of the corpus 
callosum. Clinical presentation varies as it is diffi-
cult to differentiate symptoms of alcohol abuse alone 
from those of this disorder. Presentation ranges 
from seizures, tremor, hallucinations, and delir-
ium tremors to progressive dementia, dysarthria, 
slowing of movement, problems with balance and 
gait, hemiparesis, emotional disturbances, aphasia, 

stupor, or coma. It can have an acute, chronic, or 
subacute course.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, unsteadiness, 
hemiparesis, aphasia, stupor, coma

Mental status and psychiatric 
aspects/complications

Dementia, hallucinations, 
emotional disturbances

Cerebellum Ataxia, dysarthria

Peripheral neuropathy Sensory, motor, autonomic nerve 
dysfunction, loss of reflexes, 
decreased vibratory and position 
sense

Secondary Complications: Alcoholism can lead to periph-
eral neuropathy, myopathy, nutrtitional deficien-
cies, cardiac problems, and eventual death.
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Mastoiditis
Epidemiology and Demographics: Mastoiditis is the sec-

ond most common complication of acute otitis 
media (AOM) in children less than 2 years old with 
an annual incidence of 37/100,000 children in 2011. 
Rarely, mastoiditis can occur in adult populations, 
especially elderly. Intracranial complications of 
mastoiditis are rare at 0.1% in the era of antibiotic 
treatment.

Disorder Description: Mastoiditis is a suppurative mas-
toid air cell infection complicated by AOM. The 
most common pathogen is Streptococcus pneumo-
niae. Patients with mastoiditis usually present with 
ear pain, postauricular tenderness/erythema, and 
protrusion of the auricle. A clinical specimen from 
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the middle ear is important for diagnosis. CT of the 
temporal bone is diagnostic with loss of trabecu-
lae. Signs of intracranial involvement are severe 
earache, seizures, fever, constant and persistent 
headache, nausea and vomiting, or focal neurologic 
symptoms. Drainage of pus and empiric antibiotics 
such as vancomycin and cefepime are indicated. 
Mastoidectomy is performed for severe cases. 
Extension of the infection can lead to intracranial or 
extracranial complications.

Symptoms

Localization site Comment

Cerebral hemispheres Epidural/subdural abscess, 
otitis meningitis, otitic 
hydrocephalus

Intracranial extension can 
result in cerebral (temporal 
lobe) abscess or cerebral 
venous thrombosis

Mental status Altered mental status can 
occur with meningitis/
abscess

Cerebellum Cerebellar abscess

Vestibular system (and non- specific 
dizziness)

Labyrinthitis

Base of skull Lateral sinus thrombosis 
(sigmoid sinus thrombosis) 
is a frequent complication 
of mastoiditis. Patients 
usually present with 
gradual, persistent earache 
followed by headache, 
signs of increased 
intracranial pressure, cranial 
neuropathies

Cranial nerves Cranial neuropathies, 
especially facial nerve palsy 
(direct bony  
erosion and extension).
Gradenigo syndrome 
(otorrhea, retroorbital  
pain, ipsilateral abducens 
palsy)

Ear Hearing loss due to  
external auditory canal 
obstruction or middle ear 
effusion

Secondary Complications: Intracranial and extracranial 
spread can lead to permanent neurologic deficits 
including hearing loss.

Treatment complications: Antibiotics for the treatment of 
mastoiditis presenting as a complication of chronic 
otitis should include coverage for Staphylococcus 
aureus, Pseudomonas, and enteric Gram- negative 
rods, as well as Streptococcus pneumoniae and 
Haemophilus influenzae. If patients do not respond 
to conservative therapy with IV antibiotics, further 
intervention involves mastoidectomy for debride-
ment of necrotic bone. Myringotomy is an adjunct 
to mastoidectomy for the treatment of acute mas-
toiditis. When cholesteatoma is present, a tympa-
nomastoidectomy is performed to remove both the 
necrotic bone in the mastoid and cholesteatoma.
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Measles (Rubeola)
Epidemiology and Demographics: Prior to vaccination in 

1963, the incidence of measles in the United States 
was estimated at 3–4 million with 500 deaths annually. 
After introduction of vaccine, the incidence of mea-
sles dramatically decreased to fewer than 500 cases 
annually. In 2011, 220 measles cases were reported in 
America. Worldwide, measles remains a huge burden: 
145,700 patients died from measles in 2013. Children 
under the age of 5 are at risk.

Disorder Description: Measles is caused by a virus from 
the Paramyxoviridae family. It is a highly conta-
gious disease transmitted by airborne spread and 
direct person-to-person contact. It is characterized 
by flu- like symptoms, conjunctivitis, coryza, cough, 
and Koplik spots, followed by exanthema. Transient 
immunosuppression caused by measles virus can 
lead to secondary infection. Pneumonia is the most 
common cause of measles- associated mortality.
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Symptoms

Localization site Comment

Cerebral hemispheres  1. Encephalitis usually occurs 
within 5 days after rash starts. 
Patient presents with headache, 
fever, vomiting, stiff neck, 
convulsion, or even coma. CSF 
shows lymphocytic pleocytosis 
and elevated protein. It can be 
fatal or complicated by severe 
neurodevelopmental  
impairment

 2. Acute disseminated 
encephalomyelitis (ADEM) 
is thought to be caused by 
autoimmune process after the 
infection. It usually occurs within 
14 days after rash starts. Symptoms 
are similar to encephalitis but can 
also develop ataxia, myoclonus, 
choreoathetosis paraplegia, or 
urinary incontinence. CSF findings 
are similar to encephalitis

 3. Subacute sclerosing 
panencephalitis (SSPE) is a post- 
infection progressive degenerative 
disease that typically occurs 7 to 
10 years after the infection. The risk 
of developing SSPE increases with 
decreasing age at infection but 
decreases with vaccination

 4. Measles inclusion body 
encephalitis (MIBE) usually occurs 
1–6 months after infection in 
immunocompromised patients. 
Symptoms include seizure, 
myoclonus, and altered mental 
status. Inclusion body in neurons is 
diagnostic

Cerebellum Both ADEM and SSPE can present with 
ataxia

Spinal cord Patients with acute disseminated 
encephalomyelitis can present with 
symptoms of paraplegia, quadriplegia, 
incontinence, back pain, and sensory 
loss

Secondary Complications: Immunosuppression caused 
by measles virus can lead to severe central nerv-
ous system infection including encephalitis. About 
one- fourth of the children with encephalitis have 
neurologic sequelae. Keratitis and corneal ulcer-
ation can lead to blindness. Vitamin A deficiency 
was reported to be associated with increased rate of 
post- measles complications.

Treatment Complications: The treatment for measles is 
mainly supportive. Vitamin A supplementation was 
recommended by WHO. No significant treatment 
complications have been reported.
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Measles, Mumps, and Rubella Vaccine
Epidemiology and Demographics: Measles, mumps, and 

rubella (MMR) vaccine is included as part of rou-
tine vaccination programs globally. The seroconver-
sion rates from the vaccine of measles, mumps, and 
rubella are 96–99%, 84–100%, and 95%, respectively.

Disorder Description: The vaccine is composed of live 
virus vaccines against measles, mumps, and rubella.

Symptoms

Localization site Comment

Cerebral hemispheres Acute disseminated 
encephalomyelitis, seizures, 
subacute sclerosing 
panencephalitis, and aseptic 
meningitis

Mental status and psychiatric 
aspects/complications

Headache, irritability, and 
malaise

Cerebellum Ataxia

Vestibular system (and non- 
specific dizziness)

Dizziness and syncope

Cranial nerves Deafness and retrobulbar 
neuritis

Spinal cord Transverse myelitis

Peripheral neuropathy Guillain–Barré syndrome, 
paresthesia, and 
polyneuropathy
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Localization site Comment

Muscle Arthropathy, arthralgia, arthritis, 
and myalgia

Secondary Complications: Adverse reactions to MMR 
include fever, rash, lymphadenopathy, joint com-
plaints, hypersensitivity reactions, development of 
immune thrombocytopenia, and seizures.

Treatment Complications: Controversial possible post-
vaccination encephalopathy with ataxia, seizures, 
and altered mental status has been reported. The 
Institute of Medicine has contended there is no causal 
connection between MMR vaccine and autism.
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Medication-Overuse Headache
Epidemiology and Demographics: This type of headache 

has been reported to have a worldwide prevalence 
of 1–2%. Other studies suggest a prevalence of  
0.5–7.2%. One study carried out in a Norwegian 
cohort showed an incidence of 0.72 per 1000 person- 
years. Studies suggest a bias of women over men at 
a ratio of 3–4:1. The condition is most common in 

the age group above 40 years. The prevalence tends 
to decrease with increasing age, especially over  
65 years. In children, the prevalence is 0.3–0.5%.

Disorder Description: This condition is described as having 
a headache for more than 15 days out of a month, reg-
ular overuse of medication for more than 3 months of 
at least one medication for headache, and the quality of 
headache worsened with medication use. In the case  
of simple analgesics, the time criteria is at least  
15 days out of a month; in the instance of triptan, ergots, 
 opioids, or combination analgesics, the time criteria is 
at least 10 days out of a month. The formal criteria for 
diagnosing this condition do not account for the dosage 
of medication or the characterization of headache.

Symptoms

Localization site Comment

Head There are no formal criteria in terms of 
location or other characteristic in the 
diagnosis of this condition

Secondary Complications: Overuse of medications used 
in the treatment of headache has established side 
effects. Simple analgesics have known gastrointes-
tinal complications. Other reported medications 
used in this condition like opioids or combination 
analgesics have known side effects as well. However, 
there is no specific condition or complication to 
medication- overuse headache outside of estab-
lished and reported side effects to medications.

Treatment Complications: Some studies suggest a relapse 
rate of 20–40% within the first year after withdrawal 
of medication overuse. Fewer patients relapse after 
12 months.
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Medulloblastoma
Epidemiology and Demographics: Medulloblastoma is the 

most common central nervous system malignancy 
in children (20% of all childhood brain tumors and 
30% to 40% of all posterior fossa childhood brain 
tumors). It occurs slightly more commonly in males 
than in females (1.3 to 1). There is no racial differ-
ence. It is more common within the first 10 years 
with a bimodal distribution, peaking at 3 to 4 years 
of age and again later at 8 to 10 years of age.

Disorder Description: Medulloblastoma is composed of 
biologically different subsets of tumors arising from 
stem and/or progenitor cells of the cerebellum. WHO 
has described the variants of medulloblastoma as 
classic, nodular- desmoplastic, large cell/anaplastic, 
and medulloblastoma with extensive nodularity.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Infants: developmental delay, 
anorexia, and increased irritability

Children: nonspecific fatigue, 
declining academic performance, 
and personality changes

Brainstem Diplopia: sixth nerve paresis due 
to increased intracranial pressure 
or direct infiltration of the tumor 
into the brainstem

Facial weakness, hearing loss, and 
associated unilateral cerebellar 
deficits (cerebellopontine angle 
extension more common in 
adults)

Cerebellum Limb ataxia: present early and 
causes unsteadiness

Cranial nerves Nystagmus and diplopia (IV or VI 
palsy) 

Setting-sun sign: paralysis of 
upgaze (in very young children)

Spinal cord Paraplegia/monoplegia due to 
spinal cord compression is very 
rare

Specific spinal roots Radicular pain due to 
leptomeningeal spread

Treatment Complications: Children can develop long- 
term neurocognitive deficits due to radiotherapy. 
Posterior fossa syndrome can occur following sur-
gery, which is characterized by mutism, cerebellar 

dysfunction, supranuclear cranial nerve palsy, and 
hemiparesis. It occurs 12–48 hours after surgery.
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Meige Syndrome (Oromandibular Dystonia +  
Blepharospasm)
Epidemiology and Demographics: Meige syndrome, or 

idiopathic cranial dystonia, has its peak onset at 60 
years. Women are more affected than men with a 
preponderance ranging from 3:2 to 2:1. The prev-
alence rate is estimated at 5–10/100,000. The disor-
der is usually sporadic but a few reports describe a 
familial occurrence.

Disorder Description: Meige syndrome refers to blepha-
rospasm associated with dystonic movements of 
other muscle groups in the face, neck, and limbs. 
There may be a variety of movements including 
abnormal eye closure, opening and closing of the 
mouth, tensing of the platysma, pursing of the lips, 
protrusion of the tongue, contractions of the soft 
palate, turning of the neck, etc. The earliest symp-
tom is usually a specific action dystonia, which may 
then generalize. There are often sensory tricks (geste 
antagoniste), which may relieve symptoms. The eti-
ology is unknown but may involve dysfunction in 
the basal ganglia-thalamo-cortical circuits.

Secondary Complications: Patients who are severely 
affected by blepharospasm may be rendered func-
tionally blind. Sudden unexpected eye closure dur-
ing activities may also result in injury such as when 
driving. Dystonia affecting the jaw, soft palate, and 
lower facial muscles may result in difficulty with 
speech and swallowing; there may also be unin-
tended injury to the lips, gums, teeth, and recurrent 
jaw dislocation.
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Treatment Complications: First line treatment is focused 
botulinum toxin injections. However, patients may 
experience unintended weakness in the muscles 
targeted. When this occurs for blepharospasm, 
patients may experience eye closure weakness, dry 
eyes, blurred vision, and diplopia. If this occurs 
in the lower facial muscles and neck, patients may 
experience dysarthria, dysphagia, and neck weak-
ness. Oral medications such as anticholinergics 
and benzodiazepines may result in intolerable side 
effects, especially in the elderly.
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Melanoma
Epidemiology and Demographics: Primary central nerv-

ous system (CNS) melanomas are rare and rep-
resent only 0.07% of all brain tumors. Secondary 
CNS melanomas are more common and occur as a 
metastasis.

Disorder Description: Melanoma is a tumor originating 
from the melanocytes. They arise from melanocytes 
present in the leptomeninges in the cerebral convex-
ity, in the skull base, posterior fossa, and spinal cord.

Symptoms

Secondary Complications: Retinopathy (paraneoplastic, 
Recoverin- Ab CV2- Ab, Rod-Bipolar-Cell-Ab).

Treatment Complications:
•	 Chemotherapy: dacarbazine, temozolomide, pacl-

itaxel, cisplatin, carboplatin, vinblastine: Hair loss, 
oral ulcers, loss of appetite, nausea and vomiting, 
diarrhea, opportunistic infections, pancytopenia, 
fatigue.

•	 Pembrolizumab, ipilimumab, interferon: skin 
rash, arthralgias, colitis, hepatitis, neuropathy, 
unusual severe headaches, blurry vision, fatigue, 
cough, constipation, and cytopenia.

•	 Brain irradiation can cause leukoencephalopathy.
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Localization site Comment

Mental status and psychiatric 
aspects/complications

Confusion and personality 
changes

Brainstem Ocular motility defects due to CN 
III, VI and facial weakness due to 
CN VII; can mimic midbrain and 
pons cavernoma with recurrent 
hemorrhages

Localization site Comment

Cerebellum Ataxia

Spinal cord Spastic paraplegia, brachialgia, 
or other signs of myelopathy 
depending upon the level 
affected. Cauda equina 
compression with acute 
retention of urine (epidural 
compression)

Dorsal root ganglia Polyradicular pain (tumor 
infiltration of plexus)

Unclear localization Subarachnoid hemorrhage 
or intracerebral hemorrhage 
(rupture of the tumor)
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Meniere’s Disease
Epidemiology and Demographics: Idiopathic condition of 

the inner ear, affecting adults, with a female predi-
lection. The prevalence of Meniere’s in the United 
States is approximately 15 in 100,000.

Disorder Description: Meniere’s disease is characterized 
by episodic vertigo, and hearing loss, tinnitus, and 
fullness in the affected ear. The pathophysiology is 
endolymphatic hydrops or abnormal fluid retention 
within the membranous labyrinth of the inner ear. 
Episodic vertigo occurs unpredictably, can last for 
hours at a time, and can be incapacitating. Balance 
is usually completely normal between attacks. Most 
cases are unilateral, and the audiogram will show 
low- and high- frequency sensorineural hearing loss 
in the affected ear. The differential diagnosis of epi-
sodic vertigo is vestibular migraine, but the latter 
does not cause unilateral hearing loss.

Symptoms

Localization site Comment

Inner ear Endolymphatic hydrops, causing 
episodic vertigo, sensorineural 
hearing loss, and subjective tinnitus 
and fullness

Cranial nerves The cochleovestibular nerve is not 
affected

Central nervous system The central nervous system is not 
affected

Secondary Complications: Patients are at risk of injury 
from falling. A small percentage of patients with 
a pernicious form of Meniere’s disease experience 
drop attacks, a sudden loss of vestibular tone with-
out warning.

In bilateral cases, hearing loss can be disabling. 
In severe cases, a cochlear implant might be needed. 
Tinnitus may be troublesome and occasionally 
disabling.

Treatment Complications: Treatment consists of salt- 
restricted diet, diuretics, betahistine, dexameth-
asone injections. Refractory cases can be treated 
with intratympanic gentamicin (“chemical laby-
rinthectomy”), vestibular nerve section, or surgical 
labyrinthectomy.

Thiazide diuretics can cause dehydration and 
hypokalemia. Acetazolamide can cause paresthesias, 

anorexia, and metabolic acidosis. Chemical or sur-
gical deafferentation can result in permanent senso-
rineural hearing loss and gait ataxia.
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Meningioma
Epidemiology and Demographics: Meningiomas are 

the most common primary central nervous sys-
tem tumors and account for about one- third of all 
primary brain and spinal tumors. The estimated 
number of new cases per year in the United States 
is nearly 26,000 with median age at diagnosis of 65 
years. Meningiomas are more common in women.

Disorder Description: Meningiomas are tumors aris-
ing from the meninges, the protective layers sur-
rounding the central nervous system. They are 
typically slow growing, rarely producing symptoms, 
and sometimes discovered incidentally on brain 
imaging.

Symptoms

Localization site Comment

Cerebral hemispheres Monoparesis of the contralateral 
leg (parasagittal), contralateral 
hemianopia (occipital lobe)

Kennedy-Foster syndrome: 
anosmia with possible ipsilateral 
optic atrophy and contralateral 
papilledema (olfactory groove)
Seizures (cortical irritation)
Headache (compression)

Mental status and psychiatric 
aspects/complications

Apathy, disinhibited behavior 
(subfrontal location)

Brainstem Facial weakness and hemiparesis 
(pons)

Cerebellum Unsteady gait

Vestibular system (and non- 
specific dizziness)

Dizziness (left cerebellomedullary 
cistern)

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.013
https://www.cambridge.org/core


Section 1 Diagnostics

370

Secondary Complications: Neurofibromatosis Type 2, 
delayed effect of radiation, Cowden syndrome, and 
familial meningiomas.

Treatment Complications: Surgery can result in seizures 
and damage to surrounding normal structures. 
Gamma knife surgery can produce peritumorous 
changes, causing headaches, seizures, and focal 
neurologic signs and transient cranial nerve dys-
function. Side effects of radiation include headache, 
leukoencephalopathy, cognitive impairment, and 
hypopituitarism.
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Menkes Disease
Epidemiology and Demographics: The incidence of 

Menkes disease is 1:100,000–1:250,000 live births. 
A third are de novo mutations. There is no racial or 
ethnic predilection. The disease presents around the 
age of 2 months, mainly in males, and children die 
by the age of 3. However, very early intramuscular 
copper–histidine treatment may correct some of the 
neurologic symptoms.

Disorder Description: Menkes is a multisystemic disorder 
of copper metabolism – also known as trichopolio-
dystrophy or kinky hair, kinky vessel disease. It is an 
X- linked disorder, with majority of patients being 
males, characterized by progressive neurodegener-
ation and connective tissue disturbances. Menkes is 
caused by mutations in the ATP7A gene (Xq13.3) 
coding for an energy- dependent transmembrane 
protein involved in the delivery of copper to secreted 
enzymes and in the export of surplus copper from 
cells. The biochemical phenotype is characterized by 
low levels of copper in plasma, liver, and brain, with 
secondary reduced activity of copper- dependent 
enzymes. There is paradoxical copper retention in 
some tissues such as duodenum, kidney, spleen, and 
skeletal muscle.

The scalp hair of affected infants has a pathog-
nomonic twisted (pili torti), “kinky” appearance, 
reminiscent of steel wool. Distribution is typically 
more on vertex of the head, with sparse or absent 
hair on back and sides. Other abnormalities such as 
trichoclasis (transverse fracture) or trichoptilosis 
(longitudinal splitting) may also be present.

Lack of copper enzymes leads to loss of develop-
mental milestones, onset of hypotonia and seizures, 
and failure to thrive – usually between the ages of 6 
and 8 weeks.

Symptoms related to the neuraxis are thought to 
be related to deficiency of dopamine B- hydroxlase, 
a copper- requiring enzyme critical to the catecho-
lamine biosynthetic pathway. This leads to a lack of 
norepinephrine and excess of dihydroxyphenyla-
lanine (DOPA). Cytochrome c oxidase is another 
copper- dependent enzyme, involved in the mito-
chondrial respiratory chain, leading to a subacute 
necrotizing encephalomyopathy.

Localization site Comment

Base of skull Tongue atrophy associated with 
fasciculation (foramen magnum)

Cranial nerves Monocular loss of vision (optic 
nerve)

Visual field deficits (depending on 
location along the optic tract)

Multiple cranial nerve deficits (II, 
III, IV, V, VI), leading to decreased 
vision and diplopia (cavernous 
sinus)

Sensorineural hearing loss with 
facial weakness (cerebellopontine 
angle meningioma)

Pituitary gland Pan hypopituitarism (sella turcica)

Spinal cord Progressive paraparesis and 
numbness

Conus medullaris Paraparesis (extremely rare)

Specific spinal roots Paraplegia with sensory level 
(thoracic), foot drop (L5 with 
compression of surrounding 
roots)

Unclear localization Obstructive hydrocephalus 
(intraventricular meningiomas)
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Symptoms

Localization site Comment

Cerebral hemispheres Hypotonia, developmental 
regression, seizures

Subdural and epidural hemorrhages 
due to connective tissue 
abnormalities

Imaging – progressive cerebellar 
and cerebral atrophy, elongated and 
tortuous intracranial vessels, as well as 
bilateral subdural collections or bleeds

Cranial nerves Retinal hypopigmentation, eyelid 
ptosis, partial optic nerve atrophy

Autonomic nervous 
system

Temperature instability, 
hypoglycemia

Secondary Complications: Vascular hemorrhages may 
lead to encephalopathy.
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Mescaline
Epidemiology and Demographics: No age, gender, or race 

predilection.
Disorder Description: An active ingredient of the peyote 

cactus, which is a small, spineless cactus found in the 
southwestern United States and northern Mexico. It 
is a naturally occurring psychedelic alkaloid of the 
phenethylamine class, known for its hallucinogenic 
effects similar to those of LSD and psilocybin.

Symptoms
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Mesial Temporal Sclerosis (MTS)
Epidemiology and Demographics: Mesial temporal scle-

rosis (MTS) exists in up to two- thirds of cases of 
refractory temporal lobe epilepsy. Equally prevalent 
in both sexes.

Disorder Description: The most common pathologic find-
ing in drug- resistant mesial temporal lobe epilepsy. 
Etiology unclear, but studies have shown increased 
incidence among family members and an associa-
tion with precipitating insults, such as prolonged 
febrile seizures. There is also evidence demonstrat-
ing that MTS is both a result and a cause of seizures.

MTS is characterized histologically by neuronal 
loss and gliosis involving the hippocampus (CA1 > 
CA4 > CA2–3), the amygdala, entorhinal cortex, 
uncus, and para- hippocampal gyrus. MRI features 
include hippocampal atrophy and increased signal 
intensity on T2- weighted imaging. EEG correlates 
include interictal anterior temporal spike wave dis-
charges and temporal intermittent rhythmic delta 
activity.

Resective surgery significantly improves seizure 
frequency in patients with MTS, with temporal 
lobectomy having a success rate near 75%.

Localization site Comment

Cerebral hemispheres Cerebral atrophy (chronic)

Mental status and psychiatric 
aspects/complications

Hallucinations (acute)
Anxiety (acute)
Paranoia (acute)
Emotional lability (acute)

Localization site Comment

Cerebellum Ataxia (acute)

Cranial nerves Nystagmus (acute)
Photophobia (acute)

Plexus Hyperreflexia (acute)

Muscle Tremors (acute)

Neuromuscular junction Increased activation of 5HT2A 
receptors (chronic)

Noradrenergic excitability 
(chronic)

Dopaminergic excitability 
(chronic)
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Symptoms

Localization site Comment

Cerebral hemispheres Focal seizures, often described as 
bland, with staring, oro- manual 
automatisms

Auras involve epigastric rising 
sensation, nonspecific cephalic 
sensation, déjà vu, and fear

Mental status and 
psychiatric aspects/
complications

Postictally, can have disturbances 
of mood, cognition, language, and 
memory

Patients with MTS have significantly 
higher rates of depression than those 
with neocortical temporal lesions. 
Also, a greater frequency of cognitive 
side effects and mood problems with 
antiepileptic drugs. Issues with verbal 
memory decline are common with 
dominant temporal lobe involvement

Secondary Complications: Refractory epilepsy resulting 
from MTS can contribute to substantial cognitive, 
psychologic, and social consequences.

Treatment Complications:The risks of temporal lobectomy 
include verbal memory impairments and naming 
difficulties in cases involving the dominant tempo-
ral lobe, and superior quadrantanopsia. Memory 
decline may depend on preoperative baseline func-
tioning and seizure freedom postoperatively.
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Metachromatic Leukodystrophy
Epidemiology and Demographics: Prevalence ranges 

from 1/40,000 to 1/100,000 in North Americans 
and Northern Europeans. Age of onset varies from 
6 months to adulthood. It is more common in 
Habbanite Jews in Israel, Arabs living in Israel, and 
Navajo Indians in the United States.

Disorder Description: Autosomal recessive lysosomal 
storage disease. It affects the gene for the enzyme 
arylsulfatase A. This prevents the conversion of 
sulfatide to cerebroside. Cerebroside is a key com-
ponent in myelin. Metachromatic leukodystrophy 
results in degeneration of myelin in the cerebrum, 
cerebellum, spinal cord, and peripheral nerves. It 
presents as progressively worsening motor function 
including problems with gait and spasticity. It can 
also produce a reduction in speech output, brisk 
reflexes early on with later involvement of periph-
eral nerves producing areflexia, and hypotonia. It 
causes problems with vision, optic atrophy, dysar-
thria, and dysphagia. There is no curative treatment 
at this time.

Symptoms

Localization site Comment

Cerebral hemispheres Spasticity, problems  
with vision, dysarthria, 
dysphagia, decreased  
speech output

Mental status and psychiatric 
aspects/complications

Slowed mental processing/
mental regression

Cerebellum Problems with gait

Spinal cord Worsening motor function, 
problems with gait

Peripheral neuropathy Areflexia, hypotonia

Secondary Complications: Physical injury and infection 
are a risk secondary to motor, gait, vision, and swal-
lowing problems.
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Methamphetamine Abuse
Epidemiology and Demographics: Common abusers are 

young adolescent males, with no race predilection.
Disorder Description: Strong central nervous system 

stimulant composed of two isomeric forms of meth-
amphetamine, a dextro- isomer and a levo- isomer. 
The more heavily abused component is the dextro- 
isomer. Common locations of high use are Asia, 
Oceania, and the United States. Methamphetamine 
and related compounds are now the second most 
commonly used illicit substance worldwide, after 
cannabis.

Symptoms

Secondary Complications

•	 Cardiovascular effects: hypertension with associ-
ated arrhythmias; vasospasm; accelerated athero-
sclerosis leading to stroke.

•	 Coagulation dysfunction combined with hyper-
tensive effect results in hemorrhagic strokes.

•	 Hepatic complications:
•	 acute liver failure may result in brain edema, 

amplified by hypoglycemia, hypoxia, and 
seizures;

•	 hepatic myelopathy with rapidly progressing 
spastic paraparesis;

•	 severe fatigue, cognitive dysfunction, and 
mood disorder.
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Localization site Comment

Cerebral hemispheres Seizures (acute)
Gray matter atrophy degeneration 
(chronic)

White matter hypertrophy (chronic)

Coma (acute)

Globus pallidus and hippocampus 
injury in methamphetamine- induced 
encephalopathy (chronic)

Cerebral ischemia (stroke) (acute)

Cerebral hemorrhage (acute)

Transient ischemic attack (acute)

Mental status and 
psychiatric aspects/
complications

Psychosis with mood swings (acute)
Delusions and violent behavior
Euphoria (acute)
Cognitive impairment (acute)
Visual and auditory hallucinations

Cerebellum Cerebellar atrophy (chronic)

Cranial nerves Optic nerve atrophy (chronic)

Localization site Comment

Spinal cord Spinal cord infarction (acute)

Specific spinal roots Lumbosacral radiculopathy (acute)

Plexus Plexopathy (acute)

Muscle Tremors (acute)  
Choreoathetosis (chronic): variation 
of rapid and slow jerking movements 
of distal muscle that are incorporated 
in semi-purposeful act Dyskinesia 
(impaired voluntary movement)
Rhabdomyolysis (acute)

Neuromuscular 
junction

Dopaminergic neurotoxicity (increase 
in Parkinson’s disease risk)
Serotonergic neurotoxicity (increase in 
serotonin risk)
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Methotrexate Toxicity
Disorder Description: Methotrexate works by inhibiting 

dihydrofolate reductase in a competitive manner and 
has multiple indications for usage. Pathophysiology 
of neurotoxicity is poorly understood. Postulated 
theories are depletion of folate, endothelial injury, 
and inhibition of catecholamine synthesis. No effec-
tive treatment available. Leucovorin doesn’t help.

Symptoms

Localization site Comment

Cerebral hemispheres Acute stroke- like symptoms 
with aphasia or hemiparesis  
Posterior reversible 
leukoencephalopathy (PRES) 
with vision loss, seizures

Mineralizing 
microangiopathy: non- 
inflammatory fibrosis and 
calcification (visible on 
imaging) of capillaries and 
venules in basal ganglia

Mental status and psychiatric 
aspects/complications

Delayed leukoencephalopathy 
develops years after with 
personality changes and 
learning disability

Cerebellum Ataxia

Cranial nerves Central scotomas and reduced 
vision (methotrexate- induced 
optic atrophy)

Spinal cord Transient aseptic meningitis 
and transverse myelitis (lumbar 
puncture directed intrathecal 
injection in acute phase)

Bibliography
Aminoff MJ, Josephson SA. Aminoff’s neurology and 

general medicine. London, UK: Academic Press; 2014.
Jahnke K, Korfel A, Martus P, et al. High-dose 

methotrexate toxicity in elderly patients with 
primary central nervous system lymphoma. Ann 
Oncol. 2005;16(3):445–9.

Wernick R, Smith DL. Central nervous system toxicity 
associated with weekly low- dose methotrexate 
treatment. Arthritis Rheum. 1989;32(6):770–5.

Microphthalmos/Nanophthalmos
Epidemiology and Demographics: Microphthalmos 

occurs in about 2 to 17 per 100,000 births. Sex dis-
tribution is approximately equal.

Disorder Description: Microphthalmos is a congenital 
structural eye abnormality. It can be thought of as 
a spectrum of phenotypes with variable penetrance 
with anophthalmia being complete absence of an 
eye, and coloboma being a segmental ocular defect. 
Microphthalmos represents a non- specific growth 
failure of the eye in response to prenatal insults and/
or genetic defects.

A microphthalmic eye is at least 2 standard devia-
tions below the age- adjusted mean axial length. Simple 
microphthalmos (also known as nanophthalmos) is a 
small but structurally normal eye whereas complex 
microphthalmos is associated with other congen-
ital ocular abnormalities. Microphthalmos can be 
isolated or part of a genetic syndrome and has been 
described as part of over 100 different syndromes.

Symptoms

Localization site Comment

Cranial nerves CHARGE syndrome (Coloboma, Heart 
abnormalities, Atresia of the choanae, 
Retardation of growth, Genitourinary 
abnormalities, and Ear abnormalities) is 
the most common form of syndromic 
microphthalmia. Patients may have cranial 
nerve abnormalities including facial palsy 
and difficulty swallowing

Pituitary gland Bone Morphogenic Protein 4 gene expresses 
a signaling molecule that has a critical role in 
embryonic development. Mutations in this 
gene have been associated with a spectrum 
of abnormalities including anophthalmia/
microphthalmia, hypopituitarism, 
other brain abnormalities, and digital 
abnormalities
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Secondary Complications: Cataract is often found in 
association with microphthalmia. Ocular motility 
abnormalities are present in many microphthal-
mic patients (higher incidence of poor vision and 
subsequent sensory tropia). Anterior segment 
abnormalities, angle closure glaucoma, and retinal 
detachments are also associated complications.

Treatment Complications: In a newborn with anophthal-
mos or microphthalmos, the first step in manage-
ment is to determine whether it is isolated or part 
of a syndromic phenotype. Further workup is deter-
mined by clinical exam. Molecular testing in the 
absence of systemic findings is low yield.

Management and treatment of ocular complica-
tions require regular ophthalmologic follow up to 
maximize visual potential. Management consider-
ations include amblyopia treatment, or eye protec-
tions in eyes with little or no visual potential.

In anophthalmic or severely microphthalmic 
cases (when the eye is deemed to have no visual 
potential), there is often underdevelopment of the 
orbit, eyelids, and facial structure. There are recon-
structive surgical options to improve the cosmetic 
appearance. These include lid surgery, orbital recon-
struction with implants, and bone grafts. These have 
associated surgical complications.
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Middle Cerebral Artery (MCA) Occlusion
Etiologies

The middle cerebral artery (MCA) can be occluded 
as a result of any major vascular disease 
category but the most common causes by far are 
atherosclerosis and cardioembolus.

Atherosclerosis is seen most frequently in patients 
with metabolic syndrome, prior coronary or 
peripheral vascular artery disease, a strong 
family history of atherosclerosis, and a history of 
cigarette smoking. The occlusion usually occurs 
at the origin of the MCA from the ICA or at the 
distal portion of the MCA trunk, often referred to 
as the “trifurcation.”

Cardioembolic MCA strokes occur most frequently 
in patients with atrial fibrillation, valvular 
heart disease, an acute anterior wall myocardial 

infarction, or in patients with a patent foramen 
ovale associated with an atrial septal aneurysm and 
may result from occlusion of either the primary 
trunk of the MCA or its more distal branches.

Less common but important causes of MCA  
occlusion include vasculitis, coagulopathies, and 
dissection of the internal carotid artery.

Disorder Description

MCA syndromes result from ischemic injury 
to the cerebral hemispheres as a result of 
thromboembolic occlusion of the vessel. Because 
the MCA is the dominant vessel of the cerebral 
hemisphere, even occlusions of its secondary 
branches produce significant neurologic 
syndromes.

The MCA is a medium sized, muscular artery, which 
originates from the distal internal carotid artery 
after the cavernous sinus and travels in the 
subarachnoid space. The MCA trunk travels 
horizontally in the Sylvian fissure to the surface 
of the cerebral hemisphere and then splits into 
three major branches (the “trifurcation”). The 
MCA trunk gives rise to large penetrating arteries 
that serve the basal ganglia, internal capsule, and 
insular cortex, known as the “Deep Territory” of 
the hemispheres, before its trifurcation near the 
lateral surface of the cerebral hemisphere.

The important major branches are the:
– superior division, serving the frontal lobe;
– inferior division, serving the lateral tempo-

ral lobe (the medial temporal lobe is served 
by the posterior cerebral artery);

– anterior temporal branch, serving the ante-
rior temporal lobe.

Note that the parietal lobe may be served by 
either the superior or inferior division. The branch 
serving the parietal lobe is referred to as the domi-
nant branch for the particular individual.

As a leptomeningeal artery, the distal branches of the 
MCA anastomose freely with one another and with 
distal branches of the anterior and posterior cerebral 
arteries, forming important collaterals on the surface 
of the hemispheres since blood can flow either 
antegrade or retrograde in the distal territories.

Proximal MCA occlusion in the presence of excellent 
distal collaterals from anterior cerebral artery 
(ACA) and/or posterior cerebral artery (PCA) can 
result in the deep territory only being infarcted. 
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(This may resemble a lacunar syndrome, but the 
difference is that insular cortex is affected when 
MCA stem is involved.)

Clinical Syndromes

Symptoms:
 1. Sensorimotor, hand = face > leg
 2. Language  – grammar/syntax vs rate/rhythm 

(prosody)
 3. Gerstmann syndrome vs apraxia/neglect
 4. Frontal eye fields

With right hemisphere infarction with apraxia 
of eyelid opening (cerebral ptosis)

 5. Insula – autonomic (EKG, arrhythmias)
 6. Basal ganglia and internal capsule (pure motor)
The MCA delivers blood flow to the cerebral 

hemispheres, therefore all clinical syndromes 
reflect impairment of some portion of the 
cerebral hemispheres. Also, because the 
dominant and non- dominant hemispheres 
contribute differentially to aspects of human 
behavior, there are important differences in the 
resulting clinical syndromes.

The variable presence of PCA and ACA collaterals 
has important consequences for the variability 
of the MCA syndromes so that generalizations 
should be modified in any individual.

Deep territory MCA ischemia may involve the 
basal ganglia, the genu of the internal capsule, 
and the insular cortex.
 – Involvement of the basal ganglia and genu 

of the internal capsule typically produces 
contralateral hemiplegia or hemi paresis. 
The typical pattern of face and arm involve-
ment greater than leg that results from 
ischemia in the superior division of the 
MCA (see below) may not be apparent 
when the deep territory is involved. There 
is little or no right–left asymmetry.

 – Insular cortex ischemia can create sig-
nificant autonomic changes, including 
hyper- or hypotension, brady- or tachy-
arrhythmias, and EKG changes suggestive 
of acute myocardial infarction. Recent 
observations suggest that insular involve-
ment may result in altered consciousness. 
The combination of hemiparesis, dysau-
tonomia, and lethargy may suggest the 
presence of intracerebral hemorrhage. 

Right–left insula asymmetries may exist 
but there is substantial overlap.

Inferior division MCA ischemia affects the lateral 
surface of the posterior temporal lobe.

 – Temporal lobe involvement frequently 
produces disturbances of memory and 
behavior, primarily manifested as anxiety 
and frustration not in keeping with the 
patient’s personality. This subtle syndrome 
may become apparent when it is recog-
nized that the patient also has visual hemi-
anopia or superior quadrantanopia (“pie 
in the sky” due to involvement of Meyer’s 
loop of the optic radiations). Involvement 
of either hemisphere can produce this 
syndrome.

 – However, there are important asymmetries 
in accompanying cognitive disorders. In 
particular, involvement of the dominant 
hemisphere (left hemisphere in right hand-
ers) can result in classical Wernicke’s apha-
sia and Gerstmann’s syndrome. Wernicke’s 
aphasia is a combination of fluent expres-
sive (paraphasic) and receptive aphasias, 
which can occur independently to varying 
degrees in any individual. The complete 
Gerstmann’s syndrome involves acalcu-
lia, right/left disorientation, finger agno-
sia, and alexia without agraphia. Partial 
Gerstmann’s syndromes are more common 
than the complete syndrome.

 – Ischemia in the inferior division of the 
non- dominant hemisphere also produces 
important cognitive disturbances includ-
ing aprosodias, apraxias, and visuo- spatial 
neglect syndromes. These can be challeng-
ing to recognize and to treat.

Superior division MCA ischemia regularly alters 
function in the frontal lobe. For the sake 
of this discussion, it is assumed that the 
Superior Division is the dominant division, 
serving the parietal lobe as well as the frontal 
lobe. Ischemia produces a characteristic 
sensorimotor syndrome as well as more subtle 
behavioral disturbances.
 – The classical sensorimotor syndrome of 

the superior division of the MCA is due 
to ischemia in the rolandic artery, which 
serves the pre- and post- central gyri. The 
result is weakness with congruent sensory 
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disturbance that primarily involves the face 
and arm but largely spares the leg (which is 
on the interhemispheric surface in the ACA 
territory). Dysarthria and hand weakness 
with clumsiness are often prominent. Tone 
and deep tendon reflexes may be increased 
or decreased acutely but a Babinski sign is 
usually present. Both tone and reflexes usu-
ally increase within 2 or 3 days.

 – The frontal eye fields (FEF) receive blood 
flow through the superior MCA division. 
FEF ischemia produces a gaze paresis to the 
same side as the hemiparesis but also pro-
duces important contralateral hemineglect 
and apraxia since the FEF are integral to 
attentional mechanisms. This may produce 
sensorimotor disturbances out of proportion 
to the degree of weakness or sensory loss.

 – Broca’s area is usually served by the superior 
division of the MCA and therefore non- 
fluent aphasia is often a prominent compo-
nent of this arterial obstruction when the 
dominant hemisphere is involved. Similarly, 
however, the syndrome resulting from the 
non- dominant hemisphere produces an 
expressive aprosodia, essentially flat, mono-
tonic speech devoid of expressive qualities.

 – Posterior parietal lobe impairment pro-
duces apraxias that are as complex as they 
are subtle. Neglect syndromes, apraxias, 
dysphagia, cerebral ptosis, and transcorti-
cal sensory aphasias can accompany injury 
to the dominant MCA division. While 
they can appear acutely when either the 
non- dominant or dominant hemisphere 
is involved, they are more likely to persist 
when the non- dominant hemisphere is 
affected. The only exception to this is that 
transcortical aphasias are more likely to 
persist in the dominant hemisphere.

Anterior temporal branch ischemia is difficult to 
recognize as it may produce no observable 
neurologic deficits. By analogy with temporal 
lobe surgery for removal of gliomas or control 
of epilepsy, there may be no demonstrable 
deficits when the anterior temporal pole of the 
non- dominant hemisphere is affected. There is 
risk of language or memory disturbance when 
the dominant hemisphere is affected if the 
ischemic region extends posteriorly.

Secondary Complications

Common complications of an MCA stroke include 
falls, deep vein thrombosis, dysphagia with 
aspiration, and other physical injuries related 
to trauma that occur because of neglect 
syndromes.

While seizures are not common, neither are they rare 
and often occur with significant delays from the 
initial stroke, even years later. Seizures at onset 
may indicate a cardioembolic source.

The “malignant MCA syndrome” occurs when there  
is a life- threatening increase in intracranial 
pressure due to complete infarction of the MCA 
territory, usually in patients with little or no 
atrophy prior to the stroke, as is often the case in 
younger patients.

Treatment Complications

Intravenous thrombolysis with tissue plasminogen 
activator (tPA) or intra- arterial thrombolysis, 
either with mechanical devices or with tPA, 
are associated with a risk of intracerebral 
hemorrhage. Such hemorrhages vary from 
asymptomatic related to hemorrhagic 
transformation in the previously ischemic tissue 
all the way to catastrophic life- threatening 
deterioration due to massive bleeding.

Systemic bleeding or bleeding into large acute 
strokes can result from secondary prevention 
measures, including use of heparin, warfarin, 
direct thrombin, and Factor Xa inhibitors, or dual 
anti- platelet agents. Chronic anti- coagulation 
and anti- thrombotic measures increase the risk of 
subdural hematomas.

Craniectomy performed for malignant MCA syn-
drome requires a careful decision process due to 
poor quality of life that may be associated with 
increasing age and involvement of the dominant 
hemisphere.

Migraine with Aura
Epidemiology and Demographics: This condition has 

been reported with wide prevalence and incidence. 
The definition of migraine with aura encompasses 
a variety of headache types. The general consensus 
so far is that there is no preference for either sex in 
terms of prevalence and the overall prevalence is 
widespread.
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Disorder Description: The presence of aura with migraine 
headaches can involve vision, motor symptoms, sen-
sation, and language. There is controversy whether 
or not aura precipitates migraine headaches or 
migraine with aura is one entity. This type of head-
ache is typically unilateral but there are reports of 
bilateral presentations. Some studies suggest that 
aura can exist alone without migraine headache. In 
these situations, careful consideration must be used 
to ensure that no vascular etiology is responsible for 
aura- like symptoms.

Symptoms

Localization site Comment

Cerebral hemispheres Involvement of either unilateral or 
bilateral hemispheres. Brainstem is 
also involved especially with aura 
presentations

Secondary Complications: Migraine headache with aura 
can persist for a long time leading to status migraino-
sus. In these situations, headache symptoms may be 
so severe that careful monitoring and strong abor-
tive therapy are needed as in a hospital setting.

Treatment Complications: Abortive therapy like triptans 
can be used for severe migraine headaches. Side 
effects of this medication include vasoconstriction 
and can lead to strokes, especially in patients who 
have vascular risk factors. Excessive and prolonged 
use of nonsteroidal anti- inflammatory drugs can 
cause gastrointestinal complications.
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Miosis (Small Pupil)
Epidemiology and Demographics: Miosis can affect all 

races/ethnicities of either sex at any age.

Disorder Description: Miosis is a small pupil due to poor 
dilation. Abnormally small pupil due to efferent 
dysfunction is addressed here. Unilateral abnor-
mally small pupils are apparent on exam as aniso-
coria that is greater in dark compared with light 
environments. When the disorder is bilateral, find-
ings can include small pupils that do not dilate in 
the dark. Horner syndrome consists of ipsilateral 
miosis and mild ptosis due to dysfunction of the 
sympathetic tract. First and second order Horner 
syndrome can sometimes be distinguished from 
third order Horner syndrome by the presence of 
ipsilateral anhidrosis.

Symptoms

Localization site Comment

Brainstem Lateral medullary injury 
(Wallenberg syndrome) can 
include Horner syndrome 
(1st order), ataxia, ipsilateral 
facial numbness, contralateral 
body numbness, vertigo, and 
dysphagia

Hypothalamic, midbrain, or 
pontine injury can cause Horner 
syndrome (1st order), typically in 
association with other symptoms 
localizing to the brainstem

Base of skull Cavernous sinus lesions can 
affect the 3rd order sympathetic 
neurons in association with 
ipsilateral ocular motility deficits 
(CN III, IV, VI) and facial numbness 
(V1, V2)

Cranial nerves Trigeminal autonomic cephalgias 
such as cluster headache can 
include Horner syndrome both 
during and between attacks. 
During attacks there is associated 
pain, conjunctival redness, 
tearing, and rhinorrhea.

Microvascular ischemia to the 
sympathetic neuron can cause 
isolated Horner syndrome (3rd 
order)

Spinal cord Cervical and upper thoracic 
spinal cord or disc disease or 
manipulation can cause Horner 
syndrome through injury to the 
2nd or 3rd order sympathetic 
neurons. This can be associated 
with other signs of spinal cord 
dysfunction
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Disorder Description: The primary causes of MR include 
mitral valve prolapse, rheumatic fever, cardiomyo-
pathy, infective endocarditis, mitral annular calci-
fication, and coronary artery disease. Less common 
causes include trauma and exposure to certain 
drugs. The different causes lead to varying mecha-
nisms of dysfunction of the mitral valve, which ulti-
mately leads to a flow of blood in two directions: the 
normal direction from the left atrium to the left ven-
tricle then through the aortic valve, and the abnor-
mal direction from the left ventricle back into the 
left atrium. The mitral leaflets that present with MR 
may have normal motion, increased motion (pro-
lapse), restricted leaflet opening, or restricted leaflet 
closure.

Symptoms

Localization site Comment

Cerebral hemispheres Embolic complications that occur 
as a result of secondary atrial 
fibrillation with resultant left atrial 
thrombi may result in cortical/sub-
cortical infarction/microemboli

Mental status and 
psychiatric aspects/
complications

Light-headedness, dizziness, 
confusion, and infrequently 
syncope/presyncope may result 
from uncontrolled atrial fibrillation 
with a rapid ventricular response

Brainstem Embolic events as a result of atrial 
fibrillation may affect function

Cerebellum Embolic events as a result of atrial 
fibrillation may affect function

Vestibular system (and 
nonspecific dizziness)

Embolic events as a result of atrial 
fibrillation may affect function

Base of skull Embolic events as a result of atrial 
fibrillation may affect function

Secondary Complications: Left ventricular dysfunction, 
pulmonary hypertension, and atrial fibrillation may 
all occur as a result of MR.

Treatment Complications: Many treatments, including 
ACE inhibitors and mitral valve repair or replacement 
for some. Complications of valve replacement include 
death, stroke, blood loss, myocardial infarction, atrial 
fibrillation, and atrial flutter. Complications of the 
prosthetic valve include thrombosis and infective 
endocarditis.

Localization site Comment

Plexus Injury to second order 
sympathetic neurons associated 
with brachial plexus injury is 
associated with peripheral motor 
and sensory deficits of the upper 
extremity that localize to the 
brachial plexus

Mononeuropathy or 
mononeuropathy multiplex

The second order sympathetic 
neurons can be affected by 
lesions in the lung apex or 
mediastinum (e.g., pancoast 
tumor, neuroblastoma), and neck 
intervention (e.g., surgery)

The third order sympathetic 
neurons can be affected by 
carotid injury (e.g., dissection), 
which is typically painful and 
can be associated with ocular 
or brain ischemia. Oral trauma 
can also damage the 3rd order 
sympathetic neurons

Muscle Topical application of pilocarpine 
causes pupillary constriction 
through cholinergic stimulation

Prior inflammation of the iris 
can cause synechiae, which 
mechanically limit dilation of the 
pupil

Unclear localization Systemic opiate administration is 
associated with miosis

Secondary Complications: The miotic pupil does not typ-
ically cause symptoms. The ptosis associated with 
Horner syndrome is also mild and typically neither 
occludes the visual axis nor disrupts eyelid function.

Treatment Complications: Surgical overcorrection of pto-
sis, which can be performed for psychosocial rea-
sons, can cause eyelid retraction and ocular surface 
dryness.
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Mitral Regurgitation
Epidemiology and Demographics: Mitral regurgitation (MR) 

in patients with rheumatic fever is more commonly 
seen in men than in women. Significant MR has been 
cited in approximately 2% of the US population.
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Mitral Stenosis
Epidemiology and Demographics: About 66% of patients 

with mitral stenosis are women. The most common 
cause of mitral stenosis is rheumatic fever, and symp-
toms of mitral stenosis manifest from a few years after 
infection up to more than 20 years after infection. 
Although symptoms may develop as early as child-
hood, symptoms are most often seen between 45 and 
65 years of age in developed countries. Severe disease 
is much more prevalent and is more likely to mani-
fest in the teenage years in undeveloped countries.

Disorder Description: The most common cause of mitral 
stenosis is rheumatic fever that leaves scarring on 
the mitral valve and hence leads to valve deformity. 
This deformity causes obstruction of blood flow into 
the left ventricle, which therefore increases blood 
volume in the left atrium causing resultant left atrial 
enlargement. Progression of mitral stenosis is much 
more rapid in tropical and subtropical areas than in 
the United States and Western Europe.

Symptoms

Secondary Complications: Pulmonary hypertension, 
atrial fibrillation (related to how severely obstructed 
the mitral valve is), a thromboembolic event, and a 
predisposition for infective endocarditis all may 
result from mitral stenosis.

Treatment Complications: Treatments include mitral 
valve replacement and rarely valvuloplasty. Compli-
cations of mitral valve replacement include death, 
stroke, blood loss, myocardial infarction, atrial 
fibrillation, and atrial flutter, and complications of 
the prosthetic valve include thrombosis and infec-
tive endocarditis.

Bibliography
American Heart Association. Problem: mitral valve 

stenosis. Aug 4, 2014. Available from www 
.heart.org/HEARTORG/Conditions/More/
HeartValveProblemsandDisease/Problem-
Mitral-Valve-Stenosis_UCM_450370_Article.jsp. 
Accessed Jun 23, 2015.

Mayo Clinic Staff. Mitral valve stenosis. Aug 22, 
2014. Available from www.mayoclinic.org/
diseases-conditions/mitral-valve-stenosis/basics/
definition/con-20022582. Accessed Jun 23, 2015.

Otto CM, Bonow RO. Valvular heart disease. In Mann 
DL, Zipes DP, Libby P, Bonow RO, Braunwald 
E, eds. Braunwald’s heart diseases: a textbook of 
cardiovascular medicine. 10th ed. Philadelphia: 
Elsevier/Saunders; 2015. pp. 1469–79.

Mitral Valve Prolapse
Epidemiology and Demographics: The incidence of mitral 

valve prolapse (MVP) is two times greater in women 
than in men, although more severe symptoms are 
seen more often in men over the age of 50 years than 
in women. Overall, the incidence of MVP in the 
population is about 2.4%.

Localization site Comment

Cerebral hemispheres A fixed stenotic mitral valve may 
result in some degree of cerebral 
hypoperfusion although this is typically 
not as significant as aortic stenosis

Mental status and 
psychiatric aspects/
complications

When significant hypoperfusion 
occurs, confusion, lightheadedness, 
dizziness (presyncope), and rarely 
even syncope may occur

Localization site Comment

Brainstem Same as above

Cerebellum Same as above

Vestibular system (and 
non- specific dizziness)

Same as above

Base of skull Same as above
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Disorder Description: MVP has been linked to both 
genetic and non- genetic causes/predispositions. 
MVP is genetically transmitted via an autosomal 
trait that has been linked to loci on several chromo-
somes; many of these are associated with disorders 
of connective tissues. Women are more likely to be 
found with MVP syndrome while men are more 
likely to be found with myxomatous disease as the 
cause for MVP. The result of MVP is an improper 
closing of the mitral valve, which is defined by an 
upward bulging of the mitral leaflets back into the 
left atrium. The majority of patients with MVP 
remain asymptomatic for many years with few 
complications.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Typically associated with anxiety and may 
result in mood- related problems possibly 
related to transient and unpredictable 
palpitations and their associated 
arrhythmias. Occasionally associated with 
accessory pathways/Wolff–Parkinson–
White syndrome, and atrial arrhythmias 
when present may result in central nervous 
system hypoperfusion

Secondary Complications: Common result is mitral 
regurgitation (see entry for Mitral Regurgitation).

Treatment Complications: Patients with MVP in the past 
may have been thought to be more prone to infec-
tive endocarditis. More recently, the American 
Heart Association has not recommended antibiotic 
prophylaxis for patients with MVP. Most patients do 
not require treatment but treatments include beta 
blockers, heart rhythm medications, and if severe, 
mitral valve repair or replacement. Complications 
of valve replacement include death, stroke, blood 
loss, myocardial infarction, atrial fibrillation, and 
atrial flutter, and complications of the prosthetic 
valve include thrombosis and infective endocarditis.
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Mollaret Meningitis
Epidemiology and Demographics: True Mollaret men-

ingitis is exceedingly rare, and since the advent of 
improved tests for viral detection, more cases can 
be attributed to viral causes. Only a handful of idi-
opathic, “genuine” cases have been reported in the 
literature. Women are at higher risk for this compli-
cation than men.

Disorder Description: Mollaret meningitis is an idio-
pathic aseptic recurrent meningitis first described 
by Mollaret in 1944. It is now recognized that most 
cases are likely secondary to herpes simplex type 2 
(HSV- 2) infection. Women often develop the initial 
episode during acquisition of genital HSV- 2, with 
subsequent recurrent episodes.

Symptoms

Localization site Comment

Unclear localization Characterized by recurrent attacks 
of sudden onset meningitis – 
headaches, photophobia, and 
mild fever – that usually last for 
2–7 days, with complete recovery 
but unpredictable recurrences. 
Focal neurologic symptoms 
and encephalopathy do not 
occur. Recurrent herpes simplex 
virus meningitis is clinically 
indistinguishable from cases of 
idiopathic Mollaret’s meningitis

Secondary Complications: This is a benign condition with 
full recovery between episodes, though recurrence 
of meningitis can be regarded as a complication.

Treatment Complications: Antiviral treatment with 
acyclovir is curative. Acyclovir is generally well 
tolerated with rare side effects, but renal, hepatic, 
neurologic, and hemopoietic toxicity does occur.
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Molybdenum Cofactor Deficiency and 
Isolated Sulfite Oxidase Deficiency
Epidemiology and Demographics: Estimated to occur 

in 1/100,000–1/200,000 newborns worldwide, 
although this may be an underestimate as many 
cases are thought to be underdiagnosed. No known 
racial or ethnic predilection.

Disorder Description: Molybdenum cofactor deficiency 
(MoCD) is a severe neonatal metabolic disorder 
of purine and pyrimidine metabolism, character-
ized by rapidly progressive neurologic damage. The 
genetic defects of MOCS1, MOCS2, or GPHN genes 
are autosomal recessive in nature. They are asso-
ciated with the biosynthesis of the molybdenum 
cofactor, essential for the function of four enzymes – 
sulphite oxidase (SUOX), xanthine dehydroge-
nase (XDH), aldehyde oxidase, and mitochondrial 
amidoxime reducing component (mARC). These 
molybdenum- dependent enzymes are essential for 
xanthine and sulfite (from methionine and homo-
cysteine) metabolism. Since isolated sulfite oxidase 
deficiency and MoCD have virtually identical phe-
notypes, the central nervous system (CNS) toxicity 
appears to be secondary to loss of function of sulfite 
oxidase.

The resultant loss of enzyme function leads to 
toxic accumulation of sulphite, S- sulfocysteine, 
xanthine, and hypoxanthine. Biochemical abnor-
malities include decreased serum uric acid and 
increased urine sulfite levels due to the com-
bined enzymatic deficiency of XDH and SUOX. 
Deficiency of SUOX leads to the substitution of 

sulfite metabolites instead of cysteine in connective 
tissues, such as the lens, leading to lens dislocation. 
The pathogenesis of CNS effects is unknown, but 
may be related to sulfite accumulation or lack of 
sulfite in the CNS.

Pregnancy and delivery are typically normal, 
although there are some reports of depressed 
APGAR scores. Enzyme deficiency typically results 
in early onset in infancy of poor feeding, intractable 
seizures, and encephalopathy. Opisthotonus may be 
present. The condition is usually fatal by early child-
hood. In milder cases, onset is later (~15 months 
of age) and more likely to have mild or no develop-
mental delays or in some cases present with tone 
or movement abnormalities. Physical examination 
may reveal narrow bifrontal diameter and deep- set 
eyes. Examination of eyes shows dislocated lens and 
lack of light response.

Diagnosis is made via quantitative plasma and 
urine amino acids, looking specifically for cysteine 
metabolite S- sulfocysteine. Plasma uric acid levels 
are decreased in MoCD but can be normal in iso-
lated sulfite oxidase deficiency.

Symptoms

Localization site Comment

Cerebral hemispheres Epilepsy

Feeding difficulties, hypotonia

Imaging of sulfite oxidase 
deficiency – multiple cystic lesions 
in basal ganglia and cerebellum with 
ventriculomegaly, neuronal loss, and 
decreased white matter density

Cerebellar and basal ganglia Movement disorder, opisthotonic 
posturing (similar picture to severe 
hypoxic ischemic encephalopathy)

Cranial nerves Eyes – ectopia lentis

Secondary Complications: Nephrolithiasis.
Treatment: A number of case reports have described 

treatment with Precursor Z (cyclic pyranopterin 
monophosphate), which may lead to an improve-
ment in psychomotor development and IQ, and 
improved seizure control. High- dose thiamine and 
betaine have also been trialled. Genetic therapy 
with a MOCS1 expression cassette being carried 
by AAV vectors is now being studied as a future 
treatment.
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Monoclonal Gammopathy of Uncertain 
Significance (MGUS)
Epidemiology and Demographics: Monoclonal gammo-

pathy of uncertain significance (MGUS) is a fre-
quent finding in older adults, occurring in 3% of the 
population above 50 and in as many as 8% over age  
80 years.

Disorder Description: Monoclonal gammopathy refers 
to an immunoglobulin present in serum produced 
by a clonal population of lymphoplasmacytic cells. 
In MGUS, the monoclonal immunoglobulin is 
detectable in serum at a concentration less than  
3 g/dL but does not cause bone lesions, anemia, 
 hypercalcemia, renal insufficiency, or  hyperviscosity. 
The immunoglobulin can be IgG (most  common), 
IgM, or light chain. Although technically asymp-
tomatic (“unclear significance”), MGUS has been 
associated with peripheral neuropathies.

Symptoms

Localization site Comment

Peripheral neuropathy Patients with IgG MGUS (most 
common) can develop either a 
chronic demyelinating neuropathy 
indistinguishable from chronic 
inflammatory demyelinating 
polyneuropathy or a predominantly 
sensory axonal neuropathy.1 Those 
with IgM MGUS typically have a chronic 
progressive, symmetric, demyelinating, 
distal sensorimotor neuropathy.2 
Some with IgM MGUS harbor anti- 
MAG IgM antibodies and have a 
characteristic clinical syndrome of distal 
predominantly sensory loss in legs, gait 
ataxia, and postural tremor in arms

Secondary Complications: MGUS can progress to overt 
multiple myeloma and should be monitored for 
routinely.

Treatment Complications: Immunomodulatory or antibody- 
depleting therapy (such as rituximab) is often used for 
progressive cases, which can significantly increase risk 
of infections in older adults with other comorbidities.
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Movement Disorders and Pregnancy
Epidemiology and Demographics: Common movement 

disorders in pregnancy include restless leg syn-
drome (RLS), dystonia, tremor, ataxia, and chorea 
gravidarum.

The prevalence of RLS is 10–26% in pregnancy, 
significantly higher than in the general population 
(2.5–15%). More than half of pregnant women with 
existing RLS report worsening of symptoms.

Dystonia is not induced by pregnancy, but given 
its bimodal age of onset, many women are diagnosed 
in their reproductive years (mean age at diagnosis is 
27) and undergo pregnancy with dystonia. Dystonia 
can either worsen or improve during pregnancy, but 
the majority remains unchanged.

With the decline in rheumatic fever, chorea 
gravidarum has become much rarer. In 1968 the 
incidence of chorea gravidarum was reported to be 
<0.001%. Lack of recent studies limits the accurate 
estimation of today’s disease prevalence.

Pregnancy in patients with Parkinson’s disease 
(PD) is rare; about 400 women under age 50 are 
diagnosed with PD each year. Huntington disease 
(HD) also occurs later in life, in the 5th to 6th dec-
ade, except for the Westphal variant or juvenile onset 
HD, which makes up about 10% of all HD patients.

Onset may be any time during pregnancy and 
even puerperium. RLS is more common in the third 
trimester.
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Disorder Description: Movement disorders result from a 
misbalance of dopamine in the basal ganglia, which 
is comprised of the caudate, putamen, globus palli-
dus, subthalamic nucleus, thalamus, and substantia 
nigra. Loss of inhibition of the indirect circuitry, 
which helps prevent unwanted muscle contractions, 
results in hyperkinetic movements, such as in chorea; 
loss of inhibition of the direct pathway, on the other 
hand, causes bradykinesia and parkinsonian signs. 
The pathophysiology of RLS is poorly understood.

Several of the movement disorders are inheritable, 
including the autosomal dominant form of RLS and 
certain types of dystonia (DYT gene). Wilson disease 
should be considered in young persons who develop 
movement disorders due to copper deposition in the 
basal ganglia. Rheumatic fever and other rheumato-
logic diseases such as antiphospholipid syndrome and 
lupus predispose to chorea gravidarum. Hyperemesis 
gravidarum can lead to ataxia by B1 deficiency or dysto-
nia by treatment with neuroleptics. In addition to neu-
roleptics, antiepileptics, sympathomimetics, and even 
antihistamines can induce dystonia, chorea, or tremor.

Symptoms

Localization site Comment

Basal ganglia Restless leg syndrome:
•	 An irresistible urge to move the legs in order to 

relieve discomfort, particularly in the evenings 
and during inactivity. The discomfort is 
transiently relieved by movement

•	 Periodic limb movements of sleep are 
commonly present

Dystonia:
•	 Characterized by involuntary muscle 

contractions that result in abnormal 
posturing and can be painful

•	 Symptoms tend to fluctuate. For example, 
there is a diurnal nature to dopa- responsive 
dystonia. Other dystonias may be triggered 
by certain positions

•	 Tremors, called dystonic tremors, may 
overlay the dystonia

•	 A “sensory trick” is a touch maneuver that 
reduces or aborts the dystonia

Chorea gravidarum:
•	 Random, “dance- like” irregular movements 

of the limbs and face. The movements are 
constant and therefore patients are unable 
to hold still in a certain position

•	 Movements can appear semi- purposeful 
as they are incorporated into goal- directed 
movements, such as combing one’s hair or 
reaching for objects

•	 Disappears during sleep

Secondary Complications: In Wilson disease and 
Huntington disease, psychiatric symptoms are quite 
prominent. Irritability, depression, and personality 
change are the most common psychiatric manifes-
tations and may precede the onset of movement 
dysfunction by many years. Sometimes patients are 
incorrectly diagnosed with psychiatric disorders 
before the correct diagnosis is made.

Treatment Complications: Iron replacement therapy is 
effective in iron- deficient RLS patients, in addition 
to standard treatment with dopamine agonists like 
pramipexole and ropinirole. However, dopamine 
agonists have been associated with fetal malfor-
mations in animal models. Levodopa, on the other 
hand, while more prone to augmentation than 
dopamine agonists, is generally safer in pregnancy 
and is the drug of choice compared with dopamine 
agonists. Levodopa is also used with good response 
in dopa- responsive dystonia. Trihexyphenidyl, an 
anticholinergic drug, and tetrabenazine, with both 
monoaminergic and dopamine antagonistic prop-
erties, are alternative treatment options for gen-
eralized dystonia, while botulinum toxin B (FDA 
category C) has been reported to be efficacious and 
safe in focal dystonia. However, these medications 
have limited safety data during pregnancy, so they 
should be used with caution.

In all pregnancy- induced movement disorders, 
symptoms typically resolve after delivery. Therefore 
prolonged treatment is often unnecessary.

Many dopaminergic agents are FDA category 
C drugs and are not recommended during breast- 
feeding; despite some data reporting minimal 
adverse effects in humans, they should still be used 
with caution during pregnancy. Fetal complications 
like intrauterine growth retardation, digit malfor-
mation, and even death have been demonstrated 
in animals. Since treatment is purely symptomatic, 
discussion with the patient regarding risks and ben-
efits is essential.
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Moyamoya
Epidemiology and Demographics: Most prevalent in 

Japan, Korea, China, Taiwan, India, and other Asian 
countries, moyamoya disease has been reported in 
various races and countries including the United 
States, Greece, and Turkey. It is the most common 
pediatric cerebrovascular disease in Japan, with a 
prevalence of approximately 3 in 100,000 and girls 
twice as commonly affected as boys. Incidence in 
Europe is about one- tenth that in Japan and the 
incidence in the United States is 0.086 in 100,000. A 
10–15% familial occurrence in Japanese and other 
Asian populations indicates genetic susceptibility. 
Nearly 18% of patients can be asymptomatic, with 
an annual stroke risk of 3%.

Disorder Description: “Moyamoya disease” is an idio-
pathic nonatherosclerotic and noninflammatory 
condition with progressive stenosis of the bilateral 
(sometimes unilateral) terminal internal carotid 
artery and the proximal portions of the anterior cer-
ebral and middle cerebral arteries with prominent 
collateral arterial circulation. Moyamoya means 
“puffy”; it describes the angiographic appearance of 
the collateral circulation.

“Moyamoya phenomenon” is used to describe 
the similar angiographic finding but in the presence 
of conditions such as hematologic abnormalities 
(sickle cell, lupus anticoagulant, factor V Leiden), 
atherosclerosis, vasoconstrictive drugs (cocaine), 
cranial irradiation, Grave’s disease, infections (HIV, 
chronic meningitis, leptospirosis), tumors (crani-
opharyngioma, neurofibromatosis, optic glioma), 
and syndromes (Down, Alagille, Costello).

The clinical manifestations of moyamoya are 
variable and include transient ischemic attack 
(TIA), ischemic stroke (more common in children), 

hemorrhagic stroke (more common in adults), and 
epilepsy.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Transient ischemic attacks occur in 
approximately 40% and ischemic stroke in 
approximately 30%

TIAs are usually motor related and usually 
remain unilateral, but may switch sides. 
Symptomatic episodes of ischemia may 
be triggered by exercise, crying, coughing, 
straining, fever, hyperventilation, or playing 
wind instruments

Hemorrhagic symptoms (typically an altered 
level of consciousness) predominate in older 
patients, with a frequency of approximately 
60%. Re- bleeds are common

Seizures, either focal (motor, sensory) or 
generalized (secondary to stroke, ischemic or 
hemorrhagic) can occur. Seizures may be a 
manifestation of cerebral ischemia in 25% of 
pediatric cases

Cerebral hypoperfusion rarely causes 
movement disorders such as hemidystonia, 
hemichoreoathetosis, paroxysmal exercise- 
induced dyskinesia, and “limb- shaking TIAs”

Mental status Patients could present with intellectual 
dysfunction ranging from mental slowness to 
profound retardation from underlying strokes. 
In adults, executive functioning appears to be 
more impaired than memory and perception; 
however, their overall level of cognitive 
dysfunction is less severe than in children

Secondary Complications: Younger patients tend to have 
ischemic events while older patients can have hem-
orrhagic stroke. Re- bleeding is reported at a rate of 
33 to 61%. It would be a challenge to medically man-
age a patient who has ischemic and hemorrhagic 
events (recurrent or concurrent). In addition to the 
collaterals, arterial aneursyms and pseudoaneu-
rysms can occur.

Treatment Complications: For acute stroke, symptomatic 
treatment aims at reducing elevated intracranial 
pressure, improving cerebral blood flow, and con-
trolling seizures. In cases with hemorrhagic stroke, 
ventricular drainage and/or hematoma, removal 
is often required. During hospitalization, it is 
important to control pain and avoid hypotension, 
hypocarbia, hyperthermia, and hypovolemia.
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For secondary prevention of stroke, antiplatelet 
agents are preferred rather than warfarin unless 
there is coexisting hematologic disease. The risk of 
hemorrhage is higher with warfarin.

Surgical revascularization, either direct (superfi-
cial temporal or middle meningeal artery to middle 
cerebral artery) or indirect (multiple techniques), 
may be indicated in symptomatic or asymptomatic 
patients with poor vascular reserve or inadequate 
perfusion.
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Mucormycosis, Cerebral
Epidemiology and Demographics: This is a rare disease with 

unclear epidemiology, owing to the need for biopsy 
or autopsy for a confirmation of the diagnosis.

Disorder Description: Invasive mucormycosis is an 
infection with Mucorales species and, based on 
location, can be rhinocerebral, pulmonary, cuta-
neous, gastrointestinal, disseminated, or unusual, 
such as endocarditis. In this entry, cerebral mucor-
mycosis is discussed. As it usually spreads from 
nasal passages and involves the orbit, the term rhi-
no-orbito-cerebral mucormycosis (ROCM) is also 
employed.

Cerebral mucormycosis has almost exclusively 
been described in diabetics and immunocompro-
mised patients. Open head injury and intravenous 
drug use may predispose to direct cerebral infection.

Symptoms: ROCM develops after inhalation of fun-
gal spores into the paranasal sinuses. The invad-
ing fungus spreads to invade the palate, paranasal 
and cavernous sinuses, orbit, and brain.The initial 
symptoms are of sinusitis and periorbital cellulitis. 
With the spread of infection, multiple cranial nerve 
palsies, orbital inflammation, eyelid edema, prop-
tosis, headache, and acute vision loss may develop.

Localization site Comment

Cerebral hemispheres Abscess formation, watershed 
infarcts/ischemia from large vessel 
occlusion, venous infarcts from 
venous sinus thrombosis

Secondary Complications: The aggressive spread of 
infection necessitates early and aggressive surgical 
debridement. This is a key part of management but 
frequently involves disfiguring facial surgery.

Intracranial abscesses may need drainage, and 
secondary hydrocephalus will need shunting. 
Mucormycosis can spread to the lungs, and angio-
invasion may also lead to disseminated infection, 
which has a fatality rate of 98%.

Treatment Complications: Repeated debridement and 
aggressive surgery are needed, leading to disfigure-
ment. Antifungal treatment with IV amphotericin/
micafungin/posaconazole is needed for several 
months, and is associated with hypersensitivity, 
electrolyte abnormalities, nephrotoxic potential, 
blood dyscrasias, and other side effects.
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Localization site Comment

Mental status and 
psychiatric aspects/
complications

Drowsiness from brainstem 
involvement and raised intracranial 
pressure, which can be secondary 
to mass effect of abscess or 
hydrocephalus

Brainstem Diffuse involvement may occur with 
cranial nerve palsies and declining 
consciousness

Cerebellum Abscess formation and direct 
infection may extend to cerebellum 
and cause ataxia, nystagmus, and 
secondary hydrocephalus. Tonsillar 
herniation can lead to death

Vestibular system (and 
non specific dizziness)

May be involved

Base of skull May be involved

Cranial nerves Involved by brainstem infection or 
cavernous sinus thrombosis

Pituitary gland May be involved
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Multifocal Demyelinating Chronic 
Inflammatory Demyelinating 
Polyneuropathy (CIDP) (Multifocal 
Acquired Demyelinating Sensory and 
Motor Neuropathy, MADSAM), Lewis–
Sumner Syndrome, Motor and Sensory 
Demyelinating Mononeuropathy  
Multiplex, Multifocal Motor and Sensory 
Demyelinating Neuropathy, Multifocal 
Inflammatory Demyelinating  
Neuropathy
Epidemiology and Demographics: Mean age in the early to 

mid- 50s, but can range from 18 years to elderly.
Disorder Description: Asymmetric sensorimotor demy-

elinating polyneuropathy, usually in the distribution 
of discrete nerves, clinically resembles mononeu-
ropathy multiplex. Arms are usually involved before 
legs. Patient may have relapsing or progressive 
course.As with chronic inflammatory demy-
elinating poly neuropathy (CIDP), the disorder  
is responsive to steroids or intravenous immuno-
globulin (IVIG).

Symptoms

Localization site Comment

Mononeuropathy or 
mononeuropathy 
multiplex

Asymmetric sensorimotor 
demyelinating polyneuropathy, 
usually in the distribution of 
discrete nerves, mostly in the upper 
extremities

Secondary Complications: Trouble with mobility and 
activities of daily living.

Treatment Complications: Although rare, IVIG can have 
risk of hypercoagulability causing stroke, pulmo-
nary emboli, and deep vein thrombosis. Can have 
side effects from steroid.
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Multifocal Motor Neuropathy; Also 
Called Multifocal Motor Neuropathy with 
Conduction Block
Epidemiology and Demographics: The prevalence is about 

0.6 to 2 per 100,000. Men are affected more than 
women (2.7:1). Onset is usually between 20 and 
50 years old with mean onset between 30 and 40  
years old.

Disorder Description: Slow progressive asymmetric 
multifocal weakness and atrophy without sensory 
abnormalities. Most classic presentation is a man 
with slowly progressive asymmetric hand weak-
ness out of proportion to the degree of atrophy 
over several months to years. Wrist drop and hand 
weakness are common initial symptoms. May 
develop fasciculations or cramps. Muscle atrophy 
occurs late in the disease. Reflexes are variable. 
Anti- GM1 antibody is present in 30–80% of the 
patients.

Symptoms

Localization site Comment

Mononeuropathy or 
mononeuropathy multiplex

Asymmetric. Multifocal 
motor mononeuropathy. 
Electrodiagnostic evidence 
shows persistent, multifocal, 
conduction blocks in motor 
nerves outside common 
entrapment sites

Secondary Complications: Trouble with mobility and 
activities of daily living.
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Treatment Complications: Although rare, intravenous 
immunoglobulin has a risk of hypercoagulabil-
ity causing stroke, pulmonary emboli, and deep 
vein thrombosis. Steroid and plasma exchange are 
ineffective.
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Multi-infarct Dementia
Epidemiology and Demographics: Multi- infarct demen-

tia or vascular dementia (VaD) is the second most 
common form of dementia after Alzheimer’s dis-
ease (AD) in most clinical series, and it makes up 
10 to 20% of cases in North America and Europe. 
The relative preponderance of the two diseases 
may be reversed in countries such as Japan and 
China. Prevalence is estimated at 6 to 12 cases per 
1000 person- years over the age of 70 years. The 
metabolic syndrome, a cluster of cardiovascular 
risk factors that include obesity, hypertension, 
insulin resistance, and dyslipidemia, is associ-
ated with incident vascular dementia to varying 
degrees.

Disorder Description: Multi- infarct dementia is best 
understood as a heterogeneous syndrome rather 
than a distinct disorder, in which the underlying 
cause is cerebrovascular disease in some form 
and its ultimate manifestation is dementia. Post 
stroke dementia can occur after multiple “silent” 
strokes, in association with cerebral amyloid 
angiopathy or cerebral autosomal dominant arte-
riopathy (CADASIL). Clinical features of multi- 
infarct dementia can be cortical (aphasia, agnosia, 
apathy, abulia, apraxia, executive dysfunction, or 
amnesia, etc.) or subcortical (slowed response 
times, focal motor signs, gait disturbance, blad-
der urgency, pseudobulbar palsy, memory defi-
cits, etc.).

Symptoms

Localization site Comment

Cerebral hemispheres Cortical syndrome – this could 
occur secondary to an embolic 
phenomenon. In primarily cortical 
VaD, cognitive features are specific 
to the areas affected:
 – Medial frontal: executive 

dysfunction, abulia, or apathy. 
Bilateral medial frontal lobe 
infarction may cause akinetic 
mutism

 – Left parietal: aphasia, apraxia, or 
agnosia

 – Right parietal: hemineglect 
(anosognosia, asomatognosia), 
confusion, agitation, visuospatial 
and constructional difficulty

 – Medial temporal: anterograde 
amnesia

Subcortical syndrome – in 
subcortical pathology, both lacunar 
infarcts and chronic ischemia 
affect the deep cerebral nuclei 
and white matter pathways. These 
often disrupt frontal lobe and other 
cortico- cortico circuits, producing 
deficits attributable to remote brain 
areas

Characteristic features include 
focal motor signs, early presence 
of gait disturbance (marche à 
petit pas or magnetic, apraxic 
gait, or parkinsonian gait), history 
of unsteadiness and frequent, 
unprovoked falls, early urinary 
frequency, urgency, and other 
urinary symptoms not explained 
by urologic disease, pseudobulbar 
palsy, personality and mood 
changes, abulia, apathy, depression, 
emotional incontinence, cognitive 
disorder characterized by relatively 
mild memory deficit, psychomotor 
retardation, and abnormal executive 
function

Mental status and 
psychiatric aspects/
complications

There may be coexistent depression. 
Also, frank psychosis, agitation, 
wandering behavior, mood issues 
may be seen during the course of 
dementia

Secondary Complications: Multi- infarct dementia short-
ens life expectancy to about 50% of normal at 4 years 
from initial evaluation, but females, those with 
higher education, and those who perform well on 
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some neuropsychologic tests do better. Depression is 
common in multi- infarct dementia and can occur in 
20% of the patients. Coexistent Alzheimer’s demen-
tia can give rise to a “mixed dementia” pattern.

Treatment Complications: Treatment of hypertension 
is important but hypotension may accelerate the 
dementia. Memantine, galantamine, and donepe-
zil have modest benefits. Addition of an antiplate-
let agent provides no further benefit. Measures 
of general application to dementia of all kinds are 
also appropriate, including referral to community 
services and local support groups, consideration of 
caregiver stress, and legal and ethical issues such as 
driving, competency, and advance directives.
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Multiple Myeloma
Epidemiology and Demographics: Multiple myeloma is 

a relatively rare cancer with a lifetime risk of 0.7%. 
Median survival from diagnosis of central nervous 
system involvement is from 6 weeks to 5 months. It 
accounts for 0.9% of all cancer deaths.

Disorder Description: Multiple myeloma is a neoplasm 
in which there is proliferation of a single clone of 
plasma cells. Myeloma cells can affect the nervous 
system by direct infiltration, immunologic dysfunc-
tion, and due to metabolic derangements.

Symptoms

Secondary Complications

Uremic encephalopathy: delirium, myoclonus, and 
seizures.

Hypercalcemia: fatigue, confusion, muscle weakness, 
asterixis, and myalgia.

Amyloidosis: causes peripheral neuropathy, 
which is both an autonomic and distal axonal 
sensorimotor neuropathy.

Treatment Complications: Bortezomib can cause blood 
pressure fluctuations, rash, and peripheral neuropa-
thy. Melphalan can cause bleeding diathesis, flu- like 
symptoms, rash, nausea, and vomiting.
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Multiple Sclerosis (MS)
Epidemiology and Demographics: Incidence is 2–3 times 

higher in women. In children, incidence is only 0.3 to 

Localization site Comment

Cerebral hemispheres Hemiparesis, seizures 
(plasmacytoma), stroke (due to 
hyperviscosity syndrome)

Mental status and 
psychiatric aspects/
complications

Confusion and coma (direct 
parenchymal involvement vs 
myelomatous meningitis)

Base of skull Nonspecific pain with lytic bone 
lesions

Cranial nerves Diplopia (III, VI), visual field deficits 
(II), and facial weakness (VII) due to 
leptomeningeal involvement or lytic 
lesions of foramina and sphenoid/
petrous bones

Localization site Comment

Pituitary gland Hypopituitarism due to sella 
invasion

Spinal cord Epidural spinal cord compression: 
pain; paraplegia/monoplegia and 
sensory disturbances depending on 
the level involved (most commonly 
thoracic level)

Peripheral neuropathy Sensory loss of lower limbs 
(symmetric, mixed sensorimotor 
neuropathy)

Osteosclerotic myeloma: gradual, 
motor, demyelinating neuropathy 
of upper limbs

Unclear localization Numb chin syndrome: numbness 
of chin, lower lip, lower teeth, and 
buccal gingiva (can be seen in other 
head and neck cancers)
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0.4% of all cases. Risk of developing symptoms peaks 
at age 30 and drastically decreases by age 60. It is most 
prevalent (30–80 per 100,000) in Canada, northern 
United States, and northern Europe. It is least preva-
lent in areas near the equator (1 per 100,000). Fifteen 
percent to 20% of MS patients have an affected relative.

Disorder Description: An autoimmune demyelinat-
ing disease resulting in impairment of saltatory 
conduction. It is thought that a viral or an infec-
tious process may activate the disease in patients 
who have a genetic predisposition. Demyelinated 
nerve fibers are highly sensitive to conduction and 
increased heat or exercise can bring about symp-
toms. Patients may have an insidious slow progres-
sive course of disease (primary progressive multiple 
sclerosis) with occasional plateaus, or more com-
monly, relapsing and remitting with symptom onset 
occurring over hours or days (relapsing–remitting 
multiple sclerosis). Secondary progressive multiple 
sclerosis starts off as relapsing–remitting type, fol-
lowed by progressive worsening of disease with or 
without relapses. MS commonly presents as tingling 
in one limb, band- like sensation in the trunk likely 
due to involvement of the posterior column of the 
spinal cord, weakness, diplopia, ataxia, optic neu-
ritis, dysarthria, facial pain/numbness, or vertigo. 
Treatment is with disease- modifying agents such as 
natalizumab, cyclophosphamide, glucocorticoids, 
azathioprine, dalfampridine, or cladribine.

Symptoms

Secondary Complications: Weakness, difficulty walking, 
and difficulty swallowing can lead to severe disabil-
ity and recurrent infections.

Treatment Complications: Steroid therapy can lead to 
psychosis, confusion, weight gain, hyperglycemia, 
myopathy, glaucoma, cataracts, osteoporosis, or 
vertebral fractures.

Natalizumab infusion can lead to JC virus acti-
vation and subsequent progressive multifocal 
leukoencephalopathy.
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Multiple Sclerosis in Pregnancy
Epidemiology and Demographics: Overall incidence rates 

of multiple sclerosis (MS) are 3.6 cases per 100,000 
person- years (95% CI 3.0, 4.2) in women and 2.0 
(95% CI 1.5, 2.4) in men, nearly twice as frequent 
in onset in women compared with men. The inci-
dence of the disease increases as one travels further 
north or south from the equator. If exposure to a 
higher risk environment occurs during adolescence 
(before 15 years of age), migrating to a lower risk 
latitude does not mitigate the MS risk.

The age of onset peaks between 20 and 30 years. 
Almost 70% of patients manifest symptoms between 
ages 21 and 40 with rare onset prior to 10 or after 60 
years of age.

Latitude at early life and genetic factors both play 
a role in the occurrence of MS. The incidence of MS 
in first- degree relatives is 20 times higher than in the 
general population. Monozygotic twin studies show 
a concordance rate of 30%, while dizygotic twins 
show a concordance rate of less than 5%.

Disorder Description: The most established effect of preg-
nancy on the course of MS is a reduction in relapse 
rates in the last trimester by 70–80%. This is likely 
due to the immunotolerant state of pregnancy in 
general. However, disease activity often reappears 
aggressively in the first few months after delivery, 
temporarily overshooting pre- pregnancy levels. The 
most helpful and accurate counseling is to inform 
patients that pregnancy has no negative effect on 
long- term MS prognosis.

Localization site Comment

Cerebral hemispheres Numbness, weakness, 
hyperreflexia

Mental status and psychiatric 
aspects/complications

Fatigue, slowing of mental 
processing, lack of motivation

Brainstem Diplopia, dysarthria, vertigo

Cerebellum Ataxia

Cranial nerves Optic neuritis, blurry vision, 
loss of vision, vertigo, diplopia, 
dysarthria, afferent pupillary 
defect

Spinal cord Sensory disturbances, 
weakness, hyperreflexia, bladder 
dysfunction

Dorsal root ganglion Sensory disturbances
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Multiple sclerosis is a chronic autoimmune, 
inflammatory neurologic disease of the central 
nervous system (CNS). The inflammatory target is 
myelinated axons in the CNS; MS destroys the mye-
lin and the axons, and therefore specifically is active 
in the white matter of the brain, and myelinated 
tracts in the brainstem, cerebellar connections, and 
spinal cord.

The course of MS is highly varied and unpredict-
able. In 85% of patients, the disease is characterized 
initially by episodes of reversible neurologic deficits, 
called relapsing–remitting MS. Secondary progres-
sive MS may develop in some patients with relapsing–
remitting disease. Treatment with disease- modifying 
agents helps delay progression to this form of MS in 
which the course continues to worsen with or without 
periods of remission or plateaus. Other more severe 
and treatment- resistant forms include primary pro-
gressive MS and progressive- relapsing MS.

The diagnosis is determined by evidence of: (1) 
at least two different lesions (plaques or scars) in the 
white matter of the CNS (the space dissemination cri-
terion); (2) at least two different episodes in the dis-
ease course (the time dissemination criterion); and 
(3) chronic inflammation of the CNS, as determined 
by analysis of the CSF (the inflammatory criterion).

Symptoms

Secondary Complications: Secondary complications 
include urinary tract infections, pneumonias, oste-
oporosis pressure sores, and depression.

Treatment Complications: None of the oral disease- 
modifying therapies (DMTs) is recommended for 
use while pregnant or breast- feeding, and most 
women discontinue these medications prior to 
pregnancy. However, based on individualized 
decision- making, women with MS may continue 
glatiramer acetate (GA) or interferon beta when 
they feel this is their best option, with little evidence 
thus far of increased risk of major malformations. 
No DMTs are recommended during breast- feeding. 
For acute exacerbations of MS during pregnancy, 
methylprednisolone appears to have little effect on 
fetal development. Because methylprednisolone is 
metabolized before crossing the placenta it should 
be used instead of dexamethasone.
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Multiple System Atrophy (MSA; Shy–Drager 
Syndrome)
Epidemiology and Demographics: The age- adjusted 

prevalence of all forms of multiple system atrophy 
(MSA) is estimated as up to 4.4 per 100,000. MSA 
is more common in men, with symptoms typically 

Localization site Comment

Optic nerve Partial loss of vision and 
pain in one eye

Medial longitudinal fasciculus 
injury (MLF), which connects the 
sixth cranial nerve (CN VI) nucleus 
on one side of the pons to the 
medial rectus subnucleus of the 
third cranial nerve (CN III) in the 
contralateral midbrain

Internuclear 
ophthalmoplegia

White matter of brain and/or spinal 
cord

Limb weakness

Spasticity

Sensory disturbance: 
numbness and 
paresthesias, pain
Fatigue

Spinal cord Difficulty with bladder and/
or bowel control, sexual 
dysfunction

Localization site Comment

Cervical spinal cord Lhermitte sign, an electric 
shock- like pain that radiates 
down the spine or into the 
legs when the neck is flexed

Cerebellum Ataxia, nystagmus, 
“scanning speech” (slow, 
hesitant speech)

Widespread white matter of brain Cognitive difficulties
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beginning in the 6th decade. Smoking tobacco is sig-
nificantly less frequent in MSA. Farming is an inde-
pendent risk factor for MSA. While 97% of patients 
with MSA develop autonomic dysfunction, the early 
diagnosis of MSA was previously unclear because 
diagnosis of clinically significant dysfunction of 
the autonomic nervous system without peripheral 
nerve lesions had not been fully characterized. More 
recent evaluation of how MSA is diagnosed revealed 
that formal autonomic testing was done in 38% of 
patients (cardiovascular function tests in 32%, uro-
dynamics tests in 14%, respiratory tests in 9%, and 
sudomotor function tests in 8% of patients).1

Disorder Description: MSA was first identified in 1960 by 
Drs. Shy and Drager when they described the con-
dition as having orthostatic syncope, impotence, 
and urinary dysfunction with later development 
of the parkinsonian symptoms of gait disturbance, 
dysarthria, constipation, and bowel and bladder 
incontinence. In contrast to the ganglionic and 
postganglionic autonomic nerve dysfunction found 
in Parkinson’s disease (PD), the dysautonomia in 
MSA is central and/or preganglionic. The central 
dysautonomia may be responsible for MSA cases 
of supine hypertension, global anhidrosis, respira-
tory insufficiency, and the “cold hands” sign (cold, 
dusky, violacious appearance of the hands). Using 
more recent diagnostic criteria for dystonia, nearly 
half of patients with MSA will develop dystonia, 
particularly anterocollis, potentially leading to sec-
ondary fibrotic and myopathic changes, unrelated 
to dopaminergic therapy. In addition, patients with 
MSA frequently manifest cerebellar and pyramidal 
signs. Rarely, patients have fasciculations and iris 
atrophy. The most common patient presentations 
of MSA are impotence among males and urinary 
incontinence among females. Other common signs 
and symptoms of dysautonomia in early MSA 
include orthostatic hypotension, arrhythmias, 
constipation, dysphagia, gastro esophageal reflux, 
seborrheic dermatitis, blepharitis, hyperhidrosis, 
sialorrhea, and dyspnea. A Unified Multiple System 
Atrophy Rating Scale (UMSARS) has been devel-
oped and validated to assess the severity of illness.

Shy–Drager syndrome or multi- system atrophy 
(MSA) is a sporadic neurodegenerative disorder 
with oligodendroglial alpha- synuclein inclusion 
as its main neuropathologic feature. MSA has a 
prodromal premotor phase, with clinical manifes-
tations including sexual dysfunction, urinary urge 

incontinence, urinary retention, orthostasis, res-
piratory difficulties including inspiratory stridor, 
and REM behavior abnormalities. The premotor 
symptoms may precede the main motor symp-
toms by years. MSA clinical manifestations include 
autonomic failure and either poorly levodopa- 
responsive parkinsonism (MSA- P) due to striatal 
degeneration or cerebellar ataxia (MSA- C) or both. 
It is important to note that up to 40% of the patients 
may respond to levodopa in the early phase of the 
disease. The cerebellar symptoms include wide- 
based gait, uncoordinated limb movement, action 
tremor, and positional nystagmus. The disease 
course is quite aggressive, leading to death within 
8 years of onset.

Symptoms

Localization site Comment

Caudate/putamen/globus pallidus/
substantia nigra pars compacta/
motor cortex

Striatal 
neurodegeneration and 
parkinsonism including 
bradykinisia and akinetic 
rigidity and tremor

Autonomic nervous system Postural instability and 
orthostasis, erectile 
dysfunction in men, 
increased urinary 
frequency, urgency, and 
incontinence

Locus coeruleus & mesopontine 
neurons

REM sleep abnormality

Dentate gyrus of the hippocampus Amnestic symptoms

Cerebellum Mainly in the MSA- C 
type, leading to ataxia, 
dysarthria, limb ataxia, and 
cerebellar oculomotor 
dysfunction

Neurovascular involvement Raynaud’s phenomena

Secondary Complications: Secondary radiculopathy, high 
fall risk, urgent gastrointestinal conditions, muscle 
pain.

Respiratory difficulties including inspiratory 
stridor can develop in approximately 30% of the 
patients. Some of these patients might respond well 
to continuous positive airway pressure.

Treatment Complications: The management is mainly 
symptom based, and the parkinsonism symptoms 
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are unfortunately poorly responsive to levodopa 
therapy. Physical therapy could potentially be useful 
for fall prevention. Measures such as adequate fluid 
intake, high- salt diet, and frequent smaller meals, 
as well as compression stockings could be used in 
treatment of orthostatic symptoms. Speech therapy 
for dysarthria and swallowing evaluation for dys-
phagia are often needed.

Erectile dysfunction medications can exac-
erbate hypotension. Oromandibular dystonia is 
associated with dopaminergic therapy. Side effects 
or adverse effects of intramuscular botulinum 
toxin injections into the vocal cord, sternocleido-
mastoid, or other muscles in the treatment of dys-
tonia may occur.
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Multiple System Atrophy- Cerebellar Type 
(MSA-C)
Epidemiology and Demographics: The reported incidence 

of multiple system atrophy (MSA) is about 0.6 cases 
per 100,000 person- years. After the age of 50, the 
incidence increases to 3 cases per 100,000, with 
mean age of onset being 54 years. There are two main 
clinical subtypes, based on the motor features pres-
ent. The first type is the poorly levodopa- responsive 
parkinsonism (MSA- P) type, and the second type 
is the cerebellar ataxia (MSA- C) type. The MSA- P 
type is more than twice as common as the MSA- C 
type in Europe and North America.

Disorder Description: MSA involves widespread neuro-
degeneration affecting the substantia nigra, the 
sensorimotor striatum, dopaminergic terminals in 
the putamen, the inferior olive, the pontine nuclei, 
the cerebellar vermis, as well as other brainstem 
nuclei, and the intermediolateral cell column within 
the spinal cord. Early diagnosis of MSA- C could be 
challenging, but it is one of the differential diagno-
ses in the case of adult onset cerebellar ataxia. Other 
differential diagnoses include idiopathic late- onset 
cerebellar ataxia, which is also known as sporadic 
adult- onset ataxia of unknown etiology. A detailed 
clinical history, family history, and comprehen-
sive neurologic examination, as well as MRI brain 
neuro imaging can indeed aid with determining the 
final diagnosis.

Symptoms

Localization site Comment

Prominent olivopontocerebellar 
atrophy

Ataxia

Autonomic dysfunction Orthostatic hypotension, 
urinary frequency, urgency, 
and incontinence

Putamen, nigrostriatal pathway Rigidity, akinisia, tremor, 
dysphagia

Neurovascular involvement Raynaud’s phenomena

Secondary Complications: Orthostatic hypotension could 
lead to increase in fall risk. The treatment of par-
kinsonism is quite challenging with no long- term 
robust treatment.
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Treatment Complications: As stated in the entry for 
Multiple System Atrophy (MSA; Shy–Drager 
Syndrome), MSA- C (as well as MSA- P) is poorly 
responsive to levodopa. There is a reported tran-
sient response to levodopa in 40% of cases, but 
90% of patients become levodopa unresponsive. 
Treatment of orthostatic hypotension in MSA- C 
can include increased fluid intake and high salt 
diet and compression stockings, as well as phar-
macologic agents pyridostigmine, fludrocorti-
sone, and midodrine. The treatment of urinary 
incontinence could range from anticholinergic 
agents such as oxybutynin or toleterodine to 
intermittent self- catheterization or permanent 
indwelling catheter.
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Mumps Meningoencephalitis
Epidemiology and Demographics: Since the pre- vaccine 

era, there has been a more than 99% decrease in 
mumps cases in the United States. However, clus-
tered outbreaks are not uncommon. In 2015–16, 
outbreaks were reported from several university 
campuses.

Disorder Description: The mumps virus is an RNA virus 
and belongs to the genus Rubulavirus in the family 
Paramyxoviridae.

Aseptic meningitis is the most common neu-
rologic complication of mumps virus infection; it 
occurs in up to 10% of patients. Mumps enceph-
alitis is rare. Widespread vaccination has been 
associated with virtual disappearance of this 
complication.

Symptoms

Localization site Comment

Cerebral hemispheres Aseptic meningitis is the most 
common complication, occurring in 
1 to 10% of mumps patients. It can 
occur before, during, or after mumps 
parotitis. In some series, up to 50% of 
patients with mumps meningitis did 
not have a preceding parotitis

Clinical manifestations typically 
include headache, low- grade fever, 
and mild nuchal rigidity. Seizures 
and altered consciousness may 
occur with encephalitis
Encephalitis was previously rare 
and has gone unreported for some 
decades; previous reports mention 
encephalopathy, recurrent seizures, 
hemiplegia, gait apraxia

Mental status and 
psychiatric aspects/
complications

Headache and neck stiffness 
with meningitis, seizures, altered 
mentation, and cognitive 
impairment with encephalitis

Cerebellum Cerebellitis and ataxia have been 
reported

Cranial nerves Previously a leading cause of 
sensorineural deafness. Facial palsy 
has been reported

Spinal cord Transverse myelitis, polyradiculitis, 
and Guillain–Barré syndrome 
mentioned in isolated case reports

Mononeuropathy or 
mononeuropathy multiplex

Facial nerve palsy reported

Secondary Complications: The neurologic course of 
mumps is usually benign, with fever and signs of 
meningeal irritation lasting less than 5 days. It is 
usually followed by full recovery. Systemic compli-
cations such as orchitis followed by infertility occur 
more frequently. Death is extremely rare.

Treatment: Supportive treatment.
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Muscle Cramps
Epidemiology and Demographics: Muscle cramps are 

normal, and highly common. Weekly, in a normal 
population, the prevalence per person is about 35%. 
There is no sex predominance. Pregnant females 
are at greater risk. It can occur at any age, but has 
a higher frequency among the elderly. There is no 
geographic distribution.

Disorder Description: Muscle cramps are exceedingly 
common and are defined as sudden, painful, sus-
tained contractions with motor units firing at fre-
quencies up to 200 Hz. Frequently, they are seen in 
motor neuron disease (i.e., amyotrophic lateral scle-
rosis, Kennedy’s disease).

Cramps are frequently a result of increased motor 
axon excitability or unstable polarization from 
myriad biochemical changes. They can recur if the 
muscle is prematurely returned to its unstretched 
state. Lack of exercise and mobility is a risk factor 
for cramping. There are many substances, medica-
tions, and metabolic states that can predispose to 
cramping. Ethanol and sequelae of cirrhosis both 
do so, as do medications such as nifedipine, cime-
tidine, terbutaline, salbutamol, clofibrate, diuret-
ics, and penicillamine. Metabolic derangements 
such as diarrhea, emesis, uremia, exercise, preg-
nancy, hypothyroidism, and hypoadrenalism can 

also contribute. Disorders of glycogen, lipid, or 
mitochondrial metabolism are more likely to cause 
cramping.

There are no specific tests used for diagnosis as 
this is mostly a clinical entity. However, cramps can 
be elicited during electromyography and seen as 
high- frequency discharge.

Symptoms

Localization site Comment

Muscle Sudden, involuntary, and painful 
contraction, localized, with visible, palpable 
muscle hardening and often associated 
abnormal posturing of joints

Secondary Complications: Generally cramps are benign, 
but if they sustain without ceasing, they can cause 
morbidity due to risk of turning into tetany.

Treatment Complications: Massaging and stretching help 
relieve the contraction. Other conservative meas-
ures include avoiding offending drugs, hydrating, 
electrolyte replacement, and prophylactic stretch-
ing. Reduction of nerve and muscle irritability can 
be achieved with quinine, procainamide, diphenhy-
dramine, and warmth. Antiepileptic drugs, such as 
phenytoin (starting at 100–200 mg), carbamazepine 
(starting at 100–200 mg), and gabapentin (starting 
at 300 mg) that block sodium channels can theo-
retically also reduce spontaneous membrane dis-
charges. Vitamin E starting at 1000 IU has also been 
used. Pharmacologic intervention is typically given 
at night to aid sleep. That being said, actual utility of 
pharmacologic intervention is debatable, as there is 
a 40–50% efficacy rate just for placebo.

Typically conservative measures are utilized, so 
the rate of complications from treatment is exceed-
ingly low. Adverse effects are dictated by the drug 
that is chosen, if at all. As such, quinine is no longer 
used given potential fatal hypersensitivity reac-
tions and thrombocytopenia, and that arrhythmias 
as well as permanent vision loss can also occur at 
higher dosages. Carbamazepine can cause hypo-
natremia. Phenytoin can cause alopecia, gingival 
hyperplasia, and nystagmus at toxic levels.
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Myasthenia Gravis
Epidemiology and Demographics: Prevalence in the 

United States is 14–20/100,000. Most common age 
at onset is the second and third decades in women 
and seventh and eighth decades in men. Juvenile 
onset MG is rare.

Disorder Description: MG is an autoimmune post- synaptic 
neuromuscular junction disorder. Antibodies most 
commonly against acetylcholine receptors, and less 
commonly against muscle- specific kinase, are pres-
ent in serum in 80–90% of patients. Seronegative 
MG refers to patients with MG with unidentified 
autoantibodies.

Symptoms

Localization site Comment

Neuromuscular junction Ocular myasthenia: Fluctuating 
ptosis, ophthalmoparesis

Generalized MG: In addition to above, 
fluctuating proximal generalized 
weakness with improvement after 
rest, and worsening at the end of the 
day or in warm weather. Also with 
fluctuating dysphagia, dysarthria, 
and shortness of breath. Weakness of 
head extension and flexion

Secondary Complications: MG exacerbation and crisis are 
possible complications that lead to hospitalization, 
intensive care unit stays, respiratory failure with 
intubation, and hospital acquired complications.

Treatment Complications: Pyridostigmine treatment may 
lead to increased secretions, diarrhea, and muscle 
cramps. Immunosuppressive treatment may lead 
to increased chance of infections, leukopenia, and 
hepatotoxicity. Steroid complications may occur.
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Myasthenia Gravis and Pregnancy
Epidemiology and Demographics: Myasthenia gravis 

(MG) affects approximately 1 million persons world-
wide and has a prevalence of 0.02%. MG is twice as 
common in women as men and has an onset in the 
second and third decades, which are reproductive 
years. There is little evidence that MG has a greater 
incidence of onset during pregnancy than during 
the nonpregnant state. The course of MG during 
pregnancy is variable, with exacerbation occur-
ring in 40% of affected women while the remainder 
either improve (30%) or have no meaningful change 
(30%). HLA- B8 and DR3 serotype is associated with 
the onset of MG in this age group. Environmental 
factors that predispose to MG exacerbation include 
infection, general anesthesia, emotional stress, and 
some medications (aminoglycosides, ciprofloxacin, 
chloroquine, procaine, lithium, phenytoin, beta- 
blockers, procainamide, statins).

Disorder Description: MG is an autoimmune disease in 
which antibodies are developed against the acetyl-
choline receptor or muscle- specific kinase, leading 
to decreased transmission across the neuromus-
cular junction causing weakness. The presentation 
is classically fluctuating weakness or fatigability. 
Repetitive stimulation on nerve conduction study 
may show a small decrement in the compound mus-
cle action potential. An extension of the physical 
exam to include the ice pack test for ptosis or ten-
silon test for muscle weakness can also be helpful in 
the diagnosis.

Symptoms

Localization site Comment

Neuromuscular 
junction

Fatigability and fluctuating weakness in the 
following distributions:
•	 Extraocular muscle weakness or ptosis is 

present initially in 50%
•	 First complaint may be specific focal 

weakness, and should prompt an 
assessment of weakness at other sites, 
especially extraocular movements

•	 Bulbar muscle weakness such as fatigue 
with mastication and swallowing

•	 Limb weakness usually more severe 
proximally than distally

•	 Weakness of head extension and flexion
•	 Generalized weakness without ocular 

muscle weakness is rare
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Secondary Complications: Transient neonatal myasthe-
nia in newborn babies may occur irrespective of the 
mother’s disease status. Expectant mothers should 
aim to deliver in hospitals. All newborns should 
undergo a neurologic examination with neonatal 
critical care available.

During labor and delivery, regional anesthesia 
may be used safely while neuromuscular blockade 
should be avoided. Likewise, magnesium should be 
used with caution for treatment of eclampsia in MG 
patients because it blocks calcium entry in the pre-
synaptic nerve terminal and further decreases ace-
tylcholine transmission. Fatigue may also be more 
pronounced in MG patients.

Treatment Complications: Pregnancy issues should be 
discussed with female MG patients prior to concep-
tion, given the above potential treatment complica-
tions. Specifically, thymectomy, if indicated, should 
be undertaken several months prior to pregnancy 
since the clinical benefit is realized several months 
after the surgery. Thymectomy is an important con-
sideration since it may reduce the need for medica-
tion during pregnancy.

For symptomatic management, oral pyridostig-
mine is first-line.

Prednisone is the first- line immunosuppressive 
therapy and is not contraindicated for MG exac-
erbations during pregnancy. Cyclosporine and 
azathioprine (formerly FDA category C and D, 
respectively) may also be used. Mycophenilate (cat-
egory D) and methotrexate (category X) are not rec-
ommended due to their teratogenic risk.

For myasthenic crisis, should it occur during 
pregnancy, PLEX and intravenous immunoglobulin 
(category C) may be used in pregnancy for a short- 
term response.

Prednisone may exacerbate gestational diabe-
tes. Intravenous cholinesterase inhibitors may pro-
duce uterine contractions and therefore should be 
avoided. Teratogenic immunomodulating therapy 
should be avoided if possible due to teratogenic risk.

Bibliography
Chaudhry SA, Vignarajah B, Koren G. Myasthenia 

gravis during pregnancy. Can Fam Physician. 
2012;58(12):1346–9.

Sanders DB, Wolfe GI, Benatar M, et al. International 
consensus guidance for management of 
myasthenia gravis: Executive summary. 
Neurology. 2016;87(4):419–25.

Wolfe GI, Kaminski HJ, Aban IB, et al.; MGTX 
Study Group. Randomized trial of thymectomy 
in myasthenia gravis. N Engl J Med. 
2016;375(6):511–22.

Mycoplasma pneumoniae Encephalitis
Epidemiology and Demographics: Mycoplasma pneumo-

niae is transmitted by respiratory droplets. Overall, 
1% of the population is infected annually in the 
United States. The cumulative attack rate in families 
approaches 90%, and immunity is not long lasting.

CNS manifestations occur in approximately 0.1% 
of all patients with M. pneumoniae infections, typi-
cally causing encephalitis. The prognosis is guarded 
with 20 to 60% suffering neurologic sequelae.

Disorder Description: M. pneumoniae is an atypical bac-
terium characterized by the absence of a peptido-
glycan cell wall, resulting in resistance to several 
antibacterial agents.

Symptoms

Localization site Comment

Cerebral hemispheres Encephalitis is the most frequent 
manifestation

Mental status and psychiatric 
aspects/complications

Encephalitis reported with altered 
consciousness, subsequent 
alterations in behavior such as Kluver 
Bucy syndrome reported. Intracranial 
hypertension, coma, psychosis, 
hemiparesis, seizures, and acute 
disseminated encephalomyelitis also 
mentioned in literature

Aseptic meningitis with headache 
and photophobia also reported

Brainstem Intracranial hypertension can put 
pressure on the midbrain; direct 
brainstem involvement may occur

Cerebellum Cerebellar ataxia described

Vestibular system (and non- 
specific dizziness)

Ataxia frequently reported

Cranial nerves Cranial nerve palsies occur

Spinal cord Transverse myelitis can occur

Anterior horn cells Polyradiculitis

Dorsal root ganglia Polyradiculitis

Peripheral neuropathy Rarely present as peripheral 
neuropathy
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Secondary Complications: With spinal cord involvement, 
permanent neurologic sequelae. Severe, even fatal, 
cases are known.

Treatment Complications: The pneumonia is usually 
treated with macrolide or fluoroquinolone antibi-
otics; however, CNS involvement is possibly auto-
immune with cross- reactivity of M. pneumoniae 
antigens to galactocerebroside. Immunosuppressive 
treatment has not demonstrated clear benefit for 
adults, although steroids may have a role in the 
treatment of children with neurologic disease.

Bibliography
Bitnun A, Ford-Jones E, Blaser S, Richardson S. 

Mycoplasma pneumoniae encephalitis. Semin 
Pediatr Infect Dis. 2003;14:96.

Daxboeck F. Mycoplasma pneumoniae central nervous 
system infections. Curr Opin Neurol. 2006;19:374.

Foy HM, Kenny GE, Cooney MK, Allan ID. Long-term 
epidemiology of infections with Mycoplasma 
pneumoniae. J Infect Dis. 1979;139:681.

Gücüyener K, Simşek F, Yilmaz O, et al. Methyl-
prednisolone in neurologic complications of 
Mycoplasma pneumonia. Indian J Pediatr. 
2000;67(6):467–9.

Tsiodras S, Kelesidis T, Kelesidis I, et al. 
Mycoplasma pneumoniae- associated myelitis: a 
comprehensive review. Eur J Neurol. 2006;13:112.

Mycotic Aneurysm
Epidemiology and Demographics: In adults, 2 to 6% of intrac-

ranial aneurysms are stated to be of infective origin 
with a higher percentage in children. In persons with 
endocarditis, the frequency of infective aneurysms 
ranges from 4 to 15% depending on study design, with 
proven ruptured bacterial aneurysms accounting for 
1 to 2%. About 20% are multiple. Men and women 
are equally affected. The mean age at presentation is 
approximately 30 years, and no age is exempt.

Disorder Description: Infective aneurysms develop when 
septic emboli lodge in the vasa vasorum causing 
necrosis of the arterial wall with resultant fusiform 
(usual) and saccular (uncommon) dilatation of 
the artery at more distal locations compared with 
intracranial noninfective aneurysms. Initially, a 
bland infarct may result. Secondary hemorrhage 
occurs in 40% with or without aneurysm formation 
distal to the occlusion due to the friability of the 

vessel wall. Mycotic aneurysms can develop any-
where but are most commonly seen in the intracra-
nial arteries, followed by visceral arteries and upper 
or lower extremity arteries, typically occurring at 
arterial bifurcations. Blood cultures are positive in 
50 to 85% of cases. Streptococcus and Staphylococcus 
are the most common etiologies.

Infective aneurysms are suspected in persons with 
endocarditis or sepsis when neurologic symptoms 
are unexplained by systemic illness. Headache, tran-
sient focal neurologic signs, encephalopathy, cranial 
neuropathies, or aseptic meningitis may antedate 
aneurysm rupture. A careful history will often reveal 
congenital or valvular heart disease, pulmonary arte-
riovenous fistula, recent cardiovascular procedure, or 
the use of intravenous drugs. Examination may show 
signs of bacterial endocarditis including Roth spots, 
Janeway lesions, splinter hemorrhages, enlarged 
spleen, or changing heart murmur.

Symptoms

Localization site Comment

Cerebral hemispheres Bleeding due to rupture is the most 
common mode of presentation of 
infective aneurysms. Intracranial bleeding 
occurs in about one-half of cases, whereas 
septic embolism resulting in infarction is 
present in about a third of cases

Sudden severe headache with 
associated stiff neck, focal signs such as 
hemiparesis with or without alteration of 
consciousness, seizures, and confusion 
are common initial symptoms indicating 
subarachnoid hemorrhage, intracerebral 
hemorrhage, or septic infarction

Fever, intermittent headache, malaise, 
and lethargy due to systemic toxicity may 
precede other neurologic symptoms by 
a few days. Because these aneurysms 
frequently coexist with other neurologic 
complications of sepsis, such as meningitis 
or cerebral abscess, the initial symptoms of 
aneurysm rupture can be atypical

Warning leaks, common in saccular 
aneurysms, and transient ischemic 
attacks infrequently precede the 
discovery of the aneurysm. Subdural and 
extradural hemorrhages are exceptional

HIV-associated aneurysms tend to 
present with ischemic strokes involving 
the arterial territory supplied by the 
affected artery and with headaches

The aneurysms themselves may cause 
focal neurologic signs by compression
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Secondary Complications: Complications may include 
cerebral edema and infarction, hemorrhage, vaso-
spasm, abscess formation, and hydrocephalus, the 
last usually being due to subarachnoid hemorrhage 
or basal meningitis. Persons harboring fungal aneu-
rysms have mortality rates of over 90%, whereas 
those with bacterial aneurysms have a mortality rate 
of approximately 30% despite antibiotic treatment. 
Serial angiography has demonstrated that more 
than 50% of aneurysms will resolve with antibiotic 
treatment.

Treatment Complications: Antibiotic therapy is man-
dated for all cases of infective aneurysms and is 
begun as soon as the diagnosis (most often in associ-
ation with infective endocarditis) is suspected, and 

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Lethargy progressing to coma could 
occur with complications such as 
hemorrhage, hydrocephalus, cerebral 
edema, herniation

Brainstem Infarct and hemorrhages could result in 
brainstem syndromes

Cerebellum Infarct and hemorrhages could result in 
cerebellar syndromes

Cranial nerves Coexisting meningitis, sinus infection, 
cavernous thrombophlebitis may result 
in cranial neuropathy

Spinal cord Osteomyelitis of the thoracic and lumbar 
spine from aortic aneurysms may result 
in paraplegia, bladder dysfunction, back 
pain

Lumbar vertebral erosions may occur 
from the aneurysms resulting in 
lumbago

Peripheral 
neuropathy

Infected aneurysms can impinge on 
the nerves supplying the extremities, 
for example brachial artery aneurysm 
can cause wrist drop from radial nerve 
compression

Muscle Psoas abscess – extension of infection 
from an aortic or iliac aneurysm to the 
psoas muscle may cause flank pain, 
inguinal pain, and limping

Unclear localization Enlarging or ruptured carotid or 
subclavian artery aneurysm may 
compress the structures of the neck 
leading to stenosis or deviation of the 
trachea or impingement of the laryngeal 
nerves resulting in hoarseness of voice

continued for at least 6 weeks but may be prolonged 
in cases with myocardial abscess, prosthetic heart 
valve, and in immunosuppressed individuals.

Endovascular therapy (occlusion of parent artery 
with coil/balloon/glue/onyx vs stent placement) is 
indicated in case of ruptured mycotic aneurysms 
that do not have a hematoma producing mass effect 
or increased intracranial pressure and whose aneu-
rysm does not involve an eloquent vascular terri-
tory. The need for antiplatelet therapy (combination 
aspirin and clopidogrel) before and after stent place-
ment to prevent thromboembolic complications is 
an area of potential concern in a patient with a rup-
tured aneurysm.

Surgical candidates are those patients with aneu-
rysmal rupture with an intraparenchymal hemat-
oma producing mass effect or increased intracranial 
pressure, ruptured aneurysm, and in stable con-
dition but who experience failure of endovascular 
therapy because of risks to eloquent parent arteries, 
and unruptured, enlarging aneurysms that involve 
an eloquent vascular territory.

Once a diagnosis of infective aneurysm is con-
firmed, anticoagulant therapy to prevent further 
embolization is contraindicated because these 
drugs are ineffective in preventing embolization 
from infected valves and increase the risk of cata-
strophic cerebral hemorrhage.
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Myocardial Infarction
Epidemiology and Demographics: Most commonly seen 

in men over the age of 45 years and women over 
the age of 55 years. According to the Centers for 
Disease Control and Prevention, each year, 735,000 
Americans experience a myocardial infarction (MI).

Disorder Description: Coronary atherosclerosis is the 
cause of almost every myocardial infarction, 
and it is often seen with superimposed coronary 
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thrombosis. The result is ischemia due to the lack 
of blood supply, which therefore results in necrosis 
(infarction) of heart tissues. Risk factors include age 
over 45 years in men and over 55 years in women, 
family history of coronary artery disease, hyperten-
sion, hypercholesterolemia, diabetes, obesity, and 
smoking history.

Symptoms

Localization site Comment

Cerebral hemispheres Particularly associated with atrial as 
well as ventricular arrhythmias, which 
may cause cerebral hypoperfusion 
and hypoxia. Associated with 
presyncope, syncope, and sudden 
death

Secondary Complications: Myocardial infarction may 
lead to arrhythmias, heart failure, heart rupture, 
and valvular problems.

Treatment Complications: May result in atrial and ven-
tricular arrhythmias with resultant central nervous 
system hypoperfusion, presyncope, syncope, and/
or sudden death. Atrial fibrillation may result in a 
higher risk of cerebrovascular events.
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Myoclonic Epilepsy with Ragged Red Fibers 
(MERRF)
Epidemiology and Demographics: Myoclonic epilepsy 

with ragged red fibers (MERRF) is a very rare dis-
ease, with prevalence estimates at around 1/400,000. 
There is no sex predominance, but it is maternally 
inherited. Myoclonus, the first symptom, typically 
presents in late adolescence or young adulthood. It 
is more common in Northern Europe.

Disorder Description: MERRF is a multisystem disorder 
characterized by myoclonus, typically the first symp-
tom (though not specific to MERRF), followed by 
generalized epilepsy, ataxia, weakness, and dementia.

It is a maternally inherited mitochondrial dis-
order, involving mutations in the mitochondrial 
MT- TK gene. Most commonly (nearly 80%), there 
is an A to G mutation at nucleotide 8344 (8344A>G) 
encoding tRNA(Lys); other mutations include 
m.8356T>C, m.8363G>A, and m.8361G>A.

The characteristic diagnostic finding is “ragged 
red fibers” on Gomori trichrome stain from clumps 
of diseased mitochondria that accumulate in mus-
cle fiber subsarcolemma. Serum CK is normal or 
mildly elevated, but lactate and pyruvate are com-
monly elevated and increase further with physical 
activity. Nerve conduction studies may show axonal 
polyneuropathy; EMG frequently demonstrates 
myopathic potentials.

Symptoms

Localization site Comment

Cerebral hemispheres Epilepsy/seizures

Mental status and psychiatric 
aspects/complications

Dementia

Cranial nerves Sensorineural hearing loss, optic 
atrophy, pigmentary retinopathy

Spinal cord Pyramidal signs (corticospinal 
signs, positive Babinski, 
hyperreflexia)

Peripheral neuropathy Sensorimotor polyneuropathy 
with pes cavus

Muscle Weakness, atrophy, spasticity

Unclear localization Short stature, multiple lipomatosis
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Secondary Complications: There are multiple, though less 
common, systemic findings. Lactic acidosis is prev-
alent. Cardiac arrhythmias with conduction block 
are possible.

Treatment Complications: There is no treatment for 
the underlying disorder. Rather, management is 
symptomatic/supportive. Seizures are treated with 
antiepileptic drugs. Aerobic exercise can be helpful, 
while physical therapy can improve motor ability. 
Complications of treatment depend on the antiep-
ileptic drug chosen.
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Myoclonus Dystonia
Epidemiology and Demographics: Myoclonus dystonia 

presents in childhood or adolescence but can some-
times present in adulthood, especially if the diagno-
sis is initially missed. Described age range is from 6 
months of age to 80+ years old. Males and females 
are equally affected. Frequency of the condition is 
unknown. It is found world-wide.

Disorder Description: Myoclonus dystonia is an autoso-
mal dominant condition that is most commonly 
linked to chromosome 7 at the epsilon sarcoglycan 
(SGCE) gene. It is commonly referred to as DYT11 
dystonia. It presents in childhood with myoclonus 
that usually affects the arms and the neck. More 
than 50% of the time, it is accompanied by focal or 
segmental dystonia that can affect the arms, neck, 
or trunk. Cervical dystonia and writer’s cramp are 
frequently seen. The motor symptoms of the condi-
tion are typically alcohol responsive, but this can be 
variable. Other genes implicated in the myoclonus 
dystonia phenotype include DRD2 and TOR1A, but 
these mutations have only been described in single 
families with the phenotype.

Symptoms

Localization site Comment

Cerebral hemispheres Epilepsy is rare

Mental status and psychiatric 
aspects/complications

Depression, anxiety, obsessive- 
compulsive disorder, attention 
deficit hyperactivity disorder, 
and panic attacks

Spinal cord Myelopathy if the cervical 
dystonia is severe

Peripheral nerve Peripheral neuropathy from 
alcoholism if present

Secondary Complications: Because of the alcohol respon-
sive nature of the motor symptoms, alcohol depend-
ence is commonly seen in patients with myoclonus 
dystonia.

Treatment Complications: Anticholinergics can impair 
cognition and should not be used in elderly 
patients. There is danger of potential benzodiaze-
pine dependence with prolonged clonazepam and 
lorazepam use. Botulinum toxin for focal dystonia 
can cause reversible muscle weakness and/or dys-
phagia. Deep brain stimulation can worsen cogni-
tive impairment or exacerbate underlying mood 
disorders.
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Myophosphorylase Deficiency (McArdle’s 
Disease)
Epidemiology and Demographics: Autosomal recessive, 

1:100,000. Some heterozygous individuals (1:160) 
can be symptomatic with enzyme activity of 20–40% 
of normal. Specific genetic mutations exist in varied 
ethnic groups.

Disorder Description: McArdle’s disease is a glycogen 
storage disease (type V) caused by a defect in a skel-
etal muscle isoform of glycogen phosphorylase. The 
disease is caused by a mutation in the PYGM gene, 
which encodes the mycophosphorylase enzyme, 
leading to a pure myopathy. (Other glycogen stor-
age diseases affect liver and heart isoforms as well, 
causing other organ involvement.)

Myophosphorylase initiates the breakdown 
of muscle glycogen by removing (1,4)-α-glucosyl 
units from the outer branches of glycogen, leading 
to liberation of glucose-1-phosphate. This in turn 
undergoes glycolysis, creating lactate and pyru-
vate in hypoxic conditions, which act as alternate 
energy sources for the Krebs cycle. In the absence 
of the enzyme, patients with McArdle’s are unable to 
metabolise their muscle glycogen stores.

There is great clinical heterogeneity, with most 
patients presenting with exercise intolerance, or acute 
crises associated with rhabdomyolysis and myoglobi-
nuria. Both isometric muscle contraction and dynamic 
muscle activity can induce rhabdomyolysis. Patients 
often demonstrate a “second wind” phenomenon  – 
whereby resting allows them to return to exercise.

About a third of patients present with fixed weak-
ness and wasting (proximal > distal). The marked 
decrease in skeletal muscle phosphorylation poten-
tial leads to the accumulation of phosphate and 
ADP leading to premature muscle atrophy and 
contractures.

Other muscle glycolytic defects (such as other 
glycogen storage diseases including phosphorylase 
kinase deficiency) can manifest similarly. General 
exercise intolerance and a high creatine phosphoki-
nase (CPK) at rest (~ 1500–3000 U/L) and following 
exercise (10,000 U/L) may be the first clue. The sec-
ond wind phenomenon is unique to McArdle’s. The 
ischemic forearm test (where no change in lactic 
acid is measured, denoting the absence of anaero-
bic consumption of glycogen) is suggestive, but false 
negatives occur. Confirmation of the diagnosis is via 
molecular genetics or muscle biopsy.

Symptoms

Localization site Comment

Muscular system A pure myopathy: exercise intolerance or 
acute crises after static or dynamic intense 
exercise

Secondary Complications: Complications include marked 
muscle breakdown (rhabdomyolysis) and myoglo-
binuria causing renal failure

Treatment Complications: Management is comprised of:
Dietary advice – a complex carbohydrate- rich 

diet as well as pre- exercise ingestion of 
carbohydrates can markedly improve exercise 
tolerance.

Medically supervised aerobic training of low to 
moderate intensity.

Prevention of exercise overexertion – especially 
high loads on low muscle mass.
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Myotonic Dystrophy Type 1
Epidemiology and Demographics: Myotonic dystrophy 

Type 1 (DM1) is an autosomal dominant disorder 
with an incidence of approximately 13.5/100,000 
and a prevalence of 3–5/100,000. DM1 is the most 
common form of myotonic dystrophy diagnosed 
in children. There is no sex predominance, as 
males and females are affected approximately 
equally. It can present at any age. It presents in 
four subtypes:  classic adult-onset, congenital, 
childhood- onset, and late- onset. There is no geo-
graphic predominance, but it is the most common 
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muscular dystrophy among adults of European 
ancestry.

Disorder Description: It is important to think of DM1 as not 
only a muscular disease, but also a systemic disorder 
with effects on multiple organ systems. It predomi-
nantly affects facial, oropharyngeal, long finger flexor, 
and foot/toe dorsiflexor muscles. Proximal weakness 
is not present early. Myotonia (delayed muscular 
relaxation) is identified easier in the distal muscles.

DM1 is caused by a (CTG) trinucleotide repeat 
expansion of the gene DMPK on chromosome 
19q13.3. In DM1, age of onset and disease severity 
correlate well with CTG repeat size.

Creatine kinase tends to be normal or mildly 
elevated. EMG will reveal myopathy signs and myo-
tonic discharges. The definitive diagnosis is based 
on genetic analysis.

Symptoms

Localization site Comment

Muscle Predominantly affects facial, 
oropharyngeal, long finger flexor, and 
foot/toe dorsiflexor muscles. Presence of 
myotonia

Secondary Complications: Patients can develop early 
onset cataracts, cardiac arrhythmias and conduc-
tion blocks, endocrine dysfunction, and cognitive 
impairment.

Treatment Complications: There is no proven treatment 
for this disease. Management is supportive and 
requires a multidisciplinary approach.
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Myotonic Dystrophy Type 2
Epidemiology and Demographics: Myotonic dystrophy 

Type 2 (DM2) has a lower prevalence than DM1 
in the United States, though some reports suggest 
similar prevalence to DM1 in Europe. Symptoms 
present later in life compared with DM1; DM2 most 
often presents in middle age or later. There is no 

geographic predominance, but it is the most com-
mon muscular dystrophy among adults of European 
ancestry. Can affect males and females.

Disorder Description: DM2 is an autosomal dominant 
dystrophy. Muscle pain and stiffness often pre-
dominate and clinical and EMG myotonia may be 
absent. Weakness is predominant proximally. In 
most patients, the systemic manifestations in DM2 
are less frequent and milder than in DM1.

DM2 is caused by a (CCTG) trinucleotide repeat 
expansion of the gene DMPK on chromosome 
19q13.3. In DM2, age of onset and disease severity 
do not correlate well with CCTG repeat size.

Creatine kinase tends to be normal or mildly 
elevated. EMG will reveal myopathy signs and myo-
tonic discharges. The definitive diagnosis is based 
on genetic analysis.

Symptoms

Localization site Comment

Muscle Predominantly affects proximal muscles. 
Presence of myotonia. Although 
often the deep finger flexors are also 
substantially affected

Secondary Complications: Patients can develop early 
onset cataracts, cardiac arrhythmias and conduc-
tion blocks, endocrine dysfunction, and cognitive 
impairment.

Treatment Complications: There is no proven treatment 
for this disease. Management is supportive and 
requires a multidisciplinary approach.
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NADH CoQ Reductase Deficiency
Epidemiology and Demographics: Prevalence of adult 

mitochondrial disease is 1/5000. A third are de 
novo mutations, with no racial or ethnic predilec-
tion. Like all mitochondrial disorders, its mode of 
inheritance can be maternal (mitochondrial DNA 
is coded by the mother), X- linked dominant, or 
autosomal recessive. Mutations in any of 38 nuclear- 
encoded (nuclear DNA) and 7 mitochondrial- 
encoded (MiDNA) subunits can cause the disorder. 
There are also a number of proteins that are involved 
in the correct processing and assembly of complex I, 
the total number of which as yet remains unknown.

Disorder Description: NADH- coenzyme Q reductase 
(complex I) deficiency is the most frequent mito-
chondrial disorder of childhood, comprising around 
a third of all mitochondrial disorders. The condition 
is caused by mutations in multiple genes, coding 
for various subunits of a complex that is part of the 
mitochondrial respiratory chain. Complex I plays 
critical roles in transferring electrons from reduced 
NADH to coenzyme Q10 (CoQ10, ubiquinone) and 
in pumping protons to maintain the electrochemical 
gradient across the inner mitochondrial membrane. 
This electrochemical gradient is subsequently har-
nessed by complex V (ATP synthase) to synthesize 
ATP and generate reactive oxygen species (ROS).

There is a poor correlation between genotype 
and phenotype, with clinical pictures (e.g., individ-
uals with external ophthalmoplegia) having varying 
genetic causes, such as a large mtDNA deletion, a sin-
gle nucleotide variant of mtDNA (e.g., m.3243A>G), 
or a heterozygous pathogenic variant in a nuclear gene 
causing a secondary mtDNA abnormality. Alternately, 
the same pathogenic variant may cause a range of very 
different clinical syndromes (e.g., the m.3243A>G sin-
gle nucleotide variant may cause chronic progressive 
external ophthalmoplegia [CPEO], diabetes mellitus 
and deafness, or severe encephalopathy with recurrent 
strokes and epilepsy).

A number of clinical subtypes are recognized, 
including:

 a. Leigh syndrome manifests as marked and often 
fatal lactic acidosis, seizures, and characteristic 
findings on MRI (see below).

N
 b. MELAS  – lactic acidosis with stroke- like 

episodes.
  c. Other  – single organ involvement such as 

hypertrophic cardiomyopathy (HCM), Leber’s 
hereditary optic neuropathy (LHON), leukoen-
cephalopathy, pure myopathy, and hepatopathy 
with tubulopathy. Fatal infantile lactic acidosis 
is also recognised.

The majority of affected individuals develop 
symptoms during the first year of life and have a rap-
idly progressive disease course, resulting in a fatal 
outcome in childhood.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Seizures – respond variably to traditional 
antiepileptic drugs. Sodium valproate is 
contraindicated given its effect on carnitine 
metabolism

Migraine headaches – can be a herald of stroke

Metabolic stroke – varying non- vascular 
distributions, often sparing white matter 
(MELAS)

Imaging: MRS – often with high lactate peak 
particularly in basal ganglia

MELAS – cortical and subcortical areas of 
destruction, involving parietal and basal 
ganglia. Not necessarily corresponding with 
vascular territories

Leigh syndrome – T2 hyperintense bilateral 
brainstem & basal ganglia

Cranial nerves Progressive extraocular ophthalmoplegia 
(PEO) and retinopathy

Sensorineural hearing loss

Eyelid ptosis

Autonomic 
nervous system

Cardiac manifestations – either hypertrophic 
cardiomyopathy or arrhythmia

Other autonomic manifestations – 
orthostasis, syncope, temperature instability, 
GI dysmotility

Myopathy Exercise intolerance and poor stamina due 
to energy failure

Secondary Complications: Hepatopathy can cause 
encephalopathy.

Treatment Complications: Few studies have shown clin-
ical efficacy of any treatment, with many studies 
suggesting that coenzyme Q10 and carnitine sup-
plementation should be tried. Coenzyme Q10 can 
cause liver function test changes and nausea.
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Narcolepsy
Epidemiology and Demographics: Prevalence of narco-

lepsy type 1 is 0.02 to 0.18% of the population in 
the United States and Western Europe. The preva-
lence of narcolepsy type 2 is uncertain as it is not 
as well studied; however, it has been estimated to 
be 0.02 to 0.03%. There is a slight male predomi-
nance. Bimodal distribution, peak in adolescence 
(15 years) and second peak at 35 years. Etiology 
unknown; however, increased incidence noted after 
2009 H1N1 influenza outbreak and streptococcal 
infections. Close association with human leuko-
cyte antigen (HLA) subtypes DR2/DRB1*1501 and 
DQB1*0602.

Disorder Description: Excessive daytime somnolence 
(irresistible urge to sleep during the day) for at 
least a period of 3 months. Some patients may have 
signs of REM- sleep dissociation such as cataplexy 
(narcolepsy type 1). Cataplexy, which is specific for 
narcolepsy, is defined as more than one episode of 
a brief symmetric loss of muscle tone with retained 
consciousness. Strong emotional reactions are 
typical precipitants of cataplexy. Nocturnal sleep 
is typically disrupted with an inability to main-
tain continuous sleep. Other associated symptoms 
include hypnagogic hallucinations (transition from 
wake to sleep) and hypnapompic hallucinations 
(transition from sleep to wake) as well as sleep 
paralysis (inability to move voluntarily during sleep 
to wake transitions).

Diagnosis is made based on clinical symptoms 
of daytime irrepressible need to sleep (as described 
above) and presence of a mean sleep onset latency of 

≤8 minutes and two or more sleep- onset REM peri-
ods (SOREMPs) on a Multiple Sleep Latency Test 
(MSLT). A SOREMP on the previous night’s noc-
turnal polysomnogram can replace one SOREMP 
on an MSLT.

Narcolepsy type 1 vs type 2: Narcolepsy type 1 is 
diagnosed if cataplexy is present or CSF hypocretin 
levels are low (<110 pg/mL or less than one- third of 
mean values from normal individuals) even in the 
absence of cataplexy. Narcolepsy type 2 is diagnosed 
if cataplexy is absent and CSF hypocretin- 1 con-
centration is >110 pg/mL or less than one- third of 
mean values from normal individuals. Differential 
diagnosis includes insufficient sleep time, obstruc-
tive sleep apnea, idiopathic hypersomnolence, and 
hypersomnolence due to medication or other med-
ical problems.

Symptoms

Localization site Comment

Forebrain Lateral hypothalamus. Loss of 
hypocretin- containing neurons, 
?autoimmune basis

Mental status and psychiatric 
aspects/complications

Sleepiness, depression, social 
dysfunction

Secondary Complications: Weight gain, depression, and 
social and workplace dysfunction are very common 
among narcolepsy patients.

Treatment Complications: Evaluate for and treat any other 
coexisting sleep disorders such as obstructive sleep 
apnea. Behavioral techniques such as sleep hygiene, 
scheduled naps, and maintaining a regular sleep 
schedule. Sodium oxybate, a sodium salt of gamma 
hydroxybutyrate (GHB), improves sleep quality, 
reduces daytime sleepiness, and is the most effective 
and only FDA- approved treatment for cataplexy.

Stimulants, such as modafinil/armodafinil, 
methylphenidate, and amphetamines, may also be 
used to help maintain wakefulness during the day.

Other treatments for cataplexy include REM- 
suppressing agents such as venlafaxine and 
fluoxetine.

Modafinil and armodafinil are hepatically 
metabolized and inducers of the cytochrome P450 
enzyme system, which may affect the metabolism of 
other drugs. Methylphenidate and amphetamines 
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are both central nervous system stimulants and can 
cause systemic hypertension and psychiatric events 
such as psychosis, anorexia, and anxiety.

Sodium oxybate treatment can cause rapid seda-
tion and has potential for abuse. It should not be 
used with alcohol or other sedating medications 
such as benzodiazepines or opioids due to potential 
for respiratory depression. Abrupt withdrawal of 
cataplexy- suppressing medications can lead to sta-
tus cataplecticus.

Bibliography
American Academy of Sleep Medicine. 

International classification of sleep disorders. 
3rd ed. Darien, IL: American Academy of 
Sleep Medicine; 2014.

Andlauer O, Moore IVH, Hong SC, et al. 
Predictors of hypocretin (orexin) deficiency 
in narcolepsy without cataplexy. Sleep. 
2012;35:1247–55.

Dauvilliers Y, Arnulf I, Mignot E. Narcolepsy with 
cataplexy. Lancet. 2007;369:499–511.

Wang J, Greenberg H. Status cataplecticus precipitated 
by abrupt withdrawal of venlafaxine. J Clin Sleep 
Med. 2013;9(7):715–6.

Zeman A, Britton T, Douglas N, et al. Narcolepsy 
and excessive daytime sleepiness. BMJ. 
2004;329:724.

Nasopharyngeal Cancer
Epidemiology and Demographics: Nasopharyngeal malig-

nant tumors can produce metastasis to any part 
of the body. However, the central nervous system 
through its proximity to the nasopharynx is the site 
of most of the complications. The rate of neurologic 
involvement is about 30%. Incidence is less than 
1/100,000 in the United States.

Disorder Description: Nasopharyngeal cancers can 
be difficult to recognize early because of their 
insidious manner of growth, their lack of speci-
ficity of initial symptoms, and the relative inacces-
sibility of the nasopharynx to routine examination. 
Neurologic manifestations may occur early or late 
during the disease, and may at times be the earliest 
recognizable abnormalities. Cranial nerves are the 
most commonly affected and the ones traversing 
the middle fossa (CN V and VI) are the most sus-
ceptible to injury.

Symptoms

Localization site Comment

Cerebellum Dysmetria, truncal ataxia, and intention 
tremor (paraneoplastic)

Cranial nerves Hearing loss, tinnitus, or a feeling of 
fullness or pressure in the ear (due to 
collection of serous fluid in the ear)

Diplopia, sensory loss of the face, and loss 
of vision

Spinal cord Sensory loss of the lower limbs 
(metastatic invasion of the spinal cord)

Unclear localization Opsoclonus and myoclonus 
(paraneoplastic)

Treatment Complications: Complications of radiother-
apy include hearing impairment, trismus, dyspha-
gia, xerostomia, and temporal lobe necrosis.
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Neck Neoplasms
Epidemiology and Demographics: Neck neoplasms are 

more common in men after 40 years of age and rep-
resent about 3% of all cancers.

Disorder Description: Neck cancers originate from the 
mucosal surface in most instances and hence are 
squamous cell carcinomas or their variants. The 
most common risk factors are chronic tobacco 
and alcohol use. Neurologic complications can 
result from direct infiltration of the tumor or due 
to metastasis. They can also result from medication 
side effects and paraneoplastic syndromes.
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Neisseria meningitis

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral metastasis: extremely rare, 
can cause seizure and focal neurologic 
deficits

Mental status and 
psychiatric aspects/
complications

Headache and personality changes 
(frontal lobe syndrome) 
Anti-HU encephalomyelitis: 
laryngeal carcinoma (paraneoplastic)

Cranial nerves Dysphonia due to invasion of vagus 
nerve or recurrent laryngeal nerve

Dysphagia: invasion of tongue and 
pharyngeal musculature and X and XII 
nerves

Glossopharyngeal neuralgia: invasion 
of IX nerve

Multiple cranial nerve palsy from 
leptomeningeal spread

Plexus Brachial plexopathy: pain

Peripheral neuropathy Sensory neuropathy (paraneoplastic): 
pharynx small cell carcinoma

Neuromuscular junction Eaton Lambert (paraneoplastic): small 
cell carcinoma of larynx

Secondary Complications: Nutritional deficiencies such 
as Wernicke’s encephalopathy due to: (1) dysphagia 
and trismus; (2) anorexia due to malignancy and 
chemotherapeutic agents; (3) risk factors causing 
the tumors such as alcoholism and smoking.

Treatment Complications

Surgery:

Chronic pain, reduced range of motion of shoulder, 
voice changes.

Injury to the cranial nerves during neck dissection: 
spinal accessory nerve, hypoglossal nerve, 
vagus nerve and facial nerve.

Horner’s syndrome: injury to the sympathetic 
fibers accompanying carotid artery results in 
ipsilateral ptosis, miosis, but with preserved 
facial sweating.

Carotid artery injury.

Radiotherapy:

Cervical cord myelopathy, cranial neuropathy, and 
brachial plexopathy.

Chemotherapy:

Cisplatin: peripheral sensory neuropathy, 
ototoxicity, and focal encephalopathy.

5-Fluorouracil: acute cerebellar syndrome.

Bibliography
Clouston PD, Sharpe DM, Corbett AJ, Kos S, Kennedy 

PJ. Perineural spread of cutaneous head and 
neck cancer. Its orbital and central neurologic 
complications. Arch Neurol. 1990;47(1):73–7.

Heroiu Cataloiu AD, Danciu CE, Popescu CR. 
Multiple cancers of the head and neck. Maedica 
(Buchar). 2013;8(1):80–5.

Ruzevick J, Olivi A, Westra WH. Metastatic squamous 
cell carcinoma to the brain: an unrecognized 
pattern of distant spread in patients with HPV- 
related head and neck cancer. J Neurooncol. 
2013;112(3):449–54.

Neisseria meningitis
Epidemiology and Demographics: Rates of meningococ-

cal disease have been declining in the United States 
since the late 1990s. In 2015, there were about 375 
cases of meningococcal disease reported in total.

Rates of disease are highest in children younger 
than 1 year, followed by a second peak in those aged 
16 through 23 years.

Meningococcal infection displays seasonal vari-
ation in attack rates, which are highest in February/
March and lowest in September. Crowding, poor 
sanitation, and malnutrition make developing 
countries more susceptible to the spread of infection 
to epidemic proportions. Nasopharyngeal carrier 
status, complement deficiency, use of eculuzimab, 
HIV, and other states of immunosuppression can 
predispose to infection. In developed countries, age 
less than 5 years, lower socioeconomic status, fresh-
man year of college, college dormitories, military 
recruits, black race, and attendees at day care centers 
pose a higher risk.

Disorder Description: This gram- negative diplococcus 
is the leading cause of meningitis in children and 
young adults in the United States. It is also the sec-
ond most common cause of meningitis in adults. 
As compared with the other common types of 
bacterial meningitis (Streptococcus pneumoniae, 
Haemophilus influenzae), meningococcal menin-
gitis should be suspected when the course is more 
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fulminant. Delirium and stupor may supervene in 
a matter of hours. Petechial rash is present in 50%; 
lividity of the lower extremities and circulatory col-
lapse frequently accompany. Meningitis, however, 
can occur with or without meningococcal sepsis.

Symptoms

Secondary Complications: Mortality can approach 5%. 
The case to fatality ratio for meningococcal disease 
is approximately 10%, and 11 to 26% of survivors 
have serious sequelae, including neurologic disa-
bility (e.g., focal neurologic deficits, seizures, etc.), 
limb loss, and deafness.

Acute fulminating cases of meningococcal sep-
ticemia (Waterhouse–Friderichsen syndrome) 
occur mainly in children younger than 10 years of 
age and are characterized by vomiting, diarrhea, 
extensive purpura, disseminated intravascular 
coagulation, cyanosis, convulsions, shock, coma, 
and often death within hours despite appropriate 
treatment; many of these cases have meningitis 
and adrenal insufficiency with hemorrhage into the 
adrenal glands or adrenal infarction.

Treatment Complications: The US Centers for Disease 
Control and Prevention recommends routine vacci-
nation with quadrivalent meningococcal conjugate 
vaccine of adolescents 11 to 18 years of age and vac-
cination of persons 2 to 55 years of age who have 
an increased risk of invasive meningococcal disease.

Treatment is straightforward in early cases with 
antimicrobials; cefotaxime/ceftriaxone are agents of 
choice. With treatment delay, complications include 
circulatory shock, purpura fulminans, and dissem-
inated intravascular coagulation (DIC). Intensive 
care and high mortality are expected in this set-
ting. Fluids should not be restricted unless signs 
of SIADH (syndrome of inappropriate antidiuretic 
hormone secretion) or increased intracranial pres-
sure are evident.

Long-term complication of hearing loss may 
require cochlear implants.

Bibliography
Brandtzaeg P, Ovstebøo R, Kierulf P. 

Compartmentalization of lipopolysaccharide 
production correlates with clinical presentation in 
meningococcal disease. J Infect Dis. 1992;166:650.

Localization site Comment

Cerebral 
hemispheres

Focal cerebral signs are not as common as with 
the other bacterial meningitides. Collection 
of purulent material in cerebral fissures can 
lead to seizures, direct pressure- mediated 
neurologic deficits, or Todd’s paralysis

Infectious vasculitis with occlusion of surface 
cerebral veins and consequent cerebral 
infarction can occur

Sympathetic sterile subdural effusions are not 
uncommon in infants; these are sterile but 
may cause neurologic signs by mass effect

Mental status 
and psychiatric 
aspects/
complications

Raised intracranial pressure, probably 
primarily as a consequence of toxin- mediated 
edema seems to be the main etiology of the 
declining level of consciousness

Brainstem Raised ICP with pressure on brainstem, 
tonsillar herniation with pressure on the 
upper cervical cord are complications 
associated with mortality

Cerebellum Pressure from herniated cerebellar tonsils 
on the upper cervical cord can lead to 
quadriparesis and respiratory failure

Cranial nerves Cranial nerve palsies are more frequent with  
S. pneumoniae, where the nerve can be invaded 
by purulent exudate. Raised intracranial 
pressure can lead to papilledema with vision 
changes and lateral rectus palsy. In contrast to 
the other forms of meningitis, deafness and 
other enduring cranial nerve deficits are unusual

Pituitary gland Hypothalamic–pituitary dysfunction is an 
uncommon complication after bacterial 
meningitis

Spinal cord Spinal cord abscess, epidural abscess, 
polyradiculitis, and spinal cord infarction 
secondary to vasculitis of the spinal artery

Anterior horn cells Polyradiculitis has been described

Dorsal root 
ganglia

Polyradiculitis has been described

Conus medullaris Conus medullaris syndrome has been 
described

Localization site Comment

Unclear 
localization

Raised intracranial pressure as a consequence 
of toxin- mediated edema seems to be 
the main etiology of the declining level 
of consciousness, and may also lead to 
papilledema with vision changes, lateral 
rectus palsy, tonsillar herniation, and death
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Nemaline Rod Myopathy
Epidemiology and Demographics: Nemaline rod myopathy 

is not common, with reported rates of 1 out of 50,000 
births. There is no sex predominance. There is no spe-
cific age of onset. Clinical reports describe a wide spec-
trum, from severe congenital forms to mild adult- onset 
forms. There is no clear geographic predominance.

Disorder Description: Nemaline rod myopathy (NRM) 
is characterized by the presence of thread- like 
appearing, electron- dense nemaline bodies or rods 
within myofibers, also seen on modified Gomori- 
trichrome stain, where the rods would be seen as 
small, red- staining bodies in the subsarcolemma 
and perinuclear regions.

NRM is a genetic disorder, with at least 10 iden-
tified genes. There are dominant mutations of skel-
etal muscle α- actin 1 (ACTA1), recessive mutations 
of nebulin (NEB) genes, muscle specific cofilin 2 
(CFL2), troponin T1 slow skeletal type (TNNT1), 
β- tropomyosin 2 (TPM2), α- tropomyosin 3 
(TPM3), kelch- like family member 40 (KLHL40), 
kelch- like family member 41 (KLHL41), and 
muscle- specific ubiquitin ligase (KBTBD13) genes, 
as well as severe and often fatal recessive mutations 
of leiomodin 3 (LMOD3).

Genetic testing is the mainstay. Electromyography 
(EMG) can demonstrate early recruitment of small- 
amplitude, short- duration muscle unit action 
potentials (MUAPs) in affected muscles. Muscle 
biopsy is rarely done, but may show type 1 fiber pre-
dominance and hypotrophy, but only in congenital/
early onset forms, not adult onset forms.

Symptoms

Localization site Comment

Muscle Patients present with initial prominent 
axial and limb- girdle weakness. This can 
progress to distal muscles. However, 
distal or predominately lower extremity 
weakness only has been documented

Secondary Complications: Congenital forms are more 
prone to scoliosis due to weakness, but can have 
reasonable mobility, albeit usually at a delayed time 
frame to normal peers. Some patients do progress to 
require continuous ambulatory assistance or wheel-
chairs. Respiratory issues can develop, due to axial 
weakness, resulting in at least nightly noninvasive 
respiratory assistance progressing up to ventilation 
via tracheostomy. Bulbar weakness makes nutrition 
and communication difficult.

Treatment Complications: Treatment is supportive, with 
focus on monitoring respiratory function and 
mobility improvement. There is no cure.

There are no common complications of treat-
ment, save the known risk factors based on a case 
by case situation from supportive procedures of res-
piratory or nutrition assistance.
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Neuroacanthocytosis
Epidemiology and Demographics: Very rare group of 

familial disorders. Even distribution between males 
and females in autosomal forms. McLeod syndrome 
is X- linked recessive.

Disorder Description: A group of basal ganglionic degen-
erative disorders with finding of acanthocytes on 
peripheral blood smear. Although the diseases are 
grouped together because of characteristic acantho-
cytes, blood smear is neither specific (acanthocytes 
can be seen with liver disease or following sple-
nectomy) nor sensitive (often missed with routine 
smears; yield can be improved by incubation with 
1:1 of heparinized normal saline prior to fixation). 
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The Levine–Critchley syndrome is caused by auto-
somal recessive mutation in the VPS13A gene pre-
senting in early adulthood. The McLeod syndrome 
is caused by X- linked recessive mutation in XK 
presenting in middle age. Huntington’s disease- 
like 2 (HDL2) is caused by an autosomal dominant 
mutation in JPH3 presenting in early adulthood. 
Pantothenate kinase- associated neurodegeneration 
(PKAN) is caused by an autosomal recessive muta-
tion in PANK2 presenting in childhood.1

Symptoms

Localization site Comment

Cerebral 
hemispheres

Levine–Critchley, McLeod, HDL2 associated 
with atrophy of caudate nucleus. PKAN 
has characteristic iron deposition in 
pallidum visualized as “eye of the tiger” 
on MRI. Levine– Critchley and McLeod 
develop as hyperkinetic disorder. Levine– 
Critchley associated with characteristic 
tongue protrusion dystonia in which the 
tongue pushes out the food bolus after 
first contacting it.2 HDL2 generally presents 
with chorea, dystonia, and parkinsonism. 
PKAN occurs in children with dystonia, 
parkinsonism, and retinitis pigmentosa

Mental status and 
psychiatric aspects/
complications

Can present as impairment of memory 
and executive function progressing 
to psychosis or obsessive- compulsive 
disorder. Some will initially meet DSM 
criteria for schizophrenia with both positive 
and negative symptoms

Cerebellum Gait instability and dysdiadochokinesia can 
be present though hard to separate clinically 
from other concurrent movement disorders

Peripheral 
neuropathy

Mild axonal neuropathy with clinical 
findings of areflexia and distal mild sensory– 
motor neuropathy in Levine–Critchley3

Muscle Mild myopathy that can be hard to detect 
clinically. Creatine kinase (CK) levels are 
usually mildly elevated in Levine–Critchley

Secondary Complications: Cardiomyopathy suggests 
McLeod syndrome, which has characteristic weak 
expression of Kell antigen on erythrocytes.

Treatment Complications: No specific treatment. 
Supportive treatment with neuroleptics for psy-
chosis can mask emerging movement disorders. 
Antiepileptic treatment can also cause cognitive 
slowing.
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Neuroacanthocytosis with 
Abetalipoproteinemia (Bassen–Kornzweig 
Syndrome)
Epidemiology and Demographics: Incidence less than 1 in 

a million (rare).
Disorder Description: Caused by autosomal recessive 

inheritance of mutation in gene encoding micro-
somal triglyceride transfer protein (MTP) and 
marked by severe hypocholesterolemia and malab-
sorption of lipid- soluble vitamins with consequent 
neurologic injury (particularly from vitamin E 
deficiency).

Symptoms

Localization site Comment

Cerebellum Ataxia and dysmetria usually beginning by 
second decade

Cranial nerves Retinal degeneration starting often 
with loss of night vision progressing to 
blindness. Ptosis and ophthalmoplegia 
can also be seen

Syndromes with 
combined spinal 
cord and peripheral 
nerve lesions

Dorsal column dysfunction and peripheral 
neuropathy from central and peripheral 
demyelination resulting in loss of 
proprioception, vibratory sense, and deep 
tendon reflexes

Secondary Complications: Chronic diarrhea from ste-
atorrhea starting from infancy. Hepatic steatosis 
and elevated serum transaminase levels can occur. 
Coagulopathy infrequently occurs.

Treatment Complications: Lifelong treatment with low- 
fat diet and high- dose oral fat- soluble vitamin sup-
plementation can be difficult to comply with.
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Neuroferritinopathy (Hereditary 
Ferritinopathy, Neurodegeneration with 
Brain Iron Accumulation)
Epidemiology and Demographics: Neuroferritinopathy is a 

very rare disease with fewer than 100 cases reported. 
The prevalence is unknown. The disorder presents 
in adulthood, usually by the 4th decade, but earlier 
and later presentations have been observed ranging 
from early teens to 6th decade.

Disorder Description: Neuroferritinopathy is a progressive 
neurologic disorder that presents with a movement 
disorder (chorea or dystonia) in one or two limbs, 
which progresses to involve other limbs within 5–10 
years. The movement disorder then generalizes to 
include the face and voice, with abnormal speech and 
facial dyskinesias as well as dysarthria and dyspha-
gia. Cognitive decline accompanies the movement 
disorder. Cerebellar symptoms can also be seen.

MRI imaging is distinctive among the NBIA 
(neurodegeneration with brain iron accumulation) 
disorders and reveals abnormal iron accumulation 
that progresses to increased signal on T2- weighted 
imaging followed by cystic change involving the 
putamina, globus pallidi, caudate nuclei, substantia 
nigra, and red nuclei.

Neuroferritinopathy is an autosomal dominant 
disorder caused by truncating mutations in exon 4 
of the FTL gene, located on chromosome 19.

Symptoms

Localization site Comment

Cerebral hemispheres Basal ganglia: iron deposition and cystic 
change due to neuronal loss involving 
the putamina, globus pallidi, caudate 
nuclei, substantia nigra, red nuclei

Mental status and 
psychiatric aspects/
complications

Frontal/subcortical deficits 
Disinhibition 
Emotional lability 

Cerebellum Cerebellar ataxia

Secondary Complications: Poor caloric intake and mal-
nutrition may occur due to difficulty with facial 
movements.

Contractures and decreased mobility occur due 
to the movement disorder.

Treatment Complications: The movement disorder can 
be treated with typical medications for dystonia 
or chorea, all of which have side effects (levodopa, 
tetrabenazine, diazepam, clonazepam, botulinum 
toxin injections).
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Neurofibromatosis Type 1 (NF1)
Epidemiology and Demographics: Incidence of neurofi-

bromatosis type 1 (NF1) is 1/2500–3500.
Disorder Description: Autosomal dominant disorder 

caused by defects in NF1 gene on chromosome 
17q11.2, which is a tumor suppressor gene. It 
encodes for the protein Neurfibromin. NF1 is char-
acterized by central nervous system (CNS) and 
peripheral nervous system (PNS) tumors and cuta-
neous manifestations.
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Symptoms

Localization site Comment

Cerebral hemispheres Megalencephaly leading to 
macrocephaly

Unidentified bright objects: basal 
ganglia and thalamus T2 hyperintensities 
on MRI; significance of these lesions not 
known

Mental status and 
psychiatric aspects/
complications

In children, attention deficit hyperactivity 
disorder (ADHD), autism spectrum 
disorders, behavioral abnormalities, and 
psychosocial issues

Brainstem Unidentified bright objects: brainstem 
T2 hyperintensities on MRI; significance of 
these lesions not known

Cerebellum Unidentified bright objects: 
cerebellum T2 hyperintensities on MRI; 
significance of these lesions not known

Cranial nerves Optic nerve glioma: progressive 
deterioration of vision

Pituitary gland Hypothalamus compression by optic 
chiasma glioma can cause precocious 
puberty

Spinal cord Dumb-bell tumor: the intraspinal 
component may compress the spinal 
cord to produce bladder and bowel 
incontinence, sensory level, and 
paraplegia/monoplegia

Specific spinal roots Neurofibromas may involve spinal nerve 
roots causing radicular pain

Peripheral 
neuropathy

Neurofibroma, plexiform neurofibroma, 
and malignant peripheral nerve sheath 
tumors cause pain and mononeuropathy 
of the involved nerves

Secondary Complications: Vasculopathy leading to 
hypertension, stenosis, aneurysms, and arterio-
venous malformation of cerebral circulation result-
ing in intracranial hemorrhage and seizures.

Treatment Complications: Permanent residual deficits 
after excision of the CNS tumor and cosmetic dis-
figurement after excision of superficial cutaneous 
tumors. Complications of radiotherapy include 
transformation to malignant peripheral nerve 
sheath tumors, development of brain tumors, and 
moyamoya disease.
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Neurofibromatosis Type 2 (NF2)
Epidemiology and Demographics: Autosomal dominant 

disorder occurring in 1/35,000–50,000. Most com-
monly presents between the ages of 20 and 30 years, 
but 30% of cases present in childhood.

Disorder Description: Neurofibromatosis type 2 (NF2) 
occurs due to mutation of the NF2 gene on chro-
mosome 22q, which codes for the protein merlin 
or schwannomin. NF2 gene is a tumor suppressor 
gene and hence mutation results in multiple central 
nervous system tumors. Mutation can be inherited 
or occur de novo.

Symptoms

Localization site Comment

Cerebral hemispheres Meningiomas can cause seizure

Cerebellum Ataxia secondary to schwannoma and 
meningioma in the cerebellopontine 
angle

Cranial nerves Bilateral vestibular schwannoma (most 
characteristic) and schwannoma of 
other cranial nerves with hearing loss, 
tinnitus, and facial numbness

Spinal cord Meningioma, schwannoma, and 
ependymoma occur and cause back 
pain, sensory loss, and quadriparesis/
paraparesis or monoparesis according 
to the location

Peripheral neuropathy Peripheral nerve schwannoma causing 
mononeuropathy

Unclear localization Ocular manifestation: cataracts, 
epiretinal membranes, and retinal 
hamartomas
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Treatment Complications: Bevacizumab can cause an 
increase in blood pressure and bleeding tendencies, 
and bowel perforation. Complications of stereotac-
tic radiosurgery include facial neuropathy, trigemi-
nal neuropathy, and vestibular dysfunction.

Bibliography
Asthagiri AR, Parry DM, Butman JA,  

et al. Neurofibromatosis type 2. Lancet. 
2009;373(9679):1974–86.

Mathieu D, Kondziolka D, Flickinger JC, et al. 
Stereotactic radiosurgery for vestibular 
schwannomas in patients with neurofibromatosis 
type 2: an analysis of tumor control, 
complications, and hearing preservation rates. 
Neurosurgery. 2007;60(3):460–8.

Pastar Z, Lipozencić J, Budimcić D, Tomljanović-
Veselski M. Neurofibromatosis: review of the 
literature and case report. Acta Dermatovenerol 
Croat. 2006;14(3):167–71.

Neurolathyrism
Epidemiology and Demographics: Neurolathyrism occurs 

in poor countries, where it is caused by excessive 
consumption of the grass pea legume (Lathyrus 
sativus). Since the grass pea is drought- resistant, 
this disease is more common in times of famine. 
Epidemics have followed famine in Ethiopia (last 
in 1996), Bangladesh, India, and China over the last 
century. It is more common in males.

Disorder Description: It is considered a nutritional dis-
order. The grass pea legume contains the neuro-
toxin β-N-oxalyl-L-α,β-diaminopropionic acid 
(L-β-ODAP). This chemical compound acts as a 
glutamate receptor agonist, eliciting sustained stim-
ulation of AMPA receptors in the spinal cord. This 
sustained stimulation triggers a signaling cascade 
of reactions that results in cell death. Clinically, it 
presents as irreversible acute to subacute extrem-
ity weakness that eventually progresses into spastic 
paresis.

Onset of weakness is typically 3 to 6 months after 
heavy consumption of the seeds, and progression to 
spasticity is fast.

Symptoms

Localization site Comment

Brain Limited data given prevalence 
among low socioeconomic status in 
developing countries

One study using imaging (n=2) 
suggests normal cortical motor 
mapping, corticospinal fibers, 
supplementary motor area (SMA), and 
cerebellum

Mental status and Cognition is unaffected

psychiatric aspects/
complications

Spinal cord Unclear pathogenic mechanism since 
disease is prevalent only in areas where 
neuropathology is not possible. Likely 
due to axonal dysfunction at the spinal 
level, with relative preservation of the 
cortical cell bodies

Affects the lower extremities mainly, 
and sometimes progressing to 
involve the upper extremities. Can be 
asymmetric. No sensory involvement. 
No sphincter, bowel or bladder 
involvement

Peripheral neuropathy Rare, and occurs as distal sensory lower 
limb neuropathy

Treatment Complications: Supportive treatment with 
centrally acting muscle relaxants such as tolper-
isone can be uncommonly associated with exacer-
bation of muscle weakness or headache.
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Neuromyelitis Optica (NMO)
Epidemiology and Demographics: The prevalence of neu-

romyelitis optica (NMO) ranges from 0.5 to 10 
per 100,000. Recurrent NMO is more common in 
women than men with a ratio ranging from 5:1 to 
10:1, respectively. It is more common among African, 
East Asian, and Latin American populations.

Disorder Description: An inflammatory disorder of 
the central nervous system caused by immune- 
mediated demyelination and axonal damage mainly 
of the optic nerves and spinal cord. Serum NMO- 
IgG Ab binds Aquaporin 4 antigen (AQP4), a water 
channel protein found in the spinal cord gray mat-
ter, and periaqueductal and periventricular areas 
as well as at the blood–brain barrier. NMO pre-
sents as optic neuritis and/or transverse myelitis. It 
has a relapsing course and may lead to vision loss. 
Transverse myelitis or demyelination of the spinal 
cord usually involves three or more spinal cord 
vertebrae in NMO. It can lead to bladder dysfunc-
tion, sensory loss below the segment of spinal cord 
affected, and limb weakness. The typical treatment 
is high- dose intravenous steroids for 3–5 days or 
plasma exchange followed by starting an immuno-
suppressive agent such as azathioprine, methotrex-
ate, mycophenolate, or rituximab.

Symptoms

Localization site Comment

Brainstem Nausea, vomiting, hiccups

Cranial nerves Vision disturbance or vision loss

Spinal cord Sensory loss, bladder dysfunction, limb 
weakness

Treatment Complications: Steroid therapy can lead to 
psychosis, confusion, weight gain, hyperglycemia, 
myopathy, glaucoma, cataracts, osteoporosis, or 
vertebral fractures.

Plasma exchange complications include anaphy-
laxis, hypocalcemia, and depletion of immunoglob-
ulins and coagulation factors.

Rituximab can lead to hepatitis B reactivation, JC 
virus infection, and subsequent progressive multi-
focal leukoencephalopathy, or death.
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Neuromyotonia (Isaac Syndrome)
Epidemiology and Demographics: Exact prevalence is not 

known, but it is not a common disease. There is no 
sex predominance. Typically, patients are adoles-
cents or adults; most are symptomatic before age  
40 years. There is no geographic predominance.

Disorder Description: Neuromyotonia is primar-
ily an acquired disorder, likely autoimmune 
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(close to 80%). There are antibodies against voltage- 
gated calcium channels (VGKC) on motor nerves, 
resulting in continuous excitability or hyperexcitabil-
ity. Neuromyotonia can also be monophasic (possi-
bly post- infectious), relapsing– remitting, or chronic.

Neuromyotonia is sporadic, though reportedly 
there are some families with autosomal dominant 
inheritance. Thus, neuromyotonia has three etiolo-
gies: acquired (likely autoimmune), paraneoplastic, 
and hereditary.

Serum and cerebrospinal fluid (CSF) VGKC 
antibodies may be detected via radioimmunoassay. 
Autoimmune markers may also be present in CSF, 
such as increased protein, immunoglobulins, and 
oligoclonal bands. Nerve conduction studies are 
typically normal for motor and sensory modali-
ties, though some patients may have a concomitant 
peripheral neuropathy. The classic finding is of high- 
pitched abrupt decrescendo neuromyotonic dis-
charges on needle electromyography (though it is not 
specific, as these discharges have been found in other 
disorders, such as myasthenia, amyloidosis, etc.). 
Blocks and neuromuscular blockades will decrease 
these discharges. Myokymic discharges, otherwise 
known as grouped fasciculation potentials, as well as 
fasciculation potentials, doublets, triplets, multiplets, 
and complex repetitive discharges can also be found.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Confusion, hallucinations, or insomnia

Peripheral neuropathy Numbness and paresthesias may 
develop from a concomitant 
peripheral neuropathy

Muscle Diffuse fasciculations and myokymia 
(muscle twitching), muscle stiffness, 
and cramps. This may result in a stiff 
posture, with slight trunk flexion, 
shoulder elevation and abduction, 
carpopedal spasm, plantarflexion, 
facial grimacing, as well as flexion of 
elbows, wrists, hips, and knees. This 
may be focal or diffuse, and affects 
more distal muscles rather than axial 
and proximal muscles. It is non- painful 
but worsens with voluntary activity, 
and persists into sleep

Secondary Complications: Due to continuous muscle 
involvement, there may be excessive sweating, as 
well as dyspnea, dysphagia, and voice changes. This 
can all result in weight loss.

Treatment Complications: Immunomodulatory therapy 
in the form of plasmapheresis, intravenous immu-
noglobulin, azathioprine, and corticosteroids have 
been effective for short- term benefit. Botulinum 
toxin has aided in the short term, blocking the neu-
romuscular transmission. Anticonvulsants, such 
as phenytoin, carbamazepine, and gabapentin, as 
well as antiarrhythmics such as mexiletine aid in 
decreasing excitability, and reduce or relieve the 
stiffness, muscle spasms, and pain. Baclofen and 
other muscle relaxants can aid patients as well with 
symptomatic therapy.

A common risk of immunomodulation is height-
ened risk of infections. Complications related to 
steroid therapy (hyperglycemia, osteoporosis, cat-
aracts, infections, weight gain, steroid- induced 
myopathy) can develop. Botulinum toxin can cause 
respiratory dysfunction and toxicity. Phenytoin can 
cause nystagmus at toxic doses, gingival hyperpla-
sia, agranulocytosis, and anemia, as well as GI side 
effects. Carbamazepine can cause hyponatremia, 
agranulocytosis, and anemia. Both antiepileptic 
drugs carry potential teratogenic risks.
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Neuro-Ophthalmic Disorders in Pregnancy
Epidemiology and Demographics: Many conditions in 

pregnancy present with visual symptoms – visual 
aura in migraines, papilledema in venous sinus 
thrombosis and idiopathic intracranial hyperten-
sion, visual loss from pituitary tumor enlargement, 
occipital lobe visual changes from pre-eclampsia/
eclampsia and posterior reversible encephalopa-
thy syndrome, ophthalmoplegia from Wernicke 
encephalopathy, ptosis or diplopia in myasthenia 
gravis, and optic neuritis in multiple sclerosis. 
These topics are discussed in detail in dedicated 
sections.

Other neuro- ophthalmic disorders of vascular 
etiology include diabetic retinopathy, retinal artery 
occlusion, and pre-eclampsia/eclampsia-related 
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Localization site Comment

Cranial nerves Idiopathic intracranial hypertension

Venous sinus thrombosis:
•	 Papilledema on exam, accompanied by 

headache, nausea, and vomiting
•	 Multiple sclerosis
•	 Optic neuritis, characterized by loss of 

color vision (especially red), decreased 
visual acuity, and pain with eye 
movement

•	 Multiple sclerosis activity is usually 
decreased during pregnancy and 
increased postpartum. If a patient 
develops optic neuritis during 
pregnancy, the NMO (neuromyelitis 

optica) antibody should be checked

Globe Retinal artery occlusion:
•	 Acute monocular painless vision loss
•	 An afferent pupillary defect may be 

present
•	 Retinal pallor, and a clot in the retinal 

artery may be seen on dilated eye exam
•	 Central serous chorioretinopathy
•	 Decreased visual acuity and 

metamorphopsia

vision changes. A minority of pregnant women 
(about 10%) experience progression of existing 
diabetic retinopathy. The risk of stroke is increased 
during pregnancy and even more so in the puerper-
ium, and can present as retinal vascular occlusion.

No specific time frame associated with 
pregnancy- related neuro- ophthalmic disease has 
been identified. Stroke and MS exacerbations are 
more common postpartum.

Predisposing factors include migraine (visual 
aura), excessive weight gain (IIH), coagulopathy 
(venous thrombosis and retinal vascular occlusion), 
existing pituitary adenoma, hyperemesis grav-
idarum (B1 deficiency leading to Wernicke enceph-
alopathy), myasthenia gravis, multiple sclerosis, 
and diabetes mellitus (diabetic retinopathy). The 
course of gestational diabetes is too short for dia-
betic retinopathy to develop; therefore, those who 
are at risk are pregnant women who have underlying 
long- standing diabetes.

Disorder Description: Pregnancy- associated edema of the 
lens and cornea can cause refractive errors resulting 
in myopic shift, and is considered a normal phe-
nomenon. Accumulation of fluid under the retinal 
epithelium causes a focal retinal detachment that 
shows as a white subretinal exudate on funduscopic 
exam. Fluid retention under the retinal epithelium 
can cause central serous chorioretinopathy. It is a 
rare condition with an incidence of 0.008% but can 
be exacerbated by pregnancy.

Central or branch retinal artery occlusion results 
in ischemia of the retina. On fundoscopy, the retina 
appears pale. Venous occlusions are more prone to 
retinal hemorrhage.

Symptoms

Secondary Complications: Depending on the etiology 
of the neuro- ophthalmic disorder, the visual dis-
turbance may become permanent if left untreated, 
such as in retinal vascular occlusion and MS. Other 
causes like PRES and pre-eclampsia/eclampsia have 
more severe systemic consequences such as cerebral 
edema, seizures, and brain hemorrhage.

Treatment Complications: For edema in the cornea and 
lens and central serous chorioretinopathy, no treat-
ment is necessary. The conditions almost always 
resolve spontaneously after delivery.

Diabetic retinopathy is best prevented with good 
glycemic control. Laser photocoagulation can treat 
proliferative diabetic retinopathy by controlling 
neovascularization.

For retinal artery occlusion, treatment is similar 
to that of ischemic stroke. Ocular massage, paracen-
tesis, and carbogen treatment have been used but 
with little effect on the natural history of the disease. 
More recently, intra- arterial tissue plasminogen 
activator (tPA) has become more widely used and 
may have some benefit if employed within 6 hours 
of symptom onset. Intra- arterial tPA is associated 
with a higher rate of systemic and intracranial hem-
orrhage than intravenous tPA.

Localization site Comment

Cerebral 
hemispheres

Posterior reversible encephalopathy 
syndrome:
•	 Edema of the occipital lobe causes 

unilateral or bilateral visual field 
disturbances

•	 Migraine
•	 Patients may experience visual aura such 

as blurry vision or scintillating scotoma 
prior to headache onset
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Magnesium treatment for the eclamptic angi-
opathy spectrum can result in magnesium toxicity, 
whose symptoms include urine retention, hypo-
tension, muscle weakness, and respiratory distress. 
Calcium gluconate helps reverse the toxicity.
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Neuropathies Common to Pregnancy 
Including Delivery Syndromes and 
Compressive Neuropathies
Epidemiology and Demographics: The most common 

acquired neuropathies during pregnancy are Bell’s 
palsy, carpal tunnel syndrome, and compressive 
neuropathies during labor and delivery.

The incidence of Bell’s palsy is approximately 15 
per 100,000 without gender predilection. It is esti-
mated to be three times more common in pregnant 
women (45 per 100,000 births) than in nonpregnant 
women.

Carpal tunnel syndrome, or median nerve 
entrapment at the wrist, is more common in women 
overall and even more so during pregnancy. A wide 
range of incidence has been reported, but in pro-
spective studies, it is estimated to be about 43%, 
compared with 1–5% in the general population.

Of peripartum compressive neuropathies, the 
common peroneal nerve is most commonly affected 
(81%), followed by the sciatic nerve (15%), and fem-
oral nerve (4%). Ulnar and radial neuropathies, and 
lumbosacral radiculopathy are rare.

The above neuropathies an occur at any time dur-
ing and after pregnancy, but particularly during the 
third trimester, delivery, and immediate postpartum 
period. Women over 30 years of age are at higher risk.

Excessive weight gain or edema during pregnancy 
may predispose women to carpal tunnel syndrome 
or compressive neuropathies. Epidural anesthe-
sia, prolonged labor, lithotomy positions involving 
extreme hip flexion, external rotation, or abduction 
of the thigh have been associated with lumbosacral 
plexopathy and lower extremity peripheral neu-
ropathy. Fetal macrosomia and malpositioning can 
also cause stretch injury to the plexus, and the use of 
forceps may inadvertently compress the femoral or 
obturator nerve against the pelvis.

Genetically, PMP22 deletion is a risk factor of 
compressive neuropathies, while SEPT9 mutation 
is associated with pregnancy- related Parsonage–
Turner syndrome. Gestational diabetes has not been 
found to be a risk factor for carpal tunnel syndrome.

Disorder Description: Compression of a peripheral nerve 
results in neuropraxia, destruction of myelin sur-
rounding the axon (which remains intact), and clin-
ically manifests as focal sensory loss or weakness. 
This is due to slowed conduction across the site of 
compression. With time, the axon can degenerate 
causing denervation and subsequent muscle atro-
phy, known as axonotmesis.

Altered immunity during the pregnant state is 
likely related to Parsonage–Turner syndrome and 
Bell’s palsy, but the exact pathophysiology is not well 
defined. Most cases are idiopathic.

Diagnosis is made clinically, but nerve conduc-
tion studies and needle electromyography (NCS/
EMG) can be used to support the finding.

S                                                                                            y                                          m                     p   t    oms

Localization site Comment

Cranial nerve Bell’s palsy
•	 Paralysis of both upper and lower facial 

muscles. Onset may be painful

Plexus Lumbosacral plexopathy
•	 L5 dermatome and muscles are usually 

most affected, which include knee flexion, 
ankle dorsiflexion, inversion, and eversion

Parsonage–Turner syndrome
•	 Also known as brachial neuritis, it is a painful 

neuropathy at the shoulder that frequently 
presents with scapular winging, but other 
nerves can be affected as well
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S                                                                                            e                                          c                     o   n    dary Complications: If the patient has additional 
symptoms such as pain, edema, and erythema in the 
vicinity of the suspected nerve compression site, it 
should raise concern for a hematoma and pelvic imag-
ing (CT or MRI) should be obtained without delay.

Treatment Complications: Treatment is typically conserv-
ative as most peripheral and compressive neuropa-
thies resolve postpartum. Rest and avoidance of 
aggravating positions promote recovery. Persistent 
symptoms may require splinting or bracing to main-
tain the nerve in neutral position. Physical therapy 
is also helpful.

Medical management should only be used for 
debilitating symptoms during pregnancy since these 
neuropathies will resolve postpartum. Most phar-
macologic treatments have not been proven safe for 
pregnancy; however, if needed, corticosteroids are 
effective for Parsonage–Turner syndrome and Bell’s 
palsy. Positive sensory symptoms such as tingling 
and burning sensation may be treated with anticon-
vulsants (carbamazepine, gabapentin,  phenytoin) or 
tricyclic antidepressants, but note that many of these 
medications are FDA category C or D.

Surgical intervention such as carpal tunnel 
release is usually reserved for severe cases that 

result in denervation and muscle weakness, and can 
almost always be postponed until after delivery.

Compressive neuropathies are preventable. 
Frequent repositioning and prudent use of surgical 
support systems like stirrups and shoulder straps 
should be undertaken in every patient. Postpartum 
sensory loss or weakness warrants a thorough neu-
rologic evaluation, with follow up nerve conduction 
study and EMG.

There is no risk associated with conservative 
treatments. Surgery should ideally be postponed 
until postpartum. Risk of surgery is generally low, 
the highest rate of complications being incomplete 
release of the compressed nerve (about 5%).
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Neuropathy with IgM Binding to  
Myelin- Associated Glycoprotein (MAG)
Epidemiology and Demographics: The prevalence of 

IgM  monoclonal gammopathy neuropathy is 
about 5–31% in patients with IgM monoclonal 
 gammopathy. About 50% of patients with IgM mon-
oclonal gammopathy neuropathy have antibodies 
that bind to myelin- associated glycoprotein (MAG).

Disease Description: IgM autoantibodies target myelin- 
associated glycoprotein, a cell surface glycoprotein 
in Schwann cells and uncompacted myelin. This 
causes a symmetric demyelinating sensorimotor 
neuropathy, affecting distal more than proximal 
nerves, which is slowly progressive, usually over 
years. Sensory symptoms are predominant (earlier 
than motor); gait disorder; sensory ataxia; diffi-
culty with tandem gait is usually the early sign that 
is out of proportion to the degree of sensory loss. 
Weakness develops in 80% (legs and toes). Tremor 
in hands is also common.

Localization site Comment

Peripheral 
neuropathy

Carpal tunnel syndrome
•	 Numbness in the distribution of the median 

nerve distal to the wrist. Weakness is often 
detected in the abductor pollicis brevis

Sciatic and common peroneal neuropathy
•	 Both can present as postpartum foot drop. 

However, weakness in both ankle inversion 
(tibial nerve) and eversion localize the 
injury more proximally than the common 
peroneal nerve to the sciatic nerve

Femoral and obturator neuropathy
•	 In femoral neuropathy, there is weakness of 

knee extension (quadriceps muscles) and 
loss of sensation in the anterior thigh. If the 
compression is proximal to the inguinal 
ligament, hip flexion (iliopsoas) is also weak

•	 Obturator neuropathy results in weakness 
in leg adduction and loss of sensation in the 
medial thigh

Meralgia paresthetica
•	 A purely sensory neuropathy caused 

by compression of the lateral femoral 
cutaneous nerve, which results in tingling 
and numbness of the lateral thigh
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Symptoms

Localization site Comment

Peripheral 
neuropathy

•	 Demyelinating sensorimotor peripheral 
polyneuropathy with predilection for distal 
segments of nerves and no conduction 
blocks

•	 Symmetric, sensory loss and ataxia more 
than motor

•	 Predominantly distal (legs more than arms)
•	 Neuropathic action tremor

Treatment Complications: Although rare, intravenous 
immunoglobulin may have risk of hypercoagula-
bility causing stroke, pulmonary emboli, and deep 
vein thrombosis. Chemotherapeutic agents such as 
rituximab increase risk of decreased immunity, leu-
kopenia, neutropenia, thrombocytopenia, cardio-
toxicity, and pulmonary toxicity.
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Neuropathy with IgM Binding to Sulfatide
Epidemiology and Demographics: This is a relatively rare 

disease. There is no predilection for either sex. Usually 
affects individuals over age 50 years. Incidence is 
unknown.

Disorder Description: This disease is caused by IgM or 
IgG against sulfatide. Patients may present with 
numbness in the toes and it slowly progresses to the 
proximal lower extremities. By the time the numb-
ness involves the knees, the fingertips begin to expe-
rience numbness. Other patients may present with 
walking difficulty and tremor. Still others may pres-
ent with ataxia and burning pain.

Symptoms

Localization site Comment

Dorsal root ganglia Antibodies may bind to dorsal root 
ganglia

Peripheral neuropathy Peripheral nerve myelin sheaths

Treatment Complications: Immunomodulators can be 
tried. Intravenous immunoglobulins may cause 

headaches, fatigue, or myalgias. Rituximab may 
cause headache, neuropathy, insomnia, and pain.
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Niacin (Vitamin B3) Deficiency: Pellagra
Epidemiology and Demographics: Niacin deficiency 

is mostly seen in people in developing countries 
where corn- based diets are eaten (China, Africa, 
and India). In the United States, niacin deficiency 
is found mainly in alcoholics, but it is also found 
in patients with congenital defects of intestinal 
and kidney absorption of tryptophan (Hartnup 
disease) or patients with carcinoid syndrome (in 
which there is increased conversion of tryptophan 
to serotonin).1,2 Isoniazid, a medication used to treat 
tuberculosis, is a structural analog of niacin and can 
precipitate niacin deficiency. Other drugs causing 
niacin deficiency by inhibiting the conversion of 
tryptophan to niacin are 5- fluorouracil, pyrazina-
mide, 6- mercaptopurine, hydantoin, ethionamide, 
phenobarbital, azathioprine, and chloramphenicol.3

Disorder Description: Pellagra is characterized by derma-
titis, diarrhea, and dementia. The early symptoms 
may be mistaken for psychiatric disorder due to 
nonspecific symptoms. Patients complain of insom-
nia, fatigue, irritability, anxiety, and depression. 
Initially poor concentration, apathy, and a mild 
impairment of memory are noticed. Sometimes an 
acute confusional psychosis can be seen with nia-
cin deficiency.1 If niacin deficiency is not treated, 
patients develop dementia. Rash appears initially 
as a scaly dermatitis in sun exposed skin, followed 
by hyperpigmentation. Inflammation of mucous 
membranes causes diarrhea and glossitis. Subacute 
combined degeneration (posterior and lateral col-
umns) has been described with niacin deficiency. 
Sensory motor axonal peripheral neuropathy is less 
common and is difficult to distinguish from neuro-
pathic beriberi.1,4,5
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An acute cerebral syndrome is described by 
Jolliffe and coworkers in alcoholic patients con-
sisting of clouding of consciousness, progressing 
to extrapyramidal symptoms, rigidity and tremors 
of the extremities, uncontrollable grasping and 
sucking reflexes, and coma. Most of these patients 
improved when treated with glucose, saline, and 
large doses of nicotinic acid.1,6

Symptoms

Localization site Comment

Cerebral hemispheres 
Motor cortex (Betz cells)

Irritability, insomnia, anxiety, 
depression

Seizures

Apathy

Dementia

Sometimes acute psychosis

Cerebellum (dentate nucleus) Gait disturbances

Basal ganglia Extrapyramidal symptoms, 
tremors

Spinal cord (dorsal column and 
lateral column)

Subacute combined 
degeneration

Peripheral neuropathy Sensory motor peripheral 
neuropathy

Treatment Complications: Niacin is used as an antihyper-
lipidemic agent. It reduces total and LDL choles-
terol.7 Common side effects of niacin are flushing, 
nausea, vomiting, pruritus, hives, elevation in 
serum aminotransferases, and constipation.8 A 
niacin- induced myopathy has also been described.9 
Caution should be used in patients with a history of 
gout, since niacin is also known to elevate serum uric 
acid concentration. Higher doses of naicin can cause 
hepatotoxicity and gastrointestinal side effects.10

References
 1. Ropper AH, Samuels MA, Klein JP. Adams and 

Victor’s principles of neurology. 10th ed. New York: 
McGraw-Hill Education/Medical; 2014.

 2. Kasper DL, Fauci AS, Hauser SL, et al., eds. 
Harrison’s principles of internal medicine. 19th ed. 
New York: McGraw-Hill Education/Medical; 2015.

 3. Wan P, Moat S, Anstey A. Pellagra: a review with 
emphasis on photosensitivity. Br J Dermatol. 
2011;164:1188.

 4. Bomb BS, Bedi HK, Bhatnagar LK. Post-
ischaemic paresthesiae in pellagrins. J Neurol 
Neurosurg Psychiatry. 1977;40:265.

 5. Ishii N, Nishihara Y. Pellagra among chronic 
alcoholics: Clinical and pathological study of 20 
necropsy cases. J Neurol Neurosurg Psychiatry. 
1981;44:209.

 6. Jolliffe N, Bowman KM, Rosenblum LA, Fein HD. 
Nicotinic acid deficiency encephalopathy. JAMA. 
1940;114:307.

 7. Altschul R, Hoffer A, Stephen JD. Influence of 
nicotinic acid on serum cholesterol in man. Arch 
Biochem Biophys. 1955;54:558.

 8. DiPalma JR, Thayer WS. Use of niacin as a drug. 
Annu Rev Nutr. 1991;11:169.

 9. Gharavi AG, Diamond JA, Smith DA, Phillips 
RA. Niacin-induced myopathy. Am J Cardiol. 
1994;74:841.

 10. Vilter RW, Mueller JF, Bean WB. The therapeutic 
effect of tryptophane in human pellagra. J Lab 
Clin Med. 1949;34:409.

Nightmare Disorder
Epidemiology and Demographics: Prevalence is unknown, 

but it is more common in children, with an age 
of onset from 3 to 6 years. Sex predominance is 
unknown.

Specific personality types may predispose to this 
disorder. Pharmacologic agents affecting neuro-
transmitters norepinephrine, serotonin, and dopa-
mine are associated with nightmares. These agents 
include antidepressants, antihypertensives, and 
dopamine- receptor agonists.

Disorder Description: Nightmare disorder is character-
ized by recurrent, highly dysphoric dreams causing 
significant distress, occurring during REM sleep 
and often resulting in awakening. Emotions are 
typically negative and involve intense fear, anxiety, 
or terror but can also include anger, rage, embar-
rassment, and disgust. Individuals are typically able 
to recall details of the nightmare upon awakening. 
Occasional nightmares are common in children, 
occurring in 60–75% of children starting as early as 
2.5 years of age, but this does not constitute a night-
mare disorder.

Few polysomnographies during nightmares are 
available but can show abrupt awakenings from 
REM sleep preceded by accelerated heart rate and 
respiratory rates.
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Symptoms

Localization site Comment

Unclear localization Unclear but the activation- synthesis 
hypothesis states that during 
dreaming the activated brain 
generates its own information 
by a pontine brainstem neuronal 
mechanism

Treatment Complications: Psychotherapy aimed at 
resolving conflict has been the treatment of choice 
historically, but little evidence is available support-
ing its use. Other therapies are available including 
imagery rehearsal therapy (IRT), a form of cog-
nitive behavioral therapy in which the individual 
rescripts the nightmare and rehearses the new sce-
narios using imagery. Exposure, relaxation, and 
rescripting therapy (ERRT) is another type of cog-
nitive behavioral therapy that is designed for night-
mares related to trauma, which combines IRT with 
exposure and relaxation therapy. Other treatments 
include lucid dreaming, eye movement desensitiza-
tion and reprocessing, and hypnosis.

Prazosin, an alpha- 1 adrenergic receptor antag-
onist that crosses the blood–brain barrier, has been 
used in treatment of nightmares and is thought 
to work by reducing noradrenergic tone dur-
ing sleep. Other medications, though not as well 
studied, are available for use as potential therapy 
including clonidine, trazodone, and risperidone. 
Benzodiazepines, though often used, are ineffective 
in reducing nightmares.

Side effects of prazosin include decreases in 
blood pressure or dizziness.
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Nitrous Oxide and the  
Inhalation Anesthetics
Epidemiology and Demographics: Common users are 

young males/adolescents. No race predilection.
Disorder Description: The inhalation agents are most 

deserving of the title general anesthetics. They are 
excellent hypnotics resulting in analgesia and skel-
etal muscle relaxation. Nitrous oxide, commonly 
known as “laughing gas,” is an inorganic inhalation 
agent that is colorless, odorless to sweet- smelling, 
and non- irritating to the tissues.

Symptoms

Localization site Comment

Cerebral hemispheres Ischemic encephalopathy (acute), 
reduction of oxygen resulting in 
neurologic complications

Mental status and 
psychiatric aspects/
complications

Euphoria (acute) 
Amnesia (chronic) 
Derealization (chronic) 
Cataplexy (acute) 
Psychosis (chronic)

Brainstem Dysregulation of sleep–wake cycle 
(acute)

Cerebellum Ataxia (acute)

Pituitary gland Disruption of the hypothalamus–
pituitary–adrenal (HPA) axis (disruption 
of anterior pituitary hormones) (chronic )

Spinal cord Paresthesias (acute)

Anterior horn cells Decrease in muscle (acute)

Conus medullaris Analgesic effect (acute)

Cauda equina Analgesic effect (acute)

Specific spinal roots Analgesic effect (acute)
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Secondary Complications: Indirect effects on neurologic 
system. Inactivation of vitamin B12 by nitric oxide 
enzymes causes vitamin B12 dysfunction, resulting 
in peripheral neuropathy.

Bibliography
Becker DE, Rosenberg M. Nitrous oxide and 

the inhalation anesthetics. Anesth Progr. 
2008;55(4):124–31. DOI:10.2344/0003-3006-
55.4.124.

Drug Addiction Treatment. Health effects of nitric 
oxide abuse. www.drugaddictiontreatment.com/
types-of-addiction/club-drugs/health-effects-of-
nitrous-oxide-abuse/. Accessed Aug 31, 2018.

McCann SM, Kimura M, Karanth S, Yu WH, Rettori V. 
Nitric oxide controls the hypothalamic- pituitary 
response to cytokines. Neuroimmunomodulation. 
1997;4:98–106. DOI:10.1159/000097327.

Shoults K. Case report: Neurologic complications of 
nitrous oxide abuse. BCMJ. 2016;58(4):192–4.

Nocardia
Epidemiology and Risk Factors: In the United States, it has 

been estimated that 500–1000 new cases of nocar-
diosis occur every year. The male-to-female ratio  
is 3:1.

Nocardia species are typically found in stand-
ing water, decaying plants, and soil. Infection can 
occur when soil containing Nocardia gets into 
open wounds or cuts. However, nocardiosis most 

commonly occurs in the lungs by inhalation of dust 
containing the bacteria. Central nervous system 
(CNS) disease is present in approximately 20% of 
nocardiosis cases and most commonly results from 
dissemination of infection from a pulmonary or 
cutaneous site.

Immunocompromised individuals are at risk, 
but about a third of reported cases are in otherwise 
healthy individuals.

Disorder Description: Nocardia is an aerobic, gram- 
positive actinomycetes- like bacterium that 
uncommonly affects humans. In the United States, 
nocardiosis most often shows up as a lung infection. 
From the lungs, it can spread to other parts of the 
body. The brain is the most common site of dissem-
inated infection.

Symptoms

Localization site Comment

Cerebral 
hemispheres

The hallmark is development of a brain 
abscess. In one review of 131 cases of 
nocardial brain abscess, focal deficits 
occurred in 42%, nonfocal findings in 27%, 
and seizures in 30%. The abscesses were 
multiple in 38%. Mortality is three times 
higher than that of other bacterial brain 
abscesses (30% vs 10%)

Sagittal sinus thrombosis, hemorrhagic and 
ischemic infarcts have been described

Mental status 
and psychiatric 
aspects/
complications

Mental status changes are as per location 
of brain abscess and features of raised 
intracranial pressure. Any part of the brain 
may be affected, and multiple abscesses can 
occur. Brainstem involvement and seizures 
can lead to declining consciousness

Brainstem Brainstem abscesses have been described

Cranial nerves Endophthalmitis and subretinal abscess 
have been reported. Brainstem involvement 
may lead to other cranial nerve involvement

Spinal cord Spinal cord abscess and cord compression 
have been described. Cervical spine abscess 
can lead to quadriplegia

Unclear 
localization

Meningitis can occur with or without an 
associated brain abscess

Secondary Complications: Long- term sequelae of lobar 
abscess includes functional deficit subserved by 
the focal region of the brain. Seizures and cognitive 
impairment may occur.

Localization site Comment

Plexus Analgesic effect (acute)

Mononeuropathy or 
mononeuropathy 
multiplex

Paresthesias (acute)

Peripheral neuropathy Peripheral neuropathy (chronic )

Polyneuropathy (chronic)

Muscle Hypotonia (acute)

Syndromes with 
combined spinal cord 
and peripheral nerve 
lesions

Subacute combined degeneration 
neuropathy secondary to nitrous oxide 
(“laughing gas”) abuse that had affected 
vitamin B12 activation
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Treatment Complications: Surgical intervention/aspira-
tion of brain abscess for diagnosis and treatment 
along with prolonged antibacterial courses are 
required, traditionally with trimethoprim/sulfa-
methoxazole and imipenem. If multiorgan failure 
occurs, amikacin is preferred. Given that subspe-
cies of Nocardia exhibit differential susceptibilities, 
formal antimicrobial susceptibility testing is always 
necessary to ensure optimal antibiotic treatment. 
Treatment is protracted for up to a year in CNS 
nocardiosis. Treatment complications include mor-
bidity of surgery and hypersensitivity to medication.
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Non-arteritic Anterior Ischemic Optic 
Neuropathy (NAION)
Epidemiology and Demographics: The incidence of 

non- arteritic anterior ischemic optic neuropathy 
(NAION) increases with age and is estimated at 
2.3–10.3/100,000 in the United States. The disease 
is most prevalent in the 50-year-old and above age 
group. Women have a slight predominance over 
men (1.2:1). Caucasians are more affected than all 
other populations. Comorbid vascular risk factors 
(hypertension, diabetes mellitus, and hyperlipi-
demia) are associated with this disease.

Disorder Description: The central retinal artery and the 
short and long posterior ciliary arteries are the major 
branches off the ophthalmic artery and are the pre-
dominant blood supply to the optic nerve. Anterior 
ischemic optic neuropathy is characterized by visual 

loss associated with optic disc swelling and eventual 
optic disc atrophy. It results from ischemia of the 
caudal segment of the globe, i.e., the vessels that 
supply the optic nerve as it exits the eye, resulting 
in optic disc swelling and subsequent atrophy. This 
distinguishes AION from posterior ischemic optic 
neuropathy, in which little to no swelling occurs as 
the ischemia affects a more posterior segment of 
the optic nerve. AION is further subdivided into an 
arteritic and a non- arteritic form. In both, the end 
result of the ischemia leads to visual loss.

Non-arteritic AION may result from venous 
insufficiency that occurs when the tributary venules 
receiving blood from the optic nerve capillaries 
drain into the central retinal vein posterior to the 
optic nerve head.

Symptoms

Localization site Comment

Cranial nerves Painless visual loss secondary to ischemia 
to optic nerve, usually first noticed upon 
awakening. The cup:disc ratio is usually 
small on funduscopic exam, and the disc is 
pale and edematous

Secondary Complications: Bilateral visual loss (20% of 
cases).

Treatment Complications: Treatment of non- arteritic 
AION is linked to treatment of vascular risk factors 
such as hypertension and diabetes mellitus. These 
treatments can lead to hypotension and hypoglyce-
mia. Some advocate for the use of levodopa, though 
its efficacy in treatment of NAION is controversial. 
This treatment can be complicated by extrapyrami-
dal side effects.
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Nonconvulsive Status Epilepticus (NCSE)
Epidemiology and Demographics: Incidence of noncon-

vulsive status epilepticus (NCSE) varies by age and 
subtype, and is estimated at around 2–8/100,000. 
Incidence rate increases with age. In elderly patients 
(>60 years), rate of 55–86/100,000 reported. In the 
ICU setting the rate is estimated to be at least 10% 
of patients. Overall, it has been shown that NCSE 
accounts for 30–63% of all status epilepticus.

Disorder Description: NCSE is commonly defined epide-
miologically as 30 minutes or more of continuous or 
intermittent electrographic seizures without promi-
nent motor features. Approximately 15% of patients 
may have nonconvulsive seizures on EEG after clin-
ical cessation of convulsive status epilepticus. May 
manifest as change in behavior or altered mental 
state, with bizarre behaviors, language disturbance, 
perceptual changes, or lethargy and obtundation. 
NCSE can occur in comatose patients or non- 
comatose patients. May be accompanied by subtle 
motor manifestations such as lip and lid twitching 
or gaze abnormalities.

Electrographically classified as generalized or 
focal in origin and further subdivided by clinical fea-
tures or other specific EEG patterns. EEG is essential 
for diagnosis. Causes include pre- existing epilepsy, 
acute systemic infection, acute brain injury, inflam-
matory disorders, and hypoxic–anoxic encepha-
lopathy. The underlying cause is the most relevant 
prognostic factor for recovery.

Treatments generally include intravenous 
benzodiazepines as first line, phenytoin and val-
proate as second line therapies, and levetiracetam, 
lacosamide, topiramate, barbituates, or other seda-
tive agents such as propofol or midazolam as addi-
tional options.

Symptoms

Localization site Comment

Cerebral hemispheres Absence, myoclonic absence, or focal 
status epilepticus. Associated with 
palpebral myoclonia, limb and oro- 
alimentary automatisms, dystonic 
posturing, twitching of the face or limbs, 
rhythmic nystagmus or gaze deviation

Mental status and 
psychiatric aspects/
complications

Alterations in awareness. Odd 
confusional behaviors. Amnesia. 
Psychosis less common

Secondary Complications: NCSE is associated with higher 
rates of mortality in critically ill patients and may 
be associated with poorer outcomes for recovery 
or other cognitive sequelae. Underlying etiology is 
usually the main indicator of prognosis. Patients 
with established epilepsy typically have a better 
prognosis then patients with acute CNS injury.

Treatment Complications: Benzodiazepines are sedating 
and can cause respiratory depression. Antiepileptic 
drugs may be associated with a number of idiosyn-
cratic reactions. Phenytoin infusion may induce 
cardiovascular instability, ataxia, dizziness, frozen 
glove syndrome, and rash. Valproate side effects 
include weight gain, hyperactivity, transaminitis, 
thrombocytopenia, and pancreatitis. The combina-
tion of valproic acid and lamotrigine may increase 
the risk of Stevens–Johnson syndrome. Most 
common side effect of levetiracetam is change in 
behavior/agitation.

Bibliography
Fernandez-Torre JL, Kaplan PW, Hernandez-

Hernandez MA. New understanding of 
nonconvulsive status epilepticus in adults: 
treatments and challenges. Expert Rev Neurother. 
2015;15(12):1455–73.

Meierkord H, Holtkamp M. Non-convulsive status 
epilepticus in adults: clinical forms and treatment. 
Lancet Neurol. 2007;6(4):329–39.

Trinka E, Cock H, Hesdorffer D, et al. A definition 
and classification of status epilepticus: Report of 
the ILAE Task Force on Classification of Status 
Epilepticus. Epilepsia. 2015;56(10):1515–23.

NREM-Related Parasomnias
Disorders of arousal, which include confusion arous-
als, sleepwalking, and sleep terrors, are recurrent epi-
sodes of incomplete awakening from slow wave (N3) 
NREM sleep. They usually occur during the first third 
of sleep with absent or inappropriate responsiveness 
when others intervene during the episode. There is no 
or little recollection of the episode.
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Obesity Hypoventilation Syndrome
Epidemiology: The prevalence of obesity hypoventila-

tion syndrome (OHS) is unknown; however, it is 
correlated to obstructive sleep apnea (OSA). The 
current estimated prevalence of OSA is ~6% of the 
general population, and it is estimated that 20% of 
these patients will have OHS.

Disorder Description: OHS consists of obesity sleep- 
disordered breathing and chronic alveolar hypoven-
tilation during the daytime. The cutoff levels for 
hypoventilation of these patients are >45 mmHg 
PaCO2 and PaO2 <70 mmHg. In most patients the 
breathing dysfunction during sleep is a form of 
OSA. In this context it is important to distinguish 
OHS from severe hypothyroidism, neuromuscular 
diseases, or Arnold–Chiari type II malformations. 
The resulting sleep disturbances can result in severe 
daytime sleepiness and somnolence and the effects 
of sleep deprivation are seen as well. Complications 
from increased PCO2 can be seen also.

Symptoms

Localization site Comment

Cerebral hemispheres Hypoxia, increased cranial pressure, 
thickened speech, incorrect choice of 
words, CSF acidosis, increased cranial 
pressure

Mental status and 
psychiatric aspects/
complications

Fatigue, irritability, difficulty in 
concentration, sleepiness, memory 
impairment, cognitive dysfunction

Cranial nerves Nystagmus, loss of accommodation

Muscles Tremor of hands

Secondary Complications: Untreated OHS can lead to 
pulmonary arterial hypertension and worsening 
hypoxemia. Resulting sleep deprivation will impair 
cognitive function. Hypersomnolence, and mood 
and cognitive disturbances are common among 
these patients. Other consequences of chronic 
hypercapnia and hypoxemia include risk of respira-
tory failure and need for hospitalization particularly 
in association with simultaneous respiratory illness. 

O
In addition, pulmonary hypertension with cor pul-
monale, polycythemia vera, and neurocognitive 
dysfunction may be seen.

Treatment Complications: Treatment includes weight 
loss, continuous positive airway pressure, and the 
use of noninvasive ventilation in the form of bilevel 
positive airway pressure. Other modes of nonin-
vasive ventilation such as average volume assured 
pressure support also have utility in management of 
this condition.

Noninvasive positive- pressure ventilation (NIPPV) 
has many risks including increased infection risk of 
the upper and lower respiratory tract, increased risks 
of epistaxis, and increased risk of GI tract perfora-
tion. Feeding intolerance is often seen using NIPPV. 
Pharmacotherapy using medroxyprogesterone can 
lead to increased risk of venous thromboembolism.
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Obsessive-Compulsive Disorder
Epidemiology and Demographics: In the United States, 

the 12- month prevalence of obsessive- compulsive 
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disorder (OCD) is 1.2%, and the international 
prevalence is 1.1–1.8%. Adult females are more fre-
quently affected than adult males, but male children 
are more frequently affected than female children.

Disorder Description: As stated in the DSM-5, obsessive- 
compulsive disorder can be defined as:
 A. Presence of obsessions, compulsions, or both:
Obsessions are defined as:

 1. Recurrent and persistent thoughts, urges, 
or images that are experienced at some 
time during the disturbance as intrusive 
and unwanted, and that in most individuals 
cause marked anxiety or distress.

 2. The individual attempts to ignore or sup-
press such thoughts, urges, or images, or to 
neutralize them with some other thought or 
action (i.e., by performing a compulsion).

Compulsions are defined as:
 1. Repetitive behaviors (e.g., hand washing, 

ordering, checking) or mental acts (e.g., 
praying, counting, repeating words silently) 
that the individual feels driven to perform 
in response to an obsession or according to 
rules that must be applied rigidly.

 2. The behaviors or mental acts are aimed at 
preventing or reducing anxiety or distress, 
or preventing some dreaded event or situ-
ation; however, these behaviors or mental 
acts are not connected in a realistic way 
with what they are designed to neutralize 
or prevent, or are clearly excessive.

 B. The obsessions or compulsions are time- 
consuming (e.g., take more than 1 hour per 
day) or cause clinically significant distress or 
impairment in social, occupational, or other 
important areas of functioning.

 C. The obsessive- compulsive symptoms are not 
attributable to the physiologic effects of a sub-
stance (drug of abuse, medication) or another 
medical condition.

 D. The disturbance is not better explained by the 
symptoms of another mental disorder (e.g., 
excessive worries as in generalized anxiety dis-
order, preoccupation with appearance as in 
body dysmorphic disorder, hair pulling as in 
trichotillomania, skin picking as in excoriation 
disorder, stereotypies as in stereotypic move-
ment disorder, ritualized eating behavior as in 
eating disorders, preoccupation with substances 

or gambling as in substance- related and addic-
tive disorder, preoccupation with having an 
illness as in illness anxiety disorder, sexual urges 
or fantasies as in paraphilic disorders, impulses 
as in disruptive/impulse control/conduct disor-
der, guilty ruminations as in major depressive 
disorder, thought insertion or delusional pre-
occupations as in schizophrenia spectrum or 
other psychotic disorders, or repetitive patterns 
of behavior as in autism spectrum disorder).

Differential Diagnosis: Differential diagnosis should 
include anxiety disorders, other obsessive- 
compulsive and related disorders, eating disorders, 
tics and stereotyped movements, psychotic disor-
ders, and other compulsive- like behaviors.

In anxiety disorders, the recurrent thoughts are 
generally regarding real- life concerns, whereas 
OCD obsessions usually include irrational, odd, 
or magical content, and compulsions are usually 
linked to the obsessions in OCD.

In major depressive disorder thoughts are usu-
ally mood- congruent (negative thinking) and not 
necessarily experienced as intrusive or distressing 
and ruminations are not linked to compulsions as 
in OCD.

In other obsessive- compulsive and related disor-
ders, there may also be obsessions and/or compul-
sions. Such obsessions or compulsions are generally 
limited to a certain context. For example, in tricho-
tillomania, the compulsive behavior is limited to 
hair pulling in the absence of obsessions. In hoard-
ing disorder, symptoms focus exclusively on diffi-
culty parting with objects.

In eating disorders, obsessions and compulsions 
are limited to concerns about weight and food.

In tics and stereotyped movements, the occur-
rences are typically less complex than compul-
sions and are not aimed at neutralizing obsessions. 
Whereas compulsions are usually preceded by 
obsessions, tics are generally preceded by premoni-
tory sensory urges.

It is important to note that there are two neu-
ropsychiatric conditions that frequently present 
with OCD symptoms as part of their manifestation: 
Tourette syndrome (TS) and pediatric autoimmune 
neuropsychiatric disorder associated with strep-
tococcal infections (PANDAS). TS is a childhood- 
onset neuropsychiatric disorder characterized by 
multiple motor tics and one or more vocal tics that 
persist for at least 1 year. The diagnostic criteria 
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for PANDAS include: prepubertal onset; OCD or 
chronic tic disorder; relapsing– remitting course 
of the disease; motor hyperactivity or reduced fine 
motor coordination; onset of the disease or symp-
toms exacerbation temporally related to strepto-
coccal infections. It is interesting that streptococcal 
infections have also been suggested to relate to TS. 
These two disorders warrant the evaluation of all tic 
disorder patients for OCD and vice versa.

Another association to note is that of OCD and 
multiple sclerosis. In 2012, a cross- sectional study 
was done on 112 patients with MS. The frequency 
of OCD in patients with MS was 16.1%. The con-
clusion was that OCD might be considered in quan-
tifying disability of MS and suggested that all MS 
patients be screened for OCD.

In the psychotic disorder delusional disorder, 
there are no obsessions followed by compulsions, 
and in schizophrenia and related disorders, there 
are hallucinations or problems in formal thought 
processes.

In other compulsive- like behaviors, such as par-
aphilias, gambling, and substance use, there may be 
compulsions, but they generally result in pleasure 
of the individual, distinguishing these occurrences 
from OCD.

In obsessive- compulsive personality disorder, 
there are not necessarily intrusive thoughts, images, 
or urges, or compulsions in response to such obses-
sions. Instead, obsessive- compulsive personality 
disorder is characterized by an enduring and perva-
sive maladaptive pattern of excessive perfectionism 
and rigid control. OCD and obsessive- compulsive 
personality disorder are not mutually exclusive 
diagnoses.

Secondary Complications: OCD can detrimentally 
impact various domains of life. Excessive time may 
be spent obsessing and performing compulsions, 
and may result in tardiness to obligations or missed 
deadlines. Obsessions about harm may make inter-
personal relationships difficult as they may be per-
ceived as dangerous. Obsessions about symmetry 
may make completion of school or work projects 
difficult or impossible. Contamination obsessions 
may result in non- adherence to medication regi-
mens or avoidance of doctors’ offices and/or hospi-
tals. Excessive washing may result in dermatologic 
problems.

Treatment Complications: First line treatment for OCD 
is selective serotonin reuptake inhibitors (SSRIs). 

Refractory cases may be treated with clomipramine 
(serotonin selective tricyclic antidepressants 
[TCAs]) or atypical antipsychotics.

SSRI side effects include nausea, diarrhea, 
insomnia, headache, anorexia, weight loss, sexual 
dysfunction, restlessness (akathisia- like), serotonin 
syndrome (fever diaphoresis, tachycardia, hyper-
tension, delirium, neuromuscular excitability), 
hyponatremia, and seizures (0.2%).

TCAs are highly protein bound and lipid soluble 
and thus have many drug interactions. They have anti-
histaminic properties including sedation and weight 
gain; antiadrenergic properties including orthos-
tatic hypotension, dizziness, reflex tachycardia, and 
arrhythmias; and antimuscarinic effects including 
dry mouth, constipation, urinary retention, blurry 
vision, tachycardia, and exacerbation of narrow angle 
glaucoma. TCAs are lethal in overdose and thus sui-
cide risk should be carefully assessed. Symptoms of 
overdose include agitation, tremors, ataxia, arrhyth-
mias, delirium, hypoventilation (secondary to central  
nervous system depression), myoclonus, hyper-
reflexia, seizures, and coma. Serotonergic effects are 
also seen in TCAs including erectile/ejaculatory dys-
function in males and anorgasmia in females.

Atypical antipsychotic side effects include met-
abolic syndrome, weight gain, hyperlipidemia, and 
hyperglycemia.
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Obstructive Sleep Apnea, Adult
Epidemiology and Demographics: In adults age 30–70 

years, approximately 13% of men and 6% of women 
have moderate to severe sleep disordered breathing 
(Apnea Hypopnea Index [AHI] ≥15). In addition, it 
is estimated that 14% of men and 5% of women have 
an AHI ≥5 plus symptoms of daytime sleepiness. 
This disorder is more prevalent in men, with a ratio 
of 2:1. However, this difference declines in older age 
as the risk for obstructive sleep apnea (OSA) is higher 
in post- menopausal women. OSA is more prevalent 
in middle- aged men and post- menopausal women.

The major predisposing factors for OSA are 
excess body weight, morphology (soft tissue and 
craniofacial structure), and collapsibility of the air-
way. In addition abnormalities in ventilatory con-
trol play a role. Menopause also increases the risk of 
OSA among women.

Disorder Description: Obstructive sleep apnea is char-
acterized by repetitive obstructions of the upper 
airway, each episode lasting for a minimum of  
10 seconds. Complete obstructions (apneas) or par-
tial obstructions (hypopneas) can result in sleep 
fragmentation from frequent arousals, intermittent 
hypoxia, and heart rate variability. Events tend to 
be longer and associated with more severe oxygen 
desaturations during REM sleep.

Excessive daytime sleepiness is a common com-
plaint among patients with OSA. Women may also 
report symptoms of insomnia, mood disturbances, 
and poor sleep quality.

Diagnosis is made based on diagnostic polysom-
nography or home sleep apnea testing. Presence 
of OSA syndrome is defined based on an AHI ≥  
5/hour with symptoms of excessive daytime sleepi-
ness. AHI ≥ 5/hour and < 15/hour constitutes mild 
disease, AHI ≥ 15/hour and < 30/hour constitutes 
moderate disease, and AHI ≥ 30/hour is severe 
disease.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Mood disturbances, including 
depression, anxiety. Excessive daytime 
sleepiness and decreased ability to 
perform complex tasks

Secondary Complications: There is evidence that OSA is 
an independent risk factor for various comorbidi-
ties, including systemic hypertension and diabetes 
mellitus. OSA is also frequently observed in patients 
with atrial fibrillation, stroke, and coronary artery 
disease and may be an independent risk factor for 
these conditions. The excessive daytime sleepiness 
associated with OSA puts some patients at risk for 
motor vehicle accidents as well.

Treatment Complications: Standard therapy for 
obstructive sleep apnea includes continuous pos-
itive airway pressure therapy, which delivers pos-
itive airway pressure through a nasal or full face 
mask to prevent upper airway collapse. Other 
treatment options include mandibular advance-
ment oral appliance, maxillofacial surgery, and 
uvulopalatalpharyngoplasty.

CPAP may be uncomfortable for some patients, 
leading to nonadherence. Some patients might 
develop central sleep apnea as a result of this.

Maxillomandibular advancement therapy car-
ries the risks of occlusal changes and temporoman-
dibular joint discomfort.
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Occipital Lobe Epilepsy (OLE)
Epidemiology and Demographics: Occipital lobe epilepsy 

(OLE) accounts for 2–13% of focal epilepsy syn-
dromes. In benign occipital epilepsies of childhood, 
age of onset is between 3 and 15 years. Affects both 
sexes equally.
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Disorder Description: Seizure originating from within the 
occipital lobe. A common feature in OLE is visual 
phenomena in the early part of seizures. This can 
include visual auras and/or elementary visual hallu-
cinations, ictal blindness, contralateral eye and head 
deviation, eye movement sensations, blinking, and 
eyelid flutter.

Localization on EEG may be challenging due to 
deep occiptal lobe foci, and rapid seizure propaga-
tion due to a high degree of functional connectivity. 
Studies have reported that occipital spike and wave 
discharges are detected in 17% of patients interic-
tally and 30% ictally.

May occur secondary to cortical malformations, 
such as dysgenesis or occipital periventricular het-
erotopias; or due to toxic- metabolic conditions 
such as reversible posterior leukoencephalopathy. 
Can present as part of neurodegenerative disorders 
such as Lafora body disease, myoclonic epilepsy 
with ragged red fibers (MERRF), and with occip-
ital calcifications associated with celiac disease. 
Childhood OLE may be genetic in origin, which 
includes: early onset childhood occipital epilepsy 
(Panayiotopoulos type), late- onset childhood 
occipital epilepsy (Gastaut type), and idiopathic 
photosensitive occipital epilepsy.

Management has improved with high- 
resolution MRI, careful video- EEG monitoring, 
and FDG- PET. Intracranial EEG should be per-
formed to localize focus in patients with suspected 
lesional OLE and refractory seizures. Significant 
improvement in seizure control with resection of 
area has been reported in up to 80% of cases. In 
early childhood occipital epilepsy, seizures sponta-
neously remit by the end of adolescence and rarely 
recur.

Symptoms

Secondary Complications: Syncope, emesis in 
Panayiotopoulos syndrome. Migraines associated 
with Gastaut type.

Treatment Complications: Postoperative visual field defi-
cits can occur if symptomatic lesions are removed 
surgically. Carbamazepine is recommended for the 
idiopathic childhood epilepsies, but may be associ-
ated with hyponatremia, leukopenia, transaminitis, 
and issues such as bone loss and decreased libido in 
adults.
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Occipital Neuralgia
Epidemiology and Demographics: There are no epide-

miological studies that document the incidence or 
prevalence of occipital neuralgia. Case reports are 
limited and involve few patients.

Disorder Description: The hallmark presentation of 
occipital neuralgia involves paroxysmal lancinating 
pain that is described as stabbing, shooting, electric, 
or shock- like. The pain originates in the occiput 
and radiates to the vertex. A dull aching pain can 
persist between these exacerbations. Symptoms are 
associated with allodynia of the scalp in the distri-
bution of the nerve (C2, C3 branches). The etiology 
of this condition is unknown and is considered to 
be idiopathic.

Localization site Comment

Cerebral hemispheres Seizures with elementary visual 
hallucinations, illusions, blindness, 
eye movements, blinking, secondary 
generalization

Headache in Gastaut type

Absent visual symptoms, prolonged 
autonomic seizures (pallor, nausea, 
salivation) in Panayiotopoulos type

EEG with occipital spikes

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Limited studies evaluating cognitive 
functions in children with benign 
occipital epilepsies, showing dysfunction 
relating to visuomotor coordination, 
memory, and attention

Adults with OLE have been shown to 
have subtle difficulties in processing and 
mental manipulation of visual spatial data

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.015
https://www.cambridge.org/core


Section 1 Diagnostics

430

Symptoms

Localization site Comment

Spinal cord Involvement of dermatomes and nerves 
from the branches of cervical roots 2 and 3

Treatment Complications: Symptomatic management is 
standard of care (massage, physical therapy, warm 
or cold compresses). However, antiepileptic drugs 
have been used with success in reducing frequency 
and severity of attacks. These drugs have not been 
studied extensively. Occipital nerve block is also a 
consideration but small case reports show that the 
pain returns, with average length of relief of 31 days.
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Oculogyric Crisis
Epidemiology and Demographics: Oculogyric crisis makes 

up about 6% of all myo- dystonic reactions to med-
ications. It is the most common of ocular dystonic 
reactions and is likely underreported.

Disorder Description: Oculogyric crisis is a dystonic reac-
tion involving the upward deviation of the eyes, 
in response to medication or medical conditions. 
Drugs that may cause oculogyric crisis include 
antipsychotics, metoclopramide, carbamazepine, 
and lithium, the most common mechanism being 
D2- receptor antagonism. This is usually very 
uncomfortable and described as being painful.

Epilepsy may manifest as “oculogyric seizures” 
and should be considered in a case of oculogyric 
crisis.

Secondary Complications: Because oculogyric crisis is 
usually in response to medications, and in particular 
antipsychotic medications, a mood or psychotic dis-
order is often comorbid. Other dystonic reactions 
that often coexist with oculogyric crisis include 
torticollis and blepharospasm. Dystonic reactions 
can be life- threatening if they involve the airway 

(laryngospasm) or diaphragm. Additional extra-
pyramidal side effects that can be seen with neuro-
leptic drugs include Parkinsonism (bradykinesia, 
cogwheel rigidity, pill- rolling tremor, and bradyki-
nesia) and akathisia (an uncomfortable, subjective 
sense of restlessness that may manifest as fidgeting).

Treatment Complications: Treatments for acute dys-
tonic reactions include benztropine and diphenhy-
dramine (anticholinergics), anti- Parkinson’s agents 
(L- dopa), and muscle relaxants (clonazepam).

Anticholinergic side effects include dry mouth, 
blurred vision, constipation, drowsiness, urinary 
retention, altered mental status, and hallucinations. 
L- dopa may cause dyskinesia, bradykinesia, syncope, 
depression, suicidal ideation, hallucinations, psycho-
sis, dizziness, headache, anxiety, depression, mood 
changes, and compulsive behaviors. Clonazepam 
may cause respiratory depression, dependency/
abuse, seizures, suicidality, syncope, central nerv-
ous system stimulation, impaired coordination, 
dizziness, depression, fatigue, dysarthria, amne-
sia, impaired concentration, disinhibition, libido 
changes, irritability, and diplopia.
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Ohtahara Syndrome (Early Infantile 
Epileptic Encephalopathy, EIEE)
Epidemiology and Demographics: Early infantile epileptic 

encephalopathy (EIEE) is one of the earliest pre-
senting epileptic encephalopathies. Typically, the 
syndrome develops within the first few weeks to 
months of infancy.

Disorder Description: Presentation consists of the rapid 
development of tonic spasms lasting up to 10 sec-
onds, up to hundreds of times per day. Many patients 
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will die during infancy; those who survive typically 
have significant cognitive and motor impairment, 
often with difficult to control epilepsy.

The electroencephalogram consists of a pattern 
of bursts of high- amplitude spikes and polyspikes 
coincident with the tonic seizures, followed by peri-
ods of EEG suppression (burst suppression pattern).

There is a wide range of potential causes includ-
ing associations with various gene mutations.

Antiepileptic drugs (AEDs) and adrenocortico-
tropic hormone (ACTH) are the primary treatments.

Symptoms

Localization site Comment

Cerebral hemispheres Tonic seizures at onset. Other types 
may occur, and syndrome may evolve 
into others as the patient ages. EEG 
shows burst suppression at onset. 
Associated with a wide range of 
brain structural abnormalities on MRI 
involving the cerebral cortices

Mental status and 
psychiatric aspects/
complications

Severe intellectual disability common

Treatment Complications: AEDs may be associated with 
cognitive impairment, ataxia, dizziness, and more 
rarely severe allergic reactions, liver failure, or pan-
creatitis. ACTH may be associated with changes 
in blood pressure and glycemic control, and an 
increased risk of infection.

Bibliography
Beal JC, Cherian K, Moshe SL. Early-onset epileptic 

encephalopathies: Ohtahara syndrome and 
early myoclonic encephalopathy. Pediatr Neurol. 
2012;47(5):317–23.

Oligodendroglioma
Epidemiology and Demographics: Accounts for up to 25% 

of all diffuse gliomas, 2-4% of all the primary cen-
tral nervous system (CNS) neoplasias, and 6% of the 
CNS tumors in children. Typically occurs from 40 
to 65 years of age; more frequent in males compared 
with females (2:1). No difference among the races.

Disorder Description: An infiltrative neoplasm arising 
from the glial system, demonstrating features of the 

oligodendroglia, commonly located in the cerebral 
hemispheres, extremely rare in the brainstem, and 
less than 1.5% will localize in the spinal cord. It was 
initially defined and diagnosed by histology; however, 
with the 2016 update of the World Health Organization 
(WHO) classification of CNS tumors, the diagnosis 
currently requires the demonstration of the IDH 
(isocitrate dehydrogenase) gene family mutation and 
the 1p/19q co- deletion. In the setting of non- available 
molecular testing or inconclusive genetic results, a 
histologically typical oligodendroglioma should be 
diagnosed as “not otherwise specified” (NOS). The 
WHO classification includes: oligodendroglioma 
WHO grade II – anaplastic oligodendroglioma WHO 
III (IDH- mt, 1p19q co- deleted) and oligodendro-
glioma NOS  – anaplastic oligodendroglioma NOS 
(IDH- mt, 1p19q co- deleted indeterminate).

Symptoms

Localization site Comment

Cerebral 
hemispheres

Often superficial with extension to the 
cortex and subcortical white matter 
(corticomedullary junction), frontal lobes 
> parietal > temporal. The overall clinical 
presentation will be determined by the 
location of the tumor. Focal neurologic 
deficits, signs of increased intracranial 
pressure: severe headaches, vomiting, 
papilledema, more than 75% will present 
with seizure either generalized tonic–clonic 
or focal complex seizures

Mental status 
and psychiatric 
aspects/
complications

These conditions may be present prior 
to the oligodendroglioma, potentially 
causing delay in diagnosis, or the tumor 
may simulate these symptoms/conditions 
resulting in the etiology being overlooked 
or misdiagnosed: psychosis, mania, 
depression, anxiety, delirium, schizophrenia, 
anorexia nervosa, cognitive dysfunction

Brainstem, 
cerebellum

Although described as a clinical surprise, there 
is a handful of cases in the literature; more 
frequent in children, presenting with nausea, 
vomiting, dysphagia, dysarthria, diplopia, 
ataxia, altered mental status including coma

Spinal cord Urinary retention, constipation, 
sensorimotor deficits (weakness, pain)

Secondary Complications: Permanent neurologic impair-
ment associated with location of the mass, hydroceph-
alus, blindness, herniation, epilepsy, aphasia, apraxia, 
ataxia, genitourinary dysfunction, coma, death.
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Treatment Complications

•	 Temozolomide: nausea, vomiting, diarrhea, 
transaminitis, pancytopenia, infertility.

•	 PCV:
•	 Procarabazine: hypertensive crises, irreversi-

ble peripheral neuropathy
•	 Lomustine (also called CCNU): thrombo-

cytopenia- bleeding diathesis, leukopenia, 
blindness, pulmonary toxicity, nephrotoxicity

•	 Vincristine: peripheral neuropathy, constipa-
tion, alopecia

•	 Radiation therapy: anorexia, pancytopenia, bleeding 
diathesis, infections, fatigue, weakness, weight loss.
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Onchocerciasis
Epidemiology and Demographics: Transmitted through 

repeated bites of the Simulium blackfly. The main 
burden is in sub- Saharan Africa, and in limited 
areas in the Americas and Yemen. The World Health 
Organization (WHO) estimates that at least 25 mil-
lion people are infected with Onchocerca volvulus 
worldwide; of these people, 300,000 are blind and 
800,000 have some sort of visual impairment.

Usually, many bites are needed before being 
infected, so people who travel for short periods of 

time (generally less than 3 months) to affected areas 
have a low chance of becoming infected with O. 
volvulus.

Disorder Description: Onchocerciasis, or river blindness, 
is a neglected tropical disease caused by the parasitic 
worm Onchocerca volvulus. Some people do not 
experience symptoms, but many do, which include 
itchy skin rashes, nodules under the skin, and vision 
changes. The inflammation caused by larvae that die 
in the eye results in blindness.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Nodding syndrome is an epileptic disorder 
of unknown etiology that occurs in 
children in East Africa in association with 
onchocerciasis. It causes progressive 
cognitive dysfunction, neurologic 
deterioration, stunted growth, and a 
characteristic nodding of the head

Mental status 
and psychiatric 
aspects/
complications

The treatment of onchocerciasis with 
ivermectin can lead to encephalopathy, 
particularly when there is co- infection with 
Loa loa

Probable Loa loa Encephalopathy 
Temporally Related to Mectizan Treatment 
(PLERM) is defined as: coma (without 
seizures, usually with fever) occurring in a 
previously healthy person with no other 
underlying cause for the coma – onset of 
progressive disturbances of the central 
nervous system within 5 days of treatment 
with ivermectin, without remission; and 
post- treatment blood smear showing 
>10,000 L. loa microfilariae per milliliter  
(mf/mL), and/or CSF testing positive for L. loa 
microfilariae

Cranial nerves Leading cause of blindness in endemic areas

Dorsal root 
ganglia

Onchocercal itch and its neurologic basis 
is an area of investigation. The itching is 
caused by the presence of the parasites 
in subcutaneous tissues, but further 
potentiation and the disabling nature of the 
itch may have another basis as well, which is 
presently poorly understood

Treatment Complications: The treatment of onchocerciasis 
with ivermectin can lead to encephalopathy, particu-
larly when there is co- infection with Loa loa. This clin-
ical entity (PLERM) is described in the table above.
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Ophthalmoplegic Migraine
Epidemiology and Demographics: A rare, episodic con-

dition mostly seen in children, with average age of 
onset at 10 years. There are exceptionally rare cases of 
this condition occurring during infancy. Although 
this condition occurs in adults, the child and adult 
versions are largely considered to be the same.

Disorder Description: This condition is defined as at least 
two attacks of migraine headaches associated with 
cranial nerve III, IV, and/or VI neuropathy. Imaging 
studies should not reveal any parasellar orbital fis-
sure or posterior fossa lesion.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Many studies reveal transient enhancement 
of cranial nerve III root on imaging. Other 
studies suggest breakdown of blood–brain 
barrier and associated vasospasm as etiology 
of symptoms

Cranial nerves Other studies suggest involvement of 
trigeminal nerve as triggering migraine 
symptoms

Secondary Complications: There are usually no secondary 
complications. Most studies reveal that these head-
aches resolve spontaneously. The longest duration 
of headache symptoms on record is 84 days.

Treatment Complications: Symptoms resolve spontane-
ously; abortive treatment is rarely used.

Bibliography
Ambrosetto P, Nicolini F, Zoli M, et al. 

Ophthalmoplegic migraine: from questions to 
answers. Cephalalgia. 2014;34(11):914–19.

Daroff RB. Ophthalmoplegic migraine. Cephalalgia. 
2001;21:81.

Friedman A, Harter D, Merritt H. Ophthalmoplegic 
migraine. Arch Neurol. 1962;7:320–7.

Lal V. Ophthalmoplegic migraine: Past, present and 
future. Neurol India. 2010;58:15–19.

Opioid Intoxication
Epidemiology and Demographics: Males 18 years of age 

and older are the biggest abusers of medication. No 
race predilection.

Disorder Description: Includes morphine, heroin, oxyco-
done, and synthetic (man- made) opioid narcotics. 
Common occurrence in the United States; 22 mil-
lion worldwide. Opioids can be administered intra-
venously, subcutaneously, intranasally, orally, or by 
inhaling. The various effects on the human body are 
indicated below.

Symptoms

Localization site Comment

Cerebral hemispheres Cerebral ischemia (acute)

Mental status and psychiatric 
aspects/complications

Confusion (acute)

Delirium (acute)

Anxiety (acute)

Irritability (acute)

Euphoria (acute)

Brainstem Insomnia (acute)

Cranial nerves Miosis (acute)

Pituitary gland Dysregulation of 
hypothalamus–pituitary–
adrenal axis: growth hormone/
prolactin
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Secondary Complications

Complications that indirectly affect the nervous sys-
tem via:

Cardiovascular complications: dysrhythmias 
resulting in strokes.

Respiratory complications: acute respiratory 
distress syndrome results in cerebral hypoxia.

Hepatic complications: liver failure resulting in 
hepatic encephalopathy.

Gastric complications: gastric dysmotility from 
narcotic bowel syndrome can result in 
metabolic encephalopathy.

Renal complications: renal failure resulting 
from rhabdomyolysis can result in uremic 
encephalopathy.

Treatment Complications

Complications of detoxification are those of opi-
ate withdrawal (see entry for Opiate Withdrawal). 
Methadone may acutely cause sedation, euphoria, a 
“drug high,” or insomnia. Longer term use has been 
associated with impaired cognition.

Buprenorphone may cause sedation and other 
potential opiate- related symptoms. The opioid naltrex-
one may cause mood changes, hallucinations, insom-
nia, anxiety, and other opiate withdrawal symptoms.

Clonidine, which may be used to treat anxi-
ety and agitation associated with heroin abuse, may 
cause sedation or rarely induce altered mentation and 
hallucinations.
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Opioid Withdrawal
Epidemiology and Demographics: Men aged 18 years and 

over are common users.
Disorder Description: Around 26.4 million and 36 million 

people around the globe abuse opioid drugs. Opioid 
drugs can cause physical dependence in humans. 
The list of drugs consists of codeine, morphine, 
heroin, meperidine, hydrocodone, methadone, and 
hydromorphone.

Opioid withdrawal symptoms can start from 
hours after last dose and last for months. Symptoms 
include:
•	 Nausea
•	 Muscle cramping
•	 Depression
•	 Agitation
•	 Anxiety
•	 Opiate cravings

Symptoms

Localization site Comment

Spinal cord Spinal analgesia (acute)

Specific spinal roots Spinal analgesia (acute)

Plexus Spinal analgesia (acute)

Mononeuropathy or 
mononeuropathy multiplex

Analgesic effects (acute)

Peripheral neuropathy Analgesic effects (acute)

Muscle Tremors (acute)

Myalgia (acute)

Rhabdomyolysis (acute)

Neuromuscular junction Dysregulation of the dopamine 
receptors (chronic)

Localization site Comment

Cerebral hemispheres Withdrawal-induced neuronal 
activation occurs in lateral and 
ventrolateral columns of neurons, 
and particularly the caudal 
ventrolateral periaqueductal gray 
matter

Mental status and psychiatric 
aspects/complications

Depression (acute) 
Anxiety (acute)
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Localization site Comment

Cranial nerves Mydriasis (chronic)

Muscle Muscle cramping

Neuromuscular junction GABA receptor dysregulation

Treatment Complications: Methadone may acutely cause 
sedation, euphoria, a “drug high” or insomnia. 
Longer term use has been associated with impaired 
cognition.

Buprenorphone may cause sedation and other 
potential opiate- related symptoms. The opioid nal-
trexone may cause mood changes, hallucinations, 
insomnia, anxiety, and other opiate withdrawal 
symptoms.

Clonidine, which may be used to treat anxiety 
and agitation associated with opiate withdrawal, 
may cause sedation or rarely induce altered menta-
tion and hallucinations.
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Optic Atrophy
Epidemiology and Demographics: Optic atrophy can affect 

all races/ethnicities of either sex at any age.
Disorder Description: Optic atrophy is an examination 

finding (i.e., optic disc pallor). Occasionally it can 
be seen as decreased optic nerve caliber on orbital 
or neuro- imaging. Optic atrophy reflects chronic 
injury to the optic nerve and takes 2–3 months to 
develop following the initial injury. It does not indi-
cate the cause of the injury. Pattern of vision loss, 
history of visual symptoms, and associated current 
or past symptoms guide the differential diagnosis.

Symptoms

Localization site Comment

Vestibular 
system (and 
non specific 
dizziness)

Diabetes insipidus, diabetes mellitus, optic 
atrophy, and deafness (DIDMOAD) is a 
progressive inherited condition most often 
inherited in an autosomal recessive pattern

Base of skull Lesions of the skull base or dura, such 
as meningiomas, metastatic disease, 
fibrous dysplasia, sinus mucoceles, and 
pachymeningitis can cause optic neuropathy 
and eventually optic atrophy through 
compression of the intracranial optic nerve. 
There can be associated cranial neuropathies, 
but the optic nerves can be affected in 
isolation. Vascular compression by aneurysm 
or ectatic carotid artery can cause optic nerve 
compression

Cranial nerves Prior intrinsic optic nerve diseases with 
incomplete recovery often develop optic 
atrophy. These include non- arteritic ischemic 
optic neuropathy, ischemic optic neuropathy 
due to giant cell arteritis, optic neuritis, 
other inflammatory optic neuropathy, 
infectious optic neuropathy, vitamin/mineral 
deficiency (e.g., B12, copper), traumatic injury, 
and inherited optic neuropathies such as 
dominant optic atrophy and Leber hereditary 
optic neuropathy

Inflammatory, infectious, or neoplastic 
processes affecting the subarachnoid space 
can cause compression of the optic nerve 
within the optic nerve sheath. If this is a 
distributed process there may be associated 
meningeal symptoms. However, focal 
processes can affect the optic nerves in 
isolation

Pituitary gland Pituitary adenoma and other suprasellar 
masses can compress the optic chiasm and 
lead to optic atrophy. These can affect the 
neighboring cavernous sinuses, impacting 
CN III, IV, V1, and V2 within them to cause 
extraocular movement limitations, diplopia, 
and facial numbness

Spinal cord Dorsal column symptoms associated with 
optic atrophy raise suspicion for a nutritional 
cause such as vitamin B12 or copper 
deficiency

Muscle Enlarged extraocular muscles, for example 
from thyroid orbitopathy or orbital myositis, 
can compress the optic nerves. These can be 
associated with ocular motility limitations

Unclear 
localization

Mass lesions in the orbit can also cause 
compression of the optic nerve with or 
without orbital signs and symptoms
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Secondary Complications: Visual hallucinations can 
occur in the setting of bilateral vision loss from any 
cause, including optic atrophy due to “release” of 
deafferented visual system. Patients typically have 
insight into these.
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Optic Glioma
Epidemiology and Demographics: These tumors can grow 

in various parts of the optic tract (one or both optic 
nerves, optic chiasm, etc.), and they have the poten-
tial to spread along these pathways. Most of these 
tumors occur in children under the age of 10 years.

Disorder Description: Grade I pilocytic astrocytoma and 
grade II fibrillary astrocytoma are the most common 
tumors affecting these structures. Higher- grade 
tumors may also arise in these locations. Although 
the cause is unknown, optic glioma has been linked 
to neurofibromatosis Type 1. Grade I pilocytic astro-
cytomas are the more common. They have also been 
known to grow along with hypothalamic gliomas.

Symptoms

Localization site Comment

Mental status 
and psychiatric 
aspects/
complications

Vary from mild to severe; memory deficit, 
daytime sleeping, loss of appetite, memory 
deficits, depression, anorexia with loss of 
appetite and body fat

Cranial nerves Symptoms due to tumor growing and 
pressing on optic nerves and nearby 
structures: Involuntary eyeball movement, 
outward bulging of one or both eyes, 
squinting, vision loss in one or both eyes 
that starts with loss of peripheral vision and 
ultimately complete blindness. Strabismus

Cerebral 
hemispheres

Diencephalic syndrome

Base of skull Hormonal disturbances: delayed growth, 
loss of appetite

Treatment Complications: Radiation therapy side effects 
such as localized brain edema. Chemotherapy sys-
temic adverse events such as depressed immune sta-
tus and risk of superimposed infections.
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Optic Neuritis (Demyelinating Optic Neuritis, 
Optic Nerve Inflammation)
Epidemiology and Demographics: Demyelinating optic 

neuritis newly affects 1–5/100,000 individuals 
annually. It affects females three times more often 
than males and most commonly occurs in the 4th 
decade of life. It is more common in the northern 
United States and Western Europe. Age of onset is 
typically between 20 and 40 years.

Disorder Description: Optic neuritis refers to inflamma-
tion of the optic nerve. In this entry we use the term 
to exclusively refer to demyelinating optic neuritis 
of the type associated with neuromyelitis optica or 
multiple sclerosis (MS). Classically this presents 
with unilateral vision loss associated with pain 
on eye movements. The natural history is nadir of 
vision loss within 7 days and gradual improvement 
starting within 30 days, with over 80% of patients 
recovering excellent vision in the affected eye.

Sometimes optic neuritis is used more broadly 
to refer to any inflammatory or infectious optic 
neuropathy. Inflammatory causes can include sar-
coidosis, lupus, and sinusitis- associated. Infectious 
causes can include Bartonella henselae, Lyme dis-
ease, syphilis, toxoplasmosis, and tuberculosis.

Patients usually complain of pain on eye move-
ment. It follows an acute to subacute course. More 
than half of patients will develop further demyeli-
nating disease and MS within 5 years. For patients 
who do not develop MS, the cause may be postin-
fectious. Oral steroids may increase relapse of optic 
neuritis, so intravenous steroids are the treatment of 
choice as they may quicken recovery.
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Symptoms

Localization site Comment

Cerebral 
hemispheres

Concurrent or previous symptoms 
localizing to the cerebral hemispheres raise 
suspicion for MS

Mental status and 
psychiatric aspects/
complications

Concurrent or previous symptoms of 
mental status changes or psychiatric 
disturbance raise suspicion for MS

Brainstem Concurrent or previous symptoms localizing 
to the brainstem raise suspicion for MS

Cerebellum Concurrent or previous symptoms localizing 
to the cerebellum raise suspicion for MS

Vestibular system 
(and non- specific 
dizziness)

Concurrent or previous symptoms localizing 
to the vestibular system raise suspicion  
for MS

Cranial nerves Optic neuritis affects the optic nerve, 
causing vision decrease, blurry vision, color 
vision decrease, and afferent pupillary 
defect. If the inflammation is in the orbital 
segment of the optic nerve there is 
associated pain on eye movements. If the 
inflammation involves the distal optic nerve 
there may be optic disc swelling

Spinal cord Concurrent or previous symptoms localizing 
to the spinal cord raise suspicion for MS or 
neuromyelitis optica

Secondary Complications: Though recovery is typically 
excellent, it can be incomplete. When one eye is 
affected there can be poor depth perception and bin-
ocular inhibition, where the vision with the affected 
eye detracts from the good vision in the fellow eye.

Isolated optic neuritis is associated with future 
development of MS. Presence of lesions on MRI 
brain at the time of optic neuritis is associated with 
increased risk of MS development.

Treatment Complications: Acute optic neuritis is fre-
quently treated with a short course of high- dose 
steroids, which are associated with insomnia, anxi-
ety, appetite increase, and risk of gastric ulcers in the 
short term. Steroid therapy can also lead to psycho-
sis, confusion, weight gain, hyperglycemia, myopa-
thy, glaucoma, cataracts, osteoporosis, or vertebral 
fractures.

Severe cases are sometimes treated with plasma-
pheresis, which has risks associated with catheter 
placement and can lead to electrolyte imbalance and 
coagulopathy.
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Optic Neuropathy, Compressive
Epidemiology and Demographics: Compressive optic neu-

ropathy can affect any race/ethnicity of either sex at 
any age.

Disorder Description: Compression of the optic nerve 
causes dysfunction of the optic nerve and vision 
loss. Typically it initially affects the peripheral vision 
and progresses over time to affect central vision and 
visual acuity. Compression in the orbit can be asso-
ciated with optic nerve head swelling. Both orbital 
and intracranial compression can initially present 
with a normal appearing optic nerve head. Optic 
nerve head atrophy can develop months after per-
manent injury to the optic nerve has occurred.

Symptoms

Localization site Comment

Base of skull Lesions of the skull base or dura, such 
as meningiomas, metastatic disease, 
fibrous dysplasia, sinus mucoceles, and 
pachymeningitis can cause optic neuropathy 
and eventually optic atrophy through 
compression of the intracranial optic nerve. 
There can be associated cranial neuropathies, 
but the optic nerves can be affected in 
isolation

Vascular compression by aneurysm or 
ectatic carotid artery can cause optic nerve 
compression
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Treatment Complications: Surgical treatment of any lesion 
compressing the optic nerve can cause further injury to 
the optic nerve and progressive vision loss. Both acute 
and delayed radiation injury can occur to cause further 
vision loss in cases treated with radiation therapy.
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Orbital Arteriovenous Fistula
Epidemiology and Demographics: Arteriovenous (AV) fis-

tulas can affect any age group and any sex. Orbital 
AV fistulas are rare.

Disorder Description: AV fistulas are an acquired abnor-
mal connection between an artery and vein with-
out an intervening capillary bed. In the orbit, 
these lesions tend to be low flow, unlike carotid– 
cavernous fistulas that may be high or low flow, and 
may be spontaneous or related to trauma. In the 
orbit, AV fistulas develop from branches of the oph-
thalmic artery and anterior cerebral fossa veins as 
well as between the recurrent meningeal artery and 
superior or inferior ophthalmic veins. They can be 

isolated, but may also be associated with other facial 
or intracranial AV fistulas.

Symptoms: Patients will present with signs and symp-
toms similar to carotid–cavernous sinus fistulas: 
proptosis, chemosis, dilated conjunctival and reti-
nal vessels, and dilated supraorbital vein.

Localization site Comment

Cranial nerves Carotid–cavernous fistula may present with 
similar ocular symptoms to orbital fistulas, but, 
in addition, may have numerous cranial nerve 
palsies, including CN III, IV, V, and VI as well as 
Horner syndrome from lesions that affect the 
sympathetics as they travel through the sinus

Unclear 
localization

AV fistulas of the orbit may be associated with 
other fistulas in the facial and intracranial 
vasculature

Secondary Complications: Complications of AV fistulas 
include exposure from proptosis and chemosis, 
which may both prevent normal eyelid closure. 
Optic nerve compression from large apical lesions is 
another complication that must be assessed.

Treatment Complications: Low flow AV fistulas may be 
observed as many will spontaneously close, but this 
may lead to corneal exposure or optic nerve compres-
sion if the lesions cause progressive symptoms. The 
definitive diagnosis of these lesions is by angiography, 
which carries a small but known risk of complications 
including bleeding, false aneurysm, ocular and cerebral 
ischemia from occlusion of the internal carotid artery, 
and death. When there are visual symptoms, surgical 
intervention with coiling or other embolization tech-
niques may in themselves cause similar complications.
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Orbital Hemorrhages
Epidemiology and Demographics: Retrobulbar hemor-

rhage or hematoma may affect any age or sex, as they 
are usually related to trauma or may present as a 

Localization site Comment

Cranial nerves Inflammatory, infectious, or neoplastic 
processes affecting the subarachnoid space 
can cause compression of the optic nerve 
within the optic nerve sheath. If this is a 
distributed process there may be associated 
meningeal symptoms. However, focal 
processes can affect the optic nerves in 
isolation

Pituitary gland Sellar and suprasellar masses can compress 
the optic nerves where they form the 
chiasm, classically causing bitemporal visual 
field loss. If these invade the neighboring 
cavernous sinuses there can be associated 
eye movement limitations, diplopia, and facial 
numbness from involvement of the cranial 
nerves that travel through it them

Muscle Enlarged extraocular muscles, for example 
from thyroid orbitopathy or orbital myositis, 
can compress the optic nerves. These can be 
associated with ocular motility limitations and 
proptosis

Unclear 
localization

Mass lesions in the orbit can also cause 
compression of the optic nerve with or 
without orbital signs and symptoms
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complication after retrobulbar anesthetic injection or 
orbital surgery. Spontaneous rupture of arteriovenous 
anomalies has been reported, but is considered very 
rare compared with their intracranial counterparts.

Disorder Description: Retrobulbar hemorrhage most 
commonly results from damage to the infraorbital 
artery and may occur after an orbital floor fracture 
or its repair. Other vessels that can hemorrhage 
include the anterior and posterior ethmoidal arter-
ies in the medial wall, and the zygomaticotempo-
ral and zygomaticofacial arteries in the lateral wall 
as well as orbital veins. When performing surgery 
along the medial and lateral walls, care should be 
taken to identify and cauterize these vessels to mit-
igate postoperative hemorrhage. Resection of fat 
during blepharoplasty may also rupture small ves-
sels supplying these anterior fat pads.

The posterior orbit is bound by bone for 360 
degrees, while the orbital septum forms the anterior 
boundary of the orbit along with the eyelids and can-
thal tendons. These anterior structures limit ante-
rior displacement of orbital contents, and together, 
these landmarks form an “orbital compartment” 
that has limited ability to expand. A hemorrhage 
in the orbit can create a compartment syndrome, 
leading to pressure on the optic nerve and other 
orbital structures and secondary vision loss if not 
addressed promptly.

Symptoms: Patients with orbital compartment syn-
drome present with rapid onset ocular pain, prop-
tosis, periorbital ecchymosis, chemosis, limitation 
of eye movements, diplopia, and decreased vision.

Secondary Complications: Retrobulbar hemorrhage or 
hematoma may lead to compressive optic neurop-
athy, retinal ischemia, and irreversible vision loss 
in as little as 90 minutes. Ischemic changes to the 
extraocular muscles may also result in impaired 
ocular motility and secondary diplopia.

Treatment Complications: The treatment for retrobulbar 
hemorrhage is prompt surgical decompression by 
lateral canthotomy and inferior cantholysis. These 
incisions are usually left open and close by sec-
ondary intention, but may result in abnormalities 
of the eyelids including entropion, ectropion, and 
ptosis. More aggressive treatment may be needed 
in selected cases, including superior cantholysis 
and even surgical bony decompression of the orbit, 
usually by fracturing of the orbital floor. Surgical 
bony decompression may result in diplopia and 
enophthalmos.
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Orbital Inflammation (Orbital Pseudotumor)
Epidemiology and Demographics: Idiopathic orbital 

inflammation is uncommon, with prevalence of 
around 10% among patients with orbital disease. It 
can occur at any age and has no sex or racial predi-
lection. It can affect any part of the orbit including 
the sclera (scleritis), eye muscles (myositis), and 
lacrimal gland (dacryoadenitis), or it may diffusely 
involve the entire orbit.

Disorder Description: Orbital inflammation is commonly 
idiopathic. In the other cases, specific systemic dis-
orders may be identified, including sarcoidosis, 
IgG4- related disease, Wegener’s granulomatosis, 
and histiocytic disorders. Patients may present with 
proptosis, restricted eye motility, and eye pain that 
make it difficult to distinguish clinically from orbital 
cellulitis or thyroid eye disease. Neuroimaging may 
show enhancement of the retro- orbital fat or of an 
extraocular muscle, involving the tendon. Orbital 
inflammatory disease is exquisitely sensitive to ster-
oids, and a lack of prompt response should raise sus-
picion about the diagnosis.

Symptoms

Localization site Comment

Unclear 
localization

Orbital myositis is usually an idiopathic 
inflammation of one or more ocular muscles. 
Symptoms include prominent and rapid 
onset double vision and pain with eye 
movements, ptosis, and eyelid edema. Signs 
include conjunctival injection over the 
affected muscle and chemosis. Any muscle 
may be affected, although the superior 
rectus/levator complex and medial rectus 
have been shown to be the most often 
affected
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Secondary Complications: Vision loss from compressive 
optic neuropathy and exposure keratopathy from 
proptosis.

Treatment Complications: Orbital inflammatory con-
ditions are usually treated initially with steroids. 
Steroid dependence and other complications from 
long- term steroid use including mental status 
changes and sleep disturbance. These complications 
may be mitigated by early transition to steroid- 
sparing medications.
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Orbital Tumors
Epidemiology and Demographics: The most common 

orbital tumor in children is the infantile hemangi-
oma, while in adults it is the encapsulated venous 
malformation (cavernous hemangioma). The most 

common primary malignant orbital tumor in chil-
dren is rhabdomyosarcoma, while the most com-
mon metastatic lesion is neuroblastoma. In adults, 
the most common primary malignant orbital tumor 
is lymphoma, and the risk increases with age, but 
without clear sex predilection. The most common 
metastatic tumor in adults is breast in women and 
lung in men.

Disorder Description: Many orbital tumors are isolated to 
the orbit. They most commonly cause proptosis, but 
may also cause hypoglobus or hyperglobus, depend-
ing on the location of the tumor. Tumors located in 
the orbital apex may also present with optic neu-
ropathy from compression of the optic nerve. Those 
with secondary complications are listed below.

Symptoms

Localization site Comment

Dacryoadenitis is inflammation of the lacrimal 
gland. Patients present with superolateral 
eyelid swelling and redness that is tender 
to palpation. There can be inferonasal 
displacement of the globe, but diplopia is 
not a common finding. The etiology in these 
cases may be idiopathic, but viral, sarcoidosis, 
lymphoma are other etiologies for which 
biopsy is recommended

Orbital cellulitis most commonly occurs 
secondary to spread of infection from a 
neighboring sinusitis. It may rapidly lead to 
vision loss and it may also spread outside the 
orbit, leading to meningitis, cavernous sinus 
thrombosis, or septicemia. These patients 
must be observed closely and treated 
aggressively

Graves’ disease is a systemic autoimmune 
disease that can affect many organs. In the 
orbit, it can cause inflammation of the orbital 
fat and eye muscles leading to proptosis, 
exposure keratopathy, eyelid retraction, and 
even compressive optic neuropathy

Localization site Comment

Pineal gland Retinoblastoma (RB) is considered an 
intraocular tumor rather than an orbital 
tumor, and is the most common malignant 
intraocular tumor of childhood. It often 
presents with leukocoria (white pupil) or 
strabismus (eyes misaligned). If treated early, 
a cure can usually be achieved. If untreated, 
retinoblastoma may extend intracranially 
along the optic nerve into the central nervous 
system with a poor prognosis. Rarely, patients 
with either unilateral or bilateral RB may also 
develop a neuroectodermal tumor of the 
pineal gland

Base of skull Neurofibromatosis Type 1 (NF1) is an 
autosomal dominant condition that may 
result in sphenoid wing dysplasia with 
pulsatile proptosis and optic nerve gliomas, 
usually in childhood. Large hypothalamic 
lesions may cause headache and obstruction 
of the third ventricle. NF1 may also cause 
subcutaneous neurofibromas in the eyelid, 
giving it an “S” shaped deformity that is 
pathognomonic

Sphenoid wing meningioma may cause 
ipsilateral proptosis, ophthalmoplegia, and 
optic nerve dysfunction if it involves the 
optic canal. These lesions often involve the 
anterior and middle cranial fossae as well as 
the zygomatic fossa, and have an increased 
incidence in patients with NF1

Cranial nerves Neurofibromatosis Type 2 is associated with 
bilateral acoustic neuromas and optic nerve 
sheath meningiomas
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Localization site Comment

Unclear 
localization

Neuroblastoma may be primary in the neck or 
orbit or metastatic from the adrenal gland. In 
the neck, along the sympathetic chain, it may 
cause Horner syndrome. Neuroblastoma may 
be associated with paraneoplastic syndrome, 
which may cause opsoclonus (involuntary 
conjugate multidirectional saccades)

Orbital lymphoma (OL) may be primary 
or it may be a manifestation of systemic 
lymphoma, although the clinical and 
radiographic findings are similar for both. 
OL is most likely to be mucosa- associated 
lymphoid tissue lymphoma. OL can 
be difficult to distinguish from orbital 
inflammatory syndrome (OIS), but it is 
less likely to have pain and more likely to 
have a mass lesion than is OIS. The classic 
subconjunctival “salmon patch” may be 
present in anterior lesions, but regardless of 
location, they tend to mold to surrounding 
structures, rather than indent or displace 
them. Usually, these lesions are easily 
biopsied, and a systemic oncologic workup 
should be initiated. Radiation is the treatment 
of choice for isolated OL, while systemic 
disease requires chemotherapy. A small 
percentage of localized OL may develop 
systemic lymphoma

Secondary Complications: Compressive optic neuropa-
thy may result from an orbital tumor, especially if 
it is located near the apex of the orbit or in the optic 
nerve or its nerve sheath. Exposure keratopathy may 
result if an orbital tumor causes severe proptosis.

Treatment Complications: Vision loss may result from 
surgical treatment of optic nerve or nerve sheath 
tumors, or from radiation to treat them. Retrobulbar 
hemorrhage may result from surgical treatment of 
orbital tumors, as may diplopia if the extraocular 
muscles are manipulated during tumor resection.
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Orofacial Dyskinesia/Facial Chorea
Epidemiology and Demographics: Spontaneous orofacial 

dyskinesia typically affects the elderly. The preva-
lence ranges from 1% to 38% of the population. It 
seems to be more common in nursing home patients 
with dementia. There may be a 2–3 to 1 female-to-
male predominance.

Disorder Description: Orofacial dyskinesia is defined as 
involuntary, repetitive, stereotypical movement of the 
face, jaw, and tongue. It may be seen in most inher-
ited (Huntington’s disease) and acquired causes of 
chorea (Sydenham’s chorea, structural lesions, etc.). 
Dyskinesias may also be spontaneous or medication 
induced (tardive dyskinesia). Spontaneous orofacial 
dyskinesia in the elderly is strongly associated with ill- 
fitting dentures, oral pain, and the perception of inade-
quate oral hygiene. The clinical presentation is typically 
milder compared with tardive orofacial dyskinesia and 
improves with appropriately fitted dentures.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Spontaneous orofacial dyskinesia 
of the elderly is often associated 
with dementia

Muscle Hypertrophy of tongue and jaw 
muscles
Pain and muscle spasm

Secondary Complications: Tooth wear and fracture, pros-
thesis damage and displacement, orofacial pain, 
temporomandibular joint dislocation, dysphagia, 
and chewing difficulties with inadequate nutrition 
with weight loss.

Treatment Complications: Focused botulinum toxin 
injections may be attempted but may result in side 
effects of dysphagia. Pharmacotherapy is often 
poorly tolerated.
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Orthostatic Tremor (OT)
Epidemiology and Demographics: Orthostatic tremor 

(OT) is considered rare, but there are limited epi-
demiological data. Women may be affected slightly 
more frequently, as suggested by two reviews. Age of 
onset varies, although the mean onset of symptoms 
is in the sixth decade.

Disorder Description: OT is characterized by unstead-
iness on standing accompanied by a rapid 13- to 
18- Hz tremor of the legs. The high frequency of 
the tremor results in fusion of the muscle contrac-
tions and may appear like rippling of the muscles. 
The tremor can be heard with a stethoscope placed 
over the affected thigh or calf, sounding rather like 
a distant “helicopter.” Symptoms characteristically 
improve on walking or sitting down. Patients tend 
to shift the weight on their leg or walk on the spot or 
tend to lean against a wall to minimize symptoms. 
There may be co- existing tremor of the trunk or out-
stretched arms.

The syndrome can be primary or secondary and 
associated with a variety of disorders, most com-
monly parkinsonism, but can occur with dementia 
with Lewy bodies or progressive supranuclear palsy, 
head trauma, thiamine deficiency, alcohol use, pon-
tine/cerebellar infarcts, rarely with monoclonal 
gammopathy, Grave’s disease, and small cell cancer.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Dementia may precede or may 
occur years after the onset of OT if 
associated with Parkinson’s disease 
or dementia with Lewy bodies

Cerebellum Cerebellar lesions may be 
responsible in some secondary cases

Secondary Complications: OT can have a serious impact 
on quality of life and can cause depression. Falls can 
occur, but are rare.

Treatment Complications: Response to treatment is poor. 
Clonazepam, gabapentin, and primidone may help. 

Levodopa may play a role in treatment if associated 
with Parkinson’s disease. Deep brain stimulation 
(ventral intermediate nucleus of the thalamus) may 
be tried in refractory cases.
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Osler–Weber–Rendu Syndrome (Hereditary 
Hemorrhagic Telangiectasia)
Epidemiology and Demographics: Epidemiologic studies 

suggest likely prevalence rates of hereditary hemor-
rhagic telangiectasia (HHT) of between 1/5000 and 
1/8000 with much higher rates described in certain 
geographically isolated populations (e.g., 1/1330 in 
Afro- Caribbean residents of Curacao and Bonaire). 
It is inherited as an autosomal dominant condition 
with varying penetrance and expression.

Disorder Description: Combination of epistaxis, gas-
trointestinal bleeding, and iron deficiency anemia 
associated with characteristic telangiectasia on the 
lips, oral mucosa, and fingertips. Occurrence of 
arteriovenous malformations (AVMs) in charac-
teristic locations helps make the diagnosis of HHT. 
The life- threatening complications result from arte-
riovenous malformations in the pulmonary (50%), 
hepatic (30%), and cerebral (10%) circulations.

Pulmonary AVMs (PAVMs) allow systemic 
venous blood to bypass the normal pulmonary cir-
culation, resulting in paradoxical embolic stroke, 
brain abscess, and migraines. These symptoms are 
often the first manifestations of a pulmonary arte-
riovenous malformation and even of hereditary 
hemorrhagic telangiectasia itself. Cerebral AVMs 
can bleed and cause hemorrhagic stroke; hepatic 
AVMs can result in high output cardiac failure or 
other pathologies, and on occasion require liver 
transplantation.

Cerebrovascular malformations include classi-
cal nidal AVMs, micro AVMs (nidus <1 cm), high 
flow arteriovenous fistulae (AVFs; generally found 
in children), and telangiectasias. Cerebral arterio-
venous shunts affect approximately 10% of HHT 
patients, are often multiple, and are usually silent. 
The latter may be less frequent than those seen in 
non- HHT cerebral AVMs, in part due to the lower 
frequency of associated aneurysms.
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Symptoms

Localization site Comment

Cerebral 
hemispheres

High flow shunts through AVFs in young 
infants can present with systemic circulatory 
overload or hydrovenous dysfunction (e.g., 
macrocephaly, hydrocephalus). Other 
presentations include seizures, ischemia of 
the surrounding tissue due to a steal effect, or 
hemorrhage

Migraine occurs in HHT more commonly 
than in those without HHT. The migraines are 
clinically indistinguishable but tend to occur 
more in patients with pulmonary AVMs

Spinal cord Spinal AVMs are less common but may present 
with para- or quadriplegia and back pain

Secondary Complications: Hemorrhage can be primary 
intracerebral or subarachnoid depending on the 
source of the bleed, AVM, or aneurysm, respec-
tively. Pulmonary AVMs can cause right to left 
shunting and result in brain abscess. Polycythemia 
and hypoxemia with cyanosis, and clubbing can 
occur with pulmonary AVMs.

A rare syndrome combines HHT with juvenile 
polyposis of the intestine, and it may be pertinent to 
consider this, since the risk of cancer is high.

Treatment Complications: AVMs of the lung and brain 
are treated even when asymptomatic given the high 
rate of catastrophic complications. AVMs of the 
skin, oral mucosa, gastrointestinal system, and liver 
are treated when symptoms occur. This distinction 
determines routinely recommended screening for 
AVMs in patients with HHT.

If contrast ECHO shows pulmonary shunting, 
even if no pulmonary AVM is detected by chest CT, 
a lifetime recommendation for prophylactic anti-
biotic treatment protocol with dental cleaning and 
other procedures with risk for bacteremia is advised 
due to the high risk of paradoxical embolus or cer-
ebral abscess.

Cerebral AVMs >1.0 cm in diameter are usually 
treated using neurovascular surgery, embolother-
apy, and/or stereotactic radiosurgery. Management 
of spinal AVMs is challenging.

Anticoagulants such as warfarin and nonsteroi-
dal anti- inflammatory agents such as aspirin and 
ibuprofen that interfere with platelet function 
should be avoided unless required for treatment of 
other medical conditions.
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Osteoarthritis
Epidemiology and Demographics: Prevalence is 3.6% of 

the population (27 million people in the United 
States). More common in patients over 60 years of 
age; 10% prevalence in males and 18% in females. In 
those younger than 45 years of age, the prevalence in 
men and women is equal.

Disorder Description: Osteoarthritis is a joint disease 
involving breakdown of joint cartilage and underly-
ing bone. Risk factors include obesity and those that 
have jobs with daily positions resulting in high level 
of joint stress.

Localization site Comment

Hands, feet, spine, large 
weight- bearing joints

Pain, joint stiffness more common in 
the morning, hard bony enlargements 
called Heberden’s nodes on small 
joints

Knee Pain, stiffness, and joint effusion

Secondary Complication: Osteophyte formation can 
cause complications including root compression 
and hypomineralization of the bone.

Complication of Treatment: Nonsteroidal anti- 
inflammatory drugs can cause gastrointestinal side 
effects. Oral opioids should not be used in osteoar-
thritic patients as first line treatment, which may 
cause lightheadedness, drowsiness, and addiction.
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Localization site Comment

Muscle Paraspinal muscle contraction causing 
torticollis

Rare presentation Increased intracranial pressure syndrome 
has been described secondary to dominant 
transverse- sigmoid sinus junction 
compression caused by a small temporal 
bone osteoblastoma7,8

Osteoblastoma
Epidemiology and Demographics: Accounts for 1% of all 

primary bone tumors and 5% of spinal tumors, 80% 
presenting in the 3rd decade of life with a higher 
predominance of males over females (2–3:1).1–4 No 
predominance by race. More commonly found in 
the posterior arch of the vertebral column, although 
in the cervical spine, the vertebral body is affected at 
a higher frequency.1

Disorder Description: Osteoblastoma is a benign bone- 
producing tumor that is histologically indistinguish-
able from osteoid osteoma. Some literature considers 
both as a subset of the same tumor, although osteo-
blastomas are larger in size, appear in an older popu-
lation, have a more aggressive tendency, and are able 
to extend to adjacent tissue but do not metastasize. 
Two types of osteoblastoma have been described: 
conventional and aggressive. The frequency of pres-
entation is slightly higher in the vertebral column 
compared with the large bones.5 The diagnosis is 
confirmed with biopsy. In imaging studies there is 
evidence of a well- demarcated lesion, with noticeable 
edema surrounding it, potentially leading to misdi-
agnosis of a malignant tumor.

Symptoms

Secondary Complications: Pathologic fractures, spinal 
deformities, aneurysmal bone cysts, scoliosis, tor-
ticollis, local deformities, restrictive lung disease 
from scoliosis, and chronic pain.

Treatment Complications

•	 Partial and wide end- block resection: blood loss, 
wound infection/dehiscence, implant failure, local 
regression, fractures, and prolonged hospital stay 
and healing time.

•	 Chemotherapy (including methotrexate, doxoru-
bicin, cisplatin): nausea, vomiting, anorexia, alo-
pecia, pancytopenia, bleeding diathesis, fatigue, 
weakness, reversible peripheral neuropathy (cis-
platin), leukoencephalopathy (methotrexate), 
cardiomyopathy (doxorubicin), and infertility.

•	 Radiation therapy: the side effects will vary 
depending on the dose and area at which it is 
aimed, including sunburn- like changes, hair 
loss, nausea, diarrhea, dry mouth, headaches, 
developmental delay, peripheral neuropathy, and 
infertility.
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Localization site Comment

Cerebral 
hemispheres

Described in the calvarial bone frontoparietal 
region,5 occipital bone with compression 
of the posterior fossa causing obstructive 
hydrocephalus6 and local deformities, and 
ethmoid bone causing eye proptosis and 
nasal obstruction. Reported in sphenoid and 
maxilla bone

Base of skull Palpable mass in the retroauricular 
region, severe headaches, obstructive 
hydrocephalus

Cranial nerves When the temporal bone is involved, 
rarely will cause 7th and 8th cranial nerve 
compression; if lower cranial nerves are 
involved, will cause dysarthria, dysphagia, 
dysphonia, hoarseness, syncope, near 
syncope, dysesthesia, facial palsy

Spinal cord Resistant pain neck and spine, stiffness, 
pathologic compression fractures 
developing scoliosis

Specific spinal 
roots

Radicular pain
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 5. Miller C, Khan R, Lemole GM Jr, Jacob A. 
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literature. J Neurol Surg Rep. 2013;74(1):37–42. 
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Osteochondroma
Epidemiology and Demographics: Osteochondroma is 

the most common benign bone tumor. Affects pri-
marily children and adolescents, and after develop-
ment will remain with the individual for the rest of 
their lives, accounting for 40% of all benign tumors 
of the bone, 9% of all bone tumors, and less than 
0.5% of spinal tumors (cervical spine > thoracic). 
Seen slightly more frequently in men compared 
with women (1.5–2:1), and is more common in 
Caucasians. Prevalence is 2/100,000 individuals in 
the general population

Disorder Description: Exophytic tumor overlying the 
bone, also known as osteocartilaginous exostosis, 
growing from cartilaginous tissue in the secondary 
ossification centers. Classified as single and spo-
radic with lower malignant potential, or multiple 
and hereditary multiple exostoses (autosomal dom-
inant). The underlying mechanism for solitary and 
multiple osteochondromas has been associated with 
a loss of function mutation in the EXT1 or EXT2 
genes located on chromosomes 8 and 11, causing 

deficiency of glycosyltransferases and therefore 
deficiency of heparan sulphate, a key component of 
skeletal development. Will typically be found inci-
dentally or will cause local compression of the sur-
rounding structures hence the clinical presentations 
and subsequent complications.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Meningeal/clivus osteochondromas causing 
diplopia, obstructive hydrocephalus

Spinal cord Intraspinal osteochondromas present with 
compressive myelopathy, quadriparesis, 
quadriplegia, hemiparesis, ambulatory 
dysfunction, transverse myelopathy

Mononeuropathy 
or mononeuritis 
multiplex

Pain; sciatica found in sacral osteochondroma; 
peroneal mononeuropathy seen in 
osteochondromas of the fibular head

Peripheral 
neuropathy

Associated with local compression 
depending on the location of the mass

Muscle Torticollis, reactive myositis

Unclear 
localization

Vocal cord compression from 
ostechondroma arising from C4–C5 causing 
airway dislocation and acute onset of 
respiratory distress, dysphagia and paralysis 
of left vocal cord

Secondary Complications: Local deformities, aneu-
rysms of the compressed vessels, and peripheral 
neuropathy.

Treatment Complications: Complications of partial and 
wide end- block resection include blood loss, wound 
infection/dehiscence, implant failure, local regres-
sion, fractures, and prolonged hospital stay and 
healing time.
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Osteoma
Epidemiology and Demographics: Usually found in chil-

dren and adolescents between ages 10 and 35 years. 
More common in males. Responsible for 10% of all 
benign bone lesions.

Disorder Description: Osteoid osteoma is a benign skele-
tal neoplasm composed of osteoid and woven bone. 
It is of unknown etiology. X- rays, CT, or MRI are 
used for diagnosis.

Symptoms

Localization site Comment

Bone involved Focal bone pain at the site of the tumor 
worse at night. It increases with activity. 
It is exquisitely relieved by small doses 
of aspirin. It is rarely larger than 1.5 cm in 
diameter

Secondary Complications: Intra-articular tumors may 
show joint effusion associated with a premature 
loss of cartilage. Regional osteoporosis may appear. 

Spinal involvement may cause alignment abnor-
malities, which may manifest as scoliosis, kyphosis, 
or hyperlordosis.

Bibliography
Davies AM, Wellings RM. Imaging of bone tumors. 
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Osteomalacia
Epidemiology and Demographics: Osteomalacia is con-

sidered to be a rare disease by the office of the Rare 
Diseases of The National Institute of Health, which 
means that it affects fewer than 200 thousand people 
in the US population.

Disorder Description: Characterized by incomplete min-
eralization of normal osteoid tissue following closure 
of the growth plates. Renal osteodystrophy refers to 
osteo malacia seen in patients with chronic renal insuf-
ficiency, which in addition may cause fractures. The 
risk factors are vitamin D deficiency due to decreased 
sunlight exposure and insufficient intake of calcium 
and vitamin D as well as primary hypophosphatemia.

Symptoms

Localization site Comment

Affected bone Nonspecific bone pain and tenderness, 
rarely hypotonia, waddling gait. “Milkman’s 
syndrome” refers to bone insufficiency- related 
fractures that are bilateral and symmetric

Vertebrae Fracture

Arms and legs Bowing deformities

Skull Basilar invagination

Neonate Posterior flattening and squaring of the skull

Other Oncogenic osteomalacia. Rare paraneoplastic 
syndrome associated with neoplasms that 
produce fibroblast growth factor

Bibliography
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Osteomyelitis
Epidemiology and Demographics: Occurs in 1/5000 

children. Vertebral osteomyelitis is seen in 2.4 
cases/100,000 of population. One case per 1000 in 
neonates is reported. Seen more in males than in 
females. Foot puncture causes 30–40% of cases of 
osteomyelitis in diabetes mellitus.

Disorder Description: Osteomyelitis is an acute or chronic 
inflammatory process of the bone and its structure 
due to infection. It may be localized or it may spread 
through the periosteum, cortex, marrow, and can-
cellous tissue. Two primary categories of acute 
osteomyelitis are described:

Hematogenous osteomyelitis is seen in children, 
due to bacterial feeding from the blood. Common 
site is the rapidly growing and highly vascular meta-
physis of growing bone. Vertebral osteomyelitis due 
to hematogenous seeding can be seen due to urinary 
tract infection or skin infection. Slow clinical devel-
opment and insidious onset are reported.

Direct or contiguous inoculation osteomyelitis 
due to direct contact of the tissue and bacteria dur-
ing trauma or surgery.

Chronic osteomyelitis and osteomyelitis secondary 
to peripheral vascular disease have also been described.

Symptoms

Localization site Comment

General symptoms Fever, fatigue, malaise, irritability, restriction 
of movements, local edema, erythema, and 
tenderness

Newborns (less 
than 4 months)

Staphylococcus aureus, Enterobacter species, 
group A and group B Streptococcus

Children aged 4 
months to 4 years

Staphylococcus aureus, group A 
Streptococcus, Haemophilus influenzae, 
Enterobacter species

Adults Staphylococcus aureus, Enterobacter, or 
Streptococcus, tuberculosis bacteria

Secondary Complications: Bone abscess, paravertebral 
epidural abscess, bacteremia, fracture, loosening 
of the prosthetic implant, draining of the tissue and 
sinus tracts.

Bibliography
Kaplan SL. Osteomyelitis in children. Infect Dis Clin 

North Am. 2005;19(4):787–97, vii.

Zimmerli W. Clinical practice. Vertebral 
osteomyelitis. N Engl J Med. 2010;362(11):1022–9.

Osteoporosis
Epidemiology and Demographics: In the United States, 9.9 

million have osteoporosis. Caucasians and Asians 
are at increased risk.

Disorder Description: Osteoporosis is a chronic pro-
gressive disease. It is also the most common meta-
bolic bone disease, characterized by low bone mass 
and microarchitectural deterioration of bone tis-
sue resulting in fragile bone. Fractures can occur. 
Osteoporosis may be due to estrogen deficiency, 
aging, calcium deficiency, or vitamin D deficiency.

Symptoms

Localization site Comment

Vertebral fractures Back pain, respiratory compromise, 
increased risk of pneumonia, worsening 
posture, and kyphosis

Hip fracture Pain, difficulty ambulating

Secondary Complications: Vertebral compression frac-
tures often occur with minimal stress like coughing, 
lifting, or bending.

Hip fractures can occur due to falls. Secondary 
complications of hip fractures include nosocomial 
infections and pulmonary thromboembolism. 
Deep vein thrombosis also can occur.

Treatment Complications: Vertebroplasty and kyphop-
lasty may increase risk of adjacent level vertebral 
fractures after the procedures.

Bibliography
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Osteosarcoma
Epidemiology and Demographics: Most common pri-

mary malignancy of the bone. Overall rare, with an 
incidence of 3 cases per million-population-years. 
Occurs in a bimodal fashion, with the first peak in 
1st to 2nd decade of life, coinciding with the pubertal 
growth spurt, defining the association between the 
osteosarcoma and adolescence. The second occurs 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.015
https://www.cambridge.org/core


Section 1 Diagnostics

448

in the 7th decade; this is a secondary malignancy 
related typically to Paget’s. The incidence is higher 
in males compared with females (in spinal osteo-
sarcoma the incidence seems to be slightly higher 
in females); higher incidence in young Blacks and 
Hispanics compared with elderly Whites. It primar-
ily affects the long bones, but spinal involvement is 
seen in up to 14% of the cases. Highest incidence is 
in the sacrum (30%), followed by the thoracolumbar 
spine (25%) and the cervical spine (<25%). The head 
and neck have been described in about 6% of the 
cases, involving the base of the skull and the facial 
bones.

Disorder Description: Highly malignant tumor, charac-
terized by the production of osteoid tissue. By the 
World Health Organization definition, a core biopsy 
is always required, dividing them into surface and 
central tumors. The classification includes: tumor 
grade I (low grade), II (high grade); tumor extension 
A (intraosseous involvement only), B (intra- and 
extraosseous extension); presence of distant metas-
tases III. The etiology of this neoplasia is unknown, 
although there is evidence for a potential viral cause. 
The known environmental cause is ionizing radia-
tion. Regarding risk factors for developing osteosar-
coma, Paget’s disease of the bone is present in 1% 
of patients with osteosarcoma, and in the pediatric 
population with retinoblastoma or genetic muta-
tion of p53, the incidence of osteosarcoma is 500 
times higher compared with the general population.

Symptoms

Localization site Comment

Base of the skull, 
cranial nerves

Dysphagia, dysphonia, hoarseness, lateral 
tongue deviation, unilateral/bilateral soft 
palate palsy, diplopia

Spinal cord Sacrum > thoracolumbar > cervical, 
main feature is pain, pathologic fractures, 
myelopathy-paraplegia/quadriplegia, 
paresthesias

Cauda equina Fecal and urinary incontinence

Specific spinal 
roots

Intercostal root pain, non- mechanical 
radicular arm and leg pain

Secondary Complications: Pathologic fractures, spinal 
deformities, thoracic- respiratory restriction, quadri-
plegia, facial deformities, dysphagia, and dysarthria.

Treatment Complications

•	 Wide end- block resection includes: blood loss, 
wound infection/dehiscence, implant failure, 
local regression.

•	 Chemotherapy (including methotrexate, doxo-
rubicin, cisplatin, carboplatin, ifosfamide, cyclo-
phosphamide, etoposide, gemcitabine, topotecan): 
nausea, vomiting, anorexia, alopecia, pancytope-
nia, bleeding diathesis, fatigue, weakness, hem-
orrhagic cystitis (ifosfamide, cyclophosphamide, 
etoposide), reversible peripheral neuropathy 
(cisplatin, carboplatin), acute myeloid leukemia 
(etoposide), leukoencephalopathy (methotrex-
ate), cardiomyopathy (doxorubicin), infertility.

•	 Radiation therapy: the side effects will vary 
depending on the dose and area at which it is 
aimed, including sunburn- like changes, hair 
loss, nausea, diarrhea, dry mouth, headaches, 
developmental delay, peripheral neuropathy, and 
infertility.
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Otosclerosis
Epidemiology and Demographics: Genetic disease of the 

inner ear; autosomal recessive with incomplete pen-
etrance. Female predominance, and more common 
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in Caucasian and Indian patients than in African 
Americans. Although the prevalence of otosclerosis 
in the general population approximates 0.3%, autopsy 
studies have found pathologic otosclerosis in as high 
as 10% of examined temporal bones. Otosclerosis 
becomes symptomatic in early adulthood.

Disorder Description: Otosclerosis is a genetic disorder of 
the inner ear. The pathophysiology is remodeling of 
the otic capsule bone, which ordinarily does not occur 
postnatally. The disease causes conductive hearing loss 
when the stapes footplate is affected. Sensorineural 
hearing loss may occur as well (“cochlear otosclero-
sis”). Vestibular symptoms occur infrequently, with an 
incidence perhaps no greater than in the general pop-
ulation. Endosteal involvement by otosclerosis can be 
associated with vestibular hair cell loss that may con-
tribute to vestibular symptoms. Otosclerosis patients 
with vertigo may have abnormalities on VEMP testing 
(vestibular myogenic evoked potentials).

Symptoms

Localization site Comment

Inner ear Conductive or sensorineural hearing loss, 
+/− tinnitus; vestibular symptoms are 
uncommon

Cranial nerves The cochleovestibular nerve is not affected

Central nervous 
system

The central nervous system is not affected

Secondary Complications: Diplacusis, an abnormal per-
ception of pitch, in the affected ear.

Treatment Complications: Conductive hearing loss is 
treated by surgical stapedectomy. Vertigo is not 
uncommon after stapedectomy, but is usually self- 
limited. Other potential complications of stapedec-
tomy are dysgeusia, sensorineural hearing loss, and 
a “dead ear” in 1–2% of cases.
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Ovarian Cancer
Epidemiology and Demographics: Ovarian cancer is the 

7th leading cause of death in the world, with an 
incidence of 50,000 new cases per year and a 5- year 
survival rate of 30–40% across the globe in the later 
stages. Highest mortality rate is in White females 
followed by Hispanics; lower in Blacks and Asians. 
In the United States, the overall mortality associated 
with ovarian cancer has declined compared with the 
1990s. Risk factors include: nulliparity, hormonal 
replacement therapy, and genetic predisposition 
expressed by the presence of BRCA1- 2 accounting 
for 15% of the hereditary cases.

Disorder Description: Ovarian cancer accounts for less 
than 6% of cases of central nervous system neoplas-
tic involvement. Neurologic complications are asso-
ciated with the location of the metastatic disease 
or regional or distant involvement, lumbosacral 
plexus, brain, spinal cord, and dural/leptomenin-
geal involvement; 20% of these metastases occur 
from hematogenous spreading. The majority of 
spinal cord metastases are extramedullary causing 
compression syndromes; only 1% will be associ-
ated with intramedullary location. Brain metasta-
ses from gynecologic tumors are rare and typically 
supratentorial, although there is an infratentorial 
predilection as well, with an estimated incidence of 
1–3%. Thirty- five percent are accounted for by cho-
riocarcinoma, which in fact has a bleeding tendency.

Paraneoplastic syndromes have been described 
with gynecologic disorders and include limbic 
encephalitis, opsoclonus, retinal degeneration, and 
cerebellar degeneration.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Headache, seizures, focal deficits depending 
on local mass effect, lethargy

Cerebellum Cerebellar degeneration: axial and 
appendicular ataxia, dizziness, nausea, 
vomiting, dysarthria
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Secondary Complications: Seizures, peripheral neuropa-
thies, ambulatory dysfunction, endocrinopathies, 
and myelopathy.

Treatment Complications:

•	 Surgery: neuropathies (femoral most commonly 
described), neuromas.

•	 Local radiation: lumbosacral plexopathy, myoky-
mia, Brown–Sequard syndrome.

•	 Whole brain radiation therapy: headache, cogni-
tive deficits, memory loss, intellectual disability, 
personality changes, seizures, change in mental 

status, local edema, cerebral vasculopathies, pri-
mary hypothalamic dysfunction, meningiomas, 
sarcomas, gliomas

•	 Chemotherapy: reversible distal sensorimo-
tor peripheral neuropathy typically seen with 
platinum- based chemotherapeutic agents, head-
ache, confusion, ataxia, seizures, encephalopathy, 
myelopathy, hearing loss, cranial neuropathies.
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Localization site Comment

Cauda equina Transverse myelitis, saddle anesthesia, bowel 
and bladder dysfunction

Plexus Lumbosacral plexus involvement presenting 
with severe pain preceding weakness, 
sensory motor disturbances in general

Peripheral 
neuropathy

Involving peroneal nerve: no dorsiflexion or 
eversion of the ipsilateral foot, lateral femoral 
cutaneous causing meralgia paresthetica, 
ilioinguinal, iliohypogastric, genitofemoral, 
femoral, and obturator neuropathy, lower 
extremity weakness

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.015
https://www.cambridge.org/core


451

Paget’s Disease of the Bone
Epidemiology and Demographics: One to three million 

people in the United States suffer from this disease; 
male to female ratio is 1.2:1. Highest prevalence is 
noted in persons older than 65 years.

Disorder Description: Paget’s disease of the bone is a local-
ized disorder of bone remodeling, which typically 
begins with excessive bone resorption followed by 
an increase in bone formation. The affected bone is 
mechanically weak, larger, less compact, more vas-
cular, and more susceptible to fracture.

Symptoms

Localization site Comment

Axial skeleton, 
particularly lumbar 
spine and sacral spine

May be asymptomatic. Increased 
alkaline phosphatase may be noted. 
Bone pain is the most common 
symptom, which is worse at night. 
Fractures may occur

Femur Hip pain worse with weightbearing, 
relieved with rest. Fractures may occur.

Skull Enlarged or deformed, may lead to 
hydrocephalus, basilar invagination, 
cerebellum or brainstem compression 
syndrome

Cranial nerves Hearing loss, deafness, tinnitus, vertigo, 
optic nerve and visual field affectation

Secondary Complications: Uncommon, but a potentially 
fatal complication is the development of osteosar-
coma causing increased bone pain with an enlarg-
ing soft tissue mass and a lytic lesion, which can also 
lead to pathogenic fracture.
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P
Palatal Myoclonus or Palatal Tremor
Epidemiology and Demographics: This is a rare move-

ment disorder that is seen equally in females and 
males.1 There have only been a limited number 
of case series and case reports. The two types that 
have been described are essential and symptomatic. 
Essential palatal myoclonus (EPM) does not have a 
clear causative lesion. The age range was 4–74 years, 
with average age of onset being 29.4 +/− 16.8 years.2 
In a case series with symptomatic palatal myoclonus 
(SPM), it has been seen as young as 18 months and 
as old as 91 years with average age of onset being 
49.2 +/− 16.7 years. Overall, the onset of essential 
palatal myoclonus was concluded to have a younger 
age of onset than the symptomatic form.1 The symp-
tomatic form of palatal myoclonus is more common 
in males than in females.1,2

Disorder Description: This condition involves continuous 
jerks of the soft palate. EPM is a result of contrac-
tions of the tensor veli palatini muscle, and there is 
an audible ear click,1–3 which is loud enough to be 
heard by people other than the patient. It has been 
demonstrated that the ear clicks heard secondary to 
closure of the eustachian tube in EPM are not a fea-
ture of SPM.4 The movements can often be altered 
and transiently suppressed. It has been suggested 
that in many cases, essential palatal myoclonus may 
represent a psychogenic movement disorder5,6; in 
other cases, there may be a genetic link. The psy-
chogenic palatal tremor is intermittent, under vol-
untary control, increases with attention toward the 
patient, and decreases with distractibility. SPM is 
the more common form of palatal myoclonus and 
occurs when there is a structural lesion in the brain-
stem or cerebellum. A distinguishing feature of this 
subtype is the absence of an audible ear click.1,2 In 
SPM, the levator veli palatini muscle is responsible 
for the rhythmic movements of the soft palate, and 
nearly always SPM is associated with synchronous 
movements of the eyes, larynx, pharynx, face, dia-
phragm, and cervical muscles.4 It is often associ-
ated with hypertrophy of the inferior olive. Causes 
may include cerebrovascular disease, degenerative 
disease, encephalitis, demyelinating disease, tum-
ors, and brain trauma involving pathways between 
the dentate, red, and inferior olivary nuclei.1,4 SPM 
has also been reported to occur with Hashimoto’s 
encephalopathy (which improved when the under-
lying condition was treated). SPM is more likely to 
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persist during sleep, while EPT may disappear dur-
ing sleep.1

Symptoms

Localization site Comment

Cerebral 
hemispheres

Some cases have been reported to occur as a 
sequela of cortical infarct

Mental status 
and psychiatric 
aspects/
complications

Psychogenic causes are thought to be 
responsible for EPM in some cases. Speech 
has been reported to be dysarthric with 
ongoing palatal tremor. Psychiatric 
manifestations include suicide attempts due 
to bothersome ear clicks

Brainstem Ipsilateral dentate nucleus, contralateral red 
nucleus, central tegmental tract, and inferior 
olivary nucleus are the causative regions 
thought to be responsible for SPM

Cerebellum Superior cerebellar peduncle and 
olivocerebellar fibers are sites that may be 
involved in symptomatic palatal tremor

Vestibular system 
(and non specific 
dizziness)

Symptoms of ongoing ear clicks are 
representative of EPM

Cranial nerves CN V (trigeminal nerve) innervates the tensor 
veli palatini, which is responsible for EPM

CN IX and X innervate levator veli palatini, 
which is responsible for SPM

Muscle Levator veli palatini is responsible for the 
rhythmic movements of SPM. Tensor veli 
palatini muscle is the likely cause of ear clicks 
in EPM

EPM and psychogenic disorder may either coexist 
or may be mistaken for one another.1,5

Secondary Complications: Besides the clicking that is 
associated with EPM, which may induce frustration 
for the patient, other complications have been asso-
ciated with both EPM and SPM. Palatal myoclonus 
can be accompanied by pharyngeal and laryngeal 
myoclonic movements. When this occurs, severe 
respiratory difficulties may become apparent for 
the patient. Some cases of dysarthria and dysphagia 
have also been reported.

Treatment Complications: One of the treatment options 
for palatal myoclonus is botulinum toxin injec-
tions into the affected muscles. Palatal weakness  
has been reported as a complication of this 
treatment. Another treatment option is oral 

benzodiazepines, which may cause addiction or 
sedation.
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Pancreatic Cancer
Epidemiology and Demographics: Gastrointestinal can-

cers are responsible for 24% of the deaths related 
to cancer. Among the gastrointestinal cancers is 
pancreatic cancer, which recently has been recog-
nized as the 3rd leading cause of cancer- related 
death in the United States With an incidence of 
45,000 cases/year, it is typically diagnosed during 
the 6th to 7th decade of life. It occurs more often 
in males. Although gastrointestinal cancers in 
general may be associated with brain metastases, 
leptomeningeal, bone, and spinal cord metastases 
are uncommon with pancreatic cancer. While pan-
creatic brain metastases occur in less than 0.2% of 
cases (>60% as a single lesion), more recent reports 
suggest the metastatic disease associations may be 
increasing.

Disorder Description: Pancreatic cancer is a fatal disease, 
and a true oncologic challenge, given its dismal 
prognosis with a 100% mortality. It is associated 
with several, albeit uncommon, paraneoplastic syn-
dromes or additional neoplasms. These include neu-
roendocrine tumors, Zollinger–Ellison syndrome, 
insulinomas, glucagonomas, anti- GAD antibody 
encephalomyelitis, anti- Purkinje cell antibodies 
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with opsoclonus- ataxia, Miller–Fisher syndrome, 
chronic inflammatory demyelinating polyneuropa-
thy, and cerebellar degeneration.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Seizures, hydrocephalus, venous sinus 
thrombosis with subsequent cerebral hem-
orrhage, cerebral hemorrhage from dissem-
inated intravascular coagulation, embolic or 
thrombotic cerebrovascular accident.

Encephalomyelitis

Mental status and 
psychiatric aspects/
complications

Encephalopathy, hepatic encephalopathy 
with liver metastasis, stupor, coma

Depression, anxiety

Cerebellum Opsoclonus, ataxia

Unclear localization Asterixis

Cranial nerves Cranial neuropathies

Spinal cord Myelopathy

Cauda equina Bladder and bowel symptoms

Specific spinal roots Radiculopathy

Plexus Severe pain, gastroparesis

Secondary Complications: Hydrocephalus, chronic pain, 
CIPD, ambulatory dysfunction, and focal neuro-
logic deficits.

Treatment Complications:
•	 Surgery: hemorrhage, infection.
•	 Whole brain radiation therapy (WBRT): optic 

neuritis, brainstem necrosis with co- therapy 
with gemcitabine.

•	 Stereotactic radiosurgery for brain metastasis: 
hemorrhage.

•	 Chemotherapy: gemcitabine associated with 
paresthesias in 20% of the cases, autonomic 
neuropathy.
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Pancreatitis
Epidemiology and Demographics: Pancreatitis is a rela-

tively uncommon disease that can occur in acute or 
chronic forms. The incidence of acute pancreatitis 
is estimated at 40 cases/100,000 adults per year. The 
incidence of chronic hepatitis has been reported to 
be 4/100,000. Acute pancreatitis tends to affect men 
more than women.

Disorder Description: Pancreatitis occurs as a result of 
inflammation in the pancreas cells. Chronic pan-
creatitis presents with abdominal pain that can 
be severe, nausea and vomiting, weight loss, and 
malabsorption. Acute pancreatitis presents with 
severe abdominal pain, nausea and vomiting, ano-
rexia, and symptoms from its complications such as 
edema, fever due to infection and abscess formation, 
and jaundice. Pancreatic encephalopathy occurs in 
about 1–2% of patients with acute pancreatitis and 
ranges from mild problems with attention span to 
delirium or coma.

Symptoms

Localization site Comment

Cerebral hemispheres Seizure

Mental status and psychiatric 
aspects/complications

Anxiety, delirium, pancreatic 
encephalopathy

Secondary Complications: Excessive alcohol use is a com-
mon risk factor for chronic pancreatitis, which can 
also cause peripheral neuropathy or myopathy. 
Patients with chronic pancreatitis can develop dia-
betes mellitus, which can cause neuropathy among 
other neurologic complications. Chronic pancreati-
tis can lead to neurologic complications from nutri-
tional deficiencies.
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Panic Attack
Epidemiology and Demographics: In the United States, 

the 12- month prevalence of panic attacks is 11.2% 
in adults. Females are more frequently affected than 
males. Panic attacks may occur in children, but 
are rare until puberty. Prevalence decreases with 
increasing age after onset and does not appear to 
differ according to race.

Disorder Description: Panic attack is not itself a mental 
disorder and can occur in the context of any anxiety 
disorder or other mental disorder, and some medi-
cal conditions. Thus, “panic attack” is generally used 
as a specifier, as in “depressive disorder with panic 
attacks.”

As stated in DSM-5, a panic attack is defined as: 
An abrupt surge of intense fear or intense discom-
fort reaching a peak within minutes, and during 
which time four (or more) of the following symp-
toms occur:
 i. Palpatations, pounding heart, or accelerated 

heart rate
 ii. Sweating
 iii. Trembling or shaking
 iv. Sensations of shortness of breath or smothering
 v. Feelings of choking
 vi. Chest pain or discomfort
 vii. Nausea or abdominal distress
 viii. Feeling dizzy, unsteady, light- headed, or faint
 ix. Chills or heat sensations
 x. Paresthesias (numbness or tingling sensations)

 xi. Derealization (feelings of unreality) or deper-
sonalization (being detached from oneself)

 xii. Fear of losing control or “going crazy”
 xiii. Fear of dying

Differential Diagnosis: Differential diagnosis should 
include other paroxysmal episodes, anxiety disor-
der due to another medical condition, substance/
medication-induced anxiety disorder, and panic 
disorder.

In other paroxysmal disorders, there may be a 
current surge of an emotional state, but this state is 
not fear. Some examples of other paroxysmal disor-
ders include “anger disorder” and “grief disorder.”

In anxiety disorder due to another medical con-
dition, a surge of fear is secondary to a  medical 
 condition. Examples of conditions that may 
cause anxiety include hyperthyroidism, hyper-
parathyroidism, pheochromocytoma, vestibular 
 dysfunctions, seizure disorders, and cardiopulmo-
nary conditions (e.g., arrhythmias, supraventricular 
tachycardia, asthma, chronic obstructive pulmo-
nary disease). The history, physical examination, 
and laboratory testing should determine the 
 etiology of the condition causing anxiety.

In substance/medication-induced anxiety dis-
order, intoxication with stimulants may induce a 
panic attack. Conversely, withdrawal from a depres-
sant may induce the panic attack. It should be deter-
mined whether the individual had panic attacks 
prior to the onset of excessive drug use. In cases 
wherein there is onset of panic attacks after 45 years 
of age, or in those wherein atypical features (loss 
of consciousness, vertigo, incontinence) are seen, 
an underlying medical condition or substance use 
should be carefully considered.

Panic disorder is characterized by repeated, 
unexpected panic attacks. These are necessary, but 
not sufficient for the diagnosis of panic disorder. See 
entry for Panic Disorder for full criteria.

Secondary Complications: Panic attacks are associated 
with comorbid mental disorders including anxiety 
disorders, depressive and bipolar disorders, impulse 
control disorders, and substance use disorders. They 
are also associated with the increased likelihood of 
developing such disorders.

Treatment Complications: Because panic attack is a symp-
tom and not a diagnosis, a panic attack in and of 
itself is often not treated. In the context of a medical 
condition or substance- induced panic attack, the 
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underlying etiology should be treated. In a panic 
attack in the context of panic disorder, benzodiaz-
epines can be used as abortive therapy and selective 
serotonin reuptake inhibitors (SSRIs) can be used as 
prophylaxis. See entry for Panic Disorder.

Side effects of benzodiazepines include drows-
iness, impairment of intellectual function, motor 
coordination problems, and amnesia. Respiratory 
depression may occur in overdose, especially 
when combined with alcohol or other depressants. 
Withdrawal from benzodiazepines may cause sei-
zures and can be life threatening.

SSRI side effects include nausea, diarrhea, insom-
nia, headache, anorexia, weight loss, sexual dysfunc-
tion, restlessness (akathisia- like), serotonin syndrome 
(fever diaphoresis, tachycardia, hypertension, delir-
ium, neuromuscular excitability), hyponatremia, and 
seizures (0.2%).
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Panic Disorder
Epidemiology and Demographics: Two million Americans 

are diagnosed with panic disorder every year with a 
12- month prevalence of 2.7% and a lifetime prev-
alence of 4.7%. It occurs twice as commonly in 
females as compared with males. The average age of 
onset is 24 years; however, both younger and older 
individuals are affected.

Disorder Description: As stated in DSM-5, panic disorder 
can be defined as:
 A. Recurrent unexpected panic attacks. The patient 

feels intense fear or discomfort that reaches 
a peak within minutes. During this period, 
four (or more) of the following symptoms  
occur:

[Note: The abrupt surge can occur from a calm 
state or an anxious state.]

 1. Palpitations, pounding heart, or acceler-
ated heart rate.

 2. Sweating.
 3. Trembling, shaking.
 4. Sensations of shortness of breath or 

smothering.
 5. Feelings of choking.
 6. Chest pain or discomfort.
 7. Nausea or abdominal distress.
 8. Dizziness, unsteadiness, light- headedness 

or feeling faint.
 9. Chills or heat intolerance.
 10. Paresthesias (numbness or tingling 

sensations).
 11. Derealization (feelings of unreality) or 

depersonalization (being detached from 
oneself).

 12. Fear of losing control or “going crazy.”
 13. Fear of dying.

 B. These symptoms are followed by at least 
1- month duration of the following:
 1. Persistent concern or worry about the 

reoccurrence of panic attacks or associated 
symptoms (e.g., losing control, having a 
heart attack, or “going crazy”).

 2. Significant maladaptive change in behav-
ior related to these attacks (e.g., behaviors 
designed to avoid having panic attacks 
including avoidance of exercise or unfamil-
iar situations).

 C. The disturbance is not attributable to the physi-
ologic effects of a substance or another medical 
condition.

 D. The disturbance is not better explained by 
another mental disorder.

[Note: Unlike panic disorder, panic attack, as a 
symptom, may occur in context of another mental 
or medical condition, and should have an identi-
fiable trigger.]
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Differential Diagnoses

Differential diagnosis Similar symptoms Distinguishing factors

Seizures  □ Abrupt onset
 □ Aura; i.e., fear
 □ Muscle tension
 □ Hypervigilance
 □ Fear of losing control

 □ Detailed seizure history
 □ Peri-ictal memory impairment with or without LOC
 □ Abnormal EEG
 □ Motor symptoms

Vertigo  □ Anticipation of vertigo may lead to panic
 □ Hypersensitivity to visual stimuli
 □ Dizziness (vestibular dysfunction)
 □ Imbalance

 □ History of dizziness and imbalance
 □ Nystagmus noted on physical exam

Headache/migraine  □ Aura
 □ Anticipation of headache may lead to panic
 □ Avoidance of triggers
 □ Nausea/vomiting

 □ History of headache/migraine
 □ Sensitivity to smell, noise, and light
 □ Aura – blurred vision, and other visual disturbances

Parkinson’s disease  □ Anxiety (during “off” period)
 □ Fear of embarrassment from Parkinson’s 

symptoms: tremor or difficulty with gait
 □ Restlessness
 □ Autonomic instability

 □ Detailed history
 □ Side effect of Parkinson’s medication
 □ Rigidity/resting tremor
 □ Shuffling gait
 □ Flat facial affect

Transient ischemic attack  □ Paresthesia
 □ Episodic
 □ Resolution of symptoms

 □ Older age
 □ Recovery time days to weeks.
 □ Neurologic symptoms or deficits

Multiple sclerosis  □ Tingling
 □ Numbness
 □ Loss of balance
 □ Dizziness
 □ Complete resolution of symptoms

 □ Neurologic deficits
 □ Abnormal brain imaging

Treatment

•	 Selective serotonin reuptake inhibitors (SSRIs): 
e.g., fluoxetine, paroxetine, sertraline, citalopram, 
and escitalopram.

•	 Selective norepinephrine re uptake inhibitors: e.g., 
venlafaxine and duloxetine.

•	 Benzodiazepines: used for rapid onset of action 
while SSRI achieves full effect (usually 2–6 weeks), 
e.g., lorazepam, alprazolam, clonazepam, and 
diazepam. Clonazepam is preferred due to rela-
tively longer half- life and less addiction risk.

•	 Cognitive behavioral therapy (CBT): targets the 
fear and behavioral patterns by exposure and 
restructuring therapy.

•	 Combination of CBT and SSRI/serotonin– 
norepinephrine reuptake inhibitors (SNRIs).
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Pantothenate Kinase- Associated 
Neurodegeneration (PKAN)/
Hallevorden–Spatz
Epidemiology and Demographics: Pantothenate kinase- 

associated neurodegeneration (PKAN) is a rare dis-
order. It has been reported in select communities in 
which intra- familial marriages are common, such as 
the Agrawal community in the northern part of India.

Disorder Description: It is an autosomal recessive dis-
order, involving the PANK2 gene on chromosome 
20, leading to iron deposition in the basal ganglia. 
PKAN is a major subtype of neurodegeneration 
with brain iron accumulation (NBIA). The symp-
toms usually present in infancy, involving motor 
and language development. Later on, the child’s gait 
and motor skills are affected, and between the ages of 
3 and 6, choreoathetosis and dystonia occur. As the 
disease progresses, further neurologic symptoms 
including dysarthria, spasticity, bilateral retinopa-
thy, optic atrophy, and seizures, as well as learning 
disorders develop. The disease onset can also be in 
adulthood. In such cases, the disease presentation 
is more atypical, and symptoms can include slowly 
progressive chorea without dementia or can have 
clinical features of Tourette syndrome. Optic atro-
phy could be the initial sign and can present a few 
years prior to the other aforementioned symptoms.

Symptoms

Secondary Complications: Severe orobuccolingual dysto-
nia may result in recurrent tongue biting and self- 
mutilation, and full- mouth dental extraction might 
be indicated. Soft resin bite guards can be used in 
such cases.

Treatment Complications: There is no specific treatment 
for this disorder, and the management is often 
symptom based. For example, in the context of par-
kinsonism, levodopa, anticholinergics, and oral or 
continuous intrathecal baclofen can prove effica-
cious. In treatment- resistant cases, stereotactic pal-
lidotomy is a potential treatment option. In the case 
of dystonia, botulinum toxin might be considered.
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Paracoccidioides brasiliensis
Epidemiology and Demographics: Infection endemic to 

Central and South America. Acute/subacute form 

Localization site Comment

Cerebellum Although this is more rare, it has been 
reported

Basal ganglia 
including globus 
pallidus and caudate

The basal ganglia involvement on MRI 
imaging is manifested as a low- intensity 
ring surrounding a high-signal-intensity 
region (“eye of the tiger” sign)

Muscle Though less common, myopathic 
involvement with increase in creatine 
kinase level has been reported

Localization site Comment

Optic atrophy This could be the presenting sign and 
proceed other symptoms by several years

Cerebral cortex Cortical atrophy with iron pigment 
deposits with secondary ventricular 
enlargement

Substantia nigra Parkinsonism including gait abnormality, 
bradykinisia, rigidity, and tremor
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in endemic areas only, and primarily affects chil-
dren and young adults. Chronic form affecting male 
adults in their mid- 40s presents many years after 
exposure in an endemic area. Nine percent to 25% 
of systemic cases have nervous system involvement.

Disorder Description: Myocotic infection that presents 
with granulomatous inflammation. There are two 
presentations, both more common in immunosup-
pressed individuals:
 1. acute/subacute: disseminated lesions weeks or 

months after infection; and
 2. chronic: oral mucosa, airways, lung, central 

nervous system (CNS) involvement years after 
infection.

Spinal fluid analysis is very unreliable for 
diagnosis.

When the nervous system is involved, symptoms 
depend on the location of involvement as indicated 
in the table below.

Symptoms

Localization site Comment

Cerebral hemispheres Chronic meningoencephalitis 17%

Seizure 33%, hemiparesis 25%, 
headache 21%

Mental status Confusion 13%

Brainstem/cranial nerves Bulbar signs 8%

Cerebellum Ataxia 25%

Spinal cord Very rare

Secondary Complications: Hydrocephalus in 21% of CNS 
cases; both communicating and non- communicating 
forms are possible. Frequently residual hyperdense 
or calcified lesions on non- contrast head CT.

Treatment Complications: Side effects of antifungals 
only. Treatment is typically with trimethoprim– 
sulphamethoxazole or amphotericin B.
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Paraganglioma
Epidemiology and Demographics: Rare neoplasia with 

unknown incidence. Classified as sporadic and 
hereditary, with sporadic predominance in adult-
hood up to 75% and 30–40% hereditary in child-
hood. Diagnosed predominantly between the 3rd 
and 5th decades of life, with female predominance 
in the sporadic cases. Known with malignant poten-
tial defined by the World Health Organization as the 
presence of metastatic disease, and up to 20% will 
have a malignant diagnosis.

Disorder Description: A rare subset of catecholamine- 
secreting or non- secreting neuroendocrine tumor. 
Originates from glomus cells, embryonically derived 
from neural crest, chromaffin negative (subtle dif-
ference from pheochromocytoma). These chemo-
receptors are located adjacent to the vasculature.

Paragangliomas are part of the autonomic 
nervous system, symmetrically located along the 
 neuroaxis, dichotomized as being either sympathetic 
secreting tumors of predominantly norepinephrine, 
located in lower mediastinum, abdomen, and pel-
vis, or parasympathetic non- secreting neoplasia,  
typically located in the skull base, neck, and upper 
mediastinum. Histologically similar to ependymo-
mas, with similar cuboidal/polygonal small cells 
clustered in a way known as “zellballen.” The immu-
nophenotype of this tumor includes positive testing 
for chromogranin, synaptophysin, neuron- specific 
enolase, serotonin, neurofilament, glial fibrillary 
acidic protein, and neural cell adhesion molecule; 
negative testing for S- 100 protein. The mutation asso-
ciated with hereditary cases is in the mitochondrial 
succinate dehydrogenase enzyme complex (SDH- A, 
SDH- B, SDH- C), and the following syndromes have a 
particular susceptibility for the development of para-
gangliomas: multiple endocrine neoplasia 2A- 2B, 
neurofibromatosis type 1, and von Hippel–Lindau.

Symptoms

Localization site Comment

Cerebral hemispheres Syncope

Mental status and psychiatric 
aspects/complications

Anxiety, apprehension

Vestibular system Nausea, vomiting, dizziness, 
vertigo, tinnitus
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Paragonimus Infection (Paragonimiasis)

Secondary Complications: Hypertension, malignant 
arrhythmias, and sudden death.

Treatment Complications:
•	 Surgery: hemorrhage, malignant hypertension, 

arrhythmias, multiorgan failure.
•	 Embolization: hemorrhage, skin necrosis, cra-

nial nerve deficits, stroke, hearing loss.
•	 Radiotherapy: mucositis, skin rash, hypoacusis, 

hypopituitarism, xerostomia, bone necrosis.
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Paragonimus Infection (Paragonimiasis)
Epidemiology and Demographics: The main species caus-

ing infection is Paragonimus westermani, which 
occurs primarily in Asia, particularly China. Other 
species have been isolated from Africa and Central/ 
South America. Although rare in the United States, 

several cases have been associated with ingestion 
of uncooked crawfish during river raft float trips in 
Missouri.

Disorder Description: Paragonimus is a lung fluke (flat-
worm) that infects the human lungs. Infection occurs 
through ingestion of undercooked crab, shellfish, or 
crayfish infected with metacercariae. Serious cases of 
paragonimiasis occur when the parasite travels from 
the lungs to the central nervous system.

After ingestion, the larvae travel through the 
duodenal wall and ultimately through the dia-
phragm to reach the lungs. Coughing up the flukes 
releases them back to the atmosphere, and they find 
their way to water and are ingested by snails, which 
get eaten by crabs and crayfish to complete the cycle.

Symptoms: Cough, fever, and symptoms like chronic 
bronchitis/tuberculosis, hemoptysis, abnormal CXR, 
eosinophilia, and sputum peppered with clumps of 
fluke eggs can occur. Central nervous system spread 
is an infrequent complication.

Localization site Comment

Cauda equina Saddle anesthesia

Specific spinal roots Radicular pain, local 
paresthesias

Localization site Comment

Cerebral 
hemispheres

Meningitis tends to occur as an acute 
manifestation and is the initial presenting 
feature in one- third of cases. The parasite 
can penetrate the meninges and invade 
brain parenchyma, leading to meningitis, 
encephalitis, arachnoiditis, hemorrhage, or 
a space- occupying lesion. Temporal and 
occipital lobe involvement is most frequent

Chronic manifestations include headache, 
vomiting, seizures, visual disturbances 
(particularly diplopia and homonymous 
hemianopsia), and motor or sensory 
disturbances related to a space- occupying 
lesion. Up to 10 cerebral cysts may be seen, 
predominantly in the temporal and occipital 
lobes

On MRI, multiple cystic, ring- enhancing 
lesions with surrounding edema may be 
seen. Calcification of the lesions occurs in 
approximately 50%. The appearance has 
been described as being like "soap- bubble 
calcifications" on skull imaging or as having 
a "grape cluster" quality. Hydrocephalus and 
localized hemorrhages may be seen. The 
characteristic appearance of paragonimiasis is 
the “tunnel sign,” which shows the track of the 
adult worm

Mental status 
and psychiatric 
aspects/
complications

Brainstem involvement, hydrocephalus, and 
seizures can lead to decreased consciousness
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Localization site Comment

Brainstem Brainstem abscesses have been described

Spinal cord Spinal cord involvement is rare, epidural 
involvement is more common than intradural

MRI of the lumber spine may reveal multiple 
well- defined intradural masses and chronic 
arachnoiditis

Although the route of infection to the spinal 
canal is not yet known, the theory of direct 
migration of larvae from the lung or direct 
dissemination via CSF is assumed

Treatment Complications: Complications include those 
related to surgery, epilepsy, and cerebral edema. 
Praziquantel/triclabendazole treatment is given 
along with surgical drainage of abscess/shunting for 
hydrocephalus, antiepileptics, steroids, and other 
supportive treatment. Anthelminthic treatment 
may lead to hypersensitivity and arrhythmias.
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Parainfluenza
Epidemiology and Demographics: Caused by four viruses, 

HPIV1 to HPIV4. Ubiquitous virus; 90% of adults 
have antibodies that are incompletely protective. 
Each serotype has a different seasonality:
•	 PIV1: biannual fall epidemics
•	 PIV2: annual fall epidemics
•	 PIV3: spring but variable
•	 PIV4: unknown

Disorder Description: Presents as a typical upper and/or 
lower respiratory, flu- like illness. Communicated 
through droplets, and outbreaks are common. 
Immunocompromised individuals are at increased 
risk for severe disease. Neurologic involvement is 
uncommon. Diagnosed with nasal swab antigen or 
PCR test.

Mild encephalopathy with reversible splenial 
lesions (MERS) is more common in influenza A and 
B, but has been reported with parainfluenza. This 
condition may be associated with hyponatremia, 
CSF pleocytosis, and EEG changes, including gen-
eralized and occipital slowing and focal spikes.

Symptoms

Localization site Comment

Cerebral hemispheres Seizure. Reversible lesions in the 
splenium of the corpus callosum

Meninges Case reports of 
meningoencephalitis

Mental status and psychiatric 
aspects/complications

Confusion/delirium in MERS

Vestibular system (and non- 
specific dizziness)

<1/1000

Secondary Complications: Communicating hydroceph-
alus. High risk of having co- infections, particu-
larly in the immunocompromised, so workup 
should  always exclude other bacterial or fungal 
infections.

Treatment Complications: Treatment is supportive.
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Paraneoplastic Autonomic Neuropathy
Epidemiology and Demographics: Uncommon syn-

drome, <1% with morbidity and mortality result-
ing from severe dysautonomia. No predilection by 
race, although there are discrepancies regarding  
gender.

Disorder Description: Autoimmune dysautonomia 
associated with a malignancy, with damage to the 
autonomic system. Has multiple clinical manifes-
tations, with a typical enteric plexus lesion, leading 
to impaired motility and autonomic gastroparesis. 
Subacute global autonomic impairment, involv-
ing multiple limbs of the autonomic nervous sys-
tem. Other paraneoplastic syndromes may coexist. 
Associated commonly with small cell lung cancer 
and thymoma. Classically associated with anti- Hu 
antibodies, voltage- gated potassium channel anti-
bodies, or ganglionic nicotinic acetylcholine recep-
tor antibodies; 30% of the patients seropositive 
for the nicotinic acetylcholine receptor antibodies 
were positive for a malignancy even though it is the 
most common nonparaneoplastic cause of gangli-
onopathy. All patients with rapid onset of severe 
autonomic failure warrant screening for occult 
malignancy.

Symptoms

Localization site Comment

Plexus Sympathetic impairment with prominent 
orthostatic hypotension, syncope, and 
impaired sweating

Parasympathetic involvement: xerostomia, 
xerophthalmia, urinary retention, erectile 
dysfunction, difficulty with vision in bright 
light due to fixed pupils, hemodynamic 
instability, gastrointestinal dysmotility, 
severe constipation, nausea, early satiety 
due to lack of gastric emptying, abdominal 
distention, and weight loss

Secondary Complications: Syncope, falls, and weight loss.
Treatment Complications:

•	 Immunomodulation: neurotoxicity, cognitive 
impairment, myositis, headache, paresthe-
sia, insomnia, tremor, severe encephalopathy,  
seizures or even status epilepticus, motor poly-
neuropathy, depression, anxiety, lethargy, leuk-
oencephalopathy, and endocrinopathies.

•	 Surgical resolution of primary tumor.
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Paraneoplastic Encephalomyelitis
Epidemiology and Demographics: Uncommon rapidly 

progressive paraneoplastic syndrome, which may 
precede the diagnosis of the malignancy. Described 
more commonly in men up to 45–50 years of age. 
Associated with testicular tumors, gynecologic 
and lung neoplasias, manifesting usually as limbic/
brainstem encephalitis and myelitis.

Disorder Description: Rapidly progressive autoimmune 
disorder that involves the central nervous system 
(hippocampus, cerebellum, brainstem, and spinal 
cord), dorsal root ganglia, and autonomic system, 
with a diagnosis based upon the dominant symp-
toms from involvement of two or more areas, typ-
ically presenting as a combination between limbic 
encephalitis and cerebellar degeneration.

The antibodies described in this paraneoplastic 
 disease include anti- Hu antibody, CRMP5, Ma2, 
amphiphysin, and GlyR antibodies.

Symptoms

Localization site Comment

Cerebral hemispheres Epilepsia partialis continua, 
encephalopathy, seizures, mutism

Depression, anxiety, confusion, 
lethargia, aphasia,hallucinations

Mental status and 
psychiatric aspects/
complications

Cognitive impairment

Cerebellum Appendicular and truncal ataxia, 
dysarthria
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Secondary Complications: Dependence, frequent falls, 
depression, epilepsy, and tremor.

Treatment Complications:
•	 Immunomodulation: neurotoxicity, cognitive 

impairment, myositis, headache, paresthesia, 
insomnia, tremor, severe encephalopathy, sei-
zures or even status epilepticus, motor poly-
neuropathy, depression, anxiety, lethargy, 
leukoencephalopathy, and endocrinopathies.

•	 Surgical resolution of primary tumor.
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Paraneoplastic Limbic Encephalitis
Epidemiology and Demographics: Limbic encephalitides are 

part of the paraneoplastic syndromes, described more 
commonly in women and young children, although 
seen in both sexes. The neoplasias associated with 
the presence of this entity will vary depending on the 
demographics of the patient and the antibodies pres-
ent, and include thymomas, small cell lung cancer, 
neuroendocrine tumors, breast cancer, and ovarian 
teratomas. Neurologic recovery has been described 
with appropriate treatment, with a mean hospital stay 

length of up to 3 months. The mortality described is 
5%, and the relapse is up to 25%, commonly with non- 
removed tumors or sub- optimally treated.

Disorder Description: Autoimmune encephalitis has been 
recently more recognized. The limbic encephalitis 
includes an array of antibodies: NMDA- receptor, 
anti-AMPA-receptor, anti- GABA B- receptor, anti- 
LGI1, anti-Ma2, anti-  Hu or CV2/CRMP5 antibod-
ies. Characterized by a viral- like prodrome, with 
subsequent development of psychiatric symptoms, 
decreased sensorium, abnormal movements and pos-
turing, including seizures, and autonomic dysfunction.

Anti-NMDA receptor (NMDA- R) encephalitis is 
the most common, with up to 4% presence of NMDA 
receptor antibodies positive in this population; these 
antibodies will alter the synapse. More than half of the 
women over 18 years of age will have unilateral or bilat-
eral ovarian teratomas, with an increased frequency in 
black women compared with white women, decreas-
ing to a 10% probability with younger females. In men, 
testicular germ cell tumors have been described.

Anti-AMPA receptor (AMPA- R) encephalitis is 
described in middle- aged women; over 70% of cases 
have been associated with thymus, lung, or breast 
neoplasias.

Anti-GABA B receptor (GABAB- R) is described 
in the over 60 years age group; no sex preference, 
and associated with small cell lung cancer and neu-
roendocrine tumors.

Anti-LGI1 limbic encephalitis is associated with 
thymomas. These antibodies target voltage- gated 
potassium channels. It is also associated with auto-
somal dominant lateral temporal lobe epilepsy and 
partial epilepsy with auditory features.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, non- convulsive status epilep-
ticus, myoclonus, oro- facial, limb, and 
trunk dyskinesias; dystonic postures

Dysarthria, dysphagia

Mental status and 
psychiatric aspects/
complications

Short-term memory loss, confusion, 
irritability, depression, insomnia, 
behavioral changes, psychosis

Peripheral neuropathy Autonomic dysfunction

Unclear localization Viral prodrome, respiratory dysfunction

Localization site Comment

Vestibular system Dizziness, nausea, vomiting

Spinal cord Myelopathy, paraparesis, tetraparesis

Dorsal root ganglia Dysesthesia to all modalities, more 
pronounced in proprioception, sensory 
ataxia
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Secondary Complications: Intubation, cognitive dysfunc-
tion, infections, and intensive care neuropathy.

Treatment Complications
•	 Surgery: inherent to each particular tumor 

resection, hemorrhage, infection.
•	 Immunotherapy–immunosuppression: weight 

gain, hypertension, hyperglycemia, nausea, vom-
iting, abdominal distention, diarrhea, infections.
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Paraneoplastic Motor Neuron Disease
Epidemiology and Demographics: The paraneoplastic 

motor neuron diseases include myasthenia gravis 
(MG) and Lambert–Eaton myasthenic syndrome. 
MG is typically seen in the 6th decade of life 
accompanied by a thymoma, although can be seen 
in the 3rd decade of life as well, with equal sex dis-
tribution. Lambert–Eaton myasthenic syndrome 
presents in 50% of the patients with lung cancer. 
It is described in patients older than 40 years with 
male predominance, and it is the most common 
paraneoplastic syndrome seen with small cell lung 
cancer.

Disorder Description: The most common motor neuron 
paraneoplastic disorders include MS and Lambert–
Eaton myasthenic syndrome, characterized by the 

presence of autoantibodies to the neuromuscular 
junction and peripheral membrane protein. The 
expression of antigens by the tumor leads to the 
mechanism of action, stimulating the immune 
activity of T cells and/or antibodies, directed against 
not only the tumor, but also nerves and muscles.

MG is characterized by the presence of autoan-
tibodies against acetylcholine receptor (AChR) 
and less frequently antibodies against muscle- 
specific tyrosine kinase (MuSK). Other antibodies 
described include those against membrane proteins 
titin, ryanodine, myosine, actin, and actinin. When 
AChR are positive, 15% are associated with thy-
moma, conversely at least 50% of the patients diag-
nosed with thymoma will develop MG. Thymoma is 
a rare tumor linked to autoimmunity. This is related 
to dysregulation of lymphocyte selection, as well as 
stimulation of the proliferation of autoreactive T 
lymphocytes and of B lymphocytes that give rise to 
autoantibodies. Electrodiagnostic studies will help 
to differentiate and confirm the diagnosis.

Symptoms

Localization site Comment

Cerebral hemispheres Fluctuating encephalopathy

Mental status and 
psychiatric aspects/
complications

Insomnia

Muscle Myositis with associated myocarditis, 
arrhythmias, heart failure, sudden 
death, myokymia, fibrillations

Neuromuscular junction Fatigable muscle weakness, 
respiratory muscle weakness, 
dyspnea, sexual dysfunction, 
constipation. Fatigable bulbar 
muscles causing diplopia, dysphagia, 
dysarthria, dry cough, nasal voice, 
neck weakness, ptosis

Unclear localization Chest pain, superior vena cava 
syndrome

Secondary Complications: Dysarthria, hoarseness, over-
all weakness, and functional disability.

Treatment Complications:
•	 Thymectomy: recurrent laryngeal nerve dam-

age (dysarthria, respiratory weakness), myas-
thenic crisis, hemorrhage, and infection.
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•	 Immunotherapy–immunosuppression: Weight 
gain, hypertension, hyperglycemia, nausea, 
vomiting, abdominal distention, diarrhea, and 
infections.
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Paraneoplastic Opsoclonus–Myoclonus
Epidemiology and Demographics: This paraneoplastic 

syndrome is described in 40% of small cell lung can-
cer (SCLC) patients, 20% of cases of breast cancer 
and ovarian cancer, and 2–3% of neuroblastomas in 
children. No predominance by gender, and the age 
of presentation is associated with the epidemiology 
of the primary tumor.

Disorder Description: Paraneoplastic- autoimmune, neuro-
behavioral, and movement disorder characterized by 
opsoclonus described as chaotic multidirectional sac-
cades, truncal– appendicular myoclonus and ataxia. 
The clinical presentation in children is associated 
with hypotonia, irritability, behavioral changes, and 
psychomotor retardation. The etiologies are varied, 
including idiopathic, infectious, toxic- metabolic, 
and neoplasias. As part of the paraneoplastic spec-
trum, the tumors described include SCLC, gyneco-
logic cancers, and neuroblastoma in children. Many 
autoantibodies have been described, although in 
most patients with the paraneoplastic presentation 
the antibodies will be non- detectable. The presence 
of antibody suggests the involvement of a humoral 
immune mechanism, including: anti- Hu antibody, 
most commonly seen in SCLC and 10% in neuro-
blastoma; anti- Ri Ab, typically seen in gynecologic 
cancers; and others mentioned are CRMP5, amphi-
physin, Yo, and anti- Ma2, the latter associated with 
brainstem or cerebellar encephalitis. Although the 
exact pathophysiology of the opsoclonus is unclear, 
there have been some descriptions regarding the 
disinhibition of the fastigial nucleus of the cerebel-
lum; for the rest of the neuropathologic abnormal-
ities there are descriptions of loss of neurons in the 
medulla, Purkinje and granular cerebellar cell dam-
age, and brainstem gliosis.

Symptoms

Localization site Comment

Cerebral hemispheres Encephalopathy, stupor, coma

Mental status and 
psychiatric aspects/
complications

Irritability, sleep disorder, cognitive 
decline

Cerebellum Appendicular or truncal ataxia 
and myoclonus, truncal titubation, 
opsoclonus described as an 
intermittent, sometimes constant 
chaotic involuntary ocular 
multidirectional movement with 
vertical, horizontal, rotatory saccades 
with inter- saccadic events

Vomiting. Dysarthria

Brainstem Ophthalmoplegia

Unclear localization Myoclonus

Secondary Complications: Cognitive and behavioral 
impairment, disability, and dependence.

Treatment Complications
•	 Immunotherapy: fatigue, rash, pruritus, infec-

tion, bleeding risk, depression, irritability.
•	 Plasma exchange therapy: infections, bleeding, 

myoclonus, pain.
•	 Surgery of primary tumor with intrinsic com-

plications associated with the procedure itself.
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Paraneoplastic Optic 
Neuropathy–Retinopathy
Epidemiology and Demographics: These paraneoplastic 

disorders are infrequent. The most common neo-
plasias associated with them are melanoma and 
small cell lung cancer (SCLC), gynecologic includ-
ing ovarian, endometrial and cervical, followed by 
breast cancer; known high mortality associated with 
the presence of the malignancy. The melanoma- 
associated retinopathy is slightly more frequent 
than the cancer- associated retinopathy with male 
predominance compared with females (5:1), and 
typical age of diagnosis at 60 years.

Disorder Description: The paraneoplastic optic retin-
opathy is a classic, although rare, acquired auto-
immune retinopathy characterized by the triad of 
photosensitivity, ring scotoma, and attenuation 
of retinal arterioles but overall normal fundos-
copy, in the appropriate clinical setting; typically 
precedes the diagnosis of cancer. This paraneo-
plastic retinopathy is associated with the synthesis 
of antirecoverin (anti- retinal) antibodies against 
the rhodopsin membrane, described in SCLC. This 
syndrome is also known as cancer- associated retin-
opathy (CAR). The other neoplasia associated with 
this paraneoplastic syndrome is the metastatic mel-
anoma (melanoma- associated retinopathy, MAR) 
with antibodies against the bipolar cells of the retina.

There is another paraneoplastic entity described 
that is an optic neuritis associated with several 
antibodies, mainly anti-CV2/CRMP5 (collapsin 
response- mediator protein- 5) and anti- Hu. The 
majority of these patients have SCLC.

Symptoms

Localization site Comment

Brainstem Subacute painless bilateral visual loss, pres-
ence of flickering lights, with cone dysfunc-
tion expressed by: worsening visual acuity, 
color vision impairment, photosensitivity, 
central scotoma. Rod dysfunction expressed 
by: impaired dark adaptation, night blind-
ness, peripheral field defects

Cerebellar Ataxia

Secondary Complications: Blindness.
Treatment Complications:

•	 Immunotherapy: optic neuritis, infection, neu-
ropathy, rash, and endocrinopathies.
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Paraneoplastic Sensory 
Neuronopathy – Ganglionopathy
Epidemiology and Demographics: This paraneoplastic 

syndrome is uncommon; predominantly seen in 
females (80%) and whites (98%), with mean age 
of onset at 60 years. About 20% of all cases of sen-
sory neuronopathy are related to an underlying 
malignancy; the other described etiologies include 
SjÖgren syndrome or a toxic metabolic syndrome in 
the setting of chemotherapy. Up to 16% of all para-
neoplastic sensory neuronopathies are seronegative. 
The mean survival time is 28 months after diagnosis.

Disorder Description: Autoimmune disorder also known 
as sensory ganglionopathy, characterized by the 
destruction of the dorsal root ganglia; known entity 
associated with malignancy. Characterized by pro-
gressive asymmetric paresthesias, dysesthesias, and 
numbness in the limbs and trunk, with less fre-
quently cranial nerve involvement. In electrophys-
iologic studies there are small- amplitude or absent 
sensory nerve action potentials with relative preser-
vation of motor conduction velocities.

This syndrome is associated with small cell 
lung  cancer, but has also been described in extra-  
pulmonary conditions such as lymphoma, 
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neuroblastoma, and thymoma. The described antibod-
ies in this syndrome include antineuronal nuclear anti-
body type 1 (ANNA- 1), commonly known as anti- Hu, 
which may be found in serum or CSF and is highly pre-
dictive of the presence of malignancy. Additional anti-
bodies described include collapsin response mediator 
protein- 5 (CRMP- 5), also known as anti-CV2.

Symptoms

Localization site Comment

Brainstem Anosmia and/or dysgeusia, and 
hearing difficulties suggestive of 
proximal sensory involvement

Cerebellum Cerebellar ataxia as well

Anterior horn cells Preserved strength

Dorsal root ganglia Progressive asymmetric painful or 
numbing dysesthesias. Impaired 
sensation to all modalities, particularly 
proprioception, causing sensory ataxia 
and pseudo- athetoid movements 
with closed eyes. Typically upper limbs 
are involved first

Peripheral neuropathy Decreased or abolished reflexes

Unclear localization Autonomic dysfunction

Secondary Complications: Frequent falls, disability, and 
dependence.

Treatment Complications: Complications are those asso-
ciated with surgical treatment of primary tumor.
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Parietal Lobe Epilepsy
Epidemiology and Demographics: Represents 4.4% to 6% 

of all epilepsies, can occur at any age, and affects 
males and females equally.

Disorder Description: Seizures originating from the pari-
etal lobe. Most commonly involves primary sen-
sory cortex presenting with subjective sensation 
complaints. Clinical manifestations become more 
apparent once seizures propagate.

Etiologies may include tumors, congenital 
anomalies, post- inflammatory brain scarring, and 
vascular lesions. More recent surgical series have a 
high incidence of cortical dysgenesis.

Antiepileptic drugs are considered first- line 
treatment. Patients refractory to medication should 
be evaluated for resective surgery. Surface EEG 
rarely localizes a seizure focus. Techniques such 
as combined EEG and functional magnetic reso-
nance imaging (EEG–fMRI) may be useful to refine 
localization.

Symptoms

Localization site Comment

Cerebral hemispheres Somatosensory auras: burning sensation, 
tingling, or numbness sometimes 
spreading from the face to hand, arm, 
and leg. Visual hallucinations, kinesthetic 
illusions, sensations of ocular movement, 
distortions of body shape, or perceived 
absence of body parts. Disruptions of 
language and comprehension. Later 
clonus and secondary generalization

Treatment Complications: Transient Gerstmann syn-
drome and primary limb or hemisensory deficits may 
occur postoperatively with surgical interventions.
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Parinaud Syndrome
Epidemiology and Demographics: Occurs sporadically 

in association with a structural abnormality of the 
dorsal midbrain. Classically, it has been associated 
with three major groups: (1) children with brain 
tumors in the pineal gland or midbrain (pinealoma/
intracranial germinoma are the most common), (2) 
women in their 20s to 30s with multiple sclerosis, 
and (3) older adults following stroke of the upper 
brainstem. Obstructive hydrocephalus can occur in 
any age group independent of underlying etiology 
resulting in the syndrome.

Disorder Description: Parinaud syndrome is also called 
the Sylvian aqueduct syndrome, the pretectal syn-
drome, the dorsal midbrain syndrome, and the 
Koerber–Salus–Elschnig syndrome.

Parinaud syndrome is a supranuclear paralysis 
of vertical gaze resulting from impaired function of  
the mesencephalon (rostral interstitial nucleus 
of Cajal). The classic triad includes vertical gaze 
abnormalities (especially upgaze), convergence– 
retraction nystagmus, and pupillary abnormalities 
(large with light- near dissociation). The constella-
tion is variable and could include some or many of 
the following: downward gaze preference or tonic 
downward deviation of the eyes (“setting- sun sign”), 
primary position upbeat or downbeat nystagmus, 
impaired convergence and divergence, excessive 
convergence tone, skew deviation (often with the 
higher eye on the side of the lesion), bilateral upper 
eyelid retraction (Collier “tucked- lid” sign), and 
bilateral ptosis.

It is commonly caused by tumors in the pineal 
region (e.g., dysgerminomas), tectal tumors, or 
intrinsic lesions of the dorsal midbrain (e.g., infarc-
tion, infection, and demyelination). Other etiol-
ogies include arteriovenous malformations, giant 
aneurysms of the posterior fossa, and obstructive 
hydrocephalus (with expansion of the aqueduct and 
pressure on the dorsal midbrain).

Symptoms

Localization site Comment

Cerebral 
hemispheres

Hydrocephalus may cause increased 
intracranial pressure resulting in varying 
degrees of altered consciousness including 
coma

"Setting sun” sign is one of the cardinal 
features in a child with developing 
obstructive hydrocephalus

Brainstem Rarely horizontal eye movements may be 
involved

Secondary Complications: Tectal masses most commonly 
result in hydrocephalus with associated headaches, 
nausea, and vomiting. Bilateral papilledema may 
accompany the syndrome.

Treatment Complications: Most patients improve 
within a few months of treating the hydrocepha-
lus. Significant upgaze palsy can be relieved with 
bilateral inferior rectus recessions. Retraction nys-
tagmus and convergence movement are usually 
improved with this procedure as well.
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Parkinson’s Disease (PD)
Epidemiology and Demographics: Parkinson’s disease (PD) 

prevalence increases with age, from 41/100,000 for 
ages 40–49 years to 1900/100,000 for ages 80 years and 
above.1 Predominant age at presentation is 60 years. 
The prevalence is approximately 7.5 million world-
wide, about 1 million of whom are in the United States. 
Incidence of PD ranges from 8 to 18.6 per 100,000 
person-years.2 PD affects men and women of all races, 
occupations, and countries, but some studies have 
shown a slightly greater risk for men than women.

Disorder Description: PD is a neurodegenerative disorder 
characterized clinically by the cardinal symptoms 
of bradykinesia, rigidity, and tremor. According 
to the Braak theory, neurodegeneration begins in 
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the medulla and olfactory nucleus and progresses 
towards the cortex in a caudal to rostral direc-
tion.3 Two hallmark features are intra- cytoplasmic 
proteinaceous inclusions, called “Lewy” bodies, 
in the nervous system and degeneration of dopa-
minergic neurons in the substantia nigra. The 
non- dopaminergic pathology of inclusion body dep-
osition is considered to occur first, resulting in the 
non- motor symptoms of PD such as constipation, 
anosmia, rapid eye movement (REM) sleep behav-
ior disorder, and cardiac denervation. Traditionally 
these symptoms are not responsive to dopaminer-
gic therapy. The classic motor symptoms include 
bradykinesia, resting tremor, rigidity, and gait dis-
turbances. Specific symptoms that are a result of 
bradykinesia include micrographia, masked facies, 
reduced eye blinking, and a soft voice or hypopho-
nia. Oropharyngeal dysphagia may occur.4

Factors that confer increased risk include pesti-
cide exposure (agent orange, rotenone, paraquat, 
and maneb), rural living or farming, and drink-
ing well water, while cigarette smoking and caf-
feine intake appear to reduce risk. Vascular insults 
and brain trauma in older patients result in a 44% 
increased risk of developing PD over the next 5–7 
years.5 Earlier concerns of welding and manganese 
toxicity causing parkinsonism remain controversial.

The cause of the more common, sporadic PD 
(85–90% of cases) is currently unknown, but envi-
ronmental factors are suspected to contribute in 
patients older than 50 years, while genetic factors 
are of greater importance in those younger. Familial 
PD (10–15% of cases) has been identified with 
specific gene mutations with autosomal dominant 
inheritance, PARK 1,4 at the alpha- synuclein locus 
and PARK- 8 at the LRRK2 locus. Parkin gene muta-
tion is the more commonly responsible gene in PD 
patients less than 40 years of age.6

Symptoms

Secondary Complications: Depression is very common 
in PD with more than half of the patients affected. 
Psychosis with visual hallucinations are generally 
formed and are non- threatening. Visual hallucina-
tions may be indicative of impending dementia.

Most patients with PD die from complications 
resulting from aspiration pneumonia as a result 
of dysphagia, which can also cause dehydration 
and malnutrition. Additionally, they can become 
injured as a result of orthostasis.

Treatment Complications: Nausea and vomiting are 
known to occur if a peripheral decarboxylase inhib-
itor is not given along with levodopa. Peripherally 
converted dopamine can access the dopamine 
receptors within the area postrema of the brain, 
thereby triggering symptoms of nausea. Acute 
dopaminergic effects can also include orthostatic 
hypotension.

Dyskinesias may be experienced during levodopa 
therapy, which are generally choreiform in nature; 
however, they may present as dystonic movements, 
myoclonus, or other movement disorders.

An additional levodopa induced motor com-
plication is fluctuation in response to therapy, 
which is termed the “on– off ” effect. When treat-
ment response is effective it is considered “‘on.” It is 
described as “off ” when medication effect wears off 
and parkinsonism features reappear. Other possible 
variations of this fluctuation are the “wearing off ” 
effect in which the duration of drug benefit progres-
sively decreases, and the “delayed- on” and “no- on” 
effects in which patients experience a delay in onset 
or no response to therapy.

Impulse control disorders that include gambling 
and acts of hypersexuality appear to occur more fre-
quently with dopamine agonists. The drugs that are 
currently used in this class include ropinirole, pram-
ipexole, rotigotine, and apomorphine. Some related 
side effects of these agents include nausea, vomit-
ing, orthostatic hypotension, and lower extremity 

Localization site Comment

Cerebral hemispheres Spectrum of mild cognitive impairment 
to dementia

Basal ganglia Inability to initiate movement, 
bradykinesia, rigidity

Mental status and 
psychiatric aspects/
complications

Mood disorders such as depression, 
anxiety, panic attacks, psychosis with 
visual hallucinations

Localization site Comment

Brainstem Dysfunction in sleep center results 
in REM sleep behavior disorder 
(RBD). Autonomic nervous system 
dysfunction includes orthostatic 
hypotension, constipation, and 
genitourinary disturbances

Cranial nerves Dysphagia, anosmia, and cardiac 
denervation
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edema. Chronic use of dopaminergic agents can 
result in hallucinations, cognitive impairment, and 
sedation.

Patients who use catechol-O-methyl transferase 
(COMT) inhibitors can experience side effects that 
include diarrhea and orange urine (approximately 
10% of patients using entacapone). Although virtu-
ally not used, fatal hepatotoxicity has been reported 
with tolcapone. Centrally acting anticholinergics 
may cause cognitive impairment, urinary dysfunc-
tion, and glaucoma, thereby limiting its use, par-
ticularly in the elderly.
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Parotid Cancer
Epidemiology and Demographics: The parotid malignan-

cies constitute 3–4% of all head and neck neoplasias. 
Incidence of 1–2/100,000 population, with mean 
age of presentation being 60 years of age; typically 
affects females more than males (4:1). Survival at 10 
years is 69% with normal facial function vs 37% with 
partial and 13% with complete paralysis. Most com-
mon histologic subtype is mucoepidermoid (34%).

Disorder Description: Parotid malignancies will present 
with facial palsy in 5% of the cases; typically seen 
in tumors involving the medial lobe of the parotid, 
with perineural invasion in 86% of the patients with 
complete paralysis. The histologic types include 

mucoepidermoid carcinoma, adenoid cystic carci-
noma, adenocarcinoma, carcinoma pleomorphic, 
acinic cell carcinoma, and squamous cell carcinoma.

Symptoms

Localization site Comment

Cerebral hemispheres Occipital headaches

Brainstem Facial nerve palsy with progression 
over time, persistent ear pain, lack of 
recovery, persistent facial paresthesias

Cerebellum Ataxia, dizziness, nausea, vomiting

Base of skull Cavernous sinus syndrome 
ophthalmoplegia, loss of corneal reflex, 
sensory loss in V1, hypoacusis

Secondary Complications: Facial nerve palsy, auriculo-
temporal nerve damage with Frey’s syndrome, char-
acterized by re- innervation flushing, sweating in the 
ipsilateral cheek while eating.

Treatment Complications
•	 Surgery: hemorrhage, infection, necrosis, facial 

nerve damage, chronic pain, paresthesias, changes 
of speech, and swallowing.

•	 Radiation: Brainstem encephalopathy, myelop-
athy, baroreflex failure, radiation necrosis, and 
leukoencephalopathy.
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Paroxysmal Hemicrania and Chronic 
Paroxysmal Hemicrania
Epidemiology and Demographics: This condition is seen 

in the third or fourth decade of life. Seen in both 
men and women equally. The prevalence of this 
condition is unknown as there are no studies look-
ing at this directly. However, given the similarity of 
this condition to cluster headache, some estimate 
that paroxysmal hemicrania has a prevalence of 1 
in 50,000.

Disorder Description: This type of headache is charac-
terized by strictly unilateral pain. The incidence of 
either left- or right- side headache is of equal fre-
quency. A small percentage (3–15%) present with 
alternating side attacks. The pain can be orbital, 
supraorbital, temporal, or a combination of these 
sites. Further, the pain can spread to the occiput, 
neck, shoulder, maxilla, periauricular region, and 
oral cavity. Involvement of occiput is seen in 40% of 
cases. Most cases report severe headache pain. The 
diagnosis of paroxysmal hemicrania must include 
at least one cranial autonomic feature. Lacrimation 
is the most common reported associated symptom. 
Other side effects include conjunctival injection, 
 rhinorrhea, nasal congestion, ptosis, facial flushing, 
eyelid edema, and facial sweating. Attacks can occur 
up to 50 times in a day. Some patients report triggers 
for this type of headache like exercise, neck move-
ment, alcohol, bending downward, coughing, warm 
environment, cold weather, or a strong smell.

The chronic form of this condition accounts for 
almost 80% of all paroxysmal hemicrania cases. This 
condition must be continuous for more than 1 year 
or occur with a brief period of remission of less than 
1 month to fit the diagnosis.

Symptoms

Localization site Comment

Cerebral hemispheres Some studies suggest a role for poste-
rior hypothalamus, ventral midbrain, red 
nucleus, and substantia nigra. The hypo-
thalamus is thought to be central to the 
cranial autonomic features

Secondary Complications: This type of headache can be 
refractory to treatment. Rarely, some cases have 
been reported of patients undergoing deep brain 
stimulation with varying degrees of success.

Treatment Complications: Excess use of indomethacin, 
the treatment for paroxysmal hemicrania, can lead to 
tachyphylaxis – a rare occurrence. In these patients, 
the effectiveness of the medication decreases sub-
stantially and relatively quickly, likely secondary to 
increased tolerance.
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Paroxysmal Kinesigenic Dyskinesia (PKD)
Epidemiology and Demographics: Paroxysmal kinesigenic 

dyskinesia (PKD) is the most common type of the 
paroxysmal movement disorders, including non- 
kinesigenic (PKND), exercise- induced dyskine-
sia (PED), and paroxysmal hypnogenic dyskinesia 
(PHD), which has been further identified as autoso-
mal dominant nocturnal frontal lobe epilepsy. Women 
present a better prognosis and a higher chance of 
complete remission than men, but the male-to-female 
ratio was higher in sporadic cases but not in familial 
cases.1 Precise prevalence is currently unknown.

Disorder Description: PKD is a paroxysmal dyskinesia 
precipitated by sudden, voluntary movements. It is 
characterized by recurrent attacks of chorea and/
or involuntary dystonia and tends to be autosomal 
dominant and familial in nature.2,3 Consciousness is 
preserved, and patients respond to treatment with 
carbamezapine or phenytoin.1 PKD is frequently 
preceded by infantile convulsions.4 Migraine and 
hemiplegic migraine were the most common 
associated phenotypes.4 Women also indicated 
improvement of attacks while pregnant, indicating 
the potential for hormonal influence in PKD, but 
further studies are needed for verification.1
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The major PKD gene has been identified as 
PRRT, a small, proline- rich transmembrane protein 
present on chromosome 16pq11.2.5 This disease- 
causing mutation that reduces the level of PRRT2, 
and therefore the gene’s interaction with SNAP25, a 
protein that facilitates synaptic exocytosis, reduces 
the restriction of presynaptic exocytosis and thereby 
results in excessive neurotransmitter release.4 This 
finding, as well as a potential increase in glutamine 
release, shows that the limited neurotransmitter 
release regulation could result in migraines.4

PNKD attacks are often triggered by alcohol, 
coffee, or strong emotions. They tend to last longer 
than PKD attacks, often 10 minutes to 1 hour, but 
can extend to 12 hours.4 These attacks, however, are 
infrequent and occur only a few times a year.

PED is the rarest of the aforementioned parox-
ysmal movement disorders. Attacks of dystonia 
occur, which are induced by physical exertion after 
long periods of exercise. PED is also associated with 
migraine, hemiplegia, ataxia, and epilepsy.2,4

Symptoms

Localization site Comment

Cerebellum Among regions of highest expression 
levels of SNAP25 and PRRT2, indication of 
possible association of hyperexcitability and 
symptomatic dystonia/chorea4

Secondary Complications: Hur et  al. conducted a case 
report on paroxysmal dyskinesia secondary to the 
2009 H1N1 infection.6 Neurologic complications 
including seizures and encephalopathy were more 
common, while secondary movement disorders 
such as chorea and dystonia were rarely reported. 
Aspiration pneumonia can result from dysphagia, 
and complications sustained from a fall are the usual 
causative factors that lead to mortality.
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Paroxysmal Nocturnal 
Hemoglobinuria (PNH)
Epidemiology and Demographics: Paroxysmal nocturnal 

hemoglobinuria (PNH) is a rare disease that is pres-
ent worldwide with estimated incidence less than 
10 per million per year. Affects men and women 
equally.

Disorder Description: Caused by an acquired mutation in 
hematopoietic stem cells in the PIGA gene encod-
ing a cell membrane glycolipid anchor, which is 
important for many pathways including inhibi-
tion of complement- mediated erythrocyte lysis. 
For unclear reasons, acquired aplastic anemia can 
often precede the diagnosis of PNH. Clinical symp-
toms can be from episodic hemolysis or thrombotic 
events.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Can cause cerebral venous thrombosis (most 
frequently in superior sagittal sinus, lateral 
sinuses, or cortical veins) affecting cerebral 
function diffusely by increased intracranial 
pressure or more focally in cases of cortical 
vein thrombosis1

Mental status 
and psychiatric 
aspects/
complications

Venous sinus thrombosis can initially present 
as headache and confusion

Unclear 
localization

Headache frequently accompanies PNH even 
without venous thrombosis2

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.016
https://www.cambridge.org/core


Section 1 Diagnostics

472

Secondary Complications: Patients can have cytopenias 
from concurrent aplastic anemia or myelodysplas-
tic syndrome. Thrombosis can affect other loca-
tions including pulmonary veins, hepatic veins, 
and mesenteric veins. Thromboembolism is a 
major cause of morbidity. Spontaneous intravascu-
lar hemolysis occurs with characteristic nocturnal 
hemoglobinuria.

Treatment Complications: Eculizumab, a humanized 
monoclonal antibody to complement component 
C5, is an approved therapy that reduces the risk of 
thrombosis and hemolysis but is associated with 
life- threatening Neisseria infections, including 
meningitis.
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Patent Ductus Arteriosus
Epidemiology and Demographics: Although symptoms 

may not manifest until later in life, patent ductus 
arteriosus (PDA) is a congenital heart defect, which 
is therefore present from birth. For children born 
at term, incidence is estimated in the 0.02%–0.06% 
range, with higher rates in preterm births.

Disorder Description: Shortly after birth (2 or 3 days), the 
ductus arteriosus, which is patent in the fetus and 
connects the pulmonary artery to the descending 
aorta, usually closes. There are several character-
izations of severity of a ductus that remains open, 
which depends on the size of the duct and how the 
systemic and pulmonary vascular resistance differ. 
There is no certain cause of patent ductus arteriosus 
(PDA), but risk factors include premature birth, a 
family history of genetic heart problems, infection 
in the mother during pregnancy with rubella, and 
birth at altitudes greater than 10,000 feet.

Symptoms

Localization site Comment

Cerebral hemispheres Hypoperfusion with syncope/
presyncope related to secondary 
arrhythmias as well as embolic 
complications

Mental status and 
psychiatric aspects/
complications

Lightheadedness, fatigue, confusion, 
and potential focal central nervous 
system (CNS) problems that may affect 
the various CNS areas indicated below

Brainstem Same as above

Cerebellum Same as above

Vestibular system (and 
non specific dizziness)

Same as above

Base of skull Same as above

Secondary Complications: A small PDA may not be prob-
lematic but a large PDA may lead to a number of prob-
lems. Atrial arrhythmias and dyspnea may present 
in a larger PDA, along with left ventricular volume 
overload and pulmonary hypertension (possibly 
Eisenmenger syndrome) resulting from increased 
pulmonary circulation. Heart failure may also occur 
and there is an increased risk for infective endocarditis.

Treatment Complications: Treatments include transcath-
eter occlusion and surgical closure via ductal liga-
tion and/or division. All carry a relatively low risk of 
complications or death.
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Patent Foramen Ovale
Epidemiology and Demographics: The foramen ovale does 

not close in approximately 25% of people.
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Disorder Description: A fetus has a foramen ovale, which 
is a tunnel between the septum secundum and sep-
tum primum that allows blood to flow from the 
right atrium to the left atrium to help bypass pul-
monary circulation. A patent foramen ovale results 
when this tunnel fails to close. The reasons for this 
failure are not clearly understood.

Symptoms

Localization site Comment

Cerebral hemispheres Embolic complications that typically 
present as focal areas of infarction

Mental status and 
psychiatric aspects/
complications

Depression following transient 
ischemic attack (TIA) and stroke are 
common with occasional central 
nervous system deficits depending 
on the areas affected

Brainstem Embolic events may affect this area

Cerebellum Same as above

Vestibular system (and 
non specific dizziness)

Same as above

Base of skull Same as above

Secondary Complications: Patent foramen ovale may 
be cited as a potential cause of stroke or TIA. The 
open connection between the right and left heart 
provides an avenue for thrombus to travel from the 
right venous side to the left arterial side (paradoxi-
cal embolization to systemic circulation).

Treatment: Anticoagulants are used if cryptogenic 
stroke occurs, and transcatheter closure is also a 
viable treatment option.
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Peduncular Hallucinosis
Epidemiology and Demographics: This is a rare disor-

der reported in the literature primarily as case  
reports.

Disorder Description: Patients complain of vivid color-
ful hallucinations in the setting of any lesion (e.g., 
stroke, hemorrhage, tumor) affecting the pons, thal-
amus, or midbrain. The hallucinations may be lilli-
putian at times. The patients are generally aware that 
the hallucinations are false.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Cognitive and sleep disorders are 
commonly seen in association with 
this disorder

Brainstem Visual hallucinations

Secondary Complications: This is associated with cogni-
tive disturbances and abnormal sleep patterns.

Treatment Complications: There have been case reports 
of successful treatment with atypical antipsychot-
ics. These medications are often sedating and may 
lead to parkinsonism and neuroleptic malignant 
syndrome.
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Perilymphatic Fistula (PLF)
Epidemiology and Demographics: Perilymphatic fistula 

(PLF) affects the inner ear and can occur sporadi-
cally as a result of trauma or a chronic middle ear 
infection. Spontaneous PLF probably does not 
exist; superior semicircular canal dehiscence (SCD) 
should be suspected in these cases. The incidence of 
PLF is unknown but it is considered a rare disorder 
likely affecting fewer than 200,000 individuals.
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Disorder Description: PLF is an abnormal communica-
tion between the membranous labyrinth and the 
middle ear. Common etiologies include erosion of 
the inner ear by cholesteatoma, traumatic fractures 
of the temporal bone, or otosyphilis. Patients with 
PLF complain of position or pressure- induced ver-
tigo. The hallmark sign of PLF is vertigo and devia-
tion of the eyes with external pressure on the tragus 
(positive fistula test). As in SCD, increasing middle 
ear pressures will elicit a response.

Symptoms

Localization site Comment

Inner ear Dehiscence of bone resulting in a third 
window phenomenon with vestibular 
symptoms +/− hearing loss and tinnitus

Cranial nerves The cochleovestibular nerve is not affected

Central nervous 
system

The central nervous system is not affected

Secondary Complications: Imbalance and vertigo in these 
patients may result in increased risk for injuries or 
falls. Hearing loss may occur as result of sudden 
changes in middle ear pressures.

Treatment Complications: PLF resulting from chole-
steatoma requires a tympanomastoidectomy with 
exteriorization of cholesteatoma sac and minimal 
dissection over the fistula to avoid sensorineural 
hearing loss. PLF resulting from blunt trauma may 
initially be managed with bed rest, head elevation, 
laxatives, and monitoring of hearing/vestibular 
function. Cases failing conservative management 
may undergo middle ear exploration with fat patch-
ing of the oval and round windows. When otosyphi-
lis is suspected, serum should be sent for fluorescent 
treponemal antibodies; the treatment is benzathine 
penicillin and steroids.

Repair of a PLF via cholesteatoma resection or 
patching of the oval/round window carries the risk 
of profound sensorineural hearing loss.
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Perineuritis
Epidemiology and Demographics: Most patients (90% or 

more) are 50 years of age or older. Gender predilec-
tion, frequency of condition, and geographic distri-
bution vary based upon cause.

Disorder Description: Thickening of perineurium focally 
around some fascicles with associated degener-
ation or loss of perineural cells with or without 
inflammation.

Potential causes include:
    a. Diabetes: most common cause of perineuritis
 b. Chronic inflammatory demyelinating 

polyradiculoneuropathy
 c. Cryoglobulinemia: monoclonal antibodies, 

hepatitis C, hepatitis A or B, HIV, Epstein–Barr 
virus, bacterial infections, immune disorders 
(lupus, scleroderma, SjÖgren’s, rheumatoid 
arthritis), lymphoproliferative disorders (mye-
loma, Hodgkin’s lymphoma, non- Hodgkin’s B 
cell lymphoma, macroglobulinemia, chronic 
lymphocytic leukemia, hairy cell leukemia, 
lymphoblastic lymphadenopathy)

 d. Spanish toxic oil
 e. Weight loss
 f. Collagen vascular disorders
 g. Sepsis
 h. Wegener’s granulomatosis: causes optic 

perineuritis
 i. Giant cell arteritis: causes optic perineuritis
 j. Sarcoidosis: causes optic perineuritis
    k. Syphilis: causes optic perineuritis

Risk factors include:
    a. Diabetes
 b. Infection with hepatitis C, hepatitis A or B, HIV, 

or Epstein–Barr virus
 c. Autoimmune disorders
 d. Cancer: lymphoma or leukemia
 e. Sepsis
 f. Ingestion of adulterated Spanish rapeseed oil 

(Spanish toxic oil)
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Symptoms

Localization site Comment

Cranial nerves Optic perineuritis – vision loss of the 
peripheral visual field progressing for longer 
than 2 weeks (arcuate scotoma). Central 
and color vision preserved, pain on eye 
movement, swollen or normal optic disc, 
diplopia, chemosis and/or subtle ptosis may 
be present. Patients are typically 45 years of 
age or older

Mononeuritis 
multiplex

Paresthesias, pain, and restless legs. More 
common with Type III cryoglobulinemia, 
acute or subacute onset, asymmetric 
symptoms involving distal more than 
proximal extremities, both sensory and 
motor nerves can be involved

Secondary Complications: Visual disturbances: blurred 
vision, double vision, and vision loss. Pain and 
weakness in lower extremities.

Treatment Complications: The steroid methylpredni-
solone is commonly used to treat this condition. 
Methylprednisolone causes an increased risk of 
infection, hyperglycemia, avascular necrosis of the 
hip, psychosis, Cushing’s disease, and osteoporosis.
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Periodic Limb Movement Disorder
Epidemiology and Demographics: Among US undergrad-

uate college students aged 17–25 years between 
2009 and 2010, the prevalence of periodic limb 
movement disorder or restless leg syndrome 
(PLMD/RLS) was 8%, and women were at a greater 
risk.1 There were no significant differences in risk 
by ethnicity.1 The prevalence of PLMD among 
University of Alabama students aged 17–25 years 
between 2010 and 2011 was 8.4% specifically for 
RLS and 7.8% (132/1684) for PLMD.2 PLMD is 
thought to be rare as periodic limb movements 
(PLMs) are typically associated with RLS, REM 
sleep behavior disorder, or narcolepsy and rep-
resent a distinct diagnosis from PLMD. PLMs are 

associated with RLS in more than 80% of cases3,4; 
however, PLMD can occur without RLS.3 The rate of 
diagnosis of PLMD by the Diagnostic Interview for 
Sleep Patterns and Disorders has substantial spec-
ificity for diagnosing PLMD (specificity = 0.88%, 
sensitivity = 0.67%), and the rate of diagnosis using 
this standardized tool was significantly higher than 
the clinician diagnosis.5 The most objective diag-
nostic tool is a sleep- related parameter measured 
by polysomnography or actigraphy, particularly the 
Periodic Limb Movements in Sleep (PLMS), PLM 
index (PLMI), PLMs arousal index (PLMS- AI), and 
sleep efficiency.4

Disorder Description: PLMs are episodic, involuntary 
muscle contractions that occur during sleep typically 
leading to repetitive limb movements during sleep.4 
Higher frequency of PLMs (≥15 PLMs/hour of sleep) 
is associated with genetic polymorphisms (BTBD9, 
TOX8/BCo34767, MEIS1, MAP2K5/SKOR1, 
PTPRD).3 The disorder most often affects the lower 
extremities, including the toes, ankles, knees, and 
hips, and occasionally the upper extremities.4

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Daytime sleepiness and fatigue

Less commonly poor physical or 
mental health, decrements in academic 
performance, difficulty concentrating, 
poorer lifestyle factors including substance 
use, reduced physical activity, and less 
social engagement

Brainstem Sleep rhythm disruption

Cranial nerves Cardiac arrhythmias

Muscle Congestive heart failure

Secondary Complications: Limb movements may be 
associated with an arousal or awakening, thereby 
disrupting the sleep rhythms.4 PLMD is associated 
with other disorders, including depression, cardio-
vascular disease, REM sleep behavior disorder, nar-
colepsy, Parkinson’s disease, and multiple system 
atrophy.3 Daytime impairments found among peo-
ple with sleep disorders may include sleepiness and 
fatigue, poor physical or mental health, decrements 
in academic performance, difficulty concentrating, 
poorer lifestyle factors including substance use, 
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reduced physical activity, and less social engage-
ment.2 However, college students with PLMD were 
not found to have significant differences in working 
memory capacity span task or a higher incidence 
of a mental health disorder.2 There is a significant 
association of PLMD with cardiovascular disorders, 
including congestive heart failure, and increased 
risk of atrial fibrillation and coronary artery disease.3
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Periodic Paralysis
A group of rare disorders that present as transient 
painless muscle weakness. This includes:

Hypokalemic periodic paralysis
Thyrotoxic periodic paralysis
Hyperkalemic periodic paralysis
Anderson syndrome
Paramyotonia congenita

Hypokalemic Periodic Paralysis (HypoPP). Further divided 
into three subtypes (depending on channel 
involvement):

 (a) HypoPPtype 1 – mutation of CACNL1AS 
(involving L type of calcium channel)

 (b) HypoPPtype 2 – mutation of SCN4A (involving 
sodium channel)

 (c) HypoPPtype 3 – mutation of KCNE3 (involving 
potassium channel)

The most common type of periodic paralysis is 
hypokalemic periodic paralysis. The prevalence of 
HypoPP is about 1/100,000.1 HypoPP has an auto-
somal dominant inheritance pattern. Men are more 
affected than women and penetrance is incomplete 
mainly in women.2

Attacks begin in teen years or young adulthood. 
Attacks are characterized by proximal muscle weak-
ness (legs > arms) with hyporeflexia or areflexia. 
Consciousness is preserved. Attacks last for hours 
usually. Myotonia is absent. Diurnal variation (more 
weakness during night or early morning than mid-
day) has been noticed. Frequency of attacks is about 
once or twice a week. Cranial and bulbar muscles 
are usually not involved. Involvement of respiratory 
muscles is rare but fatal.

Precipitating factors include heavy carbohydrate 
meals, heavy exercise followed by period of rest, and 
administration of insulin.

During attacks, serum potassium is low.3 During 
attacks, motor nerve conduction studies reveal 
lower compound muscle action potentials and 
electromyography reveals electrical silence.4 Inter- 
attack muscle biopsy reveals centrally placed vacuo-
lar or tubular aggregates.4 Provocative test by giving 
glucose load is considered dangerous. Genetic test-
ing is preferred for diagnosis.

Life-threatening cardiac arrhythmias have been 
reported during attacks with low serum potassium 
level.4,5 Later, patient also develops progressive 
proximal myopathy.4,6

Secondary causes of hypokalemic periodic paral-
ysis should be excluded such as primary hyperaldos-
teronism, use of diuretics, renal potassium wasting, 
gastrointestinal potassium loss (diarrhea), and ster-
oid use, etc.4

Treatment: Acute treatment should be provided with 
oral potassium.4 Preventive treatments include: 
(1) nonpharmacologic measures such as a low- 
carbohydrate diet and avoiding vigorous exercise; 
and (2) pharmacologic measures – use of carbonic 
anhydrase inhibitors such as acetazolamide.2,4,7 
Sometimes triamterene or spironolactone is also 
added in refractory cases.4,7
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Thyrotoxic Periodic Paralysis: A sporadic HypoPP usu-
ally seen in Asian populations.4,5 It is associated 
with hyperthyroidism, and most common cause 
is Grave’s disease.4,8–13 Men are more commonly 
affected than women.4

Attacks usually begin around 3rd decade. Symp-
toms of thyrotoxicosis either precede or occur 
 simultaneously with attack. Attacks are characterized 
by proximal weakness (legs > arms) with or without 
hyporeflexia. Patients also complain of muscle aches 
and pains.14

Degree of hypokalemia during attack is var-
iable.15 Labs may reveal high thyroxine and low 
thyroid- stimulating hormone during attack.16

Cardiac arrhythmias and electrocardiogram 
changes are noticed also with thyrotoxic HypoPP.

Treatment: Acute treatment is replacement of potas-
sium and monitoring for rebound hyperkalemia, 
and intravenous propranolol.17–18 Prophylactic 
treatment involves treatment of hyperthyroidism 
and use of propranolol.19

Hyperkalemic Periodic Paralysis (HyperPP): This is a rare 
autosomally inherited disorder. It results from 
mutation affecting sodium channels (SCN4A gene).

Prevalence of HyperPP is about 1/200,000.20 
Women and men appear to be equally affected.

Attacks usually begin in childhood and are char-
acterized by proximal muscle weakness. Attacks are 
usually brief in duration lasting from minutes to 
hours. Bulbar and respiratory muscles are spared. 
Myotonia is present in between the attacks.4,21

Precipitating factors include fasting, pregnancy, 
emotional stress, rest following exercise, exposure 
to cold, and potassium ingestion.4

Cardiac arrhythmias have been reported in 
HyperPP.22 Later in disease, patient develops pro-
gressive proximal myopathy.23

During attacks, serum potassium level may be 
high or normal. In between attacks, electromyogra-
phy studies reveal myotonia. Sometimes an exercise 
test performed during electromyography helps to 
confirm the diagnosis.24,25 Muscle biopsy eventually 
shows vacuolar changes that are more peripheral. 
Genetic testing is preferred.

Treatment: Acute treatment is usually not required 
as attacks are brief. Mild attacks can be aborted 
with exercise. Severe attacks are treated with thi-
azide diuretics, beta agonist agents, or intrave-
nous calcium.1,4,26 For prophylactic treatment, 
carbonic anhydrase inhibitors (acetazolamide), 

beta agonists, and thiazide diuretics are useful.27–29 
Patients remain paralysed for hours when they 
recover from general  anesthesia.30 Mexiletine is 
used to treat myotonia.

Anderson’s Syndrome: A rare syndrome characterized by 
periodic paralysis, cardiac arrhythmias, and peri-
odic paralysis. It has autosomal dominant inher-
itance pattern and is caused by mutation affecting 
potassium channels. Attacks begin in childhood. 
Patient also develops long QT syndrome and per-
manent proximal muscle weakness. Dysmorphic 
features are short stature, scoliosis, clinodactyly, 
hypertelorism, small or prominent low- set ears, 
micrognathia, and broad forehead.4

Paramyotonia Congenita: A rare autosomal dominant 
inherited disease caused by mutation in sodium 
channels (SCN4A).

Clinical features include periodic paralysis and 
myotonia. Attacks of weakness are either spontane-
ous or precipitated by exposure to cold. Symptoms 
begin either during infancy or early childhood. 
Myotonia gets worse with exercise compared with 
other myotonic syndromes. Later in disease, patient 
develops progressive proximal myopathy.4

During attack, serum potassium level is normal 
or high. Creatinine kinase may be elevated. Routine 
nerve conduction studies are normal, but com-
pound muscle action potentials reduce in amplitude 
with cooling of limb. Electromyography reveals 
myotonia that disappears with cooling as muscle 
becomes inexcitable.4

Treatment: Acute attacks rarely need treatment as 
weakness is mild. Avoidance of cold and vigorous 
exercise is advised. Prophylactic treatment with 
mexiletine or thiazide diuretics can be helpful.4
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Peroneal Neuropathy
Epidemiology and Demographics: This is a relatively com-

mon disease that can occur in all ages. There is no 
predilection for either sex.
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Disorder Description: The condition causes weakness 
of the dorsiflexors and everters of the affected foot 
and toes. Numbness occurs in the outside of the 
calf and the upper surface of the foot. Surgery can 
be a potential risk factor along with people who fre-
quently cross their legs. Compression from a local 
cyst may occur in the popliteal area.

Symptoms

Localization site Comment

Peripheral neuropathy Peroneal nerve at the fibular head

Secondary Complications: Trips and falls from foot drop.
Treatment Complications: Surgical intervention may 

rarely cause injury to other nerves.

Bibliography
Brazis PW, et al., eds. Peripheral nerves. In 

Localization in clinical neurology. 6th ed. 
Philadelphia, PA: Lippincott Williams and 
Wilkins; 2011. Chapter 2.

Stewart JD. Foot drop: where, why and what to do? 
Pract Neurol. 2008;8(3):158–69. DOI: 10.1136/
jnnp.2008.149393.

Persistent Depressive Disorder (Dysthymia)
Epidemiology and Demographics: DSM- 5 definition of 

persistent depressive disorder is a combination of the 
DSM- IV diagnoses of dysthymia and a major depres-
sive episode. The 12- month prevalence in the United 
States of persistent depressive disorder is 0.5%, com-
pared with 1.5% for major depressive disorder.

Disorder Description: According to DSM-5, this disor-
der represents a consolidation of DSM-IV-defined 
chronic major depressive disorder and dysthymic 
disorder.
 A. Depressed mood for most of the day, for more 

days than not, as indicated by either subjective 
account or observation by others, for at least 2 
years. (In children and adolescents, mood can be 
irritable, and duration must be at least 1 year.)

 B. Presence, while depressed, of two (or more) of 
the following:
 i. Poor appetite or overeating
 ii. Insomnia or hypersomnia
 iii. Low energy or fatigue

 iv. Low self-esteem
 v. Poor concentration or difficulty making 

decisions
 vi. Feelings of hopelessness

 C. During the 2- year period (1 year for children 
or adolescents) of the disturbance, the individ-
ual has never been without the symptoms in 
Criteria A and B for more than 2 months at a 
time.

 D. Criteria for a major depressive disorder may be 
continuously present for 2 years.

 E. There has never been a manic episode or a 
hypomanic episode, and criteria have never 
been met for cyclothymic disorder.

 F. The disturbance is not better explained by a 
persistent schizoaffective disorder, schizophre-
nia, delusional disorder, or other specified or 
unspecified schizophrenia spectrum and other 
psychotic disorder.

 G. The symptoms are not attributable to the phys-
iologic effects of a substance (e.g., a drug of 
abuse, a medication) or another medical condi-
tion (e.g., hypothyroidism).

 H. The symptoms cause clinically significant dis-
tress or impairment in social, occupational, or 
other important areas of functioning.

Differential Diagnosis: Differential diagnosis should 
include major depressive disorder, psychotic dis-
orders, depressive or bipolar and related disorder 
due to another medical condition, substance/med-
ication-induced depressive or bipolar disorder, and 
personality disorders.

The diagnosis of major depressive disorder is dis-
tinguished from persistent depressive disorder by 
how long the symptoms are present. A major depres-
sive episode does not last 2 years and thus would not 
be considered persistent depressive disorder.

In psychotic disorders (schizoaffective, schizo-
phreniform, schizophrenia), depressive symp-
toms are common; however, a separate diagnosis 
of persistent depressive disorder is not made if the 
symptoms are only present during the course of the 
psychotic disorder.

In depressive or bipolar and related disorder 
due to another medical condition, the mood dis-
turbance is judged (by history, physical exam, and 
laboratory findings) to be attributable directly to 
another medical condition.

In substance/medication-induced depressive or 
bipolar disorder, there are depressive symptoms, 
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but they are etiologically related to a substance (e.g., 
a drug of abuse, medication, or toxin).

In persistent depressive disorder, there is often 
co- occurring personality disturbance. When one’s 
presentation meets the criteria for both persistent 
depressive disorder and a personality disorder, both 
diagnoses are given.

Secondary Complications: Persistent depressive disorder 
may significantly decrease one’s quality of life. It may 
lead to, or occur with, substance abuse. Relationship 
and family difficulties, as well as problems with 
school or work may occur. Additional complica-
tions include chronic pain and illness, suicidal 
thoughts and behavior, and personality disorders.

Treatment Complications: Treatment for persistent 
depressive disorder should include both psycho-
therapy and pharmacotherapy (combination is 
more effective than either alone). Pharmacotherapy 
may include selective serotonin reuptake inhibi-
tors (SSRIs), tricyclic antidepressants (TCAs), and 
monoamine oxidase inhibitors (MAOIs). SSRI side 
effects include nausea, diarrhea, insomnia, head-
ache, anorexia, weight loss, sexual dysfunction, rest-
lessness (akathisia- like), serotonin syndrome (fever 
diaphoresis, tachycardia, hypertension, delirium, 
neuromuscular excitability), hyponatremia, and 
seizures (0.2%).

TCAs are highly protein bound and lipid soluble 
and thus have many drug interactions. They have 
antihistaminic properties including sedation and 
weight gain; antiadrenergic properties including 
orthostatic hypotension, dizziness, reflex tachycar-
dia, and arrhythmias; and antimuscarinic effects 
including dry mouth, constipation, urinary reten-
tion, blurry vision, tachycardia, and exacerbation of 
narrow angle glaucoma. TCAs are lethal in overdose 
and thus suicide risk should be carefully assessed. 
Symptoms of overdose include agitation, tremors, 
ataxia, arrhythmias, delirium, hypoventilation 
(secondary to central nervous system depression), 
myoclonus, hyperreflexia, seizures, and coma. 
Serotonergic effects are also seen in TCAs including 
erectile/ejaculatory dysfunction in males and anor-
gasmia in females.

MAOI side effects include serotonin syndrome 
(especially when taken together with SSRIs or other 
drugs that also raise serotonin levels). Serotonin 
syndrome is characterized by lethargy, restless-
ness, confusion, flushing, diaphoresis, tremor, 
and myoclonus. These symptoms may progress to 

hyperthermia, hypertonicity, rhabdomyolysis, renal 
failure, convulsions, coma, and death. To avoid ser-
otonin syndrome, a “washout period” of 2 weeks 
should be used between the discontinuation of 
either an SSRI or MAOI and the start of another. A 
5- week period is necessary for fluoxetine washout. 
When taken with tyramine- rich foods (aged cheeses, 
wines, chicken liver, fava beans, etc.), MAOIs may 
cause hypertensive crisis. In hypertensive crisis, 
markedly elevated blood pressure along with head-
ache, sweating, nausea, vomiting, photophobia, 
autonomic instability, chest pain, arrhythmias, and 
death can be seen. Other MAOI side effects include 
orthostatic hypotension, drowsiness, sexual dys-
function, dry mouth, sleep problems, liver toxicity, 
edema, and seizures. Patients with pyridoxine defi-
ciency can have numbness or paresthesias, so they 
should be supplemented with vitamin B6.
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Persistent Vegetative State
Epidemiology and Demographics: According to estimates 

cited in a consensus statement by the Multi- Society 
Task Force on persistent vegetative state (PVS), 
there are 10,000 to 25,000 adults and 4000 to 10,000 
children in a PVS in the United States.1 Head trauma 
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is the most common acute cause of PVS in adults, 
and hypoxic–ischemic encephalopathy is the most 
common acute cause in children. Non- acute causes 
of PVS include degenerative disorders such as 
Alzheimer’s dementia and developmental disorders 
such as anencephaly.1

Disorder Description: Patients in a vegetative state 
are unaware of their surroundings and lack self- 
awareness, yet have intact sleep–wake cycles with 
intermittent periods of wakefulness, as well as par-
tial or complete preservation of hypothalamic and 
brainstem autonomic functions. During periods of 
wakefulness, PVS patients may smile, cry, moan, 
or exhibit stereotyped reflexive movements, which 
are purposeless, rather than goal- directed. PVS 
describes a vegetative state that persists for at least 
1 month in patients with degenerative, metabolic, 
or developmental disorders, or present at 1 month 
following traumatic brain injury (TBI) or non- TBI. 
PET scan during PVS shows decreased cerebral glu-
cose metabolic rates, comparable to rates reported 
during deep general anesthesia of normal subjects. 
Despite the appearance of interactivity, PVS patients 
are in an unconscious state.1

Consciousness requires both wakefulness and 
awareness. Wakefulness is mediated by ascending 
stimuli from the pontine tegmentum, posterior 
hypothalamus, and thalamus. Awareness is medi-
ated by cerebral cortical neurons and their connec-
tions to major subcortical nuclei. Comatose patients 
lack both wakefulness and awareness. PVS patients 
are intermittently awake, with intact though irreg-
ular sleep–wake cycles, but lack awareness. It is 
also important to distinguish PVS from locked- in 
syndrome, in which awareness is retained, but 
demonstration of awareness is limited by profound 
quadraparesis.1

Neuropathology of acute causes of PVS fall into 
two main patterns: diffuse laminar cortical necro-
sis (typically following global hypoxic–ischemic 
injury) and diffuse axonal injury (after trauma).1 
Disproportionately selective and severe thalamic 
injury was noted in one case study (of Karen Ann 
Quinlan), and Kinney et al. posit that the thalamus 
may play a critical role in the pathogenesis of PVS.2 
There is a lack of data regarding neuropathologic 
correlates of PVS resulting from degenerative, met-
abolic, or developmental disorders.1

Following an initial insult, a patient may be ini-
tially comatose, then subsequently recover to a PVS 

or better. Coma from TBI carries a better prognosis 
than non- traumatic coma. Recovery after prolonged 
coma from TBI has been described.3 In a review of 
434 patients in a vegetative state at 1 month post- 
TBI, 33% had recovered consciousness at 3 months 
post- TBI, 46% had recovered by 6 months, 52% 
by 12 months, and 7% after 12 months.1 The AAN 
recommended in a 1995 summary statement that 
PVS can be judged to be permanent at 12 months 
post- TBI and at 3 months after non- TBI, with 
the caveat that special attention should be paid to 
signs of awareness in children during the first year 
post-TBI.4

Karen Ann Quinlan, a 21-year-old woman, 
suffered a cardiopulmonary arrest and hypoxic–
ischemic brain injury in 1975, following accidental 
ingestion of sedatives with alcohol, and remained 
in a PVS for the next 10 years, eventually succumb-
ing to a combination of pneumonia, endocarditis, 
and meningitis. Her case led to the establishment of 
medicolegal guidelines for the care of PVS patients.2 
Discussion with family regarding level of treatment 
is essential, including provision of medications, 
supplemental oxygen and use of antibiotics, sustain-
ing measures such as dialysis, and artificial nutrition 
and hydration.4 As per a position paper by the AAN 
in 1989, nutrition and hydration administered by 
artificial means (such as G- tube) is classified as a 
form of medical treatment, not a nursing proce-
dure, and may be discontinued in accordance with 
practices governing withholding and withdrawing 
other forms of medical treatment in PVS patients.5 
Of note, end-of-life decision- making is largely 
governed by state law, and some states have more 
restrictive statutes that either exclude PVS from the 
clinical conditions for which life- sustaining treat-
ment can be withdrawn or permit care to be with-
drawn only if specifically authorized by an advance 
directive.6

PVS needs to be distinguished from minimally 
responsive state and from locked- in syndrome. 
Patients with locked- in syndrome are unable to 
speak and unable to move their limbs but retain intact 
consciousness and cognition. Communication 
with locked- in syndrome patients is challenging. 
Patients can usually communicate using blinking as 
a way to signal “yes/no” answers (e.g., “blink once 
if yes, blink twice if no”). Patients with retained eye 
movements can sometimes be trained to use eye 
movements to control a computer cursor.
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The minimally conscious state describes patients 
whose level of behavior is slightly better than patients 
with PVS.7 They may reach for objects such as a glass 
of water. They may follow visual input or auditory 
input for several seconds. They may respond incon-
sistently to commands such as “move your arm.”

Symptoms

Localization 
site

Comment

Cerebral 
hemispheres

Irregular sleep–wake cycles, with periods of 
wakefulness during which eyes may be open, 
sustained visual pursuit is lacking, movements 
are purposeless, and there is no evidence of 
language comprehension or expression, self- 
awareness, or awareness of the environment1

Brainstem/
cranial nerves

Cardiopulmonary and autonomic functions 
mediated by the brainstem are intact

Variably preserved cranial nerve reflexes, and 
some patients may demonstrate1:
 – unequal or irregular pupils
 – CN III palsy
 – internuclear ophthalmoplegia
 – impaired vestibulo- ocular reflex

Secondary Complications: Complications of PVS include 
muscle contractures and decubitus ulcers, as well as 
nutritional deficiencies, and patients often succumb 
to infection such as pneumonia or UTI. Preventive 
measures include daily physical therapy, skin care, 
frequent repositioning, feeding tube placement, 
and prompt antibiotic treatment when indicated. 
Mortality is 33% during the first year of PVS, often 
from pneumonia or UTI. If the PVS patient survives 
beyond the first year, the mortality rate decreases. 
Life expectancy for most PVS patients ranges from 
2 to 5 years, though some survive longer, and the 
chance of surviving more than 15 years is approx-
imately 1/15,000 to 1/75,000.1

Treatment Complications: Establishing level of treatment 
in PVS patients in consultation with family is criti-
cal, as is awareness of state laws governing provision 
of care, and involvement of ethics committees when 
necessary.
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Pertussis
Epidemiology and Demographics: Available vaccine has 

drastically decreased the incidence of pertussis. 
Many cases are mild, so incidence data are unreli-
able. Booster vaccine is needed later in childhood. 
Predominantly affects children <6 years old, but all 
ages are susceptible.

Disorder Description: Also known as “whooping cough.” 
Caused by Bordetella pertussis or Bordetella para-
pertussis. These are gram- negative, pleomorphic, 
and aerobic bacilli. Classically presents as paroxysms 
of severe coughing fits often causing vomiting. The 
infection does not directly affect the nervous system.

Diagnosis is through nasopharyngeal secretion 
swab.

Can be treated with erythromycin, azithromycin, 
and clarithromycin within 4 weeks of onset.

Symptoms

Localization site Comment

Cerebral hemispheres Encephalopathy
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Secondary Complications: Seizures and encephalopathy 
can occur as complications of asphyxia. Seizures 
can occur as a complication of alkalosis related to 
vomiting.

Treatment Complications: Although early whole cell vac-
cines caused rare neurologic complications, newer 
acellular vaccines do not.
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Phencyclidine (PCP)
Disorder Description: A hallucinogen that is a synthetic 

anesthetic also known as angel dust with variable 
routes of absorption via orally, smoked, insufflated, 
or injected.

Epidemiology and Demographics: The predominant 
users are males aged 25–34 years, with no race 
predilection.

Symptoms
Secondary Complications: Indirectly affects nervous 

system
•	 Cardiovascular effects: can induce hypertensive 

crises resulting in cerebral hemorrhage.
•	 Respiratory effects: respiratory failure can lead 

to cerebral ischemia.
•	 Renal effects: acute renal failure leads to rhab-

domyolysis and seizures.
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Localization site Comment

Cerebral hemispheres Tonic–clonic seizures (acute)

Intracranial hemorrhage (chronic)

Mental status and 
psychiatric aspects/
complications

Euphoria (acute)

Hallucination (acute)

Memory loss (chronic)

Depression (chronic)

Anxiety (chronic)

Social withdrawal (chronic)

Phobias (chronic)

Violent manic behavior (chronic)

Schizophrenic behavior (chronic)

Cognitive difficulties (chronic)

Speech difficulties (chronic)

Localization site Comment

Brainstem Autonomic instability (acute)

Disruption of the sleep–wake cycle (acute)

Decebrate rigidity (acute) – patient lies 
in rigid extension with the arms
internally rotated at the shoulders, 
elbows, knees, and hips extended, and 
fingers, ankles, and toes flexed

Vestibular system (and 
non specific dizziness)

Ataxia (acute)

Cranial nerves Nystagmus (acute)

Hyperacusis (acute)

Diminished gag reflex (acute)

Diminished corneal reflexes (acute)

Spinal cord Paresthesias (acute)

Anterior horn cells Paresthesias (acute)

Dorsal root ganglia Paresthesias (acute)

Mononeuropathy or 
mononeuropathy 
multiplex

Paresthesias (acute)

Peripheral neuropathy Decreased peripheral sensation (acute)

Muscle Tremors (chronic)
Catatonic rigidity muscle (acute)

Neuromuscular 
junction

Increases levels of dopamine (acute and 
chronic)

Disrupts levels of glutamate (acute and 
chronic)
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Phenylketonuria (PKU)
Epidemiology and Demographics: Incidence is 1/13,500 to 

19,000 births in the United States. It is less common 
in the African American population.

Disorder Description: Phenylketonuria (PKU) is an inborn 
error of metabolism, characterized by deficiency of 
phenylalanine hydroxylase (PAH). PAH catalyzes the 
conversion of the amino acid phenylalanine to tyros-
ine. PAH deficiency leads to the acummulation of 
phenylalanine and its metabolites in the blood and in 
the brain. In developed countries, PKU is identified 
via testing at birth for inborn errors of metabolism.

There are different combinations of mutations 
that lead to different phenotypes, ranging from mild 
to moderate to severe. Classic PKU is of the severe 
phenotype.

High blood concentrations of phenylalanine 
result in brain toxicity due to its inhibitory effect on 
the transport of free L- amino acids that are needed 
for synthesis of neurotransmitters (DA and seroto-
nin) across the brain–blood barrier.

If untreated, it can lead to microcephaly, severe 
intellectual disability, epilepsy, a musty odor, eczema, 
decreased hair and skin pigmentation, and structural 
brain changes. Main treatment consists of maintain-
ing a phenylalanine- free diet. Prognosis depends both 
on the time of diagnosis and the severity of the disease.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Diffuse white matter injury is apparent on MRI

A common finding is a symmetric increase 
in T2- weighted signal in the periventricular 
white matter. The severity of the changes 
seems to be proportional to dietary status

Mental status 
and psychiatric 
aspects/
complications

Cognitive outcome is correlated to the 
extent of control of blood phenylalanine 
concentration. However, their IQ scores, even 
when treated, are slightly lower than those of 
other family members

Several studies have suggested that 
individuals with PKU show more internalizing 
behaviors and have higher rates of anxiety, 
depression, and avoidant personality

Treatment Complications: Treatment involves die-
tary restriction of foods with phenylalanine and 
aspartame. Administration of sapropterin may be 
 considered and may be associated with headache, 
dizziness, or uncommonly hyperactivity or feeling 
of agitation.
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Pheochromocytoma
Epidemiology and Demographics: Rare subset of neuroen-

docrine neoplasia, with an incidence of 0.8 per 100,000 
population- years; total value is likely an underesti-
mate given that at least 50% are asymptomatic and are 
diagnosed postmortem. Diagnosed predominantly 
between the 4th and 5th decade of life, without gender 
predominance. Pheochromocytomas have a heredi-
tary and a sporadic presentation, with familial favor-
ing childhood presentation; the mutation associated 
with the hereditary cases is in the mitochondrial 
succinate dehydrogenase enzyme complex (SDH- A, 
SDH- B, SDH- C). The following syndromes are asso-
ciated with the appearance of this catecholamine- 
secreting tumor: 50% in multiple endocrine neoplasia 
2A–2B, 5% in neurofibromatosis type 1, and 20% in 
von Hippel–Lindau and Sturge–Weber. These neo-
plasia have malignant potential defined by the World 
Health Organization by the presence of metastatic 
disease; 10% will develop tumor, spread occurring up 
to 20 years post treatment.

Disorder Description: Sympathetic catecholamine- 
secreting neuroendocrine tumor, also known as 
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adrenal paraganglioma, originating from glomus 
cells, derived from neural crest.

Since it is an adrenal paraganglioma, it will have 
the same histology as an adrenal neoplasm, i.e., 
cuboidal/polygonal small cells clustered in a fashion 
known as “zellballen.” Positive staining: chromog-
ranin, synaptophysin, S100 (sustentacular cells), 
PAS+ diastase- resistant hyaline globules and tenas-
cin (strong in clinically malignant tumors), neuron- 
specific enolase, neurofilament, variable vimentin, 
bcl2, and focal HMB45. Negative staining: MelanA/
Mart1, inhibin, and calretinin.

Symptoms

Localization site Comment

Cerebral hemispheres Episodic headache, blurry vision, syncope

Mental status and 
psychiatric aspects/
complications

Anxiety, panic attack- like symptoms: 
tremor, diaphoresis, nonexertional 
palpitations, pallor, feeling of imminent 
death, apprehension

Vestibular system Nausea, vomiting

Secondary Complications: Episodic malignant hyperten-
sion, episodic hypotension, malignant arrhythmias, 
hyperglycemia, weight loss, polyuria, Takotsubo 
cardiomyopathy, myocardial infarct, pulmonary 
edema, sudden death.

Treatment Complications:
•	 Surgery: hemorrhage, malignant hypertension, 

myocardial infarct, arrhythmias, multiorgan 
failure, death.

•	 Embolization: hemorrhage, skin necrosis.
•	 Radiotherapy: mucositis, skin rash, hypoacusis, 

hypopituitarism, xerostomia, bone necrosis.
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Phospholipase A- Associated 
Neurodegeneration (Neuroaxonal 
Dystrophy)
Epidemiology and Demographics: This is a relatively rare 

condition. The list of references below contains 
reports of patients from as young as 14 months 
to  young adults. There is no predilection for 
either sex.

Disorder Description: The PLA2G6 gene produces an 
enzyme that causes the chemical breakdown of glyc-
erophospholipids. Patients may present with grad-
ual weakness and cognitive dysfunction. Over time, 
the weakness may change into increased tone.
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Symptoms

Localization site Comment

Cerebellum Progressive cerebellar atrophy

Peripheral neuropathy Spheroid bodies in peripheral nerve 
biopsy

Secondary Complications: The decline in mental status 
and weakness may progress to affect the patient’s 
ability for self care.

Treatment Complications: No disease- modifying treat-
ments exist.
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Pica
Epidemiology and Demographics: The prevalence of pica is 

unclear. Among those with an intellectual disability, 
the incidence of pica appears to be correlated with 
the severity of disability. Nutritional deficiencies are 
common causes of pica and need to be looked out 
for prior to considering psychiatric causes.

Disorder Description: As stated in DSM-5, pica can be 
defined as:
 A. Persistent eating of non- nutritive, non- food 

substances over a period of at least 1 month.
 B. The eating of non- nutritive, non- food sub-

stances is inappropriate to the developmental 
level of the individual.

 C. The behavior is not part of a culturally sup-
ported or socially normative practice.

 D. If the eating behavior occurs in the context of 
another mental disorder or medical condition, 
it is sufficiently severe to warrant additional 
clinical attention.

Differential Diagnosis: Differential diagnosis should 
include anorexia nervosa, factitious disorder, and 
non- suicidal self- injurious behavior as part of per-
sonality disorders.

In some presentations of anorexia nervosa, 
individuals may eat non- nutritive substances (e.g., 
paper) in an effort to control appetite. When the 
consumption of non- nutritive substances is pri-
marily a method for weight control, the diagnosis of 
anorexia nervosa should be given.

In factitious disorder, individuals may consume 
non- nutritive substances in an effort to falsify phys-
ical symptoms. In these cases, there is an element of 
deception that is consistent with deliberate induc-
tion of injury or disease.

In non- suicidal self- injury or non- suicidal self- 
injurious behaviors in personality disorders, an 
individual may swallow potentially harmful objects 
(e.g., pins, needles, knives) in the context of mala-
daptive behavior patterns associated with personal-
ity disorders or non- suicidal self-injury.

Secondary Complications: Pica can significantly impair 
physical functioning, but is rarely the sole or pri-
mary cause of impairment of social functioning. 
Pica is often comorbid with other disorders in 
which social functioning impairment is character-
istic. Certain items such as paint chips may contain 
lead or other toxic substances. Consumption of such 
materials may lead to intellectual disability and/or 
brain damage. Eating non- nutritive substances may 
also interfere with normal dietary habits and may 
thus lead to malnourishment. Eating some solid 
objects may lead to obstruction and cause consti-
pation or tears in the esophageal and/or intestinal 
lining. This is particularly common in the case of 
hair- eating. Patients sufferering from trichotilloma-
nia may rarely consume their pulled hair. The con-
sumed hair can then cause a bezoar, usually in the 
stomach, and may lead to gastrointestinal obstruc-
tion. Pica may also be the cause of infection and fis-
tula formation.

Treatment Complications: Treatment first should address 
dietary deficiencies and potential toxicities such as 
lead poisoning. Treatment includes psychosocial 
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and family- guidance approaches, and behavior- 
modification therapy.

In cases of pica of psychogenic etiology that is 
refractory to psychosocial therapies, selective sero-
tonin reuptake inhibitors (SSRIs) have been shown 
to have efficacy. SSRI side effects include nausea, 
diarrhea, insomnia, headache, anorexia, weight 
loss, sexual dysfunction, restlessness (akathisia- 
like), serotonin syndrome (fever diaphoresis, tachy-
cardia, hypertension, delirium, neuromuscular 
excitability), hyponatremia, seizures (0.2%).
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Pineoblastoma
Epidemiology and Demographics: Pineal region tumors 

represent less than 1% of all primary brain tumors 
in adults and between 2 and 5% of all childhood cen-
tral nervous system neoplasias. These tumors tend 
to occur in children and young adults between the 
ages of 10 and 20 years (mean at 13 years of age), 
with adults presenting at 30 years of age. About 10 
to 20% of the tumors, particularly pineoblastoma, 
have the potential to spread through the cerebrospi-
nal fluid; rarely spreads elsewhere in the body. This 
usually occurs late in the disease.

Disorder Description: Results from the malignant trans-
formation of pineal parenchymal cells show it 
has similar histologic and imaging features to the 
embryonal tumors (medulloblastoma, neuroecto-
dermal tumors); however, it is molecularly distinct. 
It is a highly cellular tumor, composed of small, 
round blue cells that correspond to the appearance in 
imaging studies; lobulated, poorly defined, necrotic 

with the tendency to involve adjacent brain struc-
tures. This neoplasm has a poor prognosis and is the 
most aggressive pineal parenchymal tumor, classi-
fied as a grade IV by the World Health Organization, 
with the potential to metastasize to the rest of the 
neuroaxis and recur despite treatment.

Symptoms

Localization site Comment

Cerebral hemispheres Obstructive hydrocephalus secondary 
to cerebral aqueduct occlusion causing 
altered mentation including lethargy, 
stupor, obtundation, coma, death. 
Diabetes insipidus

Brainstem Compression of the tectum of the 
brainstem presenting as Parinaud 
syndrome, including absent vertical 
gaze, mydriasis with pupillary reflex to 
accommodation but diminished to light, 
anisocoria, convergence, and retraction 
nystagmus

Cerebellum Ataxia, dysmetria from involvement of 
the superior cerebellar peduncle

Vestibular system (and 
non specific dizziness)

Nausea, vomiting, headache, diplopia

Pituitary gland Parinaud syndrome due to the 
compression of the tectum of the 
brainstem

Secondary Complications: Diabetes insipidus, obstruc-
tive hydrocephalus, circadian rhythm disorders, 
vertical gaze palsy.

Treatment Complications:
•	 Intrinsic complications from ventriculoper-

itoneal (VP) shunting for obstructive hydro-
cephalus: infection, bleeding, obstruction, 
over- shunting, intracranial hypotension.

•	 Maximal surgical resection: pineal apoplexy, 
infections, progression of the deficits.

•	 Radiation: Severe headache migraine- like, 
severe vomiting, asthenia, fatigue. Vascular 
damage including stenosis- occlusion subse-
quently developing moyamoya- like pattern, 
aneurysms, microangiopathy; typically chil-
dren are more prone to develop these events. 
Leukoencephalopathy. Pineal apoplexy.

•	 Chemotherapy: asthenia, weakness, nausea, 
vomiting, poor oral intake, dizziness, light-
headedness, ataxia, weight loss.
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Pineocytoma
Epidemiology and Demographics: Pineocytomas are the 

second most common type of pineal parenchymal 
neoplasia after germinal cell. Benign mass that 
accounts for 14–27% of all pineal tumors and less 
than 1% of all central nervous system neoplasias. 
Typically found between 20 and 60 years of age, with 
slightly higher predilection for women compared 
with men (1:0.6).

Disorder Description: Pineocytoma is the most differenti-
ated pineal neoplasia, arising from the pinealocytes. 
Relatively well- marginated, non- invasive, well- 
localized tumor; harbors large cysts and/or areas of 
calcification. Cells are arranged in clusters named 
pineocytomatous rosettes. Immunophenotype 
for diagnosis includes synaptophysin, neurofila-
ment, and neuron- specific enolase, with variable 
chromogranin and 5- hydroxytryptamine (5- HT). 
Considered a low- grade tumor, pineocytoma is 
usually treated with either total surgical resection or 
partial resection, followed by local radiation ther-
apy, with overall good prognosis and 5- year survival 
>80%; classified as a grade I by the World Health 
Organization.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Obstructive hydrocephalus secondary 
to cerebral aqueduct occlusion causing 
altered mentation including lethargy, 
stupor, obtundation, coma, death. 
Diabetes insipidus. Seizures

Mental status and 
psychiatric aspects/
complications

Obsessive-compulsive behavior, 
psychosis, impaired memory

Brainstem Compression of the tectum of the 
brainstem presenting as Parinaud 
syndrome including absent vertical 
gaze, mydriasis with pupillary reflex to 
accommodation but diminished to light, 
anisocoria, convergence, and retraction 
nystagmus

Cerebellum Ataxia, dysmetria from involvement of the 
superior cerebellar peduncle

Vestibular system 
(and non specific 
dizziness)

Nausea, vomiting, headache, diplopia, 
tinnitus, nystagmus, dizziness

Pituitary gland Parinaud syndrome due to compression 
of the tectum of the brainstem

Other Papilledema

Secondary Complications: Insomnia, irritability, person-
ality changes, ataxia, diabetes insipidus, obstructive 
hydrocephalus, circadian rhythm disorders, vertical 
gaze palsy, muscle spasms.

Treatment Complications:
•	 Intrinsic complications from ventriculoper-

itoneal (VP) shunting for obstructive hydro-
cephalus: infection, bleeding, obstruction, 
over- shunting, intracranial hypotension.

•	 Maximal surgical resection: pineal apoplexy, 
infections, progression of the deficits.

•	 Radiation: Severe headache migraine- like, 
severe vomiting, asthenia, fatigue. Vascular 
damage including stenosis- occlusion subse-
quently developing moyamoya- like pattern, 
aneurysms, microangiopathy; typically chil-
dren are more prone to develop these events. 
Leukoencephalopathy. Pineal apoplexy.

•	 Chemotherapy: asthenia, weakness, nausea, 
vomiting, poor oral intake, dizziness, light-
headedness, ataxia, weight loss, peripheral neu-
ropathy, leukoencephalopathy.
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Piriformis Syndrome
Epidemiology and Demographics: This condition is rel-

atively rare and is reported in women in their 30s 
and 40s.

Disorder Description: The piriformis muscle is right 
above the sciatic nerve. The muscle itself or scar tis-
sue from previous surgery may contract and grow 
larger over time, eventually pressing on the sciatic 
nerve. External pressure/trauma may also cause the 
symptoms. When the sciatic nerve is compressed, 
patients may experience pain that starts in the glu-
teal muscles and radiates down the back of the leg. 
Some patients may walk into the office with the foot 
turned inward.

Symptoms

Localization site Comment

Peripheral neuropathy Sciatic nerve distribution

Secondary Complications: Anxiety from chronic pain and 
limitation of movement.

Treatment Complications: Nonsteroidal anti- inflammatory 
drugs (NSAIDs) may rarely cause cerebrovascular 
complications. Muscle relaxants and gabapentin may 
cause sedation. Injections may inadvertently injure 
the sciatic nerve.
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Pituitary Apoplexy
Epidemiology and Demographics: Pituitary apoplexy most 

often occurs in patients harboring large somato-
troph or corticotroph macroadenomas. Pregnancy 
is another important risk factor for pituitary apo-
plexy. Incidence of pituitary apoplexy in patients 
with known pituitary adenomas ranges from 0.6% 
to 10%. Majority of patients are between 38 and  
57 years old, and male-to-female ratio is 2:1.

Disorder Description: Acute pituitary apoplexy typi-
cally begins with sudden severe headache, often a 
“thunderclap” headache, often centered immedi-
ately between the eyes above the bridge of the nose. 
The presentation could involve other neurologic 
symptoms including visual disturbances, vomiting, 
meningeal irritation, fever, clouding of conscious-
ness, or coma.

Upward extension of the pituitary hematoma 
involves the optic chiasm (producing early bitem-
poral hemianopsia), the olfactory pathways, and 
hypothalamus (altered electrolyte balance, vital 
signs, and thermoregulation). Downward extension 
into the sphenoid sinus leads to epistaxis and CSF 
rhinorrhea. Lateral extension into the cavernous 
sinus results in varying degree of involvement of 
cranial nerve III, IV, V, or VI.

Bleeding into the subarachnoid space could 
cause signs of meningeal irritation. Raised intracra-
nial pressure could cause the altered vision, nausea, 
vomiting, and altered consciousness. Hemiparesis 
or seizures could rarely occur.
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Symptoms

Localization site Comment

Cerebral 
hemispheres

Involvement of the internal carotid artery 
in the lateral wall of the cavernous sinus 
could result in stroke

Subarachnoid hemorrhage could result 
in signs of meningeal irritation and raised 
intracranial pressure

Mental status and 
psychiatric aspects/
complications

Varying degree of altered mental status 
from lethargy, confusion to coma 
secondary to raised intracranial pressure

Base of skull Extension into the sphenoid sinus could 
cause epistaxis or CSF rhinorrhea

Cranial nerves A unilateral third nerve palsy is the most 
common cranial nerve abnormality (with 
impaired medial and downward gaze, 
diplopia, ptosis, and mydriasis), followed 
by nerve palsy of the sixth and fourth 
cranial nerves. Unilateral fifth cranial nerve 
involvement may occur with ipsilateral 
facial sensory loss

Pituitary gland Rarely, cortisol- induced hyperglycemia 
and acute delirium can be the initial 
presentation of a pituitary adenoma 
hemorrhage with stormy release of the 
adrenocorticotrophic hormone

Hypothalamic involvement may result in 
the syndrome of inappropriate antidiuretic 
hormone secretion, diabetes insipidus, 
or sympathetic dysregulation resulting in 
hypotension

Secondary Complications: Occasionally, the presenta-
tion is fulminant and can result in death. Raised 
intracranial pressure is a reliable predictor of poten-
tial mortality and mandates urgent neurosurgi-
cal intervention. Endocrine deficiency is variable 
but common (growth hormone deficiency in 90%, 
adrenocorticotrophic hormone and gonadotro-
phin deficiency in 66%, and thyroid- stimulating 
hormone deficiency in 40%). Prolactin deficiency 
is characteristic in apoplexy. Visual acuity and oph-
thalmoplegia improve with surgical decompression.

Treatment Complications: In the acute phase, it is 
imperative that fluid and electrolytes be managed 
adequately especially with diabetes insipidus. 
Corticosteroids must be administered to patients 
with adrenal insufficiency and thyroid function 
should be assessed. Urgent neurosurgical evaluation 

is essential if mental status deteriorates or hemo-
dynamic status worsens. Long- term management 
includes careful evaluation and replacement of hor-
mones. Neuroendocrine surveillance is indicated 
for recurrence of adenoma.
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Pituitary Tumors: Non-prolactinoma
Epidemiology and Demographics: Pituitary adenomas 

are the most common intracranial neoplasm, with 
prevalence in the general population of about 
10–20%. Pituitary adenomas account for 6–10% of 
all symptomatic intracranial tumors. Fifty to 60% of 
pituitary adenomas are non-prolactinomas.

Non-prolactinoma adenomas:
Growth hormone (GH)-secreting tumors – 20%.
Gonadotroph adenomas – 10–15%.
Null cell adenomas (non- functional) – 5–10%.
Corticotropin-secreting – 10–12% (F:M ratio 8:1, 

peak incidence 3rd– 4th decade).
Thyroid-stimulating hormone (TSH)-secreting 

adenomas – 1% pituitary adenomas (F:M ratio 
1.7:1).

Other pituitary tumors:
Craniopharyngiomas – the next most common 

neoplastic tumor after adenoma, account for 
about 1% of all intracranial tumors in adults 
and 10% of intracranial tumors in children.

Germinomas – 65% intracranial germ cell 
neoplasms, higher incidence in China and 
Japan compared with western countries, male 
predominance.

Chordomas are very rare and represent less than 
0.5% of primary intracranial tumors.

Rathke cleft cysts are the most common type of cyst 
in sellar and suprasellar regions. Commonly 
found at the junction between anterior and 
posterior pituitary lobes. More common in 
adult females than males.
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Arachnoid cysts develop from a duplication of the 
arachnoid and can develop anywhere in the 
brain. Less than 1% of all space- occupying 
lesions in the brain and occur mostly in 
children.

Additional rarer tumor types affecting the pitu-
itary/sella include meningioma, metastasis, chon-
drosarcoma, glioma, sarcoma, carcinoma, ectopic 
pinealoma, plasmocytoma, subependymal giant 
cell astrocytoma, pituicytoma, non- germinomatous 
germ cell tumors such as teratomas, embryonal car-
cinomas, and chorioncarcinomas, epidermoid or 
dermoid cysts.

Disorder Description: Pituitary adenomas are sporadic 
collections of cells, particularly hormone- secreting 
cells, with different effects depending on the hor-
mone secreted. In addition to complications asso-
ciated with local mass effect such as visual loss and 
headache, presentation is dependent on which 
hormone is secreted. Prolactinomas are the most 
common type of secreting adenoma, but are dis-
cussed in more detail in the entry for Prolactinoma. 
Growth hormone-secreting adenomas present with 
acromegaly in adults and gigantism in children. 
Galactorrhea can be seen. Corticotroph- secreting 
adenomas are the most common cause of endog-
enous hypercortisolism, accounting for approxi-
mately 65–70% of all cases of Cushing syndrome. 
These particular adenomas are usually more inva-
sive than other types of pituitary tumors and will 
occasionally first present with pituitary apoplexy. 
Gonadotropin- secreting adenomas (follicle- 
stimulating hormone [FSH], luteinizing hormone 
[LH]) account for 10–15% of all pituitary adenomas.  
Hypersecretion of FSH and LH will often  present 
 with hypopituitarism.

Craniopharyngiomas are benign epithelial tumors 
located along the craniopharyngeal duct, which 
extends from sella to suprasellar region. Meningiomas 
produce symptoms from local mass effect. Metastases 
to the sellar region are most commonly lung and breast 
carcinoma. Major complications with these lesions 
are diabetes insipidus and cranial nerve palsies.

Chorioncarcinomas account for 3–5% of 
intracranial germ cell neoplasms. Higher incidence 
in Japan and China compared with western 
countries. Occur in children, more often seen in 
pineal gland. Rathke cleft cysts are congenital 
deformities and are often incidentally found on 
MRIs performed for other reasons.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Located in sella turcica

Pituitary stalk connects pituitary to 
hypothalamus

Lesions that extend into the temporal lobes 
can induce seizure activity

Mental status and 
psychiatric aspects/
complications

Headache is a common feature of all 
pituitary tumors, particularly when they are 
large. Often associated with acromegaly, 
Rathke and arachnoid cysts

Effects of hormones secreted in pituitary 
adenomas responsible for other 
psychiatric manifestations such as anxiety 
in thyrotropin- secreting adenoma and 
Cushing disease, depression and insomnia 
in Cushing disease, fatigue in acromegaly

Base of skull If tumor mass extends into sinuses, 
possibility of CSF leak exists

Cranial nerves  – Field defects due to local mass effect 
on optic chiasm classically bitemporal 
hemianopsia

 – Cranial neuropathies or ophthalmoplegia 
with metastases, large expanding sellar 
masses, Sheehan syndrome/pituitary 
apoplexy, craniopharyngioma

 – Upward extension from an expanding 
sellar mass can cause distortion 
and compression of the pituitary 
stalk and/or hypothalamus, which 
in turn compromises the release of 
dopaminergic prolactin inhibition

 – Distortion and invasion of the pituitary 
stalk may also compromise the 
portal blood supply to the anterior 
pituitary gland, resulting in infarction 
or hemorrhage, which can manifest 
clinically as pituitary apoplexy with 
sudden visual loss, acute severe 
headache, meningismus, and 
ophthalmoplegia

 – Chordoma can present with palsies of 
6th, 9th, 10th, 11th nerves

Pituitary gland  – Large masses within pituitary sella can 
compress normal pituitary, leading to 
hypopituitarism (hypogonadism, GH 
deficiency, central hypothyroidism, 
adrenal insufficiency)

 – Diabetes insipidus: primarily metastasis to 
sella, pituitary stalk lesion, hypophysitis, 
craniopharyngioma

 – Pituitary failure with large cystic masses
 – Endocrine deficits are frequently 

present, and affect GH secretion 75%, 
gonadotropins 40%, TSH 25%
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Localization site Comment

Peripheral 
neuropathy

Carpal tunnel in acromegaly, long- term 
effects of diabetes mellitus (DM) with 
Cushing disease

Muscle Proximal muscle weakness in Cushing 
disease

Unclear 
localization

Hypertension, DM, sleep apnea, 
arthropathies and heart failure, precocious 
puberty with germ cell tumors in younger 
patients

Secondary Complications:
Cushing disease: Central obesity, dorsocervical and 

supraclavicular fat pads, DM, hypokalemia, kid-
ney stones, polyuria, facial plethora, hirsutism, 
wide violaceous striae, ecchymoses, edema, acne, 
fungal infections, hyperpigmentation, hyperten-
sion, venous thrombosis, osteopenia/osteoporosis, 
proximal weakness/wasting, oligo-/amenorrhea, 
impotence/decreased libido, depression/anxiety, 
insomnia, headache.

Acromegaly: Hypertension, DM, sleep apnea, arthrop-
athies, heart failure, edema, acne/oily skin, sweat-
ing, skin tags, prognathism, frontal bossing, acral 
enlargement, widened teeth spacing, arthropathy, 
colon polyps, thyroid nodules.

Diabetes insipidus: Excretion of excessive volumes 
of inappropriately dilute urine accompanied by 
increased fluid intake due to deficiency of anti-
diuretic hormone. Symptoms include urinary fre-
quency, incontinence, nocturia, and enuresis.

Treatment Complications: For smaller tumors, medical 
management is often first- line. GH- secreting tum-
ors are treated with octreotide, which has minimal 
side effects that include abdominal pain and diar-
rhea. Chronic therapy is associated with increased 
prevalence of cholelithiasis, particularly in patients 
with prior gallbladder disease. Discontinuing ther-
apy is associated with recurrence of excess GH and 
insulin- like growth factor- 1 (IGF- I) concentrations.

Surgical resection with transsphenoidal approach 
is a mainstay of therapy with rare complications; 
however, in 5–15% of cases, can develop diabetes 
insipidus (often transient). More rare complications 
include infection and CSF leak. Radiation therapy is 
rarely the first choice approach, but can be used as 
adjunctive therapy. Further complications include 
worsening of visual symptoms secondary to edema, 

tumor hemorrhage, and optic nerve necrosis in 
addition to developing malignant brain tumors, 
brain necrosis, and dementia. With radiation ther-
apy, there is also danger of loss of pituitary function. 
At 10- year follow- up, more than 90% of patients 
have at least two or more deficient hormones, which 
can occur 2–25 years later.

Bibliography
Arafah BM, Nasrallah MP. Pituitary tumors: 

pathophysiology, clinical manifestations 
and management. Endocr Relat Cancer. 
2001;8(4):287–305.

Chaudhary V, Bano S. Imaging of the pituitary: 
Recent advances. Ind J Endocrinol Metab. 
2011;15(Suppl 3):S216–23. DOI:10.4103/2230-
8210.84871.

Ironside JW. Best practice No 172: Pituitary gland 
pathology. J Clin Pathol. 2003;56:561–8.

Huguet I, Clayton R. Pituitary- hypothalamic tumor 
syndromes: Adults. Endotext [Internet]. South 
Dartmouth, MA: MDText.com, Inc.; 2000. 
Available from www.ncbi.nlm.nih.gov/books/
NBK278946/. Accessed Jul 3, 2015.

Robertson GL. Diabetes insipidus: differential 
diagnosis and management. Best Pract Res Clin 
Endocrinol Metab. 2016;30(2):205–18.

Utz AL, Klibanski A. Pituitary disorders. Continuum 
(Minneap Minn). 2009;15(2, Neurology):17–36.

Plasma Cell Dyscrasias
Epidemiology and Demographics: Excluding monoclo-

nal gammopathy of unclear significance (MGUS), 
symptomatic plasma cell dyscrasia is a disease of 
older adults affecting about 5/100,000 per year with 
increased incidence in those of African descent.

Disorder Description: Plasma cell dyscrasias are a group 
of disorders marked by clonal proliferation of 
plasma cells. In contrast to MGUS, there is usually 
evidence of end organ injury (such as bony lesions, 
hypercalcemia, renal insufficiency, and anemia). 
Typically the concentration of serum monoclonal 
protein is greater than 3 g/dL, and plasma cells form 
greater than 10% of cells in bone marrow biopsy. 
Plasma cell disorder can affect the nervous system 
by direct invasion (uncommon but significant) or by 
affecting the peripheral nervous system in diverse 
ways (more common).
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Symptoms

Localization site Comment

Cerebral hemispheres Rarely, plasma cells can infiltrate brain parenchyma and present as focal or multi- focal mass- like lesions in the 
cerebral hemispheres1

Mental status and 
psychiatric aspects/
complications

Altered cognition, mood, or speech can occur either with rare parenchmymal or leptomeningeal infiltration. 
Hyperviscosity syndrome associated with markedly elevated immunoglobulin levels can also cause confusion. 
Hypercalcemia can cause cognitive decline2

Cerebellum Vertigo and ataxia with hyperviscosity syndrome

Cranial nerves Rare leptomeningeal infiltration causes multiple cranial neuropathies

Spinal cord Plasmacytoma causing spinal cord compression. Pathologic fracture can also mechanically compress the spinal cord

Specific spinal roots Leptomeningeal spread causing spinal root neuropathy

Peripheral 
neuropathy

Can cause multiple types of neuropathy3:
 1. Predominant sensory demyelinating neuropathy:
 a. anti-MAG IgM causes syndrome of gait ataxia, distal sensory loss, and upper extremity tremor
 b. chronic, symmetric progressive neuropathy clinically appearing like chronic inflammatory demyelinating 

polyneuropathy (CIDP) associated with IgG or IgA gammopathy
 2. Predominant sensory over motor axonal neuropathy:
 a. symmetric distal painful neuropathy associated with cryoglobulinemia. Can have accompanying multiple 

mononeuropathies
 3. Predominant motor demyelinating neuropathy:
 a. motor predominant clinical CIDP syndrome
 b. POEMS – polyneuropathy, organomegaly, endocrinopathy, monocolonal gammopathy, and skin changes. 

Polyneuropathy is usually sensorimotor
 4. Sensorimotor neuropathy with autonomic dysfunction:
 a. associated with amyloidosis with progressive distal sensorimotor neuropathy in combination with 

orthostasis and bowel/bladder/sexual dysfunction

Secondary Complications: Progressive plasma cell dyscra-
sia often has accompanying renal dysfunction, bony 
pain, and refractory anemia limiting treatment 
choices for neurologic diseases.

Treatment Complications: Treatment particularly with 
chemotherapeutic agents can cause treatment- 
related distal axonal painful neuropathy. Proteasome 
inhibitors such as bortezomib have been associated 
with central toxicity such as posterior reversible 
encephalopathy syndrome.

References
 1. Malkani RG, Tallman M, Gottardi-Littell N, et al.  

Bing-Neel syndrome: an illustrative case and a 
comprehensive review of the published literature. 
J Neurooncol. 2010;96:301–12.

 2. Sobol U, Stiff P. Neurologic aspects of plasma cell 
disorders. Handb Clin Neurol. 2014;120:1083–99.

 3. Nobile-Orazio E. Neuropathy and monoclonal 
gammopathy. Handb Clin Neurol. 2013;115:443–59.

Platybasia
Disorder Description: Platybasia is an abnormality of the 

base of the skull resulting in flattening of the skull 
base. It may be developmental in origin or due to 
softening of the skull base bone allowing it to be 
pushed upwards. It may be associated with fusion of 
the first cervical vertebra to the skull.

Symptoms

Localization site Comment

Base of skull Pain at the back of the skull and 
upper part of the neck, cough- 
induced headache can be noted

Lower cranial nerve palsies Dysphagia, dysphonia, and dysarthria

Treatment Complications: If asymptomatic, no treat-
ment is indicated. If neural compression is present, 
decompression with conjunction with fusion of 
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the skull to the upper cervical spine is suggested. 
Neurologic deficits due to surgical complications 
could occur.

Bibliography
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Neurol. 2007;58:62–4.

POEMS Syndrome Neuropathy
Epidemiology and Demographics: Incidence unknown as 

this is a rare disorder. Age of onset is 50s to 60s. It is 
more common in males.

Disorder Description: Polyneuropathy, organomegaly,  
endocrinopathy, M protein, and skin changes 
(POEMS) is a neuropathy associated with mul-
tiple myeloma. Patients present with monoclo-
nal plasma disorder and peripheral neuropathy. 
Presenting features include osteosclerotic lesions, 
weight loss, fatigue, papilledema, and Castleman’s 
disease. Peripheral neuropathy begins with tingling 
in feet, paresthesias, followed by motor symptoms. 
Symptoms are progressive, symmetric, and proximal. 
Weakness is consistent with a motor chronic inflam-
matory demyelinating polyneuropathy.

Symptoms

Localization site Comment

Cerebral hemispheres Papilledema

Mental status and psychiatric 
aspects/complications

Fatigue

Peripheral neuropathy Sensory disturbance, 
symmetric limb weakness 
proximal > distal, areflexia

Secondary Complications: Five- year risk of stroke in 
patients with POEMs syndrome is 13.4%.

Treatment Complications: There is no standardized 
treatment.

Bibliography
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Poliovirus (Subtype Enterovirus)
Epidemiology and Demographics: Vaccines have elim-

inated wild infection in the United States, but 
occurs in other countries with lower vaccination 
rates.

Disorder Description: Spreads through fecal–oral route. 
One in 1000 infections lead to involvement of the 
motor neurons. Weakness starts 2–5 days after 
onset of headache, fever, and neck stiffness. Atrophy 
occurs 5 days later.

CSF can show elevated white blood cells (WBCs) 
and protein.

Symptoms

Localization site Comment

Cranial nerves 10–15% with pharyngeal, laryngeal, or 
facial diplegia

Anterior horn cells Legs more frequently involved than 
arms

Peripheral neuropathy Legs more frequently involved than 
arms

Secondary Complications: Respiratory failure. Bone 
resorption causing hypercalcemia and renal 
calculi.

Post-polio syndrome occurs >10 years later with 
progressive weakness and pain, even in previously 
apparently uninvolved areas. Etiology is not known, 
but leading hypotheses are that a secondary injury 
or increased metabolic demand on the lower motor 
neurons causes failure of neurons that had pre-
viously compensated for loss during the primary 
disease.

Treatment Complications: Oral vaccine extremely rarely 
causes infection. With high immunization rates, the 
only infections reported were from oral vaccines, so 
they were switched to injection.
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Poliovirus Vaccine
Epidemiology and Demographics: Most of the world is 

free of the poliovirus thanks to a world- wide vacci-
nation program, except for some locations in Asia 
and Africa. The last outbreak of poliomyelitis in the 
United States was in 1979.

Disorder Description: Two vaccines are currently avail-
able: the live attenuated oral poliovirus vaccine 
(OPV) used mainly in the developing world; and 
the inactivated poliovirus vaccine (IPV) used in the 
developed world including the United States.

Symptoms of Polio

Localization site Comment

Cerebral hemispheres Encephalitis

Mental status and 
psychiatric aspects/
complications

Headache, altered mental status, 
confusion

Brainstem Bulbar poliomyelitis: dysphagia, 
dysarthria, respiratory insufficiency, 
hemodynamic instability

Cerebellum Ataxia (rare)

Cranial nerves Cranial nerve palsy: VII, IX and X, and XI

Spinal cord Spinal poliomyelitis

Anterior horn cells Destruction of anterior horn cells 
leading to flaccid paralysis

Peripheral neuropathy Destruction of the post- synaptic motor 
neurons: decreased reflexes and tone

Muscle Proximal asymmetric weakness, legs 
more common than arms, can progress 
to flaccid paralysis

Secondary Complications: The OPV has been associated 
with vaccine- associated paralytic poliomyelitis and 
vaccine- derived poliomyelitis in very rare cases.

Treatment Complications: Treatment of poliomyelitis is 
mainly supportive: pain control, physical therapy, 
and mechanical ventilation if associated respiratory 
failure.
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Polyarteritis Nodosa
Epidemiology and Demographics: Periarteritis or polyar-

teritis nodosa (PAN) is a relatively rare disorder with 
incidence of biopsy- proven cases of 0.7/100,000 and 
a prevalence of 6.3/100,000. The marked reduction 
in hepatitis B virus infection in many parts of the 
world has been associated with a parallel reduction 
in prevalence of PAN. It presents in older individu-
als, more often in males, with a male-to-female ratio 
of 1.5:1. It can occur in childhood but the disorder 
differs clinically from that in adults.

Disorder Description: PAN is a systemic necrotizing vas-
culitis that typically affects medium- sized muscular 
arteries, with occasional involvement of small mus-
cular arteries. Most cases of PAN are idiopathic, 
although hepatitis B virus (HBV) infection, hepatitis 
C virus (HCV) infection, and hairy cell leukemia are 
important in the pathogenesis of some cases. The neu-
rologic symptoms present early in the course of the 
disease and involve both the peripheral and the cen-
tral nervous system. Peripheral nerve injury is related 
to damage of the vasa nervorum. Central nervous 
system injury due to vasculitis often reveals classic 
beading patterns in the vasculature on angiography.

The typical patient presents with constitu-
tional symptoms of malaise, fever, and weight 
loss. Neurologic manifestations include periph-
eral  nervous system symptoms or signs, especially 
mono neuritis multiplex in 38% to 70% of the 
patients. Asymmetric sensory and motor dysfunc-
tion affecting limbs in the distribution of different 
nerves are characteristic. Distal symmetric poly-
neuropathy or cranial neuropathy may occur (facial 
diplegia,  oculomotor dysfunction, tonic pupils).

Central nervous system manifestations are less 
common (10%) and include diffuse encephalopathy, 
stroke, seizures, and intracerebral or subarachnoid 
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hemorrhage. Spinal cord involvement is rare and 
may result from vasculitis of the spinal arteries or 
compression due to a subdural hematoma.

The other commonly involved organs outside 
of the nervous system include kidney (70%), skin 
(50%), joints with arthralgia (50%) and arthritis 
(20%), muscles with myalgias (50%), and the gastro-
intestinal system (30%). Hypertension is a common 
presentation (40%) due to renal involvement. It has 
a striking tendency to spare the lungs.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Manifestations of ischemic stroke largely 
depend on the location. Lacunar infarcts, 
cortical infarcts, or hemorrhages (deep or 
lobar or subarachnoid) can occur

Seizures can occur secondary to the stroke

Mental status 
and psychiatric 
aspects/
complications

Encephalopathy secondary to hypertension 
can present with varying degree of 
confusion, altered mentation and coma

Brainstem Pontine lacunar infarcts are known to occur

Cranial nerves Rarely, facial diplegia or oculomotor 
involvement may occur

Spinal cord Vasculitis of the spinal arteries or 
compression due to a subdural hematoma 
can result in spinal cord syndromes with 
classic sensorimotor levels

Mononeuropathy 
or 
mononeuropathy 
multiplex

The classical presentation is an asymmetric 
polyneuropathy affecting named nerves 
(e.g., radial, ulnar, peroneal), typically with 
both motor and sensory deficits

Peripheral 
neuropathy

Distal symmetric progressive (sensorimotor, 
axonal)

Muscle Myalgia, muscle pain, claudication

Secondary Complications: Prognosis and mortality are 
determined by severity of organ involvement, spe-
cifically the kidney, gastrointestinal system, coro-
nary system, and central nervous system. Presence 
of aneurysms on visceral angiography portends 
poorer prognosis. Central nervous system compli-
cations can include hypertensive encephalopathy, 
intracranial hemorrhage, or stroke.

Treatment Complications: Diagnosis involves a combina-
tion of renal biopsy and visceral angiography. Long- 
term glucocorticoids are the mainstay of treatment 
for mild polyarteritis nodosa. Immunosuppressive 
medications such as azathioprine, methotrexate, or 
mycophenolate may be used to treat moderate or 
severe polyarteritis. All of these immunomodula-
tors increase the risk of opportunistic infection. Use 
of angiotensin- converting enzyme (ACE) inhibitors 
is indicated to treat polyarteritis- associated hyper-
tension but may be challenging in patients with ele-
vated creatinine so that alternatives such as calcium 
channel blockers may be preferred.

Bibliography
Ramachandran TS, Roos RP. Periarteritis nodosa. 

Medlink Neurology. Updated Nov 14, 2017. San 
Diego: Medlink Corporation. Available from 
https://emedicine.medscape.com/article/330717-
overview. Accessed Nov 25, 2018.

Younger DS. Vasculitis of the nervous system. Curr 
Opin Neurol. 2004;17:317–36.

Polycythemia Vera (PV)
Epidemiology and Demographics: Infrequent disorder 

with estimated incidence of about 2/100,000 per year 
with higher predominance in men. Primarily affects 
older adults but can be found in all age groups.

Disorder Description: A myeloproliferative disorder of 
elevated red blood cell mass (typically hemoglo-
bin greater than 18.5 g/dL in men and 16.5 g/dL 
in women) strongly associated (>95%) with muta-
tions in the JAK2 gene.1 Secondary cause for poly-
cythemia such as chronic hypoxemia should be 
excluded. Symptoms are typically from vasomotor 
complications or from thrombosis.

Symptoms

Localization site Comment

Cerebral hemispheres Increased risk of arterial and venous 
thrombosis causing strokes. May also 
cause transient ischemic symptoms2

Cranial nerves Visual blurring and transient blindness 
associated with delayed retinal blood 
flow
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Secondary Complications: Characteristically associated 
with pruritus during a warm shower (aquagenic 
pruritus). Like thrombocythemia, can cause eryth-
romelalgia (dysesthesias in hands and feet with 
associated color change). May also cause thrombo-
sis in other venous locations such as the hepatic vein.

Treatment Complications: High- dose aspirin therapy 
also increases risk of hemorrhage in patients with 
PV. Treatment with chemotherapeutic agents may 
influence risk of later leukemia.

References
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Polymyalgia Rheumatica
Epidemiology and Demographics: Predominant age at 

presentation is 50 years or older; median age at diag-
nosis is 72. Females affected more than males (2:1 
ratio), and Caucasians are affected more than any 
other ethnic group. Polymyalgia rheumatica (PR) 
has been reported rarely in the black population. In 
the United States, 52.5 cases/100,000 persons aged 
50 years or older. Prevalence is 0.5–0.7%.

Disorder Description: PR is a chronic inflammatory condi-
tion characterized by myalgias affecting the hip and 
shoulder girdles. The myalgias are associated with 
morning stiffness that lasts for more than an hour. 
This condition is associated with giant cell arteritis 
(GCA). Patients noted to have elevated erythrocyte 
sedimentation rate (ESR) and C- reactive  protein 
(CRP). Patients respond rapidly to prednisone 
within 2–3 days.

Potential causes include:
Autoimmune process: Monocyte/macrophage 

activation. PR is associated with HLA- DR4 
haplotype, high level of IL- 6 associated with 
increased disease activity. Cell- mediated auto- 
immune injury to the elastic lamina of blood 
vessels.

Genetic predisposition: IL- 6 and RANTES 
polymorphism seen in Spanish population.

Environmental factors: Exposure to viral 
infections (adenovirus, parvovirus B19, 
human parainfluenza virus).

Risk factors include:
Females older than 50 years of age.
Northern European descent – particularly 

Scandinavians.
Exposure to adenovirus, parvovirus B19, and 

human parainfluenza virus.
Genetic susceptibility based on the presence of IL- 6 

and/or RANTES polymorphisms.
PR is more common in northern Europe, with 

the highest incidence in Scandinavia and lower inci-
dence in Mediterranean countries.

Symptoms

Localization site Comment

Blood vessels 
supplying the 
synovium and bursae 
of shoulder and hip 
girdles

Pain and stiffness of neck, shoulders, 
thighs, and hips, especially after sleeping. 
Muscles are not affected directly. EMG 
studies and muscle biopsies are normal

Temporal artery 50% of people with temporal arteritis 
have polymyalgia rheumatica. Symptoms 
include headache, scalp tenderness, jaw 
stiffness, distorted vision

Unclear localization Constant fatigue and lack of appetite, flu- 
like symptoms, low- grade fever, anemia

Secondary Complications:
Temporal arteritis
Chronic pain of the joints
Chronic fatigue
Vision changes
Persistent flu- like symptoms

Treatment Complications:
Steroids: Prednisone is commonly used to treat 

this condition. The use of prednisone causes 
an increased risk of infection, hyperglycemia, 
avascular necrosis of the hip, psychosis, 
Cushing disease, and osteoporosis.

Immunosuppressants: Methotrexate is the second- 
line choice of treatment when steroids are not 
effective. Methotrexate can cause patients to 
develop ulcerative stomatitis, aplastic anemia, 
agranulocytosis, leukoencephalopathy, 
seizures, Stevens–Johnson syndrome among 
other complications.
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Polymyositis
Epidemiology and Demographics: Polymyositis is fre-

quently found as an overlap disease or misdiagnosed; 
isolated polymyositis is uncommon. Incidence of 
polymyositis and closely linked dermatomyositis is 
2/100,000 per year, while prevalence is estimated at 
5–22/100,000. Females are more likely than males 
to develop polymyositis (2:1). Primarily affects 
patients over the age of 20 years. There is no specific 
geographic distribution.

Disorder Description: Polymyositis is an idiopathic 
inflammatory myopathy. Muscle weakness can 
develop alone, and frequently presents as neck 
flexor weakness and symmetric proximal arm and 
leg weakness over several weeks to months.

It is an acquired autoimmune disorder; the exact 
disease mechanism and cause are unclear. However, 
due to frequent comorbidity with cancer, it is thought 
that paraneoplastic processes contribute to polymy-
ositis and the underlying autoimmune processes.

In diagnostic tests, serum CK is elevated, usually 
5 to 50 times the normal value; it can also be used to 
monitor response to treatment. ESR and CRP can be 
normal. ANA (antinuclear antibody) is positive in 
16–40% of patients. Electromyography studies will 
show increased insertional and spontaneous activ-
ity, small polyphasic motor unit action potentials, 
and early recruitment. Muscle biopsy will show sig-
nificant evidence of inflammation and some necro-
sis, but unlike dermatomyositis, there is no evidence 
of immune deposits on microvasculature.

Symptoms

Localization site Comment

Muscle Symmetric and proximal muscle weakness 
(>90% of patients). Typically, deltoids and hip 
flexors, though neck flexor involvement is 
common. Distal muscle weakness is rare, if it 
occurs at all, and is usually mild without much 
impairment

Secondary Complications: There is an increased risk of 
cancer in polymyositis, though it is lower than in 
dermatomyositis. As with dermatomyositis, pol-
ymyositis is associated with interstitial lung dis-
ease and cardiac disease (conduction defects and 
arrhythmias, pericarditis, myocarditis, and eventual 
congestive heart failure). Polyarthritis can occur in 
up to 45% of patients. There is also an association 
with connective tissue diseases.

Treatment Complications: While there is no Class I evi-
dence for treatment, currently, treatment is based 
on lifelong immunosuppression. Largely, cortico-
steroid therapy is first- line therapy. Other drugs such 
as methotrexate, azathioprine, or mycophenolate 
mofetil are frequently also added. If no improvement 
is found, intravenous immunoglobulins (IVIG) or 
rituximab may be added. In general, methotrexate 
tends to be avoided, due to risk of pulmonary toxicity.

Similar to dermatomyositis, complications related 
to steroid therapy (hyperglycemia, osteoporosis, 
cataracts, infections, weight gain, steroid- induced 
myopathy) can develop. Regarding methotrexate, 
pulmonary toxicity can occur. In general, opportun-
istic infections such as Pneumocystis jirovecii pneu-
monia are possible if no prophylaxis is in place.
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Polymyositis/Dermatomyositis versus 
Inclusion Body Myositis
Epidemiology and Demographics: From 0.5 to 8.4 cases 

per million population in the United States. Presents 
in adults older than 20 years of age (45–60 years of 
age most commonly). Dermatomyositis also noted 
in children (commonly 5–14 years of age). Inclusion 
body myositis (IBM) noted more frequently in 
adults older than 50 years of age. More common 
in women (2:1 ratio). Black population more com-
monly affected than Caucasians within the United 
States (5:1 ratio for polymyositis and 3:1 ratio for 
dermatomyositis). Men more commonly affected by 
IBM. Japanese population less affected than average 
by polymyositis.
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Disorder Description: Polymyositis is an idiopathic 
inflammatory myopathy that causes symmetric, 
proximal muscle weakness. Dermatomyositis is an 
inflammatory myopathy similar to polymyositis 
that is associated with skin manifestations. Both 
present with similar clinical manifestations over 
weeks to months that are responsive to steroids. 
The two are best differentiated based on character-
istic skin findings that are seen in dermatomyositis 
and muscle biopsy findings. IBM is classified as an 
inflammatory myopathy but contrary to its name, 
IBM shows minimal evidence of inflammation. It 
more commonly presents as an asymmetric distal 
weakness in older men. It is also diagnosed based on 
characteristic muscle biopsy findings.

Potential causes include:
T-cell (CD-8)-mediated cytotoxic processes 

directed against unidentified muscle antigen 
caused by:
Autoimmune diseases
Viral infections (see below)
Malignancies: nasopharyngeal cancer, lung 

cancer, non- Hodgkin lymphoma, and 
bladder cancer

Connective tissue disorders
Medications (see below)

Anti Jo- 1 antibodies (specific to polymyositis)
Anti-Mi-2 antibodies (specific to dermatomyositis)
Anti-SRP antibodies (specific to acute polymyositis 

with cardiac involvement)
Risk factors include:

Human leukocyte antigen (HLA) – haplotypes A1, 
B8, and DR3

Infection:
Coxsackievirus B1
Human immunodeficiency virus (HIV)
Human T-cell lymphotropic virus-1 (HTLV-1)
Hepatitis B
Influenza
Echovirus
Adenovirus

Medications:
D-penicillamine
Hydralazine
Phenytoin
Angiotensin-converting enzyme inhibitors 

(ACE-inhibitors)
Statins

There is no specific higher proclivity to any 
 specific region; however, individuals of Japanese 
descent have lower likelihood of developing 
polymyositis.

Symptoms

Localization site Comment

Muscle Polymyositis/dermatomyositis: weakness 
and/or loss of muscle mass in the proximal 
musculature as well as neck and torso flexors. 
Hip extensors severely affected. Dysphagia 
and other problems with esophageal motility. 
These conditions can also lead to interstitial 
lung disease and cardiac disease (cardiac failure 
and conduction abnormalities). Foot drop 
involving one or both feet has been noted

Inclusion body myositis: Weakness affecting 
the quadriceps and finger flexors. Most 
common complaints including frequent 
tripping, difficulty climbing stairs, and trouble 
opening doors or gripping objects. There have 
been patient reports of severe thigh pain. 
Dysphagia has been noted in 40% to 85% of 
patients. Decline in aerobic capacity causing 
increased fatigue has also been noted

Secondary Complications:
Weakness of the lower extremities.
Finger flexor weakness.
GI disturbances secondary to esophageal 

dysmotility.
Treatment Complications:

Steroids: Prednisone is commonly used to treat 
this condition. The use of prednisone causes 
an increased risk of infection, hyperglycemia, 
avascular necrosis of the hip, psychosis, 
Cushing disease, and osteoporosis.

Immunosuppressants: Methotrexate is the second- 
line choice of treatment when steroids are not 
effective. Methotrexate can cause patients to 
develop ulcerative stomatitis, aplastic anemia, 
agranulocytosis, leukoencephalopathy, 
seizures, Stevens–Johnson syndrome among 
other complications.
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Polyneuropathy (Axonal)
Epidemiology and Demographics: As summarized by 

Hanewinckel et  al., the prevalence is 1% and 
increases to 7% in the older population.

Disorder Description: Patients may present with paresthe-
sias or pain and motor dysfunction in the feet first, 
followed by more proximal spread. In developing 
countries infectious causes such as leprosy are the 
most common cause. In industrialized nations, the 
common causes include diabetes, alcohol use, vita-
min deficiencies, and drug side effects. Classified by 
cause, presentation, or axonal vs demyelinating.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Reduced quality of life

Peripheral neuropathy Pain, numbness, tingling

Muscle Weakness

Other Gait difficulty and increased fall risk 
Can affect autonomic nervous 
system

Secondary Complications: In severe cases, sensory symp-
toms can also involve the thoracic and cervical 
nerves.

Treatment Complications: Medications such as gabapen-
tin can cause sedation and renal impairment at high 
doses. Trial with tricyclic antidepressant medica-
tions can cause altered mental status. Opioids may 
cause sedation and respiratory suppression.
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Posterior Cerebral Artery (PCA), Left 
Territory Infarction
Epidemiology and Demographics: Comprise approxi-

mately 5–15% of ischemic strokes. The frequency 
increases with age and is higher in males. All strokes 
are more likely to afflict those of African, Asian, 
Native American, and Hispanic descent than those 
of Caucasian descent.

Disorder Description: Blockage of one or more branches 
of the left posterior cerebral artery (PCA) leading to 
infarction of the supplied brain tissue. The blockage 
is most commonly caused by a cardioembolism but 
other possible causes include: vertebral artery dissec-
tion or atherosclerotic plaque leading to artery-to-
artery embolism, and intrinsic PCA atherosclerosis. 
Rare causes include vasculitis, coagulopathies, and 
migrainous infarction. Standard vascular risk factors, 
including smoking, hypertension, hyperlipidemia, 
and diabetes, apply. In cardioembolic cases, atrial 
fibrillation, aortic plaque, and severe left ventricular 
dysfunction are more common causes. In the presence 
of a patent foramen ovale, systemic venous thrombo-
sis could also be causative (paradoxical embolus).

Symptoms

Localization site Comment

Cerebral hemispheres Right homonymous hemianopia. Right 
hemisensory loss. Thalamic aphasia. 
Alexia without agraphia

Mental status and 
psychiatric aspects/
complications

Memory loss may occur. In bilateral 
infarction, transient alteration of 
consciousness may also be seen

Secondary Complications: Thalamic pain syndrome can 
lead to chronic neuropathic pain on the right side.

Treatment Complications: Hemorrhagic transformation 
of the infarct may be seen after thrombolysis or 
mechanical thrombectomy.
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Posterior Cerebral Artery (PCA), Right 
Territory Infarction
Epidemiology and Demographics: Comprise approxi-

mately 5–15% of ischemic strokes. The frequency 
increases with age and is higher in males. All strokes 
are more likely to afflict those of African, Asian, 
Native American, and Hispanic descent than those 
of Caucasian descent.

Disorder Description: Blockage of one or more branches 
of the left posterior cerebral artery (PCA) leading to 
infarction of the supplied brain tissue. The blockage 
is most commonly caused by a cardioembolism but 
other possible causes include: vertebral artery dissec-
tion or atherosclerotic plaque leading to artery-to-
artery embolism and intrinsic PCA atherosclerosis. 
Rare causes include vasculitis, coagulopathies, and 
migrainous infarction. Standard vascular risk factors, 
including smoking, hypertension, hyperlipidemia, 
and diabetes, apply. In cardioembolic cases, atrial 
fibrillation, aortic plaque, and severe left ventricular 
dysfunction are more common causes. In the presence 
of a patent foramen ovale, systemic venous thrombo-
sis could also be causative (paradoxical embolus).

Symptoms

Localization site Comment

Cerebral 
hemispheres

Left homonymous hemianopia. Left hemi-
sensory loss. Visual neglect. Prosopagnosia

Mental status and 
psychiatric aspects/
complications

Memory loss rarely occurs. In bilateral 
infarction, transient alteration of 
consciousness may also be seen

Secondary Complications: Thalamic pain syndrome can 
lead to chronic neuropathic pain on the left side.

Treatment Complications: Hemorrhagic transformation 
of the infarct may be seen after thrombolysis or 
mechanical thrombectomy.
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Posterior Ciliary Artery Thrombosis
Epidemiology and Demographics: This condition can 

be arteritic or nonarteritic and both forms are 
more common in Caucasians. The nonarteritic 
form (NAION – nonarteritic anterior ischemic 
optic neuropathy) is far more common, account-
ing for ~95% of cases. This has an incidence of 
2–10/100,000 and has a mean age of onset of 60–70 
years, although it can be seen at all ages. The arte-
ritic form accounts for ~5% of cases with an inci-
dence of 2/100,000  people. It is more common in 
females and has a mean age of onset of 70 years, 
with cases rare before age 60.

Disorder Description: The posterior ciliary artery sup-
plies the choroid of the retina and the head of the 
optic nerve. Occlusion leads to anterior ischemic 
optic retinopathy. NAION is atherosclerotic in 
etiology. Risk factors include smoking, hyperten-
sion, and hyperlipidemia. AION is the most com-
mon cause of vision loss in giant cell (temporal) 
arteritis.

Symptoms

Localization site Comment

Cranial nerves Both forms cause painless vision loss over 
hours to days with the arteritic form being 
more rapid and severe

Secondary Complications: The vision loss is generally per-
manent. NAION is usually seen in conjunction with 
small vessel arteriosclerotic disease in other end 
organs. AION is an autoimmune disorder and often 
other such disorders are present.

Treatment Complications: Treatment of AION is with 
high- dose steroids and can lead to weight gain, 
infections, osteoporosis, diabetes, and avascular 
necrosis of the hip, among others.
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Posterior Reversible Encephalopathy 
Syndrome (PRES)
Epidemiology and Demographics: Reported in individu-

als from 4 to 90 years of age, with mean age range 
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of 39–47 years. Female predominance. Global 
 incidence of posterior reversible encephalopathy 
syndrome (PRES) is unknown.

Disorder Description: PRES is a neurotoxic state that 
occurs as a result of cerebral blood perfusion 
abnormalities resulting in blood–brain barrier 
dysfunction with cerebral vasogenic edema. 
The vasogenic edema is most commonly in the 
parieto- occipital regions of the brain. Contrary 
to its name, regions beyond the posterior cere-
brum have also been known to be affected in this 
condition. This condition is also known as hyper-
tensive encephalopathy and reversible posterior 
leukoencephalopathy.

Potential causes include:
Severe hypertension:

postpartum
eclampsia/pre-eclampsia
acute glomerulonephritis

Hemolytic uremic syndrome (HUS)
Thrombotic thrombocytopenic purpura (TTP)
Systemic lupus erythematosus (SLE)
Medication related:

cisplatin
interferons
erythropoietin
tacrolimus
cyclosporine
azathioprine
L-asparginase

Bone marrow or stem cell transplantation
Sepsis
Hyperammonemia

Risk factors include:
Hypertensive urgency or emergency
Post-partum female
Female with eclampsia or pre-eclampsia
Lupus
Sepsis
Immunosuppressive medications (as noted 

before)
No specific regions of the world have higher 

proclivity.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Symmetric vasogenic edema is most com-
monly seen in parieto- occipital regions spar-
ing the calcarine and paramedian parts of the 
occipital lobe. Both cortical and subcortical 
regions may be affected. Watershed regions 
involving the frontal and inferior temporal 
areas have also been reported. Less com-
monly, edema can also be purely unilateral 
or not involve the cortical/subcortical matter 
at all. Infarction is noted in PRES in 10–15% of 
the cases, and hemorrhages are noted in 15% 
of the cases. Patients most commonly report 
visual abnormalities including: blurred vision, 
visual neglect, homonymous hemianopsia, 
visual hallucinations, and cortical blindness. 
In addition to this, headache and nausea/
vomiting are common symptoms. Epileptic 
seizures have also been reported in patients 
with PRES. Patients with severe PRES can 
suffer from status epilepticus and can enter a 
comatose state

Mental status 
and psychiatric 
aspects/
complications

Altered mental status/encephalopathy is very 
common symptom in patients with PRES

Brainstem Watershed regions affecting various areas 
of the brainstem have been reported. Less 
commonly, cases of PRES involving only 
the basal ganglia and brainstem have been 
reported

Cerebellum Vasogenic edema in the cerebellum has also 
been reported. Vasogenic edema located in 
the brainstem and cerebellar regions can lead 
to transtentorial cerebellar herniation

Secondary Complications
 1. Persistent visual changes including blindness.
 2. Mental status changes including difficulty con-

centrating or focusing.
 3. Inability to function independently because of 

persistent encephalopathy.
 4. Death secondary to transtentorial herniation.

Treatment Complications: Antihypertensives are the 
mainstay of treatment for this condition. As such, 
overly aggressive use of antihypertensives can result 
in cerebral ischemia with resulting stroke/transient 
ischemic attack.
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Post-herpetic Neuralgia
Epidemiology and Demographics: This is a relatively com-

mon disease. As summarized by Christo et al., the 
incidence is 3/1000 per year and by 80 years of age, it 
increases to 10/1000 per year.

Disorder Description: Most people have dormant var-
icella zoster virus. When the virus is reactivated, 
patients can present with pain in the locations 
where the dormant virus tends to reside. Those 
areas include the thoracic, cervical, and trigeminal 
nerves. Burning pain develops after shingles rash 
resolves.

Symptoms

Localization site Comment

Cranial nerves Trigeminal nerves

Spinal cord Cervical and thoracic (T4–6) levels

Secondary Complications: Visual disturbances if V1 divi-
sion of trigeminal nerve is involved.

Treatment Complications: Potential diverse adverse cen-
tral nervous system effects such as mood changes 
due to use of antiepileptic agents or antidepressants 
(used for analgesic effect). Sedation from opiates. 
Skin irritation from topical ointments.
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Post-immunization Encephalomyelitis
Epidemiology and Demographics: Age of presentation 

varies based on vaccine. Most cases are in chil-
dren (0–18 years of age), but individuals older than  
18 years have also been affected after taking the 
influenza H1N1 and HPV vaccines. Slight male pre-
dominance (1.3:1 ratio) in the pediatric population, 
but not in adults. Frequency of condition is 0.1 to 
0.2/100,000 persons vaccinated.

Disorder Description: Post- immunization encephalo-
myelitis is a form of acute disseminated encepha-
lomyelitis (ADEM) that occurs after vaccination. 
Historically referred to as “neuroparalytic accident,” 
post- immunization encephalomyelitis first became 
prominent after the introduction of Jenner’s small 
pox (cow pox) vaccine in 1853 and Pasteur’s rabies 
vaccine in 1885. Post- vaccination encephalomyeli-
tis currently accounts for less than 5% of the present 
cases of ADEM. It should be noted that ADEM or 
any other adverse event that follows the adminis-
tration of an inactivated component or live vacci-
nation may be temporally associated with, but not 
necessarily the result of, the administration of the 
vaccine. Post- immunization encephalomyelitis is 
currently thought to be caused by in vivo infected 
neural tissue utilized in the preparation of the vac-
cine. This theory has been further supported by the 
fact that there has been a significant reduction in 
post- vaccination ADEM events after the develop-
ment of vaccines utilizing recombinant proteins.

Potential causes include:
Rabies vaccine – sample preparation (extracted 

from rabbit brain and used particularly in 
developing countries)

Diphtheria–tetanus–pertussis (DTaP) vaccine
Smallpox vaccine
Measles–mumps–rubella (MMR) vaccine – most 

common cause of ADEM is non- neural MMR 
vaccine, though the ADEM rate is much higher 
with a live measles infection (1–2 per million 
vaccinated vs 1 in 1000 with live measles 
infection)

Japanese B encephalitis vaccine
Hog vaccine
Influenza vaccine (both intramuscular and 

intranasal preparations)
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H1N1 (swine flu) vaccine
Human papilloma virus (HPV) vaccine (bivalent 

and quadrivalent)
Hepatitis B vaccine
Polio vaccine
Pneumococcal pneumonia vaccine
Meningococcal vaccine
Hexavalent vaccine (combination vaccine 

against diphtheria, tetanus, pertussis, polio, 
Hemophilus influenzae B, and hepatitis B)

Risk factors include:
Genetic predisposition: mutation of the 

SCN1A gene has been linked to an 
increased susceptibility to post- vaccination 
encephalomyelitis.

Recent neurotropic viral or bacterial infection:

Neurotropic viruses Neurotropic 
bacteria

Measles Mycoplasma

Mumps Leptospira

Rubella Chlamydia

Varicella Legionella

Influenza A or B Borrelia

Rocky Mountain spotted fever Campylobacter

Human immunodeficiency virus (HIV) Streptococcus

Human T- cell lymphotropic virus- 1  
(HTLV-1)

Hepatitis A or B

Herpes simplex virus

Human herpes virus 6

Epstein–Barr virus

Cytomegalovirus (CMV)

Vaccinia

Coxsackie

No particular geographic proclivity is known.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Patient may have focal cortical signs of 
aphasia, alexia, agraphia, and/or cortical 
blindness. In advanced cases, frontal release 
signs such as glabellar reflex, snout/sucking 
reflexes, and grasp may be present. Meningeal 
signs have also been reported. Although 
less common than in post- infection 
encephalomyelitis, seizures can occur in 
post- vaccination encephalomyelitis. MRI 
imaging may demonstrate demyelination 
in both gray and white matter, particularly 
the thalamus. This may not be apparent in 
hyperacute lesions but may develop later in a 
pathognomonic “sleeve- like” fashion. There is 
minimal axonal damage

Mental status 
and psychiatric 
aspects/
complications

Patient may demonstrate daytime 
somnolence with fluctuating alertness 
and orientation consistent with delirium. 
Adolescents and young adults can present 
with psychosis

Cerebellum Patient may have symptoms of ataxia, 
dysmetria, and nystagmus

Brainstem/cranial 
nerves

Bilateral optic neuritis has been 
commonly observed in patients with 
post- immunization encephalitis. Patients 
with diminished visual acuity and afferent 
pupillary defect. Funduscopic exam has 
revealed bilateral optic disc pallor. Visual 
evoked potentials will be abnormal. Patients 
may have visual field deficits

Spinal cord Patient can present commonly with focal 
motor weakness with some reports of 
diffuse motor weakness. Patient can have 
sensory abnormalities (can be paresthesias 
or numbness). Sensory levels have also been 
reported. Asymmetric reflex abnormalities 
may be present (hypo-/hyperreflexia). 
Babinski sign is noted. Imaging can 
demonstrate evidence of transverse myelitis

Unclear 
localization

Fever, malaise, and fatigue are commonly 
reported in patients with post- immunization 
encephalomyelitis. This is something that 
differentiates it from other demyelinating 
processes such as multiple sclerosis and 
neuromyelitis optica

Secondary Complications

Visual changes including blindness.
Persistent weakness and sensory changes.
Seizures.
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Residual mental status changes and psychiatric 
disturbances.

Diminished executive functioning skills secondary to 
residual frontal lobe abnormalities.

Treatment Complications

Steroids: Methyprednisolone is commonly used to 
treat this condition. The use of methylpredniso-
lone causes an increased risk of infection, hyper-
glycemia, avascular necrosis of the hip, psychosis, 
Cushing disease, and osteoporosis.

Intravenous immunoglobulin (IVIG): IVIG can 
induce reactions in patients with IgA deficiency. This 
occurs in 1/500–1000 patients. Serious anaphylac-
toid reactions occur soon after the administration 
of IVIG. Anaphylaxis associated with sensitization 
to IgA in patients with IgA deficiency can be pre-
vented by using IgA- depleted immunoglobulin. The 
presence of IgG anti- IgA antibodies is not always 
associated with severe adverse reactions to IVIG. 
As IVIG can lead to thrombosis, it has also been 
known to cause stroke and acute myocardial infarc-
tion. Nephrotoxicity has also been linked to the use 
of IVIG. IVIG therapy can result in post- infusion 
hyperproteinemia, increased serum viscosity, and 
pseudohyponatremia. Aseptic meningitis is also 
a rare but well- recognized complication of IVIG 
therapy.

Plasmapheresis (for hyperviscosity syndrome): 
Hypocal cemia/hypomagnesemia before or after 
treatment, hypothermia during treatment, and 
transfusion- related reactions are also likely; hypo-
tension may occur in patients taking angiotensin- 
converting enzyme (ACE) inhibitors, in particular 
while undergoing column- based plasmapheresis. 
Thrombo cytopenia and hypofibrinogenemia may 
occur after plasmapheresis (especially if albumin is 
being used as a replacement product) and patients 
should be monitored for signs of bleeding.
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Post-infectious Encephalomyelitis
Epidemiology and Demographics: More than 80% of child-

hood cases occur in patients younger than 10 years, 
with a mean age range of 5 to 8 years. Somewhat less 
than 20% of cases occur in the second decade of life. 
Incidence in adulthood is unclear, accounting for less 
than 3% of the reported cases. Slight male predom-
inance in the pediatric population (1.3:1 ratio), but 
not in adults. Varies based on infection. However, 
in the United States there is a decline in frequency of 
post- infectious encephalomyelitis (PIEM) as a result 
of vaccinations against infections. In other countries 
where immunizations are not so common, the rates 
of PIEM continue to be high. Before introduction of 
immunization, the incidence of PIEM after measles 
was 1/1000 cases. The incidence of PIEM was 1/10,000 
cases for varicella- zoster, and 1/20,000 for rubella.

Disorder Description: PIEM is a form of acute disseminated 
encephalomyelitis (ADEM). It is a monophasic, pri-
marily inflammatory demyelinating condition that 
occurs antecedent to or concomitant with an exanthe-
matous or non- specific viral infection, though bacte-
rial infections can also cause this condition. Research 
involving animal models indicates an infectious 
mechanism and a subsequent autoimmune response 
that ultimately causes central nervous system demy-
elination. The autoimmune response is mediated by 
T- cells that react to myelin antigens such as myelin 
basic protein, myelin oligodendrocyte glycoprotein, 
and proteolipid protein. B- cells and ganglioside anti-
bodies have also been implicated in the mechanism 
of ADEM. The mean time to onset of neurologic dis-
turbances after infection is 12 days with a range of 2 
to 30 days. Most common symptoms at presentation 
include: unilateral or bilateral long tract signs, acute 
hemiparesis, change in mental status, and ataxia, 
either alone or in combination. Seizures were also 
present and were mainly of partial motor type.

Potential causes include:
Viral infection:

Measles
Mumps
Rubella
Varicella-zoster
Influenza A or B
Rocky Mountain spotted fever
HIV
HTLV-1
Hepatitis A or B
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Localization site Comment

Cerebellum Patient may have symptoms of ataxia, 
dysmetria, and nystagmus. Cerebellar 
syndrome is typically seen after varicella- 
zoster infection and typically carries a good 
prognosis

Brainstem/cranial 
nerves

Bilateral optic neuritis has been 
commonly observed in patients with 
post- immunization encephalitis. Patients 
with diminished visual acuity and afferent 
pupillary defect. Funduscopic exam has 
revealed bilateral optic disc pallor. Visual 
evoked potentials will be abnormal. 
Patients may have visual field deficits

Spinal cord Patient can present commonly with focal 
motor weakness with some reports of 
diffuse motor weakness. Patient can have 
sensory abnormalities (can be paresthesias 
or numbness). Sensory levels have 
also been reported. Asymmetric reflex 
abnormalities may be present (hypo-/
hyperreflexia). Babinski sign is noted. 
Imaging can demonstrate evidence of 
transverse myelitis

Unclear localization Fever, malaise, and fatigue are commonly 
reported in patients with post- 
immunization encephalomyelitis. This is 
something that differentiates it from other 
demyelinating processes such as multiple 
sclerosis and neuromyelitis optica

Herpes simplex virus
Human herpes virus 6
Epstein–Barr virus
Cytomegalovirus
Vaccinia
Coxsackie

Bacterial infection:
Mycoplasma
Leptospira
Chlamydia
Legionella cincinnatiensis
Borrelia
Campylobacter
Group A β-hemolytic streptococcus

Risk factors include a genetic predisposition. 
Mutation of the SCN1A gene has been linked to 
an increased susceptibility to post- vaccination 
encephalomyelitis.

A higher incidence of PIEM is seen primarily in 
underdeveloped regions of the world where pre-
ventative childhood immunization is not availa-
ble. This includes areas of Asia, Africa, and South 
America.

Symptoms

Secondary Complications:
Visual changes including blindness.
Persistent weakness and sensory changes.
Seizures.
Residual mental status changes and psychiatric 

disturbances.
Diminished executive functioning skills secondary 

to residual frontal lobe abnormalities.
Treatment Complications:

Steroids: Methyprednisolone is commonly 
used to treat this condition. The use of 
methylprednisolone causes an increased risk 
of infection, hyperglycemia, avascular necrosis 
of the hip, psychosis, Cushing disease, and 
osteoporosis.

Intravenous immunoglobulin (IVIG): IVIG 
can induce reactions in patients with IgA 
deficiency. This occurs in 1/500–1000 patients. 
Serious anaphylactoid reactions occur soon 

Localization site Comment

Cerebral 
hemispheres

Patient may have focal cortical signs of 
aphasia, alexia, agraphia, and/or cortical 
blindness. In advanced cases, frontal 
release signs such as glabellar reflex, snout/
sucking reflexes, and grasp may be present. 
Meningeal signs have also been reported. 
Although less common than post- infection 
encephalomyelitis, seizures can occur in 
post- vaccination encephalomyelitis. MRI 
imaging may demonstrate demyelination 
in both gray and white matter, particularly 
the thalamus. This may not be apparent 
in hyperacute lesions but may develop 
later in a pathognomonic “sleeve- like” 
fashion. There is minimal axonal damage. 
Extrapyramidal (parkinsonian) sign and 
symptoms are commonly noted after 
Group A β- hemolytic streptococcus 
infection

Mental status and 
psychiatric aspects/
complications

Patient may demonstrate daytime 
somnolence with fluctuating alertness 
and orientation consistent with delirium. 
Adolescents and young adults can present 
with psychosis
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after the administration of IVIG. Anaphylaxis 
associated with sensitization to IgA in patients 
with IgA deficiency can be prevented by using 
IgA- depleted immunoglobulin. The presence of 
IgG anti- IgA antibodies is not always associated 
with severe adverse reactions to IVIG. As 
IVIG can lead to thrombosis, it has also been 
known to cause stroke and acute myocardial 
infarction. Nephrotoxicity has also been linked 
to the use of IVIG. IVIG therapy can result in 
post- infusion hyperproteinemia, increased 
serum viscosity, and pseudohyponatremia. 
Aseptic meningitis is also a rare but well- 
recognized complication of IVIG therapy.

Plasmapheresis (for hyperviscosity syndrome): 
Hypocalcemia/hypomagnesemia before 
or after treatment, hypothermia during 
treatment, and transfusion- related reactions 
are also likely; hypotension may occur in 
patients taking angiotensin- converting 
enzyme (ACE) inhibitors, in particular while 
undergoing column- based plasmapheresis. 
Thrombocytopenia and hypofibrinogenemia 
may occur after plasmapheresis (especially if 
albumin is being used as a replacement product) 
and patients should be monitored for signs of 
bleeding.
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Post-Lumbar Puncture Headache
Epidemiology and Demographics: Thirty- two percent 

of patients who undergo a lumbar puncture (LP) 
develop a headache; however, this finding may be 
underreported as minor symptoms are not reported. 
Post- LP headache is more common in young adults 
(18–30 years). Young women with a lower body mass 
index and those who are pregnant are at higher risk 
of developing headaches after lumbar puncture. The 
incidence is less in the elderly for unclear reasons.

Disorder Description: Bilateral headaches that occur within 
7 days of lumbar puncture. A common characteristic 
of this type of headache is worsening of symptoms 
within 15 minutes of sitting or standing upright, which 

resolves within 30 minutes of establishing recum-
bent position. Onset of headache is usually within  
24–48 hours after dural puncture and can be delayed 
up to 12 days. Symptoms are often self- limited 
but can be severe enough to immobilize patient. 
Headache has been described as dull or throbbing in 
nature and can start in the  frontal or occipital region 
then can later generalize. Sometimes, the headache 
pain can radiate down the neck and be associated 
with neck stiffness. Factors that can worsen symp-
toms include coughing, sneezing, straining, or 
ocular compression. Other associated symptoms 
include lower back pain, nausea, vomiting, vertigo, 
tinnitus, and rarely diplopia and cortical blindness.

Symptoms

Localization site Comment

Cerebral hemispheres Bilateral in nature; can start in frontal or 
occipital territory and then generalize

Cranial nerves Rarely associated with cranial 
neuropathy

Secondary Complications: Local infection at site of lum-
bar puncture and inflammation; for persistent post- 
lumbar puncture headache for more than 72 hours, 
can undergo blood patch.

Treatment Complications: Use of oral or intravenous 
caffeine for resolution of headache symptoms puts 
patient at risk for recurrent headache. Blood patch 
has a 70–98% success rate; if blood patch is not suc-
cessful, the procedure can be repeated to help seal 
dural hole caused by lumbar puncture.
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marrow recipients, has been associated with cer-
ebral edema, which can cause an encephalopathy.2 
Different types of encephalopathies may coexist 
in a specific clinical setting, which poses a unique 
diagnostic challenge.4

Generally speaking, certain encephalopathies 
occur earlier in the post- transplantation period, 
while others occur later.2 Hypoxic–ischemic enceph-
alopathy is known to occur within the first 30 days 
post- transplant. Within the first 3 months, acute sys-
temic rejection of the transplanted organ and result-
ing rejection encephalopathy is of concern. After 3 
months, neurotoxicity from anti- rejection medi-
cations may develop as well as metabolic derange-
ments which may lead to an encephalopathy.2

The diagnostic workup of post- transplant 
encephalopathy mirrors that of other encephalopa-
thies. Imaging studies of the brain, such as MRI 
or CT, can be helpful to delineate ring- enhancing 
lesions that may be suggestive of an opportunis-
tic infection. Note that non- specific atrophy and 
white matter lesions are typically seen in the MRI 
of brain of patients with graft-versus-host disease.2 
Routine blood work including a complete meta-
bolic panel and therapeutic levels of anti- rejection 
medication can be helpful in diagnosing a uremic 
encephalopathy associated with renal transplant 
versus neurotoxicity from supra- therapeutic dos-
ages of anti- rejection medications. Cerebrospinal 
fluid evaluation can further aid in the evaluation 
of any concomitant opportunistic infection that 
may have developed. EEG (electroencephalogram) 
is typically necessary to rule out convulsive versus 
non- convulsive status epilepticus, which can fur-
ther complicate management of these patients.

Thomas S-R, Jamieson D-R, Muir K-W. Randomised 
controlled trial of atraumatic versus standard 
needles for diagnostic lumbar puncture. BMJ 
(Clin Res Ed). 2000;3210:986–90.

Turnbull DK, Shepherd DB. Post-dural puncture 
headache: pathogenesis, prevention and 
treatment. Br J Anaesth. 2003;91:718–29.

Post-transplant Encephalopathy and Other 
Complications
Epidemiology and Demographics: Post- transplantation 

encephalopathy (PTE) is a common complication 
following transplant procedures. Approximately 
30% to 60% of patients may experience some type 
of neurologic complication following a transplant.1,2

Disorder Description: PTE is characterized by an alter-
ation of consciousness, ranging from fluctuating 
delirium to coma. This alteration of consciousness 
can be accompanied by a variety of motor signs such 
as tremors, asterixis, and myoclonus.2

PTE can occur from a host of underlying disor-
ders such as metabolic derangement, central nerv-
ous system or systemic opportunistic infections, 
and hypoxia–ischemia. PTE can also be seen as a 
direct result (or indirect result) of transplant med-
ications. PTE is commonly known to occur in the 
setting of graft-versus-host disease.

Transplanted organ- specific complications 
have been cited in the medical literature.2 Heart 
and pulmonary transplants have been associated 
with cerebral hypoxia and ischemia while bone 
marrow transplantation has been associated with 
prolonged thrombocytopenia and cerebral hem-
orrhage.3 Cranial irradiation, also used in bone 

Localization site Comment

Cerebral hemispheres Posterior reversible encephalopathy syndrome (PRES) with headache, altered mentation, seizures, and 
elevated blood pressure may occur with several transplant types. Uremic encephalopathy can be seen in 
patients following renal transplant during either acute or chronic rejection

Effects of persistent uremia in renal transplant or encephalopathy from acute renal graft rejection. 
Neoplastic meningitis and central nervous system (CNS) deposits in patients with recurrent leukemia in 
context of undergoing bone marrow grafts. Cerebrovascular disease, coagulopathies, and endocarditis 
may occur in several conditions leading to transplants such as bone marrow transplants. Cerebral 
hypoxia in cardiac transplantation. Seizures associated with underlying conditions, coexisting metabolic 
aberrations, or hypoxia associated with assorted transplant procedures4–6

Brainstem Central pontine myelinolysis (with altered mentation, quadriplegia, and pseudobulbar palsy) after 
hepatic, and less commonly hepatic or cardiac transplants, and associated with attempts to rapidly lower 
sodium concentrations

Symptoms
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Secondary Complications: Coagulopathy and its associ-
ated risks (e.g., cerebral hemorrhage) are common 
in patients with advanced hepatic disease that are 
candidates for liver transplantation.

Treatment Complications: Immunosuppressive agents 
such as cyclosporine or tacrolimus may cause an 
encephalopathy that resembles hypertensive enceph-
alopathy with manifestations like altered mentation, 
mood changes, tremor, seizures, visual alterations, 
headaches, and other cortical deficits. PRES is one of 
the known complications of calcineurin inhibitors 
(cyclosporine and tacrolimus).2 Sensory alterations 
such as paresthesias may occur. Direct epileptogenic 
effects of cyclosporine and monoclonal antibody 
therapies have been described.

Steroids notorious for risk of psychosis or less severe 
alterations in mood, myopathy, and steroid with-
drawal problems if tapered too rapidly. Rare steroid- 
related epidural lipomatosis described. Monoclonal 
antibody treatment may cause an aseptic meningitis.

Immunosuppressive agents, such as cyclo-
sporine and tacrolimus, in conjunction with corti-
costeroids, may predispose transplant patients to 
opportunistic systemic and CNS infections, thereby 
resulting in sepsis and a septic encephalopathy.2 
Immunosuppression may make patients vulnerable 
to incurring meningitis associated with agents like 
Aspergillus, Listeria, or Cryptococcus, brain abscess 
(e.g., Toxoplasma), or progressive multifocal leu-
koencephalopathy associated with JC virus. Post- 
transplant lymphoproliferative disorder may have 
CNS involvement.

Some antiepileptic agents may induce hepatic 
metabolism and result in lower levels of concomi-
tant immunosuppressive therapies.

Assorted perioperative peripheral nerve injury 
syndromes may occur, such as brachial plexus insult 
from cardiac surgery and femoral nerve with renal 
transplants.

Meningitis may be a facet of the immune recon-
stitution inflammatory syndrome associated with 
rapid reduction in immunosuppressive therapy.

Several chemotherapeutic agents used in oncol-
ogy may lead to the depletion of thiamine reserves 
and therefore predispose patients to Wernicke 
encephalopathy.2
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Localization site Comment

Spinal cord Due to an anatomic variation, the caudal spinal cord may be supplied by branches of the internal 
iliac arteries rather than by intercostal arteries. If the internal iliac artery is used to supply blood to the 
transplanted organ, this can lead to ischemia of the spinal cord5

Plexus Brachial plexus injury and phrenic nerve injury can occur during the course of cardiac/lung transplant 
from stretch injuries5

Mononeuropathy or 
mononeuropathy multiplex

Chronic graft-versus-host disease can lead to systemic versus primary CNS vasculitis. This may present 
with focal entrapment neuropathies such as radial nerve palsy or peroneal nerve palsy (dropped wrist 
versus foot drop)

Peripheral neuropathy Injuries to the femoral and lateral cutaneous nerves can occur during renal transplant. This is largely due 
to compression of the nerves during surgery.5 Small- fiber and autonomic neuropathies are associated 
with uncontrolled diabetes most often seen in pancreatic transplant recipients

Muscle Polymyositis in chronic graft-versus-host disease in bone marrow transplants

Neuromuscular junction Myasthenic syndrome in chronic graft-versus-host disease in bone marrow transplants
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Posttraumatic Stress Disorder (PTSD)
Epidemiology and Demographics: In the United States, 

the projected lifetime risk of posttraumatic stress 
disorder (PTSD) at age 75 is 8.7%. The 12- month 
prevalence in US adults is about 3.5%. PTSD rates 
are higher among veterans, police officers, firefight-
ers, and emergency medical personnel than in those 
whose occupations do not increase the risk of expo-
sure to trauma. The highest rates (a third to half of 
those exposed) are present in survivors of rape, mil-
itary combat, internment, and genocide.

There is a higher prevalence of PTSD in some 
chronic migraine patients compared with those 
with another chronic headache condition (tension 
headaches) and healthy subjects, which should be 
considered when treating chronic migraine patients.

Disorder Description: As stated in DSM-5, posttraumatic 
stress disorder in adults can be defined as:
 A. Exposure to actual or threatened death, serious 

injury, or sexual violence in one (or more) of the 
following ways:
 i. Directly experiencing the traumatic 

event(s)
 ii. Witnessing the event as it occurred to others
 iii. Learning that the event occurred to a close 

family member or friend
 iv. Experiencing repeated or extreme expo-

sure to aversive details of the traumatic 
event (e.g., first responders collecting 
human remains, police officers repeatedly 
exposed to details of child abuse)

 B. Presence of one or more of the following intru-
sive symptoms associated with the traumatic 
event, and beginning when the event occurred:
 i. Recurrent, involuntary, and intrusive 

distressing memories of the traumatic  
event

 ii. Recurrent distressing dreams wherein the 
content of the dream is related to the trau-
matic event

 iii. Dissociative reactions (e.g., flashbacks) 
wherein the individual feels or acts as if the 
traumatic event is recurring

 iv. Intense or prolonged psychologic distress 
at exposure to internal or external cues 
that symbolize or resemble an aspect of the 
traumatic event

 v. Marked psychologic reactions to internal 
or external cues that symbolize or resemble 
an aspect of the traumatic event

 C. Persistent avoidance of stimuli associated with 
the traumatic event, beginning or worsening 
after the traumatic event occurred, as evidenced 
by one or both of the following:
 i. Avoidance of or efforts to avoid distressing 

memories, thoughts, or feelings about or 
closely associated with the traumatic events

 ii. Avoidance of or efforts to avoid external 
reminders that arouse distressing memo-
ries, thoughts, or feelings about or closely 
associated with the traumatic event

 D. Negative alterations in thoughts and mood 
associated with the traumatic event, beginning 
or worsening after the traumatic event occurred, 
as evidenced by two or more of the following:
 i. Inability to remember an important aspect 

of the traumatic event (usually due to dis-
sociative amnesia and not due to other fac-
tors such as head trauma or substance use)

 ii. Persistent and exaggerated negative beliefs 
or expectations about oneself, others, or 
the world

 iii. Persistent, distorted thoughts about the 
cause or consequences of the traumatic 
event that lead the individual to blame him/
herself or others

 iv. Persistent negative emotional state
 v. Markedly diminished interest or participa-

tion in significant activities
 vi. Feeling of detachment or estrangement 

from others
 vii. Persistent inability to experience positive 

emotions (e.g., inability to experience hap-
piness, satisfaction, or loving feelings)

 E. Marked alterations in arousal and reactivity 
associated with the traumatic event that began 
or worsened after the event occurred, as evi-
denced by two or more of the following:
 i. Irritable behavior and angry outbursts 

(with little or no provocation) typically 
expressed as verbal or physical aggression 
toward people or objects

 ii. Reckless or self- destructive behavior
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 iii. Hypervigilance
 iv. Exaggerated startle response
 v. Problems with concentration
 vi. Sleep disturbance (e.g., difficulty falling or 

staying asleep or restless sleep)
 F. Duration of the disturbance is more than 1 

month
 G. The disturbance causes clinically significant 

distress or impairment in social, occupational, 
or other areas of functioning

 H. The disturbance is not attributable to the phys-
iologic effects of a substance (e.g., medication, 
alcohol) or another medical condition.

Differential Diagnosis: Differential diagnosis should 
include adjustment disorders, acute stress disorder, 
anxiety disorder/obsessive-compulsive disorder, 
major depressive disorder, personality disorders, 
dissociative disorders, conversion disorder, psy-
chotic disorders, and traumatic brain injury.

In adjustment disorder, the stressful event can 
be of any severity, and need not satisfy criterion A 
of PTSD. This diagnosis is also made when crite-
rion A of PTSD is satisfied but other criteria are 
absent.

In acute stress disorder, symptoms are present 
from 3 days to 1 month.

In obsessive- compulsive disorder, there are also 
recurrent intrusive thoughts, but these meet the crite-
ria for obsession. Here the thoughts are not related to 
a traumatic event. In panic disorder and generalized 
anxiety disorder, the dissociative symptoms and dep-
ersonalization are not related to a traumatic event.

In major depressive disorder, the depression may 
or may not have been preceded by a traumatic event, 
and should be diagnosed if other PTSD symptoms 
are absent.

In personality disorders, the fixed and unhealthy 
thinking pattern occurs independent of traumatic 
exposure.

In dissociative disorders including dissociative 
amnesia, dissociative identity disorder, and deper-
sonalization–derealization disorder, there may or 
may not be an association with other PTSD symp-
toms. There also may or may not be an association 
with a traumatic event. When all of the criteria for 
PTSD are fulfilled in addition to dissociative symp-
toms, the diagnosis “PTSD with dissociative symp-
toms” should be given.

In conversion disorder, there is a new onset of 
somatic symptoms. When criteria for PTSD are 

also fulfilled, the diagnosis of PTSD should be given 
instead of conversion disorder.

In psychotic disorders, illusions, hallucinations, 
and other perceptual disturbances are present. 
These symptoms may be seen in schizophrenia, 
depressive and bipolar disorders with psychotic 
features, in delirium and substance/medication- 
induced disorders, and psychotic disorders due to 
another medical condition. Flashbacks associated 
with PTSD must carefully be distinguished from 
these perceptual disturbances.

In traumatic brain injury, the injury may occur 
in the context of a traumatic event, and symptoms 
of PTSD may appear in conjunction with traumatic 
brain injury symptoms. Traumatic brain injury 
symptoms and PTSD are not mutually exclusive, 
and may occur in tandem and in response to the 
same event. Symptoms of the two may overlap, and 
thus the presence of symptoms that are specific to 
one diagnosis but not the other should be carefully 
assessed. For instance, in PTSD, re- experiencing 
and avoidance are characteristic symptoms, whereas 
in traumatic brain injury persistent disorientation 
and confusion are characteristic.

Secondary Complications: PTSD may lead to severe 
social, occupational, and physical disability, as well 
as high economic costs and high medical utiliza-
tion. In veterans, PTSD has been associated with 
poor social and family relationships, absenteeism, 
lower income, and less education. PTSD has also 
been linked to an increase in suicidal ideation and 
attempts, and may be predictive of suicide attempts 
and/or completion. Reported rates of PTSD occur 
in over a third of patients hospitalized after trau-
matic injury such as motor vehicle accident, 
assaults, or fires. In a hospital setting, an event such 
as a traumatic amputation may trigger PTSD where 
the patient relives the surgery that was performed. 
These patients may go to a neurologist first in order 
to treat the phantom pain and neuralgia; therefore, 
it is important to be aware of this.

Another syndrome related to PTSD is PICS (post 
intensive care syndrome). Advances in critical care 
medicine have resulted in a growing population of 
survivors of critical illness. PICS constitutes new or 
worsening function in one or more of the follow-
ing domains: cognitive, psychiatric, or physical 
function. Although the exact prevalence of PICS 
is unknown, it is estimated that one half or more 
will suffer from some component of PICS. The 
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severity of cognitive impairment varies from mild 
to severe – from subtle difficulties in doing complex 
tasks to a profound inability to conduct one’s ADL 
(activities of daily living). Areas that are commonly 
affected are: attention/concentration, memory, 
mental processing speed, and executive function. 
An observational study reported an incidence of 
PTSD of 10% in ICU survivors at both 3 and 12 
months post hospitalization. Symptoms suggestive 
of PTSD include affective and behavioral responses 
to stimuli that promote flashbacks, hyperarousal, 
and severe anxiety, as well as intrusive recollection 
and avoidance of experiences that cause symptoms. 
Sexual dysfunction is common particularly in those 
with PTSD symptoms. One prospective observa-
tional study of 127 patients who spent more than 
3 days in ICU reported sexual dysfunction in 44% 
of patients. Glucocorticoids are associated with a 
reduced risk for PTSD. Reduced levels of cortisol 
are thought to play a role in development of PTSD 
and it has been hypothesized that administration of 
glucocorticoids during critical illness may replenish 
cortisol levels thereby reducing risk of  developing 
PTSD.

Treatment Complications: Selective serotonin reuptake 
inhibitors (SSRIs) are the first- line treatment for 
PTSD. SSRI side effects include nausea, diarrhea, 
insomnia, headache, anorexia, weight loss, sexual 
dysfunction, restlessness (akathisia- like), serotonin 
syndrome (fever, diaphoresis, tachycardia, hyper-
tension, delirium, neuromuscular excitability), 
hyponatremia, seizures (0.2%).

Serotonin–norepinephrine reuptake inhibitors 
(SNRIs) are also effective for PTSD treatment. The 
side effect profile for SNRIs is very similar to that 
of SSRIs, but SNRIs tend to cause hypertension at 
higher doses. SNRIs also may cause dry mouth, con-
stipation, and hepatotoxicity.

Prazosin, an alpha-1-receptor antagonist, is used 
to target nightmares and hypervigilance. It has been 
shown to reduce PTSD nightmares by lowering the 
hyperarousal component. Side effects include hypo-
tension, headache, drowsiness, lethargy, weakness, 
blurred vision, nausea, vomiting, diarrhea, and 
constipation.

Augmentation with atypical antipsychot-
ics may also be implemented in refractory cases. 
Atypical antipsychotic side effects include meta-
bolic syndrome, weight gain, hyperlipidemia, and 
hyperglycemia.
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Postural Orthostatic Tachycardia 
Syndrome (POTS)
Epidemiology and Demographics: Affects Caucasians 

more than other races, about 500,000 people in the 
United States (estimates of 11 million in the world). 
Young age (14–45 years) of presentation; females 
more than males (5:1).

Disorder Description: A disorder of autonomic insta-
bility with development of orthostatic symptoms 
(upright position) associated with a heart rate 
increment ≥30 (usually to ≥120 bpm) without 
orthostatic hypotension in the absence of medica-
tions that impair autonomic regulation or decon-
ditioning. Patients present with lightheadedness, 
diminished concentration, tremulousness, nausea, 
and recurrent syncope commonly exacerbated by 
heat, illness, dehydration, and exercise. They may 
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Potassium-Aggravated Myotonia
Myotonia Fluctuans: Rare autosomal dominant condi-

tion characterized by myotonia. Associated with a 
mutation in skeletal muscle sodium channel gene 
located on chromosome 17.1 Myotonia fluctuans 
usually presents during first decade of life. Patients 
experience painless muscle stiffness at rest that 
improves with exercise. Myotonia is noticed in 
face, tongue, and extremities. Symptoms fluctuate 
in severity during day.2 Symptoms are precipated 
by potassium, cold, or fasting. Electromyography 
reveals myotonic discharges. Myotonia can be 
treated with sodium channel blocking agents such 
as mexiletine or tocainamide.

Myotonia Permanans: Rare autosomal dominant condi-
tion characterized by myotonia. Associated with a 
mutation in skeletal muscle sodium channel gene 
located on chromosome 17. Myotonia permanans 
usually presents during first decade of life. Patients 
experience painless muscle stiffness at rest that 
improves with exercise. Severe myotonia is noticed 
in face, extremities, and respiratory muscles leading 
to hypoxia. Neck and shoulder muscle hypertrophy 
is also noticed.1,2 Symptoms are precipated by potas-
sium, cold, or fasting. Electromyography reveals 
myotonic discharges. Myotonia can be treated with 
sodium channel blocking agents such as mexiletine 
or tocainamide.

Acetazolamide-Responsive Sodium Channel Myotonia: Rare 
autosomal dominant condition characterized by 
myotonia. Associated with a mutation in skeletal 
muscle sodium channel gene located on chromo-
some 17.3 Acetazolamide- responsive sodium chan-
nel myotonia usually presents during first decade 
of life. The characteristic feature of the disease is 
periodic worsening of myotonia mainly in face and 

be incorrectly labeled as having panic disorder or 
chronic anxiety.

It is actually a syndrome with numerous causes 
involving abnormalities of sympathetic innerva-
tion. There is either a decrease of sympathetic inner-
vation in the peripheral nervous system or increased 
central sympathetic drive.

Symptoms

Localization site Comment

Cerebral hemispheres Impaired cerebral perfusion causes 
lightheadedness, tremulousness, 
syncope, mental clouding (brain fog), and 
blurred or tunnel vision

Orthostatic headache may occur 
(holocephalic/bifrontal) from reduced 
CSF orthostatic pressure

Mental status and 
psychiatric aspects/
complications

Sleep disturbances are known to occur. 
Anxiety is reported but this is usually a 
misinterpretation of the palpitations

Brainstem Brainstem dysregulation may contribute 
to symptoms

Peripheral 
neuropathy

Length-dependent peripheral 
neuropathy in the neuropathic variant

Impaired sweating in the lower limbs 
from dysautonomia of the peripheral 
nerves

Dependent acrocyanosis

Other Tachycardia, diaphoresis, palpitations

Secondary Complications: Relatively favorable progno-
sis. However, patients may experience insomnia, 
chronic fatigue, nausea, abdominal pain, bloating, 
and diarrhea.

Treatment Complications: Non- pharmacologic treat-
ments including increased fluid intake (3 liters/day) 
and salt intake (1 g oral three times a day) are well 
tolerated. Compression stockings and abdominal 
binders may be uncomfortable (compliance may be 
a problem).

Pharmacologic treatment such as beta block-
ers and central sympathetic alpha 2 agonist clo-
nidine can cause orthostatic hypotension; the 
alpha sympathomimetic midodrine can cause 
supine hypertension. If fludrocortisone is used 
in hypovolemic cases, it can cause supine hyper-
tension, steroid myopathy, peripheral edema, and 
hyperglycemia.
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hands. Symptoms are precipitated by cold or by 
ingestion of potassium. Severe stiffness and palpable 
rigidity are noticed after 15 minutes of potassium 
ingestion.2,4,5 Electromyography reveals myotonia. 
Muscle biopsy reveals normal ratio of Type 1 and 
Type 2 fibers. Treatment with carbonic anhydrase 
inhibitor (acetazolamide) results in symptom reso-
lution in 24 hours.
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Prader–Willi Syndrome (Willi–Prader 
Syndrome; Prader–Labhart–Willi Syndrome)
Epidemiology and Demographics: Symptoms of Prader–

Willi syndrome (PWS) are very age- specific, and 
begin in early infancy to age 2 years with hypoto-
nia and feeding difficulties with poor suck, in many 
cases requiring a feeding tube. Between 2 and 6 years 
of age, symptoms include hypotonia with a history 
of poor suck in infancy and global developmen-
tal delay. Between ages 6 and 12 years, symptoms 
include a history of hypotonia in early childhood, a 
history of poor suck in infancy, global developmen-
tal delays, and excessive eating and central obesity. 
Over age 13 years to adulthood, symptoms include 
intellectual disability, delayed puberty, and behav-
ioral problems.

The estimated prevalence of PWS is 1/10,000 to 
1/30,000 in a number of populations.

Disorder Description: PWS is a neurodevelopmental dis-
order with numerous distinctive features, including:
 1. Hypotonia: Can start perinatally and lead to 

decreased fetal movements in utero. At birth 
these babies have significant hypotonia with 
poor suck, poor cry, decreased reflexes, and 
lethargy. Over time, low tone improves, as does 
eating ability.

 2. Global developmental delays: Motor and lan-
guage milestones are significantly delayed. By 
school age, intellectual disability and learning 
disabilities are evident.

 3. Delayed puberty due to hypogonadism, with 
small genitalia, infertility.

 4. Hyperphagia and obesity: The eating behav-
ior in PWS is hypothesized to be due to hypo-
thalamic dysregulation of satiety. Children 
with PWS will hoard food and parents typi-
cally have to keep food locked up to prevent 
over-eating.

 5. Endocrinopathies, including increased risk of 
diabetes mellitus type 2, hypothyroidism, and 
adrenal insufficiency.

 6. Abnormal sleep with central and obstructive 
sleep apnea, oxygen desaturation, abnormal 
sleep architecture, also hypothesized to be due 
to hypothalamic dysfunction.

 7. Neurobehavioral disturbances including autis-
tic features, attention deficit/hyperactivity dis-
order, obsessive- compulsive disorder, and even 
psychosis.

 8. Short stature, with and without documented 
growth hormone deficiency, small hands and 
feet.

 9. Facial dysmorphology with almond- shaped 
eyes, thin upper lip, narrow forehead, hypopig-
mentation of skin, hair and eyes (as the OCA2 
gene for oculocutaneous albinism is located in 
this area).

 10. Strabismus.
 11. Bone issues include increased risk for hip dys-

plasia, osteopenia/osteoporosis leading to 
increased risk of fractures, scoliosis.

PWS is caused by mutations within the Prader–
Willi critical region (PWCR) on chromosome 15 
(15q11.2–q13). In PWS, this region is maternally 
inherited only due to either paternal deletion (70%), 
maternal uniparental disomy (UPD), or an imprint-
ing defect.
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Symptoms

Localization site Comment

Cerebral 
hemispheres

Ventriculomegaly; decreased volume of 
brain tissue in the parietal- occipital lobe; 
Sylvian fissure polymicrogyria; incomplete 
insular closure; white matter lesions1

Hypothalamic dysfunction

Mental status and 
psychiatric aspects/
complications

Temper tantrums; stubbornness; controlling 
and manipulative behavior compulsivity; 
difficulty with change in routine2; autism3; 
attention deficit/hyperactivity symptoms; 
insistence on sameness4

Pituitary gland Reduced pituitary height5

Secondary Complications: Feeding issues/failure to 
thrive/malnutrition, hypotonia and weakness, sleep 
disturbances including sleep apnea.

Treatment Complications: Growth hormone replacement 
therapy has had concerns of worsening sleep apnea 
and increased morbidity and mortality.
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Pre-eclampsia
Epidemiology and Demographics: Pre- eclampsia affects 

3 to 7% of pregnant women. Pre- eclampsia and 
eclampsia develop after 20 weeks’ gestation; up to 
25% of cases develop postpartum, most often within 
the first 4 days but up to 6 weeks postpartum. It is a 
leading cause of direct maternal mortality, account-
ing for 10–15% of deaths. The risk is greater for 
women older than 35 years or younger than 17 years.

Predisposing Factors: The strongest risk factors are pre- 
existing vascular disease. Antiphospholipid anti-
body syndrome carries the highest risk with 17% 
of affected women developing pre- eclampsia dur-
ing pregnancy. Other strong risk factors in order of 
impact include pre- eclampsia in previous pregnan-
cies, which increases the risk 7- fold from expected, 
preexisting chronic hypertension, obesity, vascular 
disorders (such as renal disease) or gestational dia-
betes, multifetal pregnancy, older age at pregnancy, 
family history of pre- eclampsia, and nulliparity.

Disorder Description: Pre- eclampsia is characterized 
by new- onset hypertension and new unexplained 
proteinuria after 20 weeks’ gestation. Proteinuria is 
defined as >300 mg in a 24- hour urine collection. 
Alternatively, proteinuria is diagnosed based on a 
dipstick reading of 1+. Proteinuria, while typically 
present and highly supportive of the diagnosis, is 
not an absolute requirement for the diagnosis.

In the absence of proteinuria, pre- eclampsia is 
also diagnosed if pregnant women have new- onset 
hypertension accompanied by the new onset of 
thrombocytopenia (platelets <100,000/μL), renal 
insufficiency (serum creatinine >1.1 mg/dL or dou-
bling of serum creatinine in women without renal 
disease), impaired liver function (aminotrans-
ferases > 2 times normal), pulmonary edema, cer-
ebral or visual symptoms.

While the pathophysiology is poorly understood, 
placental factors initiate the illness. Pre- eclampsia 
begins with a pathologic placenta that releases anti-
angiogenic vascular endothelial growth factors. These 
factors produce maternal disease by antagonizing the 
effects of maternal proangiogenic factors necessary 
for maintaining the vascular endothelium. Maternal 
hypertension and systemic vascular pathology is the 
end result. The cause of the initial placental disease 
is unknown. However, the effect of pre- eclampsia 
extends beyond delivery in that it predicts future car-
diovascular disease in affected women.
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Symptoms

Localization site Comment

Cerebral hemispheres Hyperreflexia

Headaches, blurred vision, confused 
or altered mental status

Secondary Complications: Complications affecting the 
fetus include fetal growth restriction, abruptio pla-
centae, and fetal death. Maternal complications 
include progression to eclampsia, which is among 
the most dire (discussed separately). Diffuse or mul-
tifocal vasospasm can result in hepatic infarction, 
hepatic rupture, intra- abdominal bleeding, pulmo-
nary edema, and acute renal failure, any of which are 
potentially fatal.

Ten to 20% of women with severe pre- eclampsia 
or eclampsia develop the HELLP syndrome (hemol-
ysis, elevated liver function tests, and low platelet 
count). Further, approximately 20% of women with 
HELLP syndrome develop disseminated intravas-
cular coagulation, which carries a poor prognosis 
for both mother and fetus.

Treatment Complications: Prevention of pre- eclampsia 
should be undertaken in women with strong risk 
factors as outlined above. This consists of low- dose 
aspirin at 75–81 mg taken daily prior to 20 weeks’ 
of pregnancy. One to 2 grams of calcium is recom-
mended for the prevention of pre- eclampsia in all 
women, but especially those at high risk of develop-
ing pre-eclampsia.

The National Institute for Health and Care 
Excellence (NICE) guidance now recommends tight 
blood pressure control. Labetolol should be first- 
line treatment for hypertension over 150 mmHg 
systolic and 80–100 mmHg diastolic.

Magnesium sulfate is recommended in severe 
pre- eclampsia to prevent eclamptic seizures This 
is established in clinical practice for women with 
severe hypertension or proteinuria or with mild 
to moderate hypertension or proteinuria with the 
addition of clinical or laboratory abnormalities. A 
review by the Cochrane Collaboration from 2009 
found that magnesium sulfate is also neuroprotec-
tive for the preterm infant (<37 weeks) and reduces 
risk of cerebral palsy by 15–50%.

NICE recommendations suggest conservative 
management below 34 weeks’ gestation and that 

elective delivery before 34 weeks not be undertaken, 
unless the symptomatology is severe.

Adverse effects of magnesium sulfate include 
nausea, diarrhea, or vomiting, low blood pressure, 
irregular heartbeat, headache, and muscle aches. 
Magnesium exposure in utero is associated with 
low muscle tone and relatively lower than expected 
Apgar scores in newborns; however, there is no evi-
dent effect on longer term outcomes.
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Premature Ejaculation
Epidemiology and Demographics: Estimates of the annual 

prevalence of premature ejaculation vary widely. 
Internationally, more than 20–30% of men aged 
18–70 complain of how rapidly they ejaculate. The 
new stricter definition of premature ejaculation in 
which ejaculation occurs within 1 minute upon vag-
inal penetration would only apply to 1–3% of men. 
Prevalence may increase with age.

Disorder Description: As stated in DSM-5, premature 
ejaculation can be defined as:
 A. A persistent or recurrent pattern of ejacula-

tion that occurs during partnered sexual activ-
ity within approximately 1 minute following 
vaginal penetration and before the individual 
wishes. (Note that although premature ejacula-
tion may also be applied to those who engage in 
nonvaginal sexual activities, a specific duration 
criterion has not yet been established.)
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 B. The occurrence must have been present for at 
least 6 months and must occur on all or almost 
all occasions of sexual activity (in identified or 
all situational contexts).

 C. The occurrence causes clinically significant dis-
tress in the individual.

 D. The sexual dysfunction is not better explained 
by a nonsexual mental disorder, severe relation-
ship distress, stressors, substance, medication, 
or another medical condition.

Differential Diagnosis: Differential diagnosis should 
include substance/medication-induced sexual dys-
function and ejaculatory concerns that do not meet 
diagnostic criteria.

In substance/medication-induced sexual dys-
function, ejaculation problems are due exclusively 
to substance use, intoxication, or withdrawal.

In ejaculatory concerns that do not meet diagnos-
tic criteria, the patient may complain of early ejacula-
tion and this may cause him distress, but the diagnosis 
of premature ejaculation would not be warranted.

Secondary Complications: Premature ejaculation may 
lead to a decrease in self- esteem, a sense of lack of 
control, and problems with sexual and partner rela-
tionships. It may also cause personal distress and/or 
decreased sexual satisfaction in the sexual partner. 
If ejaculation occurs prior to penetration, there may 
be difficulties with conception.

Treatment Complications: Selective serotonin reuptake 
inhibitors (SSRIs) are the first- line treatment for 
premature ejaculation. SSRI side effects include nau-
sea, diarrhea, insomnia, headache, anorexia, weight 
loss, sexual dysfunction, restlessness (akathisia- 
like), serotonin syndrome (fever diaphoresis, tachy-
cardia, hypertension, delirium, neuromuscular 
excitability), hyponatremia, seizures (0.2%).

If SSRIs fail or are not tolerated, clomipramine, 
a tricyclic antidepressant, may be used as second- 
line treatment. Its most common side effects include 
blurred vision, nausea, dry mouth, constipation, 
fatigue, weight gain, increased appetite, dizziness, 
tremor, headache, myoclonus, drowsiness, lethargy, 
restlessness, erectile dysfunction, and loss of libido.
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Premenstrual Dysphoric Disorder
Epidemiology and Demographics: The annual prevalence 

of premenstrual dysphoric disorder (PMDD) in 
menstruating women is 1.8% to 5.8%, although it is 
believed that these estimates may be largely inflated 
because these epidemiological studies have gener-
ally been retrospective in design.

Disorder Description: PMDD is a marked change in mood 
and behavior that develops in the last week of the 
menstrual cycle before the onset of menses, which 
resolves in the first week post menses. According to 
DSM-5, PMDD is diagnosed if:
 A. In the majority of menstrual cycles, five or more 

symptoms must be present in the last week before 
the onset of menses, begin to improve within a 
few days after the onset of menses, and become 
minimal or absent in the week postmenses.

 B. One or more of the following symptoms must 
be present:
 i. Marked affective lability
 ii. Marked irritability or anger or increased 

interpersonal conflicts
 iii. Marked depressed mood, feelings of hope-

lessness, or self- deprecating thoughts
 iv. Marked anxiety, tension, or feelings of 

being keyed up or on edge
 C. One or more of the following symptoms must 

additionally be present, to reach a total of five 
symptoms when combined with the above cri-
terion B:
 i. Decreased interest in usual activities
 ii. Subjective difficulty in concentration
 iii. Lethargy, easy fatigability, or marked lack 

of energy
 iv. Marked change of appetite, overeating, or 

specific food cravings
 v. Hypersomnia or insomnia
 vi. A sense of being overwhelmed or out of 

control
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 vii. Physical symptoms such as breast tender-
ness or swelling, joint or muscle pain, a 
sense of “bloating,” or weight gain

Differential Diagnosis: Differential diagnosis should 
include premenstrual syndrome (PMS), dysmen-
orrhea, bipolar disorder, major depressive disorder, 
and persistent depressive disorder (dysthymia).

Symptoms of PMS include breast tenderness, 
fatigue, cramping, bloating, irritability, aggressiveness, 
depression, inability to concentrate, food cravings, 
lethargy, and libido change. It is estimated that up to 
40% of women of reproductive age are affected by PMS. 
Although PMS, like PMDD, has an onset of symptoms 
during the premenstrual phase of the menstrual cycle, 
symptoms are generally less severe. In PMS vs. PMDD, 
a minimum of five symptoms is not required, and there 
is no stipulation of affective symptoms.

Dysmenorrhea is characterized by painful men-
ses, but does not come with affective changes.

In bipolar disorder, major depressive disorder, 
and persistent depressive disorder, symptoms may 
be similar to premenstrual dysphoric disorder, but 
when carefully charted, the symptoms do not follow 
the premenstrual pattern.

In some cases, women who have premenstrual 
symptoms may be using hormonal treatments such 
as contraceptives. If symptoms occur after the imple-
mentation of the medication, they may be due to the 
medication and not an underlying medical condition. 
If upon stopping hormonal treatment, the symptoms 
disappear, this would be consistent with the diagnosis 
of substance/medication- induced depressive disorder.

Secondary Complications: Symptoms may lead to distress 
and/or impairment in ability to function socially in the 
week preceding menses. This may manifest as marital 
problems or problems with children, colleagues, or 
friends. Chronic social issues should not be confused 
with those that occur only in association with PMDD.

Treatment Complications: Antidepressants such as selec-
tive serotonin reuptake inhibitors (SSRIs) have been 
shown to be effective in the treatment of premenstrual 
dysphoric disorder. SSRI side effects include nausea, 
diarrhea, insomnia, headache, anorexia, weight loss, 
sexual dysfunction, restlessness (akathisia- like), 
serotonin syndrome (fever  diaphoresis, tachycardia, 
hypertension, delirium, neuromuscular excitabil-
ity), hyponatremia,  seizures (0.2%).

Oral contraceptives also are effective. The most 
common side effects of oral contraceptives include 
bloating, nausea, breast tenderness, and abnormal 

bleeding. Rarer and more serious side effects include 
cardiovascular disease, thromboembolic disease, 
and an increased incidence of certain cancers.
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Primary Carnitine Deficiency
Epidemiology and Demographics: Incidence is ~1/20,000 

to 1/70,000 live births, with ethnic variability. 
(Higher incidence in Faroe Islands: 1/1,300.) It is 
inherited in an autosomal recessive manner.

Disorder Description: Primary carnitine deficiency (PCD) 
is a metabolic disorder characterized by early child-
hood cardiomyopathy, often associated with weak-
ness and hypotonia, failure to thrive, and recurrent 
hypoglycemia, hypoketotic seizures, and/or coma.

PCD is caused by a deficiency of the plasma mem-
brane carnitine transporter, caused by mutations in 
the SLC22A5 gene on Chr 5q23.3. The transporter 
is essential for L- carnitine transport across the 
plasma membrane, and its deficiency leads to uri-
nary carnitine wasting and carnitine deficiency. 
Intracellular carnitine is necessary for the transport 
of long chain fatty acids into the mitochondria for 
fatty acid oxidation. When fat is unavailable for 
energy production, glucose stores are consumed, 
resulting in hypoglycemia; and fat released from 
adipose tissue cannot be metabolized and accumu-
lates in the liver, heart, and skeletal muscle leading  
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to hepatic steatosis and lipid myopathy. The pro-
duction of ketone bodies (used by the brain) is also 
impaired. Regulation of intra- mitochondrial free 
coenzyme A (CoA) is also affected, with accumula-
tion of acyl- CoA esters causing inhibition of other 
pathways of metabolism, such as the Krebs cycle, 
and pyruvate and amino acid metabolism.

Three main organ systems are involved: cardiac – 
progressive cardiomyopathy; central nervous system – 
encephalopathy caused by hypoketotic hypoglycemia; 
and skeletal muscle  – affected by myopathy. Young 
infants with primary carnitine deficiency usually 
present with hypoglycemic, hypoketotic encephalop-
athy, irritability, or seizures at the age of 2–6 months. 
Often periods of fasting involved with an intercurrent 
viral illness trigger acute episodes of decompensation. 
Developmental delay, lethargy, or hypotonia may also 
be a feature, as well as hepatomegaly, elevated liver 
transaminases, and secondary hyperammonemia.

Some children may present later, between the 
ages of 2 and 4 years, with cardiomyopathy or rapidly 
progressive heart failure. There have also been some 
descriptions of mild developmental delay as the only 
manifestation in rare cases. The adult presentation of 
PCD is rare and can present with fatigability, dilated 
cardiomyopathy, or arrhythmia. Secondary carnitine 
deficiency may be present in other metabolic disor-
ders, particularly the organic acidemias.

Diagnosis is based on finding very low free and 
total carnitine concentrations (<5–10 µmol/L); and 
confirmed by skin fibroblast testing or genetic con-
firmation of SLC22A5 mutation. New- born screen-
ing is available in some European countries.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Hypotonia, developmental regression

Episodes of metabolic decompensation – 
irritability, encephalopathy, coma; 
hypoglycemic seziures

Autonomic nervous 
system

Hyperammonemia may lead to respiratory 
depression

Cardiac arrhythmia due to steatosis and 
arrhythmogenic effects of acylcarnitines

Secondary Complications: Cardiac arrhythmias and sud-
den death.

Treatment Complications: The mainstay of treatment 
is L- carnitine supplementation (100–400 mg/kg/

day) and the prevention of hypoglycemia, which is 
very effective if commenced before organ damage 
occurs. Hypoglycemic episodes are treated with 
intravenous dextrose with the goal of return to an 
anabolic state. The prognosis is very good as long as 
oral carnitine supplementation is maintained.

L-carnitine can cause dizziness, vertigo, myas-
thenia, parasthesias.
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Primary Central Sleep Apnea
Epidemiology and Demographics: Prevalence is unknown; 

however, is estimated to be a rare disease. Some 
studies suggest a male predominance. Most com-
mon in the middle- aged to the elderly.

Predisposing Factors: The pathophysiology of primary 
central sleep apnea (CSA) is thought to be related to 
episodes of nocturnal hyperpnea that drive the PaCO2 
below the hypocapnic apnea threshold (HAT), which 
is the PaCO2 below which respiratory motor output 
ceases and CSA occurs. Factors that increase ventila-
tion such as high ventilatory chemosensitivity to CO2 
or those that raise the HAT (i.e., metabolic alkalosis) 
increase the propensity for the PaCO2 to be driven 
below the HAT (low CO2 reserve).

Disorder Description: Primary CSA has an unknown etiol-
ogy and is caused by instability of the respiratory con-
trol system. It most often occurs in the transition from 
wakefulness to sleep (during stages N1 and N2 sleep) 
and is rare during N3 and REM sleep. Central apneas 
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are apneas in which there is a cessation of airflow 
during sleep that is associated with the complete 
absence of respiratory effort. Central sleep apnea is 
associated with symptoms including frequent noc-
turnal awakenings and awakening with a gasping 
sensation as well as excessive daytime sleepiness and 
insomnia.

The diagnosis of primary CSA requires the fol-
lowing criteria: (1) one or more of the following – (a) 
sleepiness, (b) difficulty initiating or maintaining 
sleep, frequent awakenings, or nonrestorative sleep, 
(c) awakening short of breath, (d) snoring, (e) wit-
nessed apneas; (2) (a) polysomnogram with ≥ 5 
central apneas and/or central hypopneas per hour 
of sleep; (b) the number of central apneas and/or 
central hypopneas is >50% of the total number of 
apneas and hypopneas; (3) there is no evidence of 
daytime or nocturnal hypoventilation; (4) the disor-
der is not better explained by another sleep disorder, 
medical or neurologic disorder, medication use, or 
substance use disorder.

Symptoms

Localization site Comment

Ventral medulla CO
2
-sensitive regions of the ventral 

medulla (retrotrapezoid nucleus) as well 
as other ventilatory control nuclei

Mental status and 
psychiatric aspects/
complications

Sleepiness, depression, social 
dysfunction

Secondary Complications: Daytime somnolence, depres-
sion, social and workplace dysfunction may occur 
in the setting of sleep fragmentation.

Treatment Complications: Treatment includes posi-
tive airway pressure (PAP), bilevel in the sponta-
neous times mode, or adaptive seroventilation. 
Acetazolamide may also be used as it lowers the CO2 
apneic threshold and decreases the propensity for 
hypocapnea- induced CSA.

Difficulty tolerating and compliance with PAP 
modalities is not uncommon and requires close 
clinical follow- up. Tachyphylaxis and paresthesias 
with acetazolamide may occur.

Bibliography
Dempsey JA, Smith CA, Przybylowski T, et al. The 

ventilator responsiveness to CO2 below eupnoea 

as a determinant of ventilator stability in sleep.  
J Physiol. 2004;560:1–11.

Eckert DJ, Jordan AS, Merchia P, et al. Central sleep 
apnea: Pathophysiology and treatment. Chest. 
2007;131:595–607.

Jahaveri S, Dempsey JA. Central sleep apnea. Compr 
Physiol. 2013;3:141–63.

Sateia M, Berry RB, Bornemann MC, et al. International 
classification of sleep disorders. 3rd ed. Darien, IL: 
American Academy of Sleep Medicine; 2014.

Primary Coenzyme Q10 Deficiency
Epidemiology and Demographics: Unknown given rarity 

of the disease.
Disorder Description: Ubiquinone is a lipid- soluble com-

ponent of virtually all cell membranes and has mul-
tiple metabolic functions. Coenzyme Q10 (CoQ10) 
is the predominant human form of endogenous 
ubiquinone. It is synthesized in the mitochondrial 
inner membrane.

In addition to its role in the mitochondrial res-
piratory chain as an electron carrier from complex 
I and II to complex III, CoQ10 is now thought to be 
involved in a number of cellular functions.

Primary CoQ10 deficiency is an autosomal  recessive 
condition with at least five major phenotypes:
 1. Encephalomyopathy: recurrent myoglobinu-

ria, brain involvement, and ragged red fibers. 
Generalized weakness, exercise intolerance, 
and recurrent myoglobinuria are symptoms of 
encephalomyopathic form. All patients have 
proximal muscle weakness. Brain involve-
ment is variable and causes seizures, cognitive 
impairment, and cerebellar symptoms.

 2. Severe infantile multisystemic disease: pre-
sents with infantile encephalopathy with renal 
involvement.

 3. Cerebellar ataxia: most common phenotype. 
Cerebellar atrophy in all patients. Epilepsy 
(most common), pyramidal signs, intellectual 
disabilities, myopathic weakness, and delayed 
motor milestones are other symptoms. Muscle 
does not show ragged- red fibers.

 4. Leigh syndrome: presents with growth retarda-
tion, ataxia, and deafness.

 5. Isolated myopathy: presents with subacute 
onset of exercise intolerance and proximal 
limb weakness at variable ages. Muscle shows 
ragged- red fibers, and serum lactate and cre-
atine kinase (CK) levels are elevated.
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Treatment: Patients with all forms of coenzyme Q10 
 deficiency have shown clinical improvement with 
oral CoQ10 supplementation.
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Primary CNS Angiitis (Vasculitis)
Epidemiology and Demographics: This disorder is quite 

rare with an unclear incidence but is estimated at 
2/100,000. There is a male predominance (7:3).
The mean age of presentation is around 50 years, 
although it can occur at any age and has been 
described in children.

Disorder Description: Disorder involving inflam-
mation of blood vessels limited to the central 
nervous system. By definition, this occurs in the 
absence of any systemic vasculitis or other auto-
immune disease. This leads to significant cerebral 
ischemia and multiple stroke, both ischemic and 
hemorrhagic.

Symptoms
Localization site Comment

Cerebral 
hemispheres

Any manifestation of stroke is possible. 
There are usually multiple such events 
with stepwise progression. More 
common symptoms include hemiparesis, 
aphasia, ataxia, hemisensory loss, 
homonymous hemianopia. Seizures 
and headaches are frequent and often 
precede strokes

Mental status and 
psychiatric aspects/
complications

Altered mental status. Memory loss. 
Personality change

Brainstem Any brainstem stroke syndrome may occur 
but dysarthria

Cerebellum Ataxia

Vestibular system Vertigo

Cranial nerves Diplopia. Monocular vision loss

Spinal cord Paraparesis and urinary incontinence

Secondary Complications: Weight loss may be seen but is 
uncommon compared with systemic vasculitis.

Treatment Complications: Treatment involves long- term 
steroids or other anti- immune agents. Side effects of 
the former include weight gain, diabetes, osteopo-
rosis, mania, and infection. Steroid sparing agents 
may lead to infection.

Bibliography
John S, Hajj RA. CNS vasculitis. Semin Neurol. 

2014;34(4):405–12.
Rodriguez-Pla A, Monoch DA. Primary angiitis of 

the central nervous system in adults and children. 
Rheum Dis Clin North Am. 2015;41(1):47–62.

Primary CNS Lymphoma 
Epidemiology and Demographics: Despite a recent 

increase in cases over the past 2 decades, primary 
CNS lymphoma (PCNSL) is relatively rare, repre-
senting less than 3% of all primary CNS tumors. 
There is an incidence of approximately 0.47 cases 
per 100,000 annually. PCNSL typically occurs in 
persons 65 years of age or older, who are immuno-
competent. Prior to the institution of anti- retroviral 
therapy, PCNSL was common in patients with HIV 
and AIDS. EBV positive CNS lymphoma can occur 
in other immunocompromised patients, particu-
larly those on immunosuppressive therapy, such as 
transplant patients.

Male-to-female ratio is 2:1 in immunocompro-
mised patients, but in HIV- infected patients with 
PCNSL, nearly 95% are male.

PCNSL should be distinguished from systemic 
Hodgkin’s and non- Hodgkin’s lymphoma, which 
can have CNS involvement.

Disorder Description: PCNSL is a non- Hodgkin’s lym-
phoma occurring within the CNS.

Contrast imaging of the brain typically reveals a 
single enhancing lesion, though in about one-third 
of cases multiple lesions are seen. Full spinal imag-
ing may be indicated if there appears to be spinal 
cord involvement on exam.

Once a lesion is identified, diagnosis can be 
achieved by brain biopsy, CSF analysis with flow 
cytometry (particularly in cases of leptomenin-
geal enhancement), or vitrectomy or chorioretinal 
biopsy (in cases of ocular involvement). Pre- 
treatment with steroids is not recommended as this 
can decrease the yield of biopsy. Pathology usually 
reveals diffuse large B- cell lymphoma.
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Symptoms

Localization site Comment

Cerebral 
hemispheres

Occurs in cerebral hemispheres, usually 
supratentorially in the frontal lobes, with 
predilection for periventricular location 
Typical locations include the corpus callosum, 
basal ganglia, thalamus, but PCNSL can be 
found in any part of the brain. Signs and 
symptoms depend on part of cerebrum 
affected. Seizures may occur

Mental status Cognitive, behavioral, and personality 
changes, particularly in the elderly. There may 
be evidence of psychomotor slowing and 
disorientation on exam. These symptoms 
are typically secondary to lesion burden and 
location in the cerebrum

Brainstem Less typical location

Cerebellum Less typical location, though usually involved 
when infratentorial compartment is affected. 
Presents with ataxia, dizziness, and other 
cerebellar symptoms. There are case reports of 
PCNLS affecting the cerebellopontine angle

Cranial nerves Ocular involvement is not uncommon, 
particularly involving the posterior parts of 
the eye (vitreous body, choroidea, retina, 
and optic nerves). When occurring in 
isolation from CNS, it is referred to as primary 
intraocular lymphoma. Presenting symptoms 
include blurred vision, floaters, or vision loss

Pituitary gland Case reports involving suprasellar region, 
presenting with hypopituitarism. Selective 
pituitary dysfunction may include syndrome 
of inappropriate antidiuretic hormone 
secretion (SIADH)

Spinal cord Rarely can occur as a primary intramedullary 
spinal cord process, presenting with 
myelopathy and back pain, or even as a lower 
motor neuron process with areflexia and 
flaccid paralysis. Owing to the rarity of this 
entity, diagnosis is often delayed

Dorsal root 
ganglia

Extremely rare (case report)

Conus medullaris Rare, can be involved in primary 
intramedullary spinal cord lymphoma

Cauda equina Rare, can be involved in primary 
intramedullary spinal cord lymphoma. Cauda 
equina syndrome has been reported as the 
presenting feature of PCNSL with back pain, 
numbness, weakness, paresthesias, and 
bladder dysfunction

Localization site Comment

Specific spinal 
roots

Very rarely involved

Plexus Very rarely involved

Peripheral 
neuropathy

Rare, there are case reports of isolated 
peripheral nerve involvement (known as 
neurolymphomatosis)

Other Symptoms of raised intracranial pressure 
(headache, vision changes, nausea/vomiting) 
Seizures (rare)

Does not commonly present with 
constitutional symptoms, but sometimes 
reported. Leptomeningeal disease can occur 
and cause meningismus

Secondary Complications: Systemic metastases and/or 
relapses outside of the central nervous system are 
rare, affecting various organs such as the kidney, 
lymph nodes, testicles, GI tract, lung, and bone, 
among others. There are case reports of subcutane-
ous and cutaneous metastases. There is also a case 
report of PCNSL seeding along a ventriculoperito-
neal shunt. There are case reports of PCNSL occur-
ring with intracerebral hemorrhage or inducing 
paraneoplastic myasthenia gravis.

Treatment Complications: Treatment almost universally 
entails high- dose intravenous methotrexate- based 
induction (to induce remission). Often combina-
tion induction chemotherapy with another agent, 
such as rituximab or cytarabine, is used, although 
there is no clear consensus on what agent should be 
combined with methotrexate.

While a complete radiographic response is often 
observed, the high risk of recurrence necessitates 
a consolidation phase – typically with whole brain 
radiation or chemotherapy. Whole brain radiation 
is associated with neurotoxicity, and is sometimes 
avoided, especially in elderly patients who are par-
ticularly vulnerable to its neurotoxic effects.

Some protocols call for intraventricular or 
intrathecal chemotherapy. While this may result in 
improved survival rates, there is also a high rate of 
intra- Ommaya (portal through which to administer 
medication into the CSF) infection. Delayed neuro-
toxicity, particularly from whole brain radiation, 
manifests with various cognitive impairments, such 
as memory and attention deficits, and even demen-
tia. Finally, methotrexate can cause nephropathy.
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Primary Cough Headache
Epidemiology and Demographics: This condition is mostly 

reported in patients older than 40 years.
Disorder Description: This condition is defined as sud-

den onset, lasting from 1 second to 30 minutes and 
brought on by and only in association with cough-
ing, straining, or Valsalva’s maneuver. A diagnosis 
of primary cough headache is one of exclusion. 
The clinician should always search for alternative 

explanation for etiology of this type of headache. 
The presentation of symptoms is usually bilateral. 
Some reports reveal an association with a recent 
respiratory infection with cough. In addition 
to sneezing, bending, stooping, or straining, an 
association with weightlifting has been reported. 
Subarachnoid hemorrhage should always be con-
sidered in this condition before arriving at primary 
cough headache.

Symptoms

Localization site Comment

Cerebral hemispheres Presentation can be unilateral or 
bilateral; some reports suggest 
overcrowding of posterior cranial fossa 
secondary to intracranial mass

Head and neck muscles 
and ligaments

Association with stretching of cervical 
ligaments and tendons in causing 
headache

Secondary Complications: Consideration of alternative 
etiologies before primary cough headache is impor-
tant in the evaluation of a patient with complaints 
of cough- associated headache. There can be serious 
complications from a primary etiology if missed on 
clinical evaluation.

Treatment Complications: Published reports suggest 
a role for indomethacin (25–50 mg three times 
a day), therapeutic and diagnostic lumbar punc-
ture, methysergide, acetazolamide (500–2000 mg 
daily), topiramate in treating this type of head-
ache. There have been no reported treatment 
complications other than the known side effects 
of medications and known complications of lum-
bar puncture.
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Primary Exertional Headache
Epidemiology and Demographics: Studies show there is a 

lifetime prevalence of 1%. There is no bias for either 
sex in the presentation of this type of headache.

Disorder Description: The exact cause of this condition 
is still unclear. An association exists with cardiac 
chest pain, specifically angina and unstable angina. 
In situations involving chest pain, the headache may 
be bilateral or unilateral. The headache has been 
described as throbbing in nature and not attributa-
ble to any other cause. Activities that can influence 
or cause this headache include running, rowing, 
tennis, and swimming. When evaluating patients 
with this differential diagnosis, always consider 
alternative factors like subarachnoid hemorrhage, 
pheochromocytoma, cardiac etiology, artery dis-
section, paranasal sinusitis, intracranial neoplasm, 
colloid cyst of third ventricle, hypoplasia of aortic 
arch after repair of coarctation.

Symptoms

Localization site Comment

Cerebral 
hemispheres

One study suggests a link with 
craniovascular afferent nerves. Another 
study suggests a role of serotonin, 
bradykinin, histamine, and substance P that 
stimulate nociceptive intracranial receptors 
during headache, especially with decreased 
venous return to the heart

Secondary Complications: If secondary etiologies are 
not considered seriously, the primary etiology of 
this headache can go unnoticed and have serious 
complications.

Treatment Complications: There are no established treat-
ments for this type of headache. Some suggest a 
“warm up” period before exercise or avoiding the 
specific activity outright. Indomethacin at doses 
of 25–150 mg daily has been reported to be helpful 
in these conditions, especially when taken 1 hour 
before exertional activity. Prophylaxis medications 
like beta blockers have also been used as suggested 
in some published reports.
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Primary Headache Associated with 
Sexual Activity
Epidemiology and Demographics: There are no large pop-

ulation studies that have studied primary headache 
associated with sexual activity. Reports in litera-
ture suggest that the pre- orgasmic type accounts 
for less than a third of all sexual activity- associated 
headache.

Disorder Description: There are two forms of this head-
ache: pre- orgasmic and orgasmic. The pre- orgasmic 
form is characterized by a dull, bi- occipital, 
pressure- like or aching pain that appears during 
sexual activity and increases with mounting sexual 
excitement. The patient is often aware of increased 
contraction in neck and jaw muscles. These head-
aches often start mildly and intensify slowly and 
gradually with increasing sexual excitement. The 
median duration of this condition has been reported 
to be about 1 hour. The orgasmic form of this head-
ache has a sudden and explosive onset followed by 
severe throbbing head pain that occurs just prior to 
or at the moment of orgasm. These types of head-
aches rapidly generalize to involve the entire head. 
Some reports suggest that the “active partner” is 
more likely to have sexual headache than the “pas-
sive partner.”

Symptoms

Localization site Comment

Cerebral hemispheres Presentation is unilateral or bilateral. 
Pre- orgasmic type starts in the bi- 
occipital territory. Orgasmic type can 
be unilateral or bilateral and generalize 
rapidly to entire head

Secondary Complications: There are no specific compli-
cations from this headache. In the case of sudden 
onset headache symptoms, concern should be given 
to address and evaluate for alternative etiologies.
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Treatment Complications: Indomethacin at a dose of 
50–75 mg or naproxen 1–2 hours before sexual 
activity has been reported to be helpful. Propanolol 
at a dose of 40 mg 1–2 hours before sexual activity 
has also been reported to be helpful. Environmental 
concerns like anxiety associated with sexual activ-
ity can also be addressed with counseling. There 
have been no reported complications from these 
treatments.
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Primary Lateral Sclerosis
Epidemiology and Demographics: Listed under the rare 

diseases. Exact prevalence unknown. Presents nor-
mally in the 4th decade of life. Males and females are 
affected equally.

Disorder Description: Primary lateral scerosis (PLS) is 
a rare, progressive neuromuscular disorder that 
affects the upper motor neurons (UMNs) resulting 
in stiffness of the muscles of the lower extremities. It 
may progress to affect the upper extremities or the 
bulbar muscles.

Presents during midlife as progressive weakness 
and spasticity of the muscles of the lower extremi-
ties. It appears asymmetrically – tends to affect one 
leg, and then progresses to the other leg. Over time 
(mean 8 years), it may start affecting the lower motor 
neurons (LMNs) as well. Thus, it has been proposed 
by some that PLS may be a slowly progressive form 
of amyotrophic lateral sclerosis (ALS) that has a 
more benign prognosis. Rate of progression is varia-
ble from one patient to another. As it affects the bul-
bar muscles, it can cause dysphagia and dysarthria.

Though no one genetic mutation has been found, 
one paper identifies a Spanish family with autoso-
mal dominant disease manifesting in the 5th or 6th 
decade of life with either dementia or PLS. A muta-
tion of Arg573Gly was identified in this particular 
family. Alsin mutations cause ALS as well as juvenile 
forms of PLS. Other genetic causes of ALS and PLS 
are phenotypically overlapping.

Symptoms

Localization site Comment

Cerebral hemispheres 30% have hyperintense lesions in 
T2 sequences of MRI (post- ischemic 
vs post- inflammatory) and 9% have 
subcortical vascular encephalopathy

Mental status and 
psychiatric aspects/
complications

One genetic cluster identified one 
family with a mutation with autosomal 
dominant inheritance. In this case, 
affected members had either PLS or 
dementia. Other study with a cohort of 
76 patients failed to see a relationship 
but found that 20% of patients had 
pathologic crying or laughing

Spinal cord UMNs affected first (asymmetric 
spasticity), and LMNs involved as disease 
progresses (weakness and tongue 
fasciculations)

Treatment Complications: Potential complications of 
antispasmodic agents include sedation, headache, 
or seizures.
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Primary Progressive Aphasia (PPA)
Epidemiology and Demographics: Age of onset in the 

majority of patients is before age 65 years, but the 
overall epidemiology of primary progressive apha-
sia (PPA) is unclear.

Disorder Description: PPA is a clinical syndrome charac-
terized by an early, prominent isolated impairment 
of language, insidious in onset, progressive over 
time, and impairing activities of daily living. If a 
secondary cause of aphasia is present, such as a stra-
tegic stroke or tumor, a diagnosis of PPA cannot be 
made. Prominent early impairment in memory or 
prominent visuospatial disturbances also exclude a 
diagnosis of PPA.

Mesulum first coined the term PPA in 1982, 
in describing six patients without dementia who 
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presented with a slowly progressive aphasia. A 
classification scheme for PPA was later proposed 
by Gorno- Tempini et  al. in 2011, to standardize 
diagnostic criteria used by researchers. Specifically, 
three variants of PPA can be distinguished based 
exclusively on clinical criteria, or with additional 
support by available imaging (imaging- supported 
diagnosis) or pathology (diagnosis with definite 
pathology).

Agrammatic variant PPA (agPPA) is character-
ized by effortful speech in short phrases, with omis-
sions of words without semantic meaning such as 
‘the’ or ‘not’ (grammatical morphemes.) An apraxia 
of speech can be seen, with articulation errors. 
Prosody is impaired. Patients may have difficulty 
understanding complicated syntax, such as “The 
car that the truck hit was green.” A written language 
production test, such as asking the patient to write 
a description of a picture, may reveal subtle gram-
matical errors. Of note, single- word comprehen-
sion and object knowledge are typically preserved 
in agPPA patients. Left posterior frontal and insular 
lobe atrophy may be seen on MRI, and hypoperfu-
sion or hypometabolism may be seen on SPECT or 
PET. Notably, patients with corticobasal syndrome 
or progressive supranuclear palsy (PSP) can initially 
present with agPPA.

Semantic variant PPA (svPPA) is characterized 
by prominent severe deficits in naming and single- 
word comprehension, with relative preservation 
of other language domains. Patients may also have 
difficulty reading and writing words with irregular 
spellings (surface dyslexia/dysgraphia). Bilateral 
anterior temporal lobe atrophy (left worse than 
right) may be seen on MRI, and hypoperfusion or 
hypometabolism may be seen on SPECT or PET.

Logopenic variant PPA (lvPPA) is characterized 
by effortful speech with word- finding difficulties, 
without frank grammatical errors. Patients may 
occasionally make phonologic paraphasic errors. 
Prosody is normal. A deficit in phonologic short- 
term memory is a proposed underlying mechanism 
for lvPPA. In keeping with this hypothesis, lvPPA 
patients typically have difficulty repeating sen-
tences, but are able to repeat single words. Left pos-
terior perisylvian or parietal atrophy may be seen on 
MRI, and hypoperfusion or hypometabolism may 
be seen on SPECT or PET.

PPA has heterogeneous pathologic features, 
with most demonstrating tau- positive, ubiquitin/

TDP43-positive frontotemporal lobar degeneration 
pathology, and some demonstrating Alzheimer’s 
disease (AD) pathology. Specifically, agPPA is 
linked to tau- positive pathology, svPPA is linked 
to ubiquitin- positive, TDP43- positive pathology, 
and lvPPA is linked to AD pathology. Progranulin 
(GRN) gene mutation has been observed in auto-
somal dominant cases of PPA. Interestingly, the 
same mutation can present as PPA in one patient, 
and behavioral variant frontotemporal dementia 
(bvFTD) in a family member. Mesulam et al. sug-
gest that the varying presentation may be due to 
selective vulnerability of certain neural networks in 
different individuals, which may be either genetic or 
acquired.

Distinguishing PPA from AD is important clin-
ically. Different aspects of ADLs (activities of daily 
living) are affected in the two disease processes, and 
different intervention strategies are used in PPA and 
AD. Specifically, some PPA patients may benefit 
from learning sign language, using voice synthesiz-
ers, or laptops with stored words or phrases.

Primary Torsion Dystonia
Epidemiology and Demographics: The frequency of DYT1 

dystonia is estimated at 1/9000 in the Ashkenazi 
Jewish population.

Disorder Description: The term primary torsion dystonia 
(PTD) is based on an older classification system of 
dystonia in which disorders were classified based on 
age of onset, location, and etiology. PTD was defined 
as a monogenic dystonia classified by age of onset. 
Since then, significant discoveries have been made 
in the genes responsible for primary torsion dysto-
nia, and the temporal profile of symptoms. What was 
previously thought of as PTD is now actually clas-
sified as several distinct diseases including DYT1 
and DYT6 dystonia. DYT1 dystonia is the most 
commonly inherited dystonia. There is an autoso-
mal dominant mode of inheritance with incomplete 
penetrance although some degree of anticipation 
has been reported. Mutations in the TOR1A gene 
cause abnormalities in the torsinA protein. It is 
more common in Ashkenazi Jews. Symptom onset 
may be as early as 9 years of age, and cases start-
ing in adulthood have been reported. Symptoms 
usually begin with a focal action induced dystonia 
such as abnormal posturing of a foot when walking. 
DYT6 mutations occur in the Amish Mennonites. 
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It is caused by mutations in the THAP1 gene. DYT6 
is inherited in an autosomal dominant fashion and 
is characterized by focal, predominantly cranio- 
cervical dystonia and dysphagia.

Symptoms

Localization site

Cerebral 
hemispheres

Cortical involvement including the parietal 
and cingulate cortices

Subcortical circuits involving sensorimotor 
basal ganglia and thalamus

Brainstem Pontine lesions outside of the cerebello-
cerebral-thalamo circuits

Cerebellum Involved in network model with cerebral- 
thalamo circuits

Secondary Complications: Untreated sustained dystonic 
posturing may lead to orthopedic deformities 
including scoliosis and joint contractures.

Treatment Complications: Oral medications may cause 
anticholinergic effects and sedation. Botulinum 
toxin injections may cause transient unintended 
weakness and spread of toxin beyond the injected 
area.
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Progressive Multifocal 
Leukoencephalopathy (PML)
Epidemiology and Demographics: Occurs in immunosup-

pressed individuals. Classically known as an AIDS- 
defining illness in more recent years, it has occurred 
as a complication of monoclonal antibody therapies 
in multiple sclerosis and Crohn’s disease.

Disorder Description: Caused by the ubiquitous JC virus. 
Leads to multifocal cerebral lesions resulting in 
abnormal neurologic symptoms based on location 
of those lesions. Progresses between 6 months and 
many years.

Diagnosed with clinical history in combination 
with positive CSF JC virus PCR.

Treatment is immune reconstitution.

Symptoms

Localization site Comment

Cerebral hemispheres Focal neurologic signs, seizures

Mental status and psychiatric 
aspects/complications

Encephalopathy, delirium

Brainstem Dysphagia, dysarthria, diplopia

Cerebellum Ataxia

Secondary Complications: Aspiration pneumonia, decu-
bitus ulcers.

Treatment Complications: Immune reconstitution 
inflammatory syndrome (IRIS) is worsening of 
lesions due to increased vasogenic edema and 
potential tissue damage due to immune response to 
the virus. Can be managed with steroids if worsen-
ing is severe.
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Progressive Myoclonic Epilepsy
Epidemiology and Demographics: Rare. Onset typically in 

children and adolescents.
Disorder Description: A group of neurodegenerative dis-

eases with similar clinical features characterized by 
disabling stimulus- induced or action myoclonus, 
generalized tonic–clonic seizures (GTCS), motor 
or gait abnormalities, and neuropsychiatric decline. 
Other seizure types such as tonic or absence may 
occur.
•	 Unverricht–Lundborg disease (EMP1): The 

most common. Autosomal recessive (AR) inher-
itance associated with cystatin B (CSTB) gene 
mutations. Onset ages 6–16 years. Symptoms 
may be relatively mild.

•	 Lafora body disease (EMP2): AR inheritance 
associated with laforin (EPM2A) or malin 
(EPM2B/NHLRC1) gene mutations. Typically 
of adolescent onset. Intracytoplasmic Lafora 
bodies seen on axillary skin biopsy. Seizures 
highly refractory, with rapid cognitive, visual, 
and motor deterioration.

•	 Myoclonic epilepsy with ragged red fibers  
(MERRF): Maternal inheritance. Several 
mutations in mitochondrial DNA have been 
described. Ragged red fibers on muscle biopsy. 
Generalized seizures more prominent in some 
forms, ataxia more so in others. Associated with 
short stature, hearing loss, optic atrophy, and 
cardiomyopathy.

•	 Neuronal ceroid lipofuscinoses (NCL): Usually 
AR inheritance, some AD. Lysosomal storage 
disease with at least 14 genetic subtypes and 
varying ages of onset from infancy to adult-
hood. Granular osmophilic deposits on skin 
biopsy, leukocyte enzyme and genetic testing 
diagnostic. Myoclonus less prominent in some 
forms or seen in late stages. Associated retinal 
abnormalities with visual loss, cognitive and 
motor deterioration, early death.

•	 Sialidosis: Autosomal recessive (AR) inher-
itance. Lysosomal storage disease associated 
with mutations in the α-N-acetyl neuramini-
dase- 1 (NEU1) gene. Sialo- oligosaccharides 
may be found in urine, neuraminidase defi-
ciency may be seen with leukocyte enzyme 
analysis. Age of onset variable, from infancy 
to adulthood. Macular cherry red spot, visual 

loss, hyper reflexia, and later onset myoclonus. 
Cognitive impairments with earlier onset 
disease.

•	 Dentatorubral-pallidoluysian atrophy (DRPLA): 
Autosomal dominant (AD) inheritance, with 
CAG trinucleotide repeat expansion of the 
DRPLA gene on chromosome 12. Larger repeat 
size associated with earlier onset and more 
severe symptoms. Myoclonus, seizures, cho-
reathetosis, ataxia, dementia usually before 2nd 
decade.

•	 Gaucher disease (Type 3, Neuronopathic): AR 
inheritance. Lysosomal storage disease associ-
ated with gene mutations resulting in glucocer-
ebrosidase deficiency. Gaze abnormalities, 
dementia, ataxia, spasticity, generalized sei-
zures, in addition to myoclonus.

•	 Action myoclonus–renal failure syndrome 
(EPM4): AR inheritance, due to SCARB2 gene 
mutations. Myoclonus and renal dysfunction due 
to proteinuria with onset in the second or third 
decade. Relative sparing of cognitive function.

•	 Progressive myoclonus epilepsy– ataxia syn-
drome (EPM5): Onset between ages 5 and 10 
years, with myoclonus, epilepsy, and ataxia 
secondary to the PRICKLE gene mutation. 
Relative sparing of cognitive function.

•	 “North Sea” progressive myoclonus epilepsy 
(EPM6): Due to mutations in the GOSR2 gene. 
Ataxia from age 2 years, myoclonus and epi-
lepsy by age 6–7 years, and skeletal abnormal-
ities such as scoliosis by adolescence. Relative 
sparing of cognitive function. Elevated creatine 
phosphokinase (CPK) levels.

Correct diagnosis of the underlying etiology is 
determined by inheritance pattern, age of onset, 
associated symptoms, genetic screening, skin or 
muscle biopsy, and enzyme testing. Prognosis is 
variable depending on the etiology of the syndrome. 
Intellectual disability ranges from mild cognitive 
impairment to a more rapidly progressive dementia. 
Lafora body disease, NCL, and Gaucher disease are 
eventually fatal, while later onset EMP1 may occur 
with a more indolent course with milder intellectual 
decline.

The treatment of myoclonus and seizures involves 
the broad- spectrum antiepileptic drugs (AEDs) 
such as valproate, levetiracetam, topiramate, and 
zonisamide. Clonazepam may also be useful.
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Symptoms

Localization site Comment

Cerebral hemispheres Action or stimulus- induced myoclonus, 
GTCS, tonic, absence seizures. Dystonia, 
rigidity, spasticity, tremor. EEG associated 
with generalized spike or polyspike and 
wave discharges and a photoparoxysmal 
response. MRIs may show cortical and 
thalamic atrophy

Mental status and 
psychiatric aspects/
complications

Mild to severe cognitive impairments 
depending on etiology. Mood lability 
and depression common. Behavioral 
issues may occur. Excessive stimulation 
and stress may exacerbate myoclonus

Cerebellum Ataxia may be observed

Cranial nerves Retinal abnormalities and visual loss may 
be observed

Secondary Complications: Depression, anxiety, and 
increased suicidality are common, requiring long- 
term psychosocial support. Patients often have 
significant neurorehabilitation needs. Genetic coun-
seling is important for family if a definite genetic 
cause has been determined. MERFF associated 
with short stature, hearing loss, optic atrophy, and 
cardio myopathy with conduction abnormalities.

Treatment Complications: Valproate, and to a lesser 
extent topiramate and zonisamide, may be avoided 
in patients with known mitochondrial dysfunction. 
Valproate side effects include hyperactivity, weight 
gain, transaminitis, thrombocytopenia, pancrea-
titis, and known teratogenic effects. Levetiracetam 
may exacerbate mood disorders. Topiramate and 
zonisamide are associated with neuropsychiat-
ric complaints, nephrolithiasis, metabolic aci-
dosis, anhidrosis, and closed angle glaucoma. 
Benzodiazepines are sedating and can cause res-
piratory depression. An inappropriate selection of 
AEDs such as phenytoin, carbamazepine, oxcarba-
zepine, lamotrigine, gabapentin, or viagbatrin may 
exacerbate myoclonus and other seizure types.
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Progressive Supranuclear Palsy (PSP)
Epidemiology and Demographics: Age of onset is typically 

in the 60s with an estimated prevalence of 5/100,000 
persons.1

Disorder Description: Progressive supranuclear palsy 
(PSP) is a neurodegenerative condition charac-
terized by vertical gaze palsy, early postural insta-
bility with falls, and progressive dementia. The 
distinguishing feature of PSP is vertical gaze palsy. 
Limitation of upgaze is frequently described for PSP, 
but is actually non- specific and can be seen with nor-
mal aging. Loss of voluntary downgaze can be key 
finding pointing to PSP in mildly demented patients 
with gait impairment and/or falls. Supranuclear 
paralyses of upgaze and lateral gaze may manifest 
one or more years after downward gaze impairment. 
Slow voluntary saccadic movement is another early 
finding. In contrast to voluntary eye movements, 
oculocephalics are preserved until late in the course 
of illness.1 MRI reveals distinct midbrain atrophy. 
In sagittal section, the midbrain takes on a beaked 
appearance (“hummingbird sign”).

Falls occur early in the disease course. The cause 
of falls is likely multifactorial, due to prominent pos-
tural instability, axial rigidity, bradykinesia, visual 
impairment, and cognitive impairment. Patients may 
suddenly “rocket” up out of a seated position in an 
impulsive attempt to stand, and fall backwards. This 
is known as the “rocket sign,” and one manifestation 
of the frontal lobe dysfunction observed in PSP.1

Classically grouped with the Parkinson- plus 
syndromes, PSP is now also recognized as a fronto-
temporal dementia (FTD)-related disorder. About 
20% of PSP patients initially present with behav-
ioral changes, and up to 30% will meet criteria 
for behavioral variant frontotemporal dementia 
(bvFTD).2 Common behavioral symptoms include 
executive dysfunction, apathy, and perseverative 
behaviors.3 Cognitive impairment in PSP is classi-
cally described as subcortical in nature, with promi-
nent cognitive slowing, prolonged thinking time on 
problem- solving tasks, and poor performance on 
timed verbal fluency tasks.3 More recently, a cortical 
pattern of impairment has also been described, pre-
senting with speech apraxia or non- fluent aphasia.4

The classic presentation of PSP described above 
is also known as Richardson syndrome. Other phe-
notypic variants of PSP include PSP- parkinsonism, 
PSP- pure akinesia with gait freezing, PSP- corticobasal 
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syndrome, PSP- bvFTD, PSP- primary lateral scle-
rosis, and PSP- cerebellar. PSP is a tauopathy, and 
these different phenotypes can be attributed to 
tau  deposition in different cortical and subcorti-
cal regions. Though the initial presentation  differs 
for each  variant, the clinical picture converges, 
and patients eventually develop vertical gaze palsy, 
 postural instability, and falls.1

Symptoms

Localization site Comment

Cerebral 
hemispheres

Cortex (in a portion of patients) – apraxia or 
aphasia4

Subcortical structures – subcortical pattern 
of cognitive impairment

Basal ganglia – parkinsonism

Brainstem Midbrain – vertical gaze palsy, progressive to 
gaze paralysis

Cerebellum Deep cerebellar nuclei (in PSP- cerebellar 
type) – ataxia1

Secondary Complications: Falls can cause significant 
injury. Dysphagia can lead to aspiration, and is a 
major cause of morbidity and mortality in PSP.1

Treatment Complications: Levodopa may have limited 
benefits for improving gait and tone for patients 
with the PSP- parkinsonism variant.1 In general, 
however, PSP along with other Parkinson- plus 
syndromes shows a poor response to levodopa. 
Management of PSP is largely symptomatic. A 
multi- disciplinary approach is crucial. Early eval-
uation by physiotherapists to assess gait can help 
prevent falls and maximize mobility. Occupational 
therapists can assist patients to maintain independ-
ence with ADLs (activities of daily living). Speech 
pathologists can help with speech apraxia. Later in 
the disease course, regular swallow evaluations are 
essential for assessing dysphagia and making diet-
ary adjustments as needed.
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Progressive Systemic Sclerosis (Scleroderma)
Epidemiology and Demographics: Systemic sclerosis is 

uncommon, with incidence at 9–19 cases per million 
per year, resulting in an estimated 100,000 cases in 
the United States. There is a female predominance, 
mostly at child- bearing ages, but declining after men-
opause. The most common age of onset is 30–50 years. 
Higher rates of scleroderma spectrum disorders are 
seen in the United States and Australia (United States 
more so than Australia) than in Japan or Europe. It 
is also more prevalent in African American popula-
tions than white populations, and often with more 
pulmonary involvement with worse outcomes.

Disorder Description: Progressive systemic sclerosis is also 
known as scleroderma (most commonly) or systemic 
sclerosis. It is a heterogeneous and multi- organ sys-
tem connective tissue autoimmune disorder largely 
characterized by fibrosis and vasculopathy. Most 
commonly, cutaneous disease resulting in skin 
thickening, scarring, and joint calcification is seen. 
However, it frequently affects the lungs through fibro-
sis, and even pulmonary hypertension. GI tract can 
also be affected, mostly through inflammation and 
impaired motility. Renal involvement can result in 
failure, and worsens prognosis. Central nervous sys-
tem involvement is rare. Most of its neuromuscular 
involvement is due to other organ failure or second-
ary to systemic processes. There can be entrapment, 
mostly located in carpal tunnel, but also sensory as 
well as sensorimotor neuropathies. Rarely there will 
be vascular ischemia causing mononeuritis multi-
plex. See below for further manifestations.

Scleroderma is an acquired sporadic autoim-
mune disorder. Etiology is precisely unclear, but 
there is consideration of environmental exposure 
and molecular mimicry (namely human cytomegal-
ovirus, parvovirus B19, though without significant 
amounts of evidence). Anti-Scl-70 (anti-topo-
isomerase-I) and anti-U1-RNP positivity increases 
the risk of nervous system involvement.
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Largely a clinical diagnosis. Antinuclear autoan-
tibodies (ANA) are positive; anti-Scl-70 and anti- 
centromere positive (both are highly specific for 
systemic sclerosis). Anti-Scl-70 positivity is asso-
ciated with decreased life span. Commonly ane-
mia is present. Erythrocyte sedimentation rate is 
usually normal. Full- thickness skin biopsy may be 
needed. If there is myopathy related to systemic 
sclerosis, creatine kinase (CK) is rarely more than 
insignificantly elevated. Electromyography (EMG) 
will demonstrate decreased duration of motor unit 
potentials and increased frequency of polyphasic 
motor units. Muscle biopsy is rarely done, and at 
most would show mild abnormalities, including 
increased connective tissue, proliferation of intima 
in endomysial and perimysial blood vessels, and 
occasional perivascular infiltrates. However, if 
myositis develops, CK may exceed twice the normal 
level, EMG will be similar to polymyositis, and MRI 
can help delineate affected muscles.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Headache, seizures

Cranial nerves Many cranial neuropathies have been 
reported. Most commonly, trigeminal nerve 
(CN V) is involved (5–15%). However, CN 
II– X (optic, oculomotor, trochlear, abducens, 
facial, auditory, and glossopharyngeal) have 
also been described

Spinal cord Radiculopathy from compression 
(connective tissue disorder)

Myelopathy: impaired vibratory sense, 
band- like paresthesias, hyperreflexia, 
impotence, and quadriparesis. Possibly due 
to compression and calcinosis

Plexus Brachial plexopathy

Peripheral 
neuropathy

Entrapment: carpal tunnel syndrome (can 
be presenting sign)

Symmetric sensory polyneuropathy

Mixed sensory and motor polyneuropathy 
(may precede official diagnosis)

Mononeuritis multiplex (mostly due to 
vasculitis and subsequent nerve infarction, 
which is rare)

Cutaneous neuropathy

Autonomic neuropathy

Localization site Comment

Muscle Mild, indolent type of proximal myopathy

Myositis

Weakness, possibly due to secondary 
atrophy from deconditioning, disuse 
atrophy. Chronic noninflammatory 
myopathy characterized (atrophy and 
fibrosis without elevated muscle enzyme 
levels). Inflammatory myositis (rare)

Secondary Complications: Scleroderma has diffuse sys-
temic, though mostly non- neurologic, manifesta-
tions. Cutaneous and musculoskeletal manifestation 
includes thickened/scarred skin and joint calcinosis. 
Vascular presentations include Raynaud’s phenom-
enon, and progress to frank vasculopathy including 
necrosis and digital ulcers. However, most concern-
ing is pulmonary fibrosis and renal involvement, the 
latter of which portends poorly with respect to prog-
nosis. Pulmonary and renal involvement can lead 
to pulmonary hypertension, as well as generalized 
uncontrolled hypertension, with associated hyper-
tensive sequelae (stroke, vision changes, end organ 
damage, etc.), and even heart failure.

Treatment Complications: There is no single treatment 
for systemic sclerosis. Usually it is tailored to spe-
cific sequelae, such as ACE inhibitors for renal fail-
ure, PDE- 5 inhibitors for pulmonary hypertension, 
diuresis for heart failure, etc. Prednisone and immu-
nosuppressants such as mycophenolate mofetil are 
used, but more as therapy for pulmonary fibro-
sis and cutaneous manifestations. Treatment for 
trigeminal involvement is difficult as steroids may 
or may not help, and clinicians may need to resort 
to pain control through analgesics, antidepressants, 
anticonvulsants (i.e., carbamazepine, etc.), and 
other methods akin to chronic neuropathic pain. 
Treatment for entrapment neuropathies is largely 
conservative if not serious, and surgical if it is.

Complications of treatment depend on the clin-
ical manifestations, resulting in specific therapies. 
Steroids and immunomodulators increase risk of 
illness or infection, or commonly cause gastrointes-
tinal symptoms.
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Prolactinoma
Epidemiology and Demographics: Prolactinomas are the 

most common type of secreting pituitary tumor, 
accounting for approximately 40% of all pituitary 
adenomas. They occur with an estimated incidence 
of 6–10 cases per million per year, which translates 
into a prevalence of approximately 60–100 cases 
per million. The majority of these prolactinomas 
are small, slow- growing, intrasellar microade-
nomas, which present more commonly in young 
women likely as a function of greater symptom 
burden caused by hyperprolactinemia. The larger 
macroadenomas tend to present more commonly 
in males and at a later age. It remains unclear if the 
difference between sexes is due to delayed diagno-
sis or whether gender- specific differences in tumor 
behavior exist. In the pediatric–adolescent age 
group, prolactinomas are rare and typically pres-
ent in females as macroadenomas with symptoms 
of mass effect.

Disorder Description: Prolactinoma, or lactotroph ade-
noma, is a type of pituitary adenoma (a benign 
tumor of the anterior pituitary). Lesions smaller 
than 1 cm are classified as microadenomas, and 
lesions larger than 1 cm are macroadenomas. 
Prolactinomas are made of cells that produce the 
hormone prolactin, thereby usually causing hyper-
prolactinemia. There are no established risk factors 
for sporadic prolactinomas. Prolactinomas are 
rarely hereditary though can be seen in the setting 
of multiple endocrine neoplasia type 1 syndrome 
in association with parathyroid gland hyperplasia 
and pancreatic islet cell tumors. MEN- 1 is inher-
ited in an autosomal dominant fashion, affecting 
both sexes equally with no geographic or ethnic 
preference.

Symptoms

Localization site Comment

Pituitary gland Hypersecretion of prolactin causes 
oligoamenorrhea, infertility, and galactorrhea 
in women, hypogonadism, decreased libido, 
erectile dysfunction, infertility, gynecomastia 
(rare), and galactorrhea (rare) in men, and 
pubertal delay in children

Hypopituitarism may result from 
compression of the pituitary stalk 
and resulting adrenal insufficiency, 
hypothyroidism, hypogonadism, or growth 
retardation

Pituitary apoplexy results from local dis-
ruption of the arterial blood supply to the 
pituitary gland and may present acutely as 
headache, visual loss, diplopia, and altered 
mentation (rare)

Base of skull Headaches may result from expansion of the 
sella turcica due to growth of the tumor

CSF rhinorrhea may occur from downward 
extension of the tumor through the sphenoid 
sinus (rare)

Cranial nerves Bitemporal hemianopia and diminished 
visual acuity may result from upward 
extension and compression of the optic 
chiasm and optic nerves

Diplopia may result from lateral extension 
and compression of the oculomotor nerve

Mental status Pituitary apoplexy may present as an acute 
alteration in alertness that may be confused 
for other medical or psychiatric disorders

Secondary Complications: Untreated prolactinomas 
causing amenorrhea in females will result in 
chronic estrogen deficiency leading to low bone 
mass and increased risk of fracture. Similarly in 
males, lower levels of testosterone from high pro-
lactin levels can result in decreased bone mass as 
well as anemia.

Treatment Complications: Primary therapy for all prol-
actinomas regardless of size are dopamine agonists 
of which common side effects include headaches, 
nausea, postural hypotension, fatigue, anxiety, 
depression, and rarely psychosis. For large tumors 
in which medical therapy fails or is contraindicated, 
transphenoidal surgery or radiation therapy may be 
warranted. Complications include CSF leak, dam-
age to internal carotid artery or optic nerves/chasm, 
and hypopituitarism.
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Prolonged QT Syndrome
Epidemiology and Demographics: Can be inherited or 

acquired, both of which are more common in 
women. The inherited form has a prevalence of 
1/7000 people and is responsible for 2000–3000 
deaths annually in the United States. It usually 
becomes symptomatic in childhood. The acquired 
form is generally drug induced.

Disorder Description: Abnormalities of cardiac repolari-
zation lead to prolongation of the QT interval. This 
can lead to torsade de pointe and ventricular tachy-
cardia or fibrillation.

Symptoms

Localization site Comment

Cerebral hemispheres Syncope without premonitory 
symptoms, especially with physical 
activity or emotion. Seizure

Secondary Complications: Sudden cardiac death.
Treatment Complications: Beta blockers may cause fatigue, 

impotence, orthostasis, and exercise intolerance.
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Pronator Syndrome (also see 
Anterior Interosseous Nerve Syndrome)
Epidemiology and Demographics: As summarized 

by Rodner et al., the disease is rare in the United 
States, and the incidence and prevalence are not 
known.

Disorder Description: The pronator syndrome may 
present with the same symptoms as carpal tunnel 
syndrome of numbness in the first three fingers. It 
can also mimic some of the weakness found in the 
anterior interosseous nerve syndrome. Please see 
the table below for differentiating points among the 
differential diagnoses.

Symptoms

Carpal tunnel syndrome Pronator 
syndrome

Anterior interosseous 
nerve syndrome

Reproduction of 
symptoms with 
percussion over the 
anterior aspect of the 
wrist or with prolonged 
flexion of the wrist

Patchy anterior 
forearm pain

Awaken at night with 
pain and numbness

Mild weakness Weakness in first, 
second, and third 
finger flexion, weak 
pronation with the 
elbow flexed. This is 
known as the Kiloh–
Nevin sign, in other 
words, the “OK” sign

Sparing of the area over 
the thenar eminence

Numbness 
over the 
thenar 
eminence

No sensory 
symptoms

Localization site Comment

Peripheral neuropathy Median nerve

Secondary Complications: Pain limiting range of motion 
of the arm and over time may result in contractures 
in that extremity.

Treatment Complications: Local injection of anesthesia 
can be tried. Injections may rarely cause infection, 
blood loss, tissue or nerve injury. Nonsteroidal anti- 
inflammatory medications rarely can cause cere-
brovascular complications.
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Propriospinal Myoclonus
Epidemiology and Demographics: Propriospinal myo-

clonus (PSM) is a very uncommon type of myo-
clonus originating from the spinal cord.1 PSM has 
been reported more commonly in middle- aged 
individuals, but can affect all ages. Overall, due to its 
rarity, large- scale epidemiological research is lack-
ing for this disorder. Case studies have been helpful 
in identifying that middle- aged persons are mainly 
affected; men may be more likely to have PSM than 
women.1 Several studies have characterized various 
etiological agents that may affect all ages, such as 
diseases of the spinal cord (spinal lesions, trauma, 
post- operative complications, syringomyelia, arte-
riovenous [AV] fistula),1 drugs, toxins, malignancy, 
and psychogenic or functional.1

Disorder Description: PSM is a myoclonic disorder 
of the axial musculature. It is characterized by a 
slow progression of electromyographic bursts, 
either rhythmic or arrhythmic, usually beginning 
in the mid- thoracic spinal cord region, propagat-
ing rostrally and caudally along the propiospinal 
pathways.2–4 PSM is one of two forms of spinal 
myoclonus, the other being spinal segmental myo-
clonus. Contrary to PSM, spinal segmental myo-
clonus is usually secondary to a clear etiology 
and is confined to a specific myotome. The move-
ments occur in flexion or extension, may or may 
not involve the limbs, and are usually stimulus 
sensitive. It is exaggerated when the patient is in 
the supine position. One study identified that the 
jerks in PSM spare the cranially innervated mus-
cles.5 The classical PSM jerks cannot be voluntarily 
suppressed.1

The disorder may be idiopathic, psychogenic, or 
secondary to an underlying factor. Idiopathic PSM 

includes the axial jerking movements without func-
tional clinical clues in the patient’s medical history, 
a normal spinal axis on imaging, a consistent EMG 
pattern characteristic of PSM, as well as absent 
“readiness potential” or Bereitschafts potential (BP) 
on EEG– EMG. The BP is usually associated with 
the preparation preceding a voluntary movement. 
Secondary causes share these characteristics, except 
for the presence of abnormal findings on spinal 
imaging or a positive history of exposure to a risk 
factor.6 Psychogenic movements are not aggra-
vated in the presence of other individuals and can 
be reduced by distracting the patient. Emotional 
and psychiatric disturbances can also be present. 
BP units may or may not be present in psychogenic 
PSM, but are certainly absent in idiopathic or sec-
ondary PSM.

An MRI is recommended to exclude a structural 
cause for myelopathy. Previously described in some 
cases, PSM was diagnosed without EMG or BP and 
with symptoms of optic neuritis, saddle anesthesia, 
or urinary incontinence. However, PSM does not 
classically present with those symptoms.

Polymyography is a highly recommended test that 
all patients with suspected PSM should undergo. A 
localized spinal generator with a characteristic prop-
agation of slow conduction velocity signals will be 
present.

Symptoms

Localization site Comment

Spinal cord Mid-thoracic region of spinal cord site 
of initiation of propriospinal myoclonus, 
leading to abdominal wall, trunk, and 
cervical musculature myoclonic jerks. May 
include the upper and lower limbs

Secondary Complications: The reflex- sensitive nature of 
the myoclonic jerks of PSM can lead to some diffi-
culties for the patient. The jerks can worsen in the 
supine position. Attempts to go to sleep can be very 
bothersome, and lead to insomnia. Some cases have 
also described symptoms related to tic disorders. If 
facial grimacing and tonic contractions of the eyes 
are present, this is not true PSM. This may then war-
rant functional or psychogenic workup.
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Treatment Complications: Due to the heterogeneity of 
PSM, it can be very difficult to manage and treat the 
patient. Studies to exclude spinal cord pathology 
and proper myographic studies should be used to 
identify the pattern of PSM.
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Prostate Cancer
Epidemiology and Demographics: The most common 

malignancy in men; the number of new cases is 
approximately 130/1,000,000 men per year, and it 
causes 1–2% of deaths per year. In 2013, there was an 
estimated 2,850,139 men living with prostate cancer 
in the United States. Prostate cancer is commonly 
diagnosed in the 7th decade of life and has a greater 
prevalence in the West. In the United States, black 
men have a much greater incidence (58%) and mor-
tality rates are twice as high as in white men, and 
Hispanics have lower incidence (14%) and mortal-
ity (17%) as compared with white men.

Disorder Description: Prostate cancer is a cancer of the 
prostate, which is often slow growing. It is initially 
confined to the prostate and if left untreated, can 
metastasize to lymph nodes and bones, most com-
monly the lumbar spine. Most common risk factors 
include family history, older age, smoking, radia-
tion, and chronic urinary tract infections. BRCA2 
and HOXB13 are some implicated genes.

Symptoms

Localization site Comment

Cerebral hemispheres Metastasis (via hematogenous spread; 
very rare, 1–2% incidence), limbic 
encephalitis as a paraneoplastic 
syndrome (rare), seizures

Mental status and 
psychiatric aspects/
complications

Altered mental status secondary 
to cerebral metastasis/increased 
intracranial pressure (ICP)

Cerebellum Metastasis (rare), paraneoplastic 
cerebellar degeneration

Pituitary gland SIADH (syndrome of inappropriate 
antidiuretic hormone secretion), 
Cushing syndrome

Spinal cord Spinal cord compression from 
vertebral metastases (lumbar most 
common); direct metastasis from 
spine

Specific spinal roots Radiculopathy (vertebral metastasis 
causing nerve root compression)

Plexus Sacral/pudendal plexus leading to 
autonomic dysfunction (urinary 
retention)

Peripheral neuropathy Rarely as a paraneoplastic syndrome

Muscle Dermatomyositis (rare; more 
commonly associated with other 
cancers)

Neuromuscular junction Lambert–Eaton myasthenic 
syndrome (LEMS) (rare)

Meninges Leptomeningeal carcinomatosis; 
epidural metastasis

Secondary Complications: Disseminated intravascu-
lar coagulation (DIC), thrombotic thrombocyto-
penic purpura (TTP), and hypercoagulable state of 
malignancy can lead to microthrombolism, embolic 
events, and bleeding diathesis causing infarcts and 
intracranial parenchymal hemorrhage, respectively. 
Liver dysfunction leading to hepatic encephalopathy.

Treatment Complications: The standard local treatments 
for prostate cancer (e.g., radical prostatectomy 
[RP], external beam radiation therapy [EBRT], 
brachytherapy, high- intensity focused ultrasound 
[HIFU], cryotherapy) are all associated with erec-
tile dysfunction and impotence, to various degrees. 
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Rarely, RP is also associated with femoral nerve 
palsy and surgical orchiectomy can lead to sensory 
loss in the ipsilateral groin and lateral hemiscrotum 
secondary to ilioinguinal nerve injury.

Enzalutamide (an androgen antagonist) has 
been associated with seizures and PRES (posterior 
reversible encephalopathy syndrome).

Extramustine (an antineoplastic agent) causes 
increased risk of thromboembolism and stroke.

Gonadotropin-releasing hormone agonists have 
been associated with pituitary apoplexy in patients 
with pituitary adenoma and also spinal cord 
compression.
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Prosthetic Heart Valve
Epidemiology and Demographics: In the United States it 

is estimated that 60,000 to 95,000 patients undergo 
prosthetic heart valve procedures yearly.

Disorder Description: Heart valve disorders may lead to 
valve replacement with a prosthetic valve.

Symptoms

Localization site Comment

Cerebral hemispheres Can become stenotic with 
outflow tract obstruction leading 
to syncope and presyncope. 
Thrombus formation and the 
development of endocarditis, both 
of which may cause embolic and 
focal events of the central nervous 
system

Mental status and 
psychiatric aspects/
complications

Same as above

Localization site Comment

Brainstem Same as above

Cerebellum Same as above

Vestibular system (and 
non specific dizziness)

Same as above

Base of skull Same as above

Secondary Complications: Two major types of prosthet-
ics: mechanical prostheses, which have a greater risk 
of thromboembolism, and bioprostheses, which 
have a greater risk of weakening of the valve.

Treatment Complications: Depending on the type of 
prosthesis and its location, anticoagulation may be 
needed. This in turn may be associated with risk of 
hemorrhage including intracerebral localizations.
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Protein–Calorie Malnutrition
Epidemiology and Demographics: In developing coun-

tries, primary protein– energy malnutrition remains 
the most significant health problem that causes 
kwashiorkor and marasmus. In developed contries, 
protein- energy malnutrition is mostly second-
ary to other diseases and causes kwashiorkor- and 
marasmus- like syndromes.

Disorder Description: Protein– energy malnutrition 
occurs as a result of a relative or absolute deficiency 
of energy and protein. It may be primary, due to 
inadequate food intake, or secondary, as a result of 
other illness.

There are two distinct syndromes. Kwashiorkor, 
caused by a deficiency of protein in the presence of 
adequate energy, is typically seen in weaning infants 
at the birth of a sibling in areas where foods con-
taining protein are insufficient. Marasmus, caused 
by combined protein and energy deficiency, is seen 
where adequate quantities of food are not available.
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Kwashiorkor-like secondary protein– energy 
malnutrition occurs primarily in association with 
hypermetabolic acute illnesses such as trauma, 
burns, and sepsis. Marasmus- like secondary 
protein– energy malnutrition typically results from 
chronic diseases such as chronic obstructive pulmo-
nary disease (COPD), heart failure, cancer, or AIDS. 
These two syndromes are estimated to be present in 
at least 20% of hospitalized patients.

Secondary Complications: Wernicke disease is character-
ized by nystagmus, abducens and conjugate gaze 
palsies, ataxia of gait, and mental confusion. These 
symptoms develop acutely or subacutely and may 
occur singly or in combination. Wernicke disease 
is caused by deficiency of thiamine and is observed 
mainly in alcoholics.

Korsakoff amnesic state: Korsakoff psychosis is 
a mental disorder in which retentive memory is 
impaired out of proportion to all other cognitive 
functions in an otherwise alert and responsive 
patient. This amnesic disorder, like Wernicke dis-
ease, is most often associated with the thiamine defi-
ciency of alcoholism and malnutrition.

Beriberi is a disease of the heart and of the 
peripheral nerves, which may be affected separately. 
The symptoms of nutritional polyneuropathy are 
diverse. Many patients are asymptomatic and evi-
dence of peripheral nerve disease is found only by 
clinical or electromyographic examination. The 
mildest neuropathic signs are thinness and ten-
derness of the leg muscles, loss or depression of 
the Achilles reflexes and patellar reflexes, and, at 
times, a patchy blunting of pain and touch sensation 
over the feet and shins. Most patients, however, are 
symptomatic and have weakness, paresthesias, and 
pain. The feet are always affected earlier and more 
severely than the hands. Beriberi is likely secondary 
to deficiency of the B vitamins.

Pellagra affects the skin, alimentary tract, and nerv-
ous systems. The early symptoms may be mistaken 
for those of a psychiatric disorder. Insomnia, fatigue, 
nervousness, irritability, and feelings of depression 
are common complaints; taken together they have the 
character of neurasthenia. It is known that pellagra 
may result from a deficiency of either nicotinic acid 
or tryptophan, the amino acid precursor of nicotinic 
acid. Nicotinic acid is formed from tryptophan, a pro-
cess for which pyridoxine is essential.

Despite the frequency of folic acid deficiency and 
its hematologic effects, its role in the pathogenesis 

of nervous system disease has not been established. 
However, folate antagonists such as methotrexate 
are known to cause a neuropathy that is probably 
predicated on the vitamin deficiency. The polyneu-
ropathy that occasionally complicates the chronic 
administration of phenytoin has also been attrib-
uted to folate deficiency. The folate deficiency of 
pregnancy is known to increase the incidence of 
neural tube defects.

The spinal cord, brain, optic nerves, and periph-
eral nerves are all affected by vitamin B12 deficiency, 
giving rise to a classic neurologic syndrome. The 
spinal cord is usually affected first and often exclu-
sively. The term subacute combined degeneration is 
reserved for the spinal cord lesion of vitamin B12 
deficiency and serves to distinguish it from other 
types of spinal cord diseases that happen to involve 
the posterior and lateral columns.
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Protein C Deficiency
Epidemiology and Demographics: Rare deficiency present 

in 1 in 20,000 without gender or ethnic predilection.
Disorder Description: When activated, Protein C cleaves 

procoagulant factors V and VIII. Inherited Protein 
C deficiency is an autosomal heterozygous disorder. 
Homozygosity can rarely cause a very severe throm-
botic disorder presenting in infancy. Deficiency 
may also be caused by consumption (such as dis-
seminated infection) or from decreased synthesis 
(such as from hepatic dysfunction).1

Symptoms

Localization site Comment

Cerebral hemispheres Primarily associated with increased risk 
of cerebral venous sinus thrombosis in 
the larger sinuses or cortical veins. Can 
also cause arterial ischemic stroke from 
paradoxical venous thromboembolism
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Secondary Complications: Increased risk of venous 
thromboembolism particularly after paralysis from 
neurologic injury.

Treatment Complications: With Protein C deficiency, 
there is risk of warfarin- induced thrombosis includ-
ing skin necrosis with initiation of warfarin therapy.

Reference
 1. Goldenberg NA, Manco-Johnson MJ. Protein C 

deficiency. Haemoph Off J World Fed Hemoph. 
2008;14:1214–21.

Protein S Deficiency
Epidemiology and Demographics: Protein S deficiency 

is present on testing in 0.1% or fewer of the pop-
ulation. Present in 2–8% of patients with venous 
thromboembolism.

Disorder Description: Protein S is a cofactor for activated 
Protein C, which inactivates thrombogenic factors 
Factor V and VIII. Deficiency can be inherited 
autosomally resulting in either deficient quantity or 
reduced activity. Acquired Protein S deficiency can 
occur in multiple states including pregnancy, oral 
contraceptive use, nephrotic syndrome, liver dis-
ease, or autoantibody against Protein S.1

Symptoms

Localization site Comment

Cerebral 
hemispheres

Primarily associated with cerebral 
venous sinus thrombosis or paradoxical 
arterial ischemic stroke from venous 
thromboembolism. No clear increased risk of 
arterial thrombosis

Secondary Complications: Other venous thromboem-
bolic complications.

Treatment Complications: Risk of warfarin- induced 
thrombosis with initiation of warfarin therapy in 
the setting of pre- existing Protein S deficiency.

Reference
 1. D’Angelo A, Viganò D’Angelo S. Protein S 

deficiency. Haematologica. 2008;93:498–501.

Pseudallescheria boydii
Epidemiology and Demographics: Fungus found 

in stagnant and polluted water. Occurs in 

immunosuppressed and near drowning victims. 
Common in those with cystic fibrosis.

Disorder Description: Infection with Pseudallescheria 
boydii has two presentations:
 1. mycetoma (99% of infections), a chronic, sub-

cutaneous disease; and
 2. pseudallescheriasis, involving the central nerv-

ous system, lungs, joints, and bone.
Transmitted via inhalation or skin breaks. 

Diagnosed with culture, cytology, or histology.
High mortality in central nervous system infec-

tion, up to 75%. No optimal treatment, although 
antifungals are used. Craniotomy and shunts can be 
used to manage complications related to mass effect.

Symptoms

Localization site Comment

Cerebral hemispheres Multiple brain abscesses can lead to 
focal neurologic signs, hydrocephalus, 
or herniation syndromes

Can present as neutrophilic meningitis 
as well

Mental status and 
psychiatric aspects/
complications

Encephalopathy possible depending 
on location of involvement

Brainstem/cranial 
nerves/cerebellum

Meningeal irritation involvement

Secondary Complications: Endocarditis can lead to stroke.
Treatment Complications: Often resistant to most 

antifungals.
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Pseudomonas aeruginosa
Epidemiology and Demographics: Ubiquitous non- 

fermenting gram- negative bacillus. Risk factors are 
diabetes, chronic illness, old age, and immunosup-
pression. However, 10% of cases have no risk factors.
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Disorder Description: Primary infection is the most 
common cause of malignant otitis externa (MOE), 
which presents with severe headache, ear pain 
tenderness, and mastoid pain. Otoscopic exam-
ination shows granulation tissue in the exter-
nal auditory canal. Infection may then spread 
directly through the bone and into the meninges 
and/or brain. Bone scan and biopsy are useful for 
diagnosis.

Symptoms

Localization site Comment

Cerebral hemispheres Abscess causing mass effect and 
focal neurologic signs

Meninges Frequently presents as chronic 
meningitis

Mental status and psychiatric 
aspects/complications

Encephalopathy

Cranial nerves Seventh nerve palsy most 
common

Secondary Complications: Co- infection with 
Staphylococcus aureus. Hydrocephalus. Sepsis.

Treatment Complications: Frequent resistance to cip-
rofloxacin, so typically treated with pipercillin– 
tazobactam. Surgery may be indicated to remove 
bone or drain abscesses.
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Psilocybin
Epidemiology and Demographics: No gender or race 

predilection.
Disorder Description: Psilocybin is a psychedelic com-

pound derived from a species of psilocybin mush-
rooms. When individuals ingest the compound, it 
gets converted to psilocin, which produces mind- 
altering effects on individuals lasting 2 to 6 hours.

Symptoms

Localization site

Cerebral hemispheres Seizures (acute)

Mental status and psychiatric 
aspects/complications

Euphoria (acute)

Hallucinations (acute)

Panic attack (acute)

Distortion in time perceptions 
(acute)

Hallucinogen-persisting 
perception disorder (chronic)

Schizophrenia-like psychosis 
(chronic)

Violent behavior (acute)

Cerebellum Ataxia (acute)

Anterior horn cells Tremors (acute)

Muscle Tremors (acute)

Neuromuscular junction Serotonin receptors 
dysregulation (chronic)

Bibliography
Longo LP, Johnson B. Addiction: Part I. 

Benzodiazepines – side effects, abuse 
risk and alternatives. Am Fam Physician. 
2000;61(7):2121–8.

Wiegand TJ, Burns MM, Wiley JF. Clinical 
manifestations and evaluation of mushroom 
poisoning. Updated Dec 9, 2016. UpToDate. 
Waltham, MA. www.uptodate.com/contents/
clinical-manifestations-and-evaluation-
of-mushroom-poisoning?source=search_
result&search=psilocybin&selectedTitle=2~8. 
Accessed Aug 8, 2018.

Psoas Abscess
Epidemiology and Demographics: Rare condition. Most 

common in men between the ages of 44 and 55 
years. Risk factors are diabetes, human immuno-
deficiency virus (HIV) infection, renal failure, 
intravenous drug use, and immunosuppression. 
Additionally, trauma and hematoma formation 
can predispose to development of psoas abscess. 
Risk factors for secondary abscess include trauma 
and instrumentation in the inguinal region, lumbar 
spine, or hip region.
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Disorder Description: Spread from either adjacent 
structures or by hematogenous spread. Infection 
can spread directly from the vertebral bodies, the 
abdominal aorta, the sigmoid colon, the appendix, 
the hip joint, and iliac lymph nodes.

In the case of hematogenous spread, Staphylo-
coccus aureus and Mycobacterium tuberculosis are 
common pathogens.

Indirect spread of infection is often polymicro-
bial. Multiple pathogens are possible.

Symptoms

Localization site Comment

Plexus Mass effect from abscess formation can 
cause plexus dysfunction and injury

Muscle Weakness of psoas and iliacus muscles 
impairs strength of hip flexion

Secondary Complications: Complications include 
destruction of adjacent structures, septic shock, 
deep vein thrombosis, hydronephrosis, bowel ileus, 
septic hip arthritis.

Treatment Complications: Plexus injury if surgical inter-
vention needed.
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Psoas Hemorrhage
Epidemiology and Demographics: This occurs in 1.3–6.6% 

of patients treated with anticoagulants and 5.5–10.4% 
of hemophiliacs. It can also rarely be traumatic.

Disorder Description: Hemorrhage into the psoas mus-
cle compresses the femoral nerve as it pierces the 
muscle.

Symptoms

Localization site Comments

Mononeuropathy or 
mononeuropathy multiplex

Femoral neuropathy leads to 
weakness of the quadriceps 
muscles

Secondary Complications: If the hematoma involves the 
entire retroperitoneal area, anemia may result.

Treatment Complications: Reversal of anticoagulation 
may precipitate the clotting complication the medi-
ations were being given to avoid.
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Psychogenic Dysphagia (Phagophobia)
Epidemiology and Demographics: The incidence and prev-

alence of psychogenic dysphagia are unknown. One 
study found that psychogenic dysphagic patients 
made up 3% of a large patient cohort seen at a swal-
lowing center.

Disorder Description: Psychogenic dysphagia is the sub-
jective difficulty with swallowing in the absence of 
radiologic and clinical findings. This is often accom-
panied with a “globus” sensation where the patient 
describes feeling like there is “something stuck in 
the throat.”

Differential Diagnosis: Psychogenic dysphagia should be 
carefully differentiated from dysphagia caused by 
an identifiable underlying disturbance. Examples 
include esophageal atresia, achalasia, esophageal 
spasm, esophageal cancer, eosinophilic esophagi-
tis, hiatal hernia, and gastroesophageal reflux, and 
these should be ruled out.

Eating disorders such as avoidant restrictive food 
intake disorder (ARFID) or anorexia nervosa may 
present with difficulty swallowing but can be differ-
entiated if there is presence of food restriction due 
to fear of food or with intent of weight loss.

Secondary Complications: Psychogenic dysphagia may 
lead to aspiration and resultant pneumonia, dehy-
dration, malnutrition, and weight loss.

Treatment Complications: Treatments generally include 
swallowing therapy, cognitive behavioral ther-
apy, and video feedback modalities. There may 
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be complications of treatments for obsessive- 
compulsive disorder, specific phobia, social phobia, 
or generalized anxiety disorder if any of these disor-
ders underlie the psychogenic dysphagia.
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Psychogenic Non- epileptic Seizures (PNES)
Epidemiology and Demographics: The incidence of psy-

chogenic non- epileptic seizures (PNES) in the 
general population is unclear but is estimated to be 
2–33/100,000. Approximately 5–25% of patients in 
outpatient epilepsy clinics are found to have PNES, 
and 25–40% of those in inpatient monitoring facil-
ities are estimated to have PNES. There is a female 
predominance, and onset is commonly in the third 
decade of life. Samples with PNES had high rates of 
psychiatric comorbidity overall (53–100%), notably 
including posttraumatic stress disorder (PTSD), 
depression, personality and anxiety disorders.

Disorder Description: PNES are events that resemble epi-
leptic seizures, but without the characteristic electri-
cal discharges associated with epilepsy on EEG study.

Differential Diagnosis: Most importantly, PNES 
must be distinguished from epileptic seizures. 
Approximately 20% of true seizure patients also 
have psychogenic seizures making it even more 
important to investigate thoroughly. There are sev-
eral clinical features that are useful for distinguish-
ing one from the other. PNES usually last longer 
than 2 minutes (epileptic seizures often last less 

than 1–2 minutes) and eyes are generally closed 
(epileptic seizures characteristically have open 
eyes during the event). PNES often have vocali-
zations during the episode, and often no postictal 
symptoms and no incontinence. Epileptic seizures 
 generally have early or no vocalizations during the 
episode, and  frequently occur with incontinence, 
and a  postictal state characterized by confusion, 
drowsiness, and headache. Video- EEG monitoring 
is the gold- standard for diagnosing PNES and for 
 distinguishing it from epilepsy.

Secondary Complications: Only a minority (about a quar-
ter to a third) of PNES patients achieve complete 
remission of their symptoms. Studies have found 
that PNES significantly decreases occupational 
status, even if episodes remit. Some studies suggest 
that it is not the PNES itself, but rather comorbid 
depression and psychologic issues that pose barri-
ers to employment. PNES are also associated with 
an increased risk of suicide, which persists even 
if episodes remit. Patients also may develop new 
somatic complaints when their PNES remit. Such 
complaints include moderate to severe pain syn-
dromes, with one study noting headaches in 77% of 
that population.

Treatment Complications: PNES treatment is often 
individualized based on provider preference and 
patient. Psychiatric interventions are commonplace, 
including cognitive behavioral therapy, traditional 
psychotherapy, and psychodynamic therapy. Since 
PTSD is very common in these patients, it is impor-
tant to explore a history of abuse and offer therapeu-
tic services for the management of symptoms.
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Psychogenic Pain (Psychalgia)
Epidemiology and Demographics: Psychogenic pain is 

estimated to have a prevalence of 40% in popula-
tions with chronic pain. It appears to be more com-
mon in females, and those with a family history of 
depression, alcohol, and pain.

Disorder Description: Psychogenic pain is not a diagnos-
able condition. Instead it is the description of pain 
that is associated with a psychologic, behavioral, or 
emotional stimulus given that medical or neuro-
logic causes have been ruled out.

In the current nomenclature, the closest diagnos-
able condition to psychalgia is somatic symptom 
disorder with predominant pain. This is charac-
terized by disproportionate and persistent thoughts 
about being in pain, persistently high levels of anx-
iety about being in pain, or devoting excessive time 
and energy to the symptom of pain. This must cause 
significant disruption of daily life typically for more 
than 6 months.

Secondary Complications: Psychogenic pain has been 
linked to an increase in the risk of suicide. It is 
hypothesized that a patient’s burden of having a 
pain condition with an ambiguous etiology may 
be particularly difficult for patients, and may lead 
to hopelessness, frustration, and an increased sui-
cide risk. Furthermore, when etiology of pain is not 
established, pain relief may be delayed or not given, 
further contributing to the suicide risk.

Treatment Complications: Psychogenic pain may be 
treated with psychotherapy, antidepressants such 
as selective serotonin reuptake inhibitors (SSRIs), 
serotonin– norepinephrine reuptake inhibitors 
(SNRIs), and analgesics used for general pain 
relief.

SSRI side effects include nausea, diarrhea, 
insomnia, headache, anorexia, weight loss, sexual 
dysfunction, restlessness (akathisia- like), serotonin 
syndrome (fever diaphoresis, tachycardia, hyper-
tension, delirium, neuromuscular excitability), 
hyponatremia, seizures (0.2%).

Pain is frequently treated with opioid medica-
tions, which, in addition to their own side effects 
(nausea, vomiting, sedation, dizziness, constipation, 
respiratory depression), may lead to dependence.
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Psychogenic Polydipsia
Epidemiology and Demographics: According to hospital 

surveys, psychogenic polydipsia (PP) is present in 
6–17% of patients in inpatient psychiatric units. 
Women represent 60–80% of affected patients. 
While it is present in 10–20% of patients with schiz-
ophrenia, only 2–5% of those present with symp-
tomatic hyponatremia. An association between 
affective disorders, anorexia nervosa, personality 
disorders, developmental disabilities, and PP has 
also been described.

Disorder Description: PP is water- seeking and excessive 
drinking often resulting in water intoxication and 
hyponatremia, not caused by a known physiologic 
condition. This is mediated, in part, by a reduced 
osmoregulation of thirst that is frequently seen in 
schizophrenic patients. PP may also be seen in the 
context of hypothalamic lesions affecting the thirst 
center located in the median preoptic nucleus. 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.016
https://www.cambridge.org/core


Psychogenic Polydipsia

543

Hypothalamic– pituitary sarcoidosis can also cause 
a discrepancy between osmotic thresholds for thirst 
and antidiuretic hormone (ADH) release resulting 
in polydipsia. PP may result in severe hyponatremia 
causing a wide range of central nervous system 
dysfunction, including seizures, coma, and death. 
Other complications of PP may include enuresis, 
hydronephrosis, renal failure, congestive heart fail-
ure, and osteoporosis.

Differential Diagnosis and Diagnostic Testing: PP is a diag-
nosis of exclusion, which can be achieved through 
the initial investigation of serum and urine sodium, 
as well as serum and urine osmolality. A complete 
metabolic panel, urinalysis, and BUN (blood urea 
nitrogen) should be ordered to exclude other etiolo-
gies, such as diabetes mellitus and osmotic diuresis. 
PP most commonly presents with a hypotonic and 
euvolemic hyponatremia.

Hyponatremia seen with PP or the syndrome of 
inappropriate ADH secretion (SIADH) is described 
when levels descend below 136 mEq/L. Both condi-
tions are typically associated with serum osmolality 
below 280 mOsm/kg. However, the former (due to a 
dilutional effect) is associated with low urine osmo-
lality (<100 mOsm/kg), whereas urine osmolality 
is greater than or equal to 100 mOsm/kg in SIADH 
(normal is 300–800 mOsm/kg). Similarly, urine 
sodium is less than 20 mEq/L in PP but greater than 
30 mEq/L in SIADH.1

Further investigation is often warranted, espe-
cially to differentiate from diabetes insipidus. This 
can be done with a fluid deprivation test. The body’s 
normal physiologic response to fluid deprivation is 
to conserve water through urine concentration (as 
is seen in a psychogenic polydipsia patient when 
deprived of fluid). The patient’s urine would be very 
dilute before the water is restricted, <100 mOsm/
kg H2O, and achieves an osmolality of >600 mOsm/
kg H2O after restricting water and giving vasopres-
sin. In contrast, when deprived of fluid, the diabetes 
insipidus patient continues to urinate large vol-
umes of dilute urine. These results are diagnostic in 
a majority of cases; however, if results still remain 
equivocal, plasma arginine vasopressin (AVP), 
also known as ADH, can be measured both before 
and after water restriction. The plasma ADH is low 
before restriction in patients with PP and rises fol-
lowing the deprivation test.

Polydipsia and hyponatremia can be induced 
by a number of psychotropic drugs. While some 

stimulate thirst through their anticholinergic 
properties, others cause inappropriate ADH levels. 
Phenothiazines such as thioridazine, antiepileptic 
agents with psychotropic properties such as carba-
mazepine and oxcarbazepine, atypical neuroleptics 
(e.g., clozapine and aripiprazole), and selective and 
nonselective serotonin reuptake inhibitors (e.g., 
fluoxetine) may cause SIADH.2

Treatment Complications: Management of primary 
polydipsia includes fluid restriction to 1–1.5 L/day, 
as well as behavioral and pharmacologic therapy. 
Careful sodium monitoring and correction should 
take place to avoid the potentially fatal syndrome 
of central pontine myelinolysis (CPM). Once the 
patient is medically stable, cognitive and behav-
ioral treatment should be initiated. Clozapine 
has been used in treatment of PP, but its efficacy 
is not confirmed in large trials, and it may fur-
ther increase the risk of seizure characteristic to 
hyponatremia.3
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Psychogenic Vertigo (Psychogenic 
Dizziness, Psychiatric Dizziness/Vertigo, 
Psychosomatic/Somatoform Vertigo)
Epidemiology and Demographics: Psychogenic vertigo 

is more common in females than males and was 
shown to make up 10.6% of patients with vertigo in 
a vertigo outpatient clinic.

Disorder Description: Psychogenic vertigo is not included 
as a diagnosis in the DSM-5. However, most studies 
cite the following definition: persistent (>3 months) 
dizziness with subjective imbalance, associated 
with hypersensitivity to movement. Symptoms may 
be exacerbated by visual stimuli of complexity, and 
there must not be an underlying physical neuroto-
logic illness or medical condition causing dizziness. 
Further, imaging and balance function tests must 
yield non- diagnostic findings.

Differential Diagnosis: Psychogenic vertigo must be dis-
tinguished from vertigo of organic etiology includ-
ing but not limited to Meniere’s syndrome, benign 
positional vertigo, migraine- associated dizziness, 
and eighth nerve tumors.

Secondary Complications: There are several conditions 
that are commonly comorbid with psychogenic 
vertigo. In one study, 11.6% of patients also had a 
fear of heights or motion sickness before the current 
episode of vertigo; 20.7% of cases had a history of 
organic vestibular disease, including benign parox-
ysmal positional vertigo; 79.3% of patients had poor 
balance on balance assessment. There is also corre-
lation with obsessive- compulsive personality disor-
der, narcissistic personality disorder, and avoidant 
personality disorder, as well as with panic disorder 
and other anxiety disorders.

Treatment Complications: Psychogenic vertigo patients 
are often treated successfully with psychotherapy 
to assess and decrease the underlying trigger(s), 
which may often be a cause of anxiety. Resistant 
cases may undergo cognitive- behavioral therapy, 
desensitization therapy, or potentially pharmaco-
therapy such as selective serotonin reuptake inhib-
itors (SSRIs).

SSRI side effects include nausea, diarrhea, 
insomnia, headache, anorexia, weight loss, sexual 
dysfunction, restlessness (akathisia- like), serotonin 
syndrome (fever diaphoresis, tachycardia, hyper-
tension, delirium, neuromuscular excitability), and 
hyponatremia.

Bibliography
Furman JM, Jacob RG. Psychiatric dizziness. 

Neurology. 1997;48(5):1161–6.
Ödman M, Maire R. Chronic subjective dizziness. 

Acta Oto-laryngologica. 2008;128(10):1085–8.
Staab JP. Chronic dizziness: the interface between 

psychiatry and neuro-otology. Curr Opin Neurol. 
2006;19(1):41–8.

Strupp M, Brandt T. Diagnosis and treatment 
of vertigo and dizziness. Dtsch Arztebl Int. 
2008;105(10):173–80. http://doi.org/10.3238/
arztebl.2008.0173.

Psychosis in Parkinson’s Disease
Epidemiology and Demographics: Hospital- based studies 

have revealed psychosis in 20–30% of Parkinson’s 
disease (PD) patients, with increasing prevalence 
as the disease progresses. Prior to the introduction 
of dopaminergic treatments, psychosis was found 
in 5–10% of PD patients. Up to 70% of patients 
with visual hallucinations were also found to have 
dementia. On average, psychotic symptoms are 
reported 10 or more years after initial diagnosis.

Disorder Description: Psychosis in PD embraces a specific 
collection of clinical features that differ from other 
psychotic disorders, including clear sensorium, 
retained insight, delusions, visual hallucinations, 
and sensory disturbances that worsen over time. In 
early stages, hallucinations are often mild, containing 
vivid, colorful figures of familiar persons or animals 
that the patient may try and interact with. Content of 
hallucinations often converts to frightening insects, 
rats, and serpents, inducing anxiety and panic 
attacks. Delusions are classically of paranoid nature 
involving persecution, spousal infidelity, or jealousy.

Psychosis in PD is usually characterized by hallu-
cinations of a paranoid nature, but may also contain 
illusions, false sense of presence, and/or delusions. 
The psychotic features occur after the diagnosis of 
Parkinson’s, must be continuous for 1 month, and 
are not better accounted for by another medical 
condition (schizophrenia and related disorders, 
delusional disorder, mood disorder with psychotic 
features) or another pathology associated with par-
kinsonism such as Lewy body dementia.

Differential Diagnosis: Psychosis in PD patients can be 
caused by a multitude of etiologies, both intrinsic 
and extrinsic, and a combination of both.
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Intrinsic factors are most notably PD- induced 
progressive degeneration of the cholinergic pedun-
culopontine nucleus resulting in cognitive impair-
ment and circadian rhythm disturbances, both of 
which serve as major psychogenic factors. This is 
evident in patients with REM sleep intrusion or 
rebound and subsequent psychotic behavior. As the 
majority of hallucinations are reported as visual, 
those with impaired performance on contrast and 
color discrimination tasks, impaired visual acuity, 
and ocular pathology are found to hallucinate more 
often. Increased age, disease duration and severity 
of disease, and depression put patients at higher risk.

Extrinsic factors are drug induced with anticho-
linergics inducing a toxic delirium and dopamino-
mimetics provoking a subacute dopaminomimetic 
psychosis. This is related to a functional alteration 
in the mesocorticolimbic area and dopamine recep-
tor hypersensitivity, caused by long- term pulsatile 
dopaminergic treatment. There is no direct corre-
lation between dose and duration of dopaminomi-
metic treatment nor levodopa plasma levels with the 
induction or severity of psychotic symptoms.

Psychosis in PD should be distinguished from 
psychosis due to other medical conditions (schiz-
ophrenia and related disorders, mood disorders 
with psychotic features, delusional disorders), or 
other causes associated with parkinsonism such as 
Lewy body dementia. In Lewy body dementia, cog-
nitive deficits precede parkinsonism and psychosis. 
In turn, Parkinson’s dementia begins with motor 
abnormalities and much later cognitive decline.

Treatment Complications: If a patient with PD presents 
with new onset confusion or psychosis, the first step 
is to rule out any identifiable cause unrelated to the 
disease itself such as infection, dehydration, elec-
trolyte imbalance, or subdural hemorrhage. Non- 
parkinsonian medications should then be reduced 
if appropriate. If there is no resolution, a gradual 
withdrawal of antiparkinsonian therapies should be 
considered, removing those with a higher cognitive 
adverse effect to motor benefit ratio first: anticho-
linergics, amantadine, selegiline and dopamine 
receptor agonists, catechol-O-methyl transferase 
(COMT) inhibitors, and levodopa. Initiation of a 
relatively low D2 receptor blocker, clozapine and 
quetiapine, both atypical antipsychotic medica-
tions, has been shown to be efficacious in treatment 
of psychosis in PD patients with minimal wors-
ening of parkinsonian symptoms. However, their 

metabolic and orthostatic hypotension side effects 
should be considered. In addition, clozaril requires 
ongoing systematic monitoring of blood cell count 
to prevent onset of agranulocytosis.

Psychosis associated with PD may be associated 
with the Parkinson drug regimens in some patients. 
However, stopping the offending agents may not 
be an option in PD patients. PD drugs should be 
decreased in dosage or discontinued in reverse order 
of the potency and efficacy: first anticholinergics, 
then MAO- B inhibitors, then COMT inhibitors, 
and dopamine agonists last. Electroconvulsive ther-
apy has been very effective in treatment of depres-
sion and psychosis in PD patients. Maintenance 
electroconvulsive therapy should be considered in 
patients with recurrent psychopathology in patients 
with PD.
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Psychotic Depression (Major Depressive 
Disorder with Psychotic Features)
Epidemiology and Demographics: In the United States, the 

12-month prevalence of major depressive disorder 
is about 7%. Prevalence differs according to age with 
that in 18- to 19-year-olds being threefold higher 
than that in 60 years or older. Females have a 1.5 to 
3- fold increased incidence of major depressive dis-
order relative to males.

In a large European survey, the point and lifetime 
prevalence of psychotic depression was 0.4%, and 
the mean age of onset was 29. It is more common in 
females, those who are unemployed, and those with 
a family history of bipolar disorder.

Disorder Description: Psychotic depression is the diag-
nosis of major depressive disorder with the speci-
fier “with psychotic features.” Patients must meet 
the same criteria as for major depressive disorder 
(below), and display psychotic features (hallucina-
tions and/or delusions).

As stated in DSM-5, major depressive disorder 
can be defined as:
 A. Five or more of the following symptoms have 

been present during the same 2- week period and 
represent a change from previous functioning; at 
least one of the symptoms is either (1) depressed 
mood or (2) loss of interest or pleasure.
 i. Depressed mood most of the day, nearly 

every day, as indicated by either subjective 
report (e.g., feels sad, empty, hopeless) or 
observation made by others (e.g., appears 
tearful). (In children and adolescents, this 
can manifest as irritability.)

 ii. Markedly diminished interest or pleasure 
in all, or almost all, activities most of the 
day, nearly every day (as indicated by either 
subjective account or observation).

 iii. Significant weight loss when not dieting 
or weight gain, or decrease or increase in 
appetite nearly every day.

 iv. Insomnia or hypersomnia nearly every day.
 v. Psychomotor agitation or retardation 

nearly every day (observed by others).
 vi. Fatigue or loss of energy nearly every day.
 vii. Feelings of worthlessness or excessive or 

inappropriate guilt (which may be delu-
sional) nearly every day.

 viii. Diminished ability to think or concentrate, 
or indecisiveness, nearly every day

 ix. Recurrent thoughts of death, recurrent sui-
cidal ideation without a specific plan, or a 
suicide attempt or a specific plan for com-
mitting suicide.

 B. The symptoms cause clinically significant dis-
tress or impairment in social, occupational, or 
other important areas of functioning.

 C. The episode is not attributable to the physio-
logic effects of a substance or to another med-
ical condition.

 D. The occurrence of the major depressive episode 
is not better explained by schizoaffective dis-
order, schizophrenia, schizophreniform disor-
der, delusional disorder, or other specified and 
unspecified schizophrenia spectrum and other 
psychotic disorders.

 E. There has never been a manic episode or hypo-
manic episode.

Psychotic features specifier: Delusions and/or hal-
lucinations are present:
Mood-congruent psychotic features: The content of 

all delusions and hallucinations is consistent 
with the typical depressive themes of personal 
inadequacy, guilt, disease, death, nihilism, or 
deserved punishment.

Mood-incongruent psychotic features: The content 
of the delusions or hallucinations does not 
involve typical depressive themes of personal 
inadequacy, guilt, disease, death, nihilism, 
or deserved punishment, or the content is a 
mixture of mood- incongruent and mood- 
congruent themes.

Differential Diagnosis: Differential diagnosis should 
include manic episodes with irritable mood or mixed 
episodes, mood disorder due to another medical 
condition, substance/medication-induced depres-
sive or bipolar disorder, attention-deficit/hyperac-
tivity disorder, adjustment disorder with depressed 
mood, and sadness.

In manic disorders with irritable mood or mixed 
episodes, there is the presence of manic symptoms, 
thus patients with depressive symptoms should be 
carefully examined for past manic episodes.

In a mood disorder due to another medical condi-
tion, there is a direct pathophysiologic link between 
the medical condition and the mood occurrence.

Substance/medication-induced depressive or 
bipolar disorder is characterized by depression or 
mania caused by intoxication or withdrawal of a 
substance.
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In attention-deficit/hyperactivity disorder, 
there may also be distractibility and low frustra-
tion tolerance (as in major depressive disorder). 
The two disorders are not mutually exclusive; if 
criteria are met for each, both disorders should be 
diagnosed.

In adjustment disorder with depressed mood, 
the full criteria for major depressive disorder are not 
met (5 of 9 symptoms, most of the day, nearly every 
day for at least 2 weeks).

Episodes of sadness are fundamental aspects 
of the human experience. These episodes should 
not be diagnosed as major depressive disorder, 
unless they meet the full criteria (5 of 9 symp-
toms, most of the day, nearly every day for at least 
2 weeks, causing clinically significant distress or 
impairment).

Secondary Complications: Impairment secondary to 
major depressive disorder can be severe. In some 
cases, the individual may exhibit complete inca-
pacity to care for him- or herself, or is mute or 
catatonic. These individuals may also have more 
pain and physical illness and greater decreases in 
physical, social, and role functioning. The possi-
bility of suicide exists throughout major depres-
sive episodes. The most frequently described 
risk factor is a past history of suicide attempts or 
threats. However, most completed suicides are 
not preceded by previous attempts. Additional 
risk factors include male sex, being single or 
living alone, and having prominent feelings of 
hopelessness. Additionally, about 36% of those 
with psychotic depression were found to have a 
comorbid anxiety disorder. Five to 20% of those 
diagnosed with psychotic depression have their 
diagnosis eventually changed to bipolar disorder, 
and 10% are eventually diagnosed with schizoaf-
fective disorder.

Treatment Complications: First- line treatment for major 
depressive disorder usually consists of selective 
serotonin reuptake inhibitors (SSRIs). This can be 
followed by tricyclic antidepressants (TCAs) and 
monoamine oxidase inhibitors (MAOIs), and pos-
sibly an atypical antipsychotic adjuvant (especially 
if there are psychotic features).

SSRI side effects include nausea, diarrhea, 
insomnia, headache, anorexia, weight loss, sexual 
dysfunction, restlessness (akathisia- like), sero-
tonin syndrome (fever diaphoresis, tachycardia, 

hypertension, delirium, neuromuscular excitabil-
ity), hyponatremia, seizures (0.2%).

TCAs are highly protein bound and lipid soluble  
and thus have many drug interactions. They have 
antihistaminic properties including sedation and 
weight gain; antiadrenergic properties including 
orthostatic hypotension, dizziness, reflex tachy-
cardia, arrhythmias; and antimuscarinic effects 
including dry mouth, constipation, urinary reten-
tion, blurry vision, tachycardia, and exacerbation of 
narrow angle glaucoma. TCAs are lethal in overdose 
and thus suicide risk should be carefully assessed. 
Symptoms of overdose include agitation, tremors, 
ataxia, arrhythmias, delirium, hypoventilation 
(secondary to central nervous system depression), 
myoclonus, hyperreflexia, seizures, and coma. 
Serotonergic effects are also seen in TCAs including 
erectile/ejaculatory dysfunction in males and anor-
gasmia in females.

MAOI side effects include serotonin syndrome 
(usually when taken in combination with SSRIs). 
Serotonin syndrome first consists of lethargy, rest-
lessness, confusion, flushing, diaphoresis, tremor, 
and myoclonic jerks. These may progress to hyper-
thermia, hypertonicity, rhabdomyolysis, renal 
failure, convulsions, coma, and death. Thus, when 
switching to or from an SSRI and MAOI, a 2- week 
“washout period” should be implemented (5 weeks 
if switching from fluoxetine [longer half life]). 
Hypertensive crisis may also be seen as a side effect 
of MAOIs. This generally occurs when MAOIs are 
taken with tyramine- rich foods (wine, cheese, etc.). 
Additional side effects include orthostatic hyper-
tension, drowsiness, weight gain, sexual dysfunc-
tion, dry mouth, sleep dysfunction, numbness and 
parasthesias (if pyridoxine deficiency), seizures, 
and edema (if liver toxicity).

Atypical antipsychotic side effects include met-
abolic syndrome, weight gain, hyperlipidemia, and 
hyperglycemia.

Electroconvulsive therapy treatment, in which a 
small electrical current is administered to induce a 
seizure under general anesthesia, may also provide 
a clinical benefit. This seizure has mood boost-
ing effects, and may help with the neurovegetative 
symptoms of depression. This treatment is effec-
tive and safe (even during pregnancy). Side effects 
include cognitive problems (short- term memory 
loss that is temporary).
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Psychotic Disorder Due to Another 
Medical Condition
Epidemiology and Demographics: The lifetime prevalence of 

psychotic disorder due to another medical condition 
is difficult to estimate given the wide variety of clini-
cal presentations and medical etiologies. The lifetime 
prevalence is estimated to range from 0.21% to 0.54%. 
Individuals over 65 years old have a significantly higher 
prevalence compared with those in other age groups.1

Disorder Description: Psychosis broadly characterized by 
a combination of key features such as delusions, hal-
lucinations, disorganized thinking, disorganized or 
abnormal motor behavior, and negative symptoms. 
We categorize psychiatric disorders as secondary 
when symptoms are due to a known medical illness 
or substance use, or as primary, or idiopathic, if the 
symptoms cannot be explained by another cause. 
Subcortical and limbic system lesions, as well as 
dopamine dysregulations, are thought to be impli-
cated in the development of secondary psychosis.

As stated in DSM-5, psychotic disorder due to 
another medical condition can be defined as:
 A. Prominent hallucinations or delusions.
 B. Evidence from history, physical examination, 

and/or laboratory findings that the disturbance 
is a direct pathophysiologic consequence of 
another medical condition.

 C. The disturbance is not better explained by 
another mental disorder.

 D. The disturbance does not occur exclusively in 
the context of delirium.

 E. The disturbance causes clinically significant 
distress or impairment in social, occupational, 
or other important areas of functioning.1

Differential Diagnosis: Differential diagnosis should 
include delirium, substance intoxication/with-
drawal, and medication- induced psychosis.

In delirium, hallucinations and delusions com-
monly occur. However, a separate diagnosis of 
psychosis due to another medical condition is not 
given if such disturbances only occur in the context 
of delirium. If delusions are seen in the context of 
a neurocognitive disorder, this would be diagnosed 
as major or minor neurocognitive disorder with 
behavioral disturbances.

In substance/medication-induced psychotic dis-
order, there is evidence of prolonged substance use, 
withdrawal from a substance, or exposure to a toxin. 
Symptoms usually occur during or shortly after (<4 
weeks) exposure or withdrawal. This is particularly 
prevalent in the context of medications used in neu-
rologic diagnoses.

Below is the list of disorders that should be con-
sidered as underlying etiology of psychosis:
•	 Epilepsy
•	 History of head trauma
•	 Dementias:

•	 Alzheimer’s disease
•	 Pick’s disease
•	 Lewy body disease

•	 Stroke
•	 Space-occupying lesions and structural 

abnormalities:
•	 Primary brain tumors
•	 Secondary brain metastases
•	 Brain abscess/cysts
•	 Tuberous sclerosis
•	 Midline abnormalities
•	 Cerebrovascular malformations

•	 Hydrocephalus
•	 Demyelinating diseases:

•	 Multiple sclerosis
•	 Leukodystrophies
•	 Schilder’s disease

•	 Neuropsychiatric disorders:
•	 Huntington’s disease
•	 Wilson’s disease
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•	 Parkinson’s disease
•	 Friedreich’s ataxia

•	 Infections:
•	 Viral encephalitis
•	 Neurosyphilis
•	 Lyme disease
•	 HIV
•	 Central nervous system (CNS) invasive 

parasites
•	 Tuberculosis
•	 Sarcoidosis
•	 Cryptococcus infection
•	 Prion disease
•	 Autoimmune encephalitis

•	 Neurology medications:
•	 Steroids
•	 Anticonvulsants:

•	 levetiracetam
•	 lamotrigine
•	 phenytoin
•	 carbamazepine
•	 vigabatrin
•	 ethosuximide
•	 phenacemide
•	 barbiturates

•	 Muscle relaxants:
•	 baclofen
•	 cyclobenzaprine

•	 Parkinson’s disease medications:
•	 levodopa
•	 COMT inhibitors
•	 other dopaminergic agents
•	 amantadine
•	 anticholinergics
•	 MAO-B inhibitors

Every patient that presents with psychotic symp-
toms warrants a workup for an organic cause. While 
often it is difficult to distinguish psychosis as primary 
or secondary, certain characteristics of symptoms 
may suggest a medical nature. An atypical pres-
entation, for example, old age onset, specific pre-
dominating features, symptoms disproportionate 
to those expected from a typical psychotic disorder, 
may point toward a secondary cause. Development 
of psychosis following the onset of a medical condi-
tion tends to correlate with the course of the med-
ical condition. Of course, one should consider the 
possibility of decompensation of underlying psy-
chiatric illness by the ongoing medical condition 
and stressors associated with it. After completing a 

thorough anamnesis and exam, routine laboratory 
tests should be ordered including: a complete and 
differential blood count, erythrocyte sedimentation 
rate, glucose, electrolytes, thyroid function tests, 
liver function test, and a urine drug screen. If sus-
picion still persists or first line tests require further 
investigation, the following labs should be ordered: 
rapid plasma reagin, HIV testing, serum heavy met-
als, copper and ceruloplasmin levels, serum cal-
cium, autoantibody titers, vitamin B12, folate levels, 
urine culture, and toxicology. Neuroimaging may 
be appropriate at this time and MRI, CT, PET, and 
SPECT scans should be considered. EEG, polysom-
nography, CSF testing, and karyotyping may also 
reveal potential secondary cause.

Treatment Complications: Treatment is generally symp-
tomatic and should be aimed at resolving the 
underlying condition. In irreversible cases, such 
as a structural neurologic alternation, neuroleptics 
should be used with caution considering the higher 
risk of extrapyramidal symptoms in patients with 
underlying CNS pathology.
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Ptosis
Epidemiology and Demographics: Can affect any age with-

out sex predilection.
Disorder Description: Upper eyelid movement is con-

trolled by three main muscles: the levator muscle, 
innervated by cranial nerve III, opens the eyelid 
along with the sympathetically innervated Muller 
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muscle, which provides about 2 mm of eyelid ele-
vation; the orbicularis oculi muscle, innervated by 
cranial nerve VII, closes the eyelid.

The most common form of ptosis is involutional, 
related to dehiscence of the levator aponeurosis from 
the upper eyelid tarsus, usually from age, but it is 
also seen in patients after ocular surgery or trauma, 
or in those who wear rigid gas permeable contact 
lenses. Congenital ptosis is related to abnormal 

levator muscle development and presents at birth. 
Neither of these conditions has neurologic conse-
quences, although congenital ptosis may result in 
amblyopia, or decreased vision from occlusion of 
the eye and inadequate developmental stimulation 
of the visual system.

Ptosis may be caused by neurologic conditions, 
including third nerve palsy, Horner syndrome, 
myasthenia gravis, and myotonic dystrophy.

Symptoms

Localization site Comment

Cerebral hemispheres Acute unilateral, usually right- sided hemispheric stroke may cause complete bilateral cerebral ptosis. This 
is an important sign, as studies have shown that it may indicate imminent herniation (rare)

Apraxia of eyelid opening (AEO) is disorder of execution of learned movement that cannot be accounted for 
by paralysis, weakness, incoordination, or sensory loss. It may be isolated, but more often seen in patients with 
Parkinson’s disease or progressive supranuclear palsy. Patients with AEO cannot open their eyes, and they often 
elevate their brows in an attempt to get them open. They may also have blepharospasm

Cranial nerves Third nerve palsy in adults is most commonly ischemic, related to vasculopathic risk factors. Other causes 
include trauma, tumor, and stroke, but the most feared cause is compression from a posterior communicating 
artery aneurysm. Ischemic third nerve palsies typically cause ptosis and motility abnormalities, but spare 
the pupil, while compressive third nerve palsies are more likely to be “complete,” causing ptosis, motility 
abnormalities, and a dilated pupil. Pupil- sparing third nerve palsies may be observed, since they are usually 
ischemic and will resolve spontaneously, but complete third nerve palsies are a neuro- ophthalmic emergency, 
and immediate imaging is indicated to rule out an enlarging aneurysm

Muscle Myotonic dystrophy is an autosomal dominant condition, characterized by progressive muscle wasting and 
weakness, associated with bilateral ptosis, lack of facial expression, and rarely diplopia

Chronic progressive external ophthalmoplegia (CPEO) is a mitochondrial disorder that is mostly sporadic, 
but may be familial. Patients present with symmetric ophthalmoparesis and ptosis with poor levator function. 
Diplopia is rare due to symmetric ophthalmoparesis. A rare form of CPEO is Kearns–Sayre syndrome, which 
includes pigmentary retinopathy, ataxia, and heart block, which may be fatal

Oculopharyngeal dystrophy may be autosomal dominant, and presents in middle age with progressive bilateral 
ptosis, dysphagia, facial weakness, and proximal limb weakness. Ophthalmoplegia may be another feature

Neuromuscular junction Myasthenia gravis (MG) is caused by autoantibodies to the neuromuscular junction post- synaptic 
acetylcholine receptors that prevent normal neuromuscular communication. Patients present with fatigable 
ptosis and diplopia that may be unilateral or bilateral. MG may be purely ocular or systemic, in which case 
bulbar symptoms, involving speaking, chewing, and breathing, may be life-threatening

Lambert–Eaton syndrome (LES) is a presynaptic transmission disorder, and may be caused by a primary 
autoimmune condition similar to MG, or it may be paraneoplastic. The autoantibodies in LES are directed 
against presynaptic voltage- gated calcium channels. Unlike MG, LES is associated with autonomic symptoms, 
and less with ophthalmoplegia and ptosis, although these may be present. It is important in patients with LES 
to rule out malignancy, most commonly small cell carcinoma of the lung

Botulism is caused by Clostridium botulinum and blocks release of acetylcholine from the presynaptic nerve 
terminal. It mostly affects infants less than a year of age in endemic areas, but may also be caused by ingestion 
of honey or home- canned goods that have been inadequately sterilized. Patients present commonly with 
ophthalmoplegia, ptosis diplopia, bifacial weakness, and poorly reactive pupils. Infants usually present with 
hypotonia and poor suckling, and adults may also present with pharyngeal and limb weakness, respiratory 
difficulty, and constipation

Unclear localization/
sympathetic chain

Horner syndrome is caused by interruption of the sympathetic chain to the eye. This interruption may be 
caused by a lesion in the brainstem, a Pancoast tumor in the lung, carotid dissection in the neck, or other 
lesions along the sympathetic chain. It causes the classic triad of ptosis, miosis (small pupil), and anhidrosis on 
the affected side. The ptosis is typically about 2 mm, which is the amount of lift provided by the sympathetically 
innervated Muller muscle. Horner syndrome may also be congenital, where it is also associated with iris 
heterochromia, with the ipsilateral iris lighter in color than the contralateral side
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Secondary Complications: Amblyopia may develop in 
children under the age of 7 years with significant 
uncorrected ptosis, and these patients should be 
treated without delay to prevent irreversible vision 
loss. Peripheral visual field loss may result in adults, 
which is reversible with manual eyelid elevation or 
surgical eyelid elevation.

Treatment Complications: The main complications of sur-
gical treatment of ptosis are undercorrection, over-
correction, and infection. Overcorrection may result 
in painful corneal exposure, infection, and even per-
foration of the cornea if not addressed promptly. If 
frontalis suspension technique is used, extrusion 
and exposure of the sling material is a risk, as is 
donor site morbidity if autologous fascia lata is used.
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Pure Autonomic Failure (Bradbury–
Eggleston Syndrome)
Epidemiology and Demographics: The presence of ortho-

static hypotension increases with age and disease 
comorbidities. Most cases, as listed in the references 
below, occur in middle age or later. There has been 
no predilection for either sex.

Disorder Description: The central nervous system fails to 
sense the change in cardiovascular demands. Normally, 
blood pressure increases slightly when a person sits up 
from a supine position. When a person’s blood pres-
sure does not respond to the change in position, he or 
she experiences symptoms of lightheadedness.

Symptoms

Localization site Comment

Cerebral hemispheres Hypothalamic dysfunction, 
orthostatic hypotension

Spinal cord Bladder and sexual dysfunction, 
intermediolateral spinal cord

Peripheral neuropathy Failure of sympathetic nerve ending 
release of norepinephrine (sudomotor 
dysfunction)

Secondary Complications: Some patients progress to 
developing signs of Parkinson’s disease or multiple 
system atrophy.

Treatment Complications: Compressive devices are a 
good option for patients with many contraindica-
tions for supine hypertension. However, the devices 
can cause overheating, especially in warm climates. 
Fludocortisone mainly works via constricting 
the blood vessels. This may worsen symptoms in 
patients with congestive heart failure. Midodrine 
may cause numbness or tingling in some patients. 
Droxidopa may cause headaches.
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Pure Pallidal Degeneration
Epidemiology and Demographics: Lesions to the globus 

pallidus (GP) occur due to neuronal degenera-
tion (rare),1 carbon monoxide poisoning,2 opiate 
addiction (5–10% of cases), and in vascular dis-
eases.3 Other causes of pallidal necrosis include  
3,4-methylenedioxy-methamphetamine (MDMA), 
cocaine, and cyanide poisoning. Pallidal degen-
eration may also present within a syndrome that 
includes hypoprebetalipoproteinemia, acanthocy-
tosis, and retinitis pigmentosa (HARP syndrome). 
Pure pallidal degeneration (PPD) is extremely rare; 
since 1995, cases have been scarce.4 It is a disorder 
that occurs from age 5 to 14 years, but it has been 
reported in adults as well.5,6

Disorder Description: Pure lesions within the globus 
pallidus (GP) interna (GPi) result in the loss of 
inhibitor neurotransmitter pallidal projections to 
the thalamus, leading to hyperkinetic movements. 
Lesions within the globus pallidus externa (GPe) 
result in increased thalamic inhibition, which may 
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explain the hypokinetic movements or dystonic 
symptoms seen in some cases.4 Furthermore, as 
described by Aizawa et al., PPD can present with  
symptoms which include torsion dystonia, choreo-
athetosis, progressive rigidity, akinesia, abnormal 
postures, speech disturbances, and gait distur-
bances.5,6 Bilateral lesions may be more common 
than unifocal lesions, and may present with symp-
toms of parkinsonism. In chronic presentations, 
patients may also experience personality changes. A 
case report by Galati and Stadler describe a schizo-
phrenic patient who experienced a sustained remis-
sion after an occasional “selective” bilateral pallidal 
lesion induced by carbon monoxide intoxication.2 
Unilateral lesions can present with unilateral dys-
tonic features.

Localization is to the globus pallidus interna or 
externa, bilaterally or unilaterally, inducing torsion 
dystonia, choreoathetosis, progressive rigidity, aki-
nesia, abnormal postures, speech disturbances, and 
gait disturbances.5,6

Secondary Complications: Patients with pure pallidal 
degeneration predominantly experience movement 
disorders, which may affect gait and cause parkin-
sonism. Children presenting with PPD usually have 
normal mental development4 but adults with PPD 
may present with mild cognitive abnormalities.

Treatment Complications: Most patients have a discour-
aging response to medication, with only limited 
cases responding to levodopa.
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Pyomyositis
Epidemiology and Demographics: Pyomyositis is a com-

mon disease, especially in tropical climates. Males 
are more commonly affected than females. It can 
occur at any age, but there is a bimodal distribution, 
with peaks in children 2–5 years of age and adults 
20–45 years of age. Classically it has been found in 
tropical climes. However, it is increasingly being 
seen in temperate climates, typically in immuno-
compromised adults.

Disorder Description: Pyomyositis is defined as a purulent 
infection of skeletal muscle; frequently it is due to 
hematogenous spread, usually with abscess forma-
tion. There are three clinical stages. Stage 1 is char-
acterized by mild infection (low- grade fever, mild 
leukocytosis, local crampy pain, erythema). Stage 2, 
at which patients commonly present, occurs 10–21 
days after onset, and is characterized by worsening 
symptoms (namely frank fever, marked leukocyto-
sis, severe muscle tenderness, edema, and likely an 
evident abscess with pus on aspiration). Stage 3 is 
progression to sepsis. Patients will be febrile and 
may meet systemic inflammatory response syn-
drome (SIRS)/sepsis criteria.

It is caused by local muscle infection, usually 
hematogenously spread from another site. Risk fac-
tors include immunodeficiency, trauma, intravenous 
drug use, concurrent infection, and malnutrition.

There is no specific test for pyomyositis, but signs 
of infection are indicative. There will be likely leuko-
cytosis (likely left shift, though eosinophilia suggests 
concomitant parasitic infection), positive blood 
cultures, and positive wound culture/aspiration 
culture. ESR and CRP, acute phase inflammatory 
markers, are likely to be elevated. MRI of affected 
tissue is the optimal and most useful technique for 
specifically diagnosing pyomyositis. CT can be done 
if MRI is not available, and ultrasound can be help-
ful in localizing potential site of aspiration.
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Symptoms

Localization site Comment

Muscle Myalgia/pain localized to single muscle 
group, commonly in lower extremities, 
though deeper proximal muscles, such as 
iliopsoas, truncal, paraspinal, and upper 
extremities can be affected

Outside central 
nervous system

Fever

Secondary Complications: Pyomyositis itself is frequently 
a secondary complication and does not directly 
cause many secondary complications.

Treatment Complications: Treating the underlying infec-
tion with appropriate antibiotics from culture data 
is paramount. In addition, percutaneous draining 
can not only help diagnosis, but improve resolution.

There are no specific complications of treatment, 
other than the known antibiotic adverse effects 
based on choice of antibiotic.
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Pyridoxine Deficiency
Epidemiology and Demographics: More common in alco-

holics and the elderly.
Disorder Description: Pyridoxine is essential for metabo-

lism of hemoglobin, neurotransmitter production, 
gene expression, gluconeogenesis, and histamine 
synthesis. Deficiency may lead to failure of several 
processes.

Symptoms

Localization site Comments

Cerebral hemispheres Seizures

Mental status and psychiatric 
aspects/complications

Somnolence. Confusion

Peripheral neuropathy Painful sensory neuropathy in 
stocking–glove distribution. Rare 
muscle weakness

Secondary Complications: Complications include seb-
orrheic dermatitis, atrophic glossitis with ulcers, 
angular cheilitis, conjunctivitis, intertrigo, sidero-
blastic anemia, glucose intolerance.

Treatment Complications: Overcorrection can lead 
to  pyridoxine toxicity (see entry for Pyridoxine 
Toxicity).
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Pyridoxine-Dependent Seizures
Epidemiology and Demographics: Rare, under- recognized, 

autosomal recessive genetic disorder. Prevalence 
between 1/20,000 and 1/600,000, affecting both 
males and females. Early onset, typically occurring 
in infancy.

Disorder Description: Neonatal encephalopathy and 
seizures, difficult to control with conventional 
antiepileptic drugs, but responding to pyridoxine 
(vitamin B6) supplementation. Most commonly 
due to mutations in the antiquitin (ALDH7A1) 
gene encoding the enzyme α- aminoadipic semi-
aldehyde (AASA) dehydrogenase, resulting in 
abnormal lysine catabolism and accumulation of 
toxic substrates.

Intravenous pyridoxine or pyridoxal phos-
phate (PLP) should be administered early in 
infants presenting with refractory seizures until 
confirmatory testing is completed, as appropri-
ate intervention may have a dramatic impact. 
Seizures may even occur prenatally, and vitamin 
B6 may be administered in pregnancy for those 
known to be at risk.

Diagnosis made in infants by measuring levels of 
AASA and Δ-1-piperidine-6-carboxylate (P6C) and 
testing for mutations in ALDH7A1. Pyridox(am)
ine 50- phosphate oxidase (PNPO) deficiency may 
present in an identical manner, but may respond 
only to PLP. Lysine restriction, arginine supplemen-
tation, and folinic acid along with pyridoxine ther-
apy may improve long- term outcome.
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Pyridoxine Toxicity
Epidemiology and Demographics: Seen with overdose of 

supplements but not described with food sources.
Disorder Description: Pyridoxine overdose is toxic to the 

dorsal root ganglia.

Symptoms

Localization site Comments

Dorsal root ganglia Painful sensory neuropathy in all 
extremities beginning both proximally 
and distally

Polyneuropathy Distal weakness and atrophy may be 
seen in severe cases
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Symptoms

Localization site Comment

Cerebral hemispheres Focal or generalized seizures including 
infantile spasms, atonic and myoclonic 
types. Status epilepticus and epileptic 
encephalopathy are common

EEG abnormalities relatively 
nonspecific, and may normalize after 
initiation of vitamin B6

MRI may show white matter changes, 
callosal abnormalities, and atrophy

Mental status and 
psychiatric aspects/
complications

High risk for neurodevelopmental 
disability, with motor and speech 
delays or other long- term cognitive 
impairments of varying severity, even 
despite pyridoxine supplementation

Mood disturbances, anxiety, attentional 
deficits, sleep disorders and tics also 
described

Secondary Complications: Epileptic encephalopathy in 
the neonate may present with emesis, abdominal 
distention, apnea, irritability, sleeplessness, and 
abnormal eye movements. Hypoglycemia and lactic 
acidosis have been described.

Treatment Complications: Pyridoxine infusion may be 
associated with apnea, and should only be done in 
a monitored setting. Oral supplementation associ-
ated with gastrointestinal symptoms and periph-
eral sensory neuropathy at high doses. PLP may be 
associated with liver enzyme abnormalities. Lysine 
restriction and arginine supplementation require 
monitoring of diet, caloric intake, and amino acid 
levels. High doses of pyridoxine, PLP, and folinic 
acid have been associated with increased seizures in 
patients where later testing showed these not to be 
indicated.
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Rabbit Syndrome
Epidemiology and Demographics: Any patient taking 

antipsychotics may acquire rabbit syndrome (RS). 
This is characterized by rapid, rhythmic movements 
of the mouth. Middle- aged and elderly patients may 
be more susceptible.1 Although not well studied, 
the syndrome may be more likely in women than 
men.2 The prevalence of the syndrome ranges from 
2.3% to 4.4% of patients treated with antipsychot-
ics.3 The syndrome occurs more commonly with 
typical rather than atypical antipsychotic use. This 
is most likely due to their greater dopaminergic 
receptor affinity. Haloperidol,4 followed by other 
typical antipsychotics, such as the phenothiazines 
(fluphenazine, thioridazine, trifluoperazine), are 
the drugs that classically cause RS, followed by some 
atypical antipsychotics.5 Of that class, risperidone 
has been found to have the most extrapyramidal 
symptoms, including RS. There is no timetable for 
initiation of the antipsychotic to onset of symptom-
atology; however, most cases occur with chronic 
exposure to the drugs.

Disorder Description: RS is a rapid, rhythmic, vertical 
motion of the mouth and lips induced by anti-
psychotics that resembles the chewing movements 
made by a rabbit. The movements occur at a fre-
quency of approximately 5 Hz, and may produce a 
popping sound due to the rapid separation of the lips.6 
The movements can be brought on by an increased 
amount of anxiety and stress. They may also be seen 
during stage 1 non- REM sleep. The movements can-
not be voluntarily controlled by the patient, which is 
commonly misdiagnosed as oral tardive dyskinesia 
(TD).4 It is important to note that RS does not include 
the tongue movements nor the oral rotatory move-
ments associated with TD.4 RS may be present in con-
junction with TD and drug- induced parkinsonism 
(DIP), thus making the diagnosis more challenging.

Although the mechanism behind RS remains 
unclear, it is likely that the dopaminergic antago-
nism of the typical antipsychotics is the underlying 
cause, similar to DIP and TD. Evidence suggests that 
discontinuation of the drug and supplementation 
with an atypical antipsychotic may improve symp-
toms. Atypical antipsychotics have less dopamine 

R
receptor antagonism. Furthermore, studies have 
described a potential hypercholinergic etiology. 
Anticholinergic agents trihexyphenidyl or biperi-
den have been successful treatments. This may rep-
resent a cholinergic and dopaminergic imbalance 
within the basal ganglia.4

Antipsychotic medications have been used for 
the treatment of schizophrenia, psychosis, mania, 
and Tourrette’s syndrome. Studies have described 
that regardless of the underlying disease, a patient 
may be susceptible to developing RS.

Symptoms

Localization site Comment

Basal ganglia Facial movement abnormalities as 
described above

Mental status and 
psychiatric aspects/
complications

The rapid involuntary movements may 
lead to interference with interpersonal 
relationships

Secondary Complications: RS characteristically produces 
mild discomfort due to the involuntary control of 
the buccal musculature, but does not directly cause 
further complications. The popping sound that 
can be produced by the movements may negatively 
impact the individual’s social interactions.

Treatment Complications: The majority of patients that are 
treated with typical antipsychotics have significant 
mental illness, such as schizophrenia and/or psycho-
sis. Abrupt discontinuation would lead to further 
complications of the patient’s underlying disability.
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Rabies Virus
Epidemiology and Demographics: Transmitted through 

the saliva of an infected animal bite. In the United 
States most commonly transmitted from bats, rac-
coons, skunks, and foxes. Rare cases of transmission 
from organ transplants.

Rabies has not been identified in Antarctica, 
New Zealand, Japan, Sweden, Norway, Spain, some 
Caribbean Islands, or Hawaii.

Disorder Description: Symptoms can manifest from days 
to years after an exposure.

Two types are encephalitic and paralytic:
  1.  Encephalitic: Prodrome for about 1 week. 

Symptoms can include low- grade fever, 
chills, malaise, myalgias, weakness, fatigue, 
anorexia, sore throat, nausea, vomiting, 
headache, and occasionally photophobia. 
During the active infection phase there are 
pharyngeal spasms causing hydrophobia. 
This progresses to hyperactive encephalop-
athy then obtundation and coma.

  2.  Paralytic: flaccid paralysis worst in the 
bitten limb. Can mimic Guillain–Barré 
syndrome.

Symptoms

Localization site Comment

Cerebral hemispheres Encephalitis

Mental status and psychiatric 
aspects/complications

Alternating hyper- and 
hypoactivity

Brainstem Early involvement including with 
autonomic instability

Multiple spinal roots Paralytic form

Muscle Spasms of head and neck muscles

Secondary Complications: Complications include 
aspiration pneumonia, asphyxiation, respiratory 
arrest, cardiac arrhythmia, stroke from cerebral 
vasospasm.

Treatment: Treatment is supportive for active infec-
tion, with some reports of survival. Prophylaxis 
after exposure is available with vaccination if 
there is no skin break or rabies immunoglobulin 
if there is a skin break. Most domestic animals are 
vaccinated.
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Radial Neuropathy
Epidemiology and Demographics: This is a relatively rare 

disease in the United States.
Disorder Description: The condition is due to impinge-

ment of the radial nerve.
Posterior cord: weakness of arm abduction and 

adduction, medial rotation and extension of 
the arm.

Axilla: weakness in wrist and finger extension with 
mild weakness in supination and flexion at the 
elbow. Additional weakness in extension at the 
elbow and numbness in the posterior forearm 
and arm.

Spiral groove: weakness in wrist and finger 
extension with mild weakness in supination 
and flexion at the elbow. There is numbness 
over the back of the hand.

Posterior interosseous neuropathy: Weakness 
in wrist and finger extension with mild 
weakness in supination and flexion at the 
elbow. Normal strength when one is flexing 
the elbow with the thumb pointed to the 
ceiling (when, e.g., hammering), extension 
at the elbow and extending at the wrist. No 
sensory symptoms.

Surgical intervention can be a risk factor.
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Potential radial neuropathy sites

Posterior cord Axilla Spiral groove PIN (posterior 
interosseous 
nerve)

Deltoid and 
latissimus 
dorsi are weak

Normal deltoid 
and latissimus 
dorsi

Normal tricep 
and no sensory 
loss to posterior 
forearm and arm

Normal 
brachioradialis, 
long head of 
extensor carpi 
radialis, triceps 
No cutaneous 
sensory loss

Weak tricep 
and sensory 
loss to posterior 
forearm and arm

Secondary Complications: Complications include muscle 
atrophy, numbness, contracture of upper extremity 
joint, and weakness.

Treatment Complications: Toxic metabolic encephalopa-
thy from sedation used during surgery or post sur-
gical infections.
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Radiation to Brain and Spinal Cord
Epidemiology and Demographics: No specific age group 

affected. In children, girls have been reported 
to be more affected by post- radiation myelopa-
thy. No specific incidence/prevalence rates are 
known.

Disorder Description: The most sensitive structures to 
radiation within the nervous system are thought to 
be oligodendroglia and Schwann cells, with neu-
rons being less affected due to their post- mitotic 

state. Radiation toxicity is classified into three 
categories:
 1. Acute reactions, which occur during the course 

of treatment and are caused by radiation- 
induced edema.

 2. Early delayed reactions, occurring weeks to 
months after finishing radiation therapy. This 
reaction is caused by temporary inhibition of 
myelin synthesis.

 3. Late delayed reactions, occurring months to 
years after radiation therapy. A very common 
type of late delayed reaction is radiation necro-
sis. This type of reaction is caused by damage 
to small and medium arterioles or by directly 
affecting glial cells.

Radiation myelopathy has been reported to 
occur in the cervical and thoracic region.

Potential causes include:
	 •	 Radiation	for	Hodgkin’s	lymphoma
	 •	 	Radiation	 for	 nasopharyngeal	 and	 oropharyn-

geal cancers
	 •	 Radiation	for	medulloblastoma
	 •	 Radiation	for	breast	cancer
	 •	 Radiation	for	pelvic	malignancies
	 •	 Radiation	for	germ	cell	tumors

Risk factors include:
	 •	 	Age	of	 the	patient –	 infants	 and	 children	have	

higher likelihood of complications
	 •	 Re-irradiation
	 •	 	Exceeding	the	generally	accepted	tolerance	doses	

of radiation
	 •	 	Receiving	 concurrent	 chemotherapy	 that	 is	

known to cause peripheral neuropathy:
 –  methotrexate (high- dose systemic and 

intrathecal)
 –  platinum drugs (cisplatin, carboplatin, 

oxaliplatin)
 –  taxanes (paclitaxel, docetaxel, cabazitaxel)
 – epothilones
 –  plant alkaloids (vincristine, vinblastine, 

etoposide, vinorelbine)
 –  thalidomide, lenalinomide, pomalidomide
 – bortezomib, carfilzomib
 – eribulin

No specific areas of the world have higher 
proclivity.
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Symptoms

Localization 
site

Comment

Brain Acute effects of radiation are caused by edema 
secondary to increased intracranial pressure. Most 
common symptom is headache. Acute effects are 
self- limited and do not require intervention. In rare 
cases, steroids may be required

Early delayed toxicity occurs because of transient 
demyelination that occurs between 4 weeks 
and 4 months. Common symptoms include 
somnolence and worsening of neurologic deficits 
that are already present. Caution is advised in 
differentiating between recurrence of disease vs. 
early/late effects of radiation toxicity. Early/late 
effects are typically self-limited

Effects of late delayed toxicity can be seen in 
several manifestations. These include: necrosis, 
atrophy, encephalopathy, infarction, hemorrhage, 
and neoplastic transformation. Necrosis, atrophy, 
and encephalopathy are the most common. 
Brain necrosis is noted typically 1–2 years after 
therapy is completed. Diagnosis is via biopsy, and 
treatment requires surgical removal of necrotic 
tissues. Steroids and anticoagulation have shown 
some benefit. Brain atrophy is typically seen 1 year 
after whole brain radiation. Imaging demonstrates 
large ventricle and periventricular white matter 
changes. Symptoms include dementia, memory 
problems, gait apraxia (similar to normal pressure 
hydrocephalus). There is no effective treatment for 
brain atrophy

Cervical 
spinal cord

Early delayed radiation myelopathy is known 
to cause Lhermitte’s sign. This suggests 
demyelination of the posterior columns. In the 
cervical spinal cord the risk of delayed radiation 
myelopathy increases with increasing length of 
spinal cord irradiated.

Thoracic 
spinal cord

Late effects to the spinal cord are less common 
and generally more severe. Myelopathic syndrome 
typically develops involving a portion of the cord 
then progressing to involve the entire cord. The 
thoracic spinal cord is generally less sensitive 
to radiation injury than the cervical cord. For 
the thoracic spinal cord, published analyses do 
not indicate a definite relationship between 
irradiated rostral– caudal spinal cord volume and 
the risk of delayed myelopathy. Delayed radiation 
myelopathy usually presents with numbness or 
dysesthesias in the legs, followed by weakness 
and sphincter dysfunction, with an upper level 
of cord dysfunction ascending to lie within the 
irradiated area. Pain is usually not a prominent 
complaint. A Brown–Sequard hemicord pattern is 
fairly common early in the course. In most patients, 
the neurologic deficits progress over several weeks 
to months and often plateau, but rarely improve 
spontaneously

Localization 
site

Comment

Lumbar 
spinal cord

A rare syndrome of selective damage to lower 
motor neurons occurs following spinal irradiation 
for medulloblastoma, lymphoma, or germ cell 
tumors (particularly testicular cancer). This 
condition is called radiation-induced motor 
neuron syndrome. Patients develop roughly 
symmetric bilateral leg weakness beginning 
4 to 14 months after completion of radiation. 
Examination shows muscle atrophy, fasciculations, 
normal or decreased muscle stretch reflexes, 
flexor plantar responses, and no sensory or 
sphincter involvement. Weakness is confined 
to the legs, even in patients who received 
irradiation to the entire spine. The syndrome 
usually progresses slowly over several months, 
and then stabilizes, but does not improve. Motor 
and sensory nerve conduction velocities are 
normal. Electromyographic evidence of diffuse 
denervation, including lumbar paraspinal muscles, 
is noted. Spine MR scans are typically normal. 
Lumbosacral anterior horn cells are believed to be 
the primary site of damage in these patients, but 
no published neuropathologic proof for this exists, 
and it is possible that the syndrome represents 
selective damage to proximal motor axons or to 
motor roots

Secondary Complications

 1. Spinal cord hemorrhage
 2. Cerebral hemorrhage
 3. Radiation-induced cavernomas
 4. Residual weakness and numbness of the upper and 

lower extremities
 5. Persistent loss of bowel/bladder control
 6. Chronic headache and neuropathic pain
 7. Residual mental status deficits resulting in dimin-

ished executive functioning
 8. Seizure disorder
Treatment Complications: Antiseizure medications use to 

treat seizure disorder can lead patients to develop 
metabolic disturbances, worsening of underlying 
psychiatric conditions, worsening somnolence/
fatigue.

Narcotic pain medications used to treat chronic 
pain carry risk of addiction and tolerance. They also 
cause and worsen somnolence and fatigue.
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Radiation to Peripheral Nerves/Plexuses
Epidemiology and Demographics: Age of presentation varies 

depending on age when radiation therapy received. 
However, the younger the age at the time of radiation, 
the higher the likelihood of neurologic complications 
secondary to radiation. No gender preference known. 
No specific prevalence or incidence known. However, 
peripheral nerve damage after radiation is uncom-
mon as peripheral nerves are generally resistant to 
radiation. Peripheral nerve sheath tumors secondary 
to radiation are extremely rare.

Disorder Description: The peripheral nervous system 
consists of cranial nerves and spinal nerves. The 
brachial plexus is of particular concern during irra-
diation of the upper chest wall as it is located in the 
supraclavicular area and beneath the clavicles. The 
roots of the brachial plexus are formed by the ante-
rior rami of spinal nerves C5–T1. The lumbosacral 
plexus plays a similar role in the innervation of the 
lower extremities. Damage to the plexus can pro-
duce a variety of sensory and motor deficits includ-
ing pain, neuropathy, motor deficits, and functional 
disability. The peripheral nervous system is consid-
ered to be relatively resistant to damage by ionizing 
radiation. Complications secondary to radiation do 
not appear immediately, but can take years (a range 
of 5 years to 31 years) to develop to any level of clin-
ical significance. Radiation to peripheral nerves can 
result in perineural fibrosis. Radiation has also been 
known to rarely cause benign tumors (neurofibro-
mas) and malignant peripheral nerve sheath tumors 
(sarcomas). The nature and extent of radiation- 
induced tumors depends on: (1) total dose of 
radiation provided, (2) volume of the irradiated tis-
sue, (3) the size of the daily dose, and (4) the time 
between doses of radiation. It is important to note 
that radiation- induced peripheral nerve tumors are 
hard to distinguish clinically from naturally form-
ing peripheral nerve tumors as they demonstrate 
the same imaging features. Clinical evidence has 
revealed that 20 to 40 Gy of radiation delivered in 
a hypofractionated manner during intra- operative 
radiation therapy is sufficient to cause peripheral 
nerve neurofibromas.

Potential causes include:
 a. Radiation for Hodgkin’s lymphoma
 b. Radiation for nasopharyngeal and oropharyn-

geal cancers
 c. Radiation for medulloblastoma
 d. Radiation for breast cancer
 e. Radiation for pelvic malignancies

Risk factors include:
 a. Age of the patient – infants and children have 

higher likelihood for complications
 b. Re-irradiation
 c. Exceeding the generally accepted tolerance 

doses of radiation
 d. Receiving concurrent chemotherapy that is 

known to cause peripheral neuropathy:
 i. methotrexate (high- dose systemic and 

intrathecal)
 ii. platinum drugs (cisplatin, carboplatin, 

oxaliplatin)
 iii. taxanes (paclitaxel, docetaxel, cabazitaxel)
 iv. epothilones
 v. plant alkaloids (vincristine, vinblastine, 

etoposide, vinorelbine)
 vi. thalidomide, lenalinomide, pomalidomide
 vii. bortezomib, carfilzomib
 viii. eribulin

No specific areas of the world have higher proclivity.

Symptoms

Localization site Comment

Cranial nerves Olfactory, optic, facial, glossopharyngeal, 
hypoglossal, and vagus nerves most 
commonly affected following radiation after 
nasopharyngeal carcinoma. Symptoms 
include anosmia, visual loss, loss of tongue 
movement, loss of facial sensation, 
ageusia, loss of gag reflex, parasympathetic 
dysfunction

Brachial plexus/
peripheral nerves

Brachial plexus involvement commonly 
seen during radiation for Hodgkin’s 
lymphoma and weeks to months after 
radiation for breast cancer. Post- radiation 
brachial plexopathy for most conditions 
appears typically weeks to months after 
radiation. Symptoms include sensory 
loss +/− weakness. Pain is usually absent. 
Other symptoms include myokymia and 
lymphedema. Presence of pain suggests 
recurrence of tumor. Radiation- induced 
plexopathy is not reversible
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Secondary Complications

 1. Residual sensory abnormalities involving taste, 
smell, vision, facial sensation.

 2. Loss of gag reflex.
 3. Residual weakness and sensory changes of the 

upper and lower extremities.
 4. Cellulitis/lymphangitis.

Treatment Complications

 1. Anticonvulsants: Gabapentin and pregabalin are 
commonly used for the treatment of this condi-
tion. Both of these medications are known to cause 
lower extremity edema. Additionally these medi-
cations are also known to cause Stevens–Johnson 
syndrome, increased risk of suicidality, depres-
sion, anaphylaxis. Abrupt withdrawal can cause 
seizure activity.

 2. Tricyclic antidepressants: In cases where anticon-
vulsants are not effective, tricyclic antidepressants 
such as nortriptyline and amitriptyline are utilized. 
These medications are known to cause orthostatic 
hypotension and QT prolongation, and increase 
somnolence. They are also known to cause weight 
gain.

 3. Selective serotonin/norepinephrine reuptake inhib-
itors: These medications are known to cause ser-
otonin syndrome and SIADH (syndrome of 
inappropriate antidiuretic hormone secretion), 
and increase risk of suicidality and depression as 
well as mania/hypomania.
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Radiculopathy
Epidemiology and Demographics: As summarized by 

Warren et al., the incidence of radiculopathy is 85 
persons per 100,000. The incidence of lumbar radic-
ulopathy is variable as different studies give differ-
ent numbers.

Disorder Description: Back or neck pain with radiation 
down the limb is the usual presentation. Lumbar 
radiculopathy can be caused by anything that may 
invade the space of the spinal cord or nerve roots. 
For cervical radiculopathy in the younger patients, 
the cause is usually trauma. With increasing age, 
disc degeneration becomes the predominant cause.

Symptoms

Localization site Comment

Spinal cord Disc herniation

Cauda equina Bowel or bladder dysfunction

Specific spinal roots Narrowing of the neuroforamen

Secondary Complications: Weakness in muscles and 
decreased range of motion of the neck, back, or 
lower extremities due to pain.

Treatment Complications: Anti- inflammatory medi-
cations may rarely cause cerebrovascular com-
plications. Acetaminophen may cause hepatic 
encephalopathy. Opiates can cause delirium, seda-
tion, and other complications described throughout 
this text.
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Raeder’s Paratrigeminal Neuralgia
Epidemiology and Demographics: This is a rare disease. 

As per the listed references, the disease has been 
reported only in males.

Localization site Comment

Lumbar plexus/
peripheral nerves

Post-radiation lumbar plexopathy appears 
typically in less than 1 year (commonly 4–6 
months) after radiation. The foot is affected 
initially with proximal muscle involvement 
occurring subsequently. Very rarely, 
spontaneous resolution has been reported. 
Radiation- induced lumbar plexopathy is 
typically not reversible
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Disorder Description: Any external injury, pressure, 
inflammation of the ophthalmic division of the 
trigeminal nerve can cause this disease. Vasoactive 
intestinal polypeptide, calcitonin gene- related pep-
tide, substance P, and neurokinin A have been found 
in certain animal studies.

Patients may complain of pain around their eyes. 
There may be a droopy eyelid or a small pupil when 
compared with the asymptomatic side.

Symptoms

Localization site Comment

Cerebral hemispheres Thalamus, hypothalamus

Brainstem Spinal trigeminal nucleus, inferior olivary 
nucleus, preganglionic neurons of the 
parasympathetic system. Edinger–
Westphal nucleus, superior and inferior 
salivary nucleus

Cranial nerves Ophthalmic division of the trigeminal 
nerve, facial nerve

Spinal cord Segments S2 to S4 of the spinal 
cord contain cell bodies of the 
parasympathetic system

Unclear localization Cerebral arteries

Secondary Complications: Anxiety from chronic pain and 
vision changes may occur.

Treatment Complications: Nonsteroidal anti- 
inflammatory medications can rarely cause a 
 cerebrovascular event.
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Rapid-Onset Dystonia–Parkinsonism 
Syndrome (RDP)
Epidemiology and Demographics: Rapid- onset dystonia– 

parkinsonism (RDP) is a rare dystonia- plus 

syndrome that develops in late adolescence to early 
adulthood, usually in one’s 20s, though age of symp-
tom onset ranges from 4 to 58 years.1,2

Disorder Description: RDP onset occurs over minutes to 
days, usually during a specific physical or psychologic 
stressor such as a febrile illness. The dystonia is more 
severe in the head and neck than in the lower body, 
and the parkinsonism is not levodopa- responsive and 
non-progressive.3 Symptoms include dysarthria and 
dysphagia accompanied by bradykinesia, slow gait, 
and postural instability. Generally, the symptoms 
remain unchanged with only improvement in gait.1,2

At onset, patients have vague symptoms of dys-
tonia involving the hand and arms. In nearly all 
patients, this was subtle and localized to the dis-
tal extremity. Generalized or truncal dystonia was 
never seen to precede symptoms. Clear progression 
face > arm > leg is a cardinal feature of mutation 
positive RDP, associated with sudden onset and bul-
bar symptoms.4 RDP typically follows an autosomal 
dominant inheritance with variable expressivity 
and penetrance.5,6

Apart from the specific constellation of symp-
toms characterizing the disease, some important 
features help distinguish RDP from other acute 
dystonia syndromes. RDP is associated with only 
three parkinsonian features: bradykinesia, postural 
instability, and hypophonia. Absence of pain and 
tremors is a key feature distinguishing RDP from 
other acute dystonia syndromes.4 RDP symptoms 
may be provoked by the presence of triggers such 
as physical or emotional stress, childbirth, and 
 alcoholic binges. Clinical improvement (albeit min-
imal) helps to distinguish RDP from other  dystonic 
syndromes.5

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Depression, social phobia, anxiety, schizoid 
tendencies such as psychosis

Impairment was seen in attention, verbal 
fluency, coding tasks, visual memory, and 
verbal learning tasks compared with controls

Basal ganglia Dystonia, bradykinesia, postural instability, 
hypophonia

Cranial nerves Prominent bulbar findings: dysarthria, 
dysphonia, dysphagia; paroxysmal 
oculomotor abnormalities including 
oculogyric crisis1

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.017
https://www.cambridge.org/core


Section 1 Diagnostics

562

RDP may have depressive and psychotic symptoms 
associated with the dystonia, which may lead to diag-
nostic dilemmas. Other dystonia phenotypes or inborn 
errors of metabolism such as Wilson disease may also 
present with these symptoms.4

Secondary Complications: No secondary complications 
have been observed to occur. Moreover, symptoms 
stabilize within a month of onset.

Treatment: High- dose benzodiazepine therapy has 
been beneficial in some patients, although treat-
ment options are limited for RDP.4
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Rasmussen Encephalitis
Epidemiology and Demographics: Seizures commonly 

start between 1 and 14 years of age, median age 6 
years, but may occur in adults. Incidence between 
1.7 and 2.4 per 100,000 per year in those below 18 
years. Gender, geographical, and ethnic predomi-
nance have not been reported.

Disorder Description: Suspected immune- mediated inflam-
matory disorder that may preferentially affect one 
cerebral hemisphere. Often presents with medically 
intractable focal seizures and secondarily generalized 

tonic–clonic seizures (GTCS). Epilepsia partialis con-
tinua (EPC) in 50% of cases. Progressive inflamma-
tion and atrophy of the hemisphere occurs causing 
worsening hemiparesis or dysfunction of associated 
eloquent cortex. Earlier EEGs show unihemispheric 
slowing with or without epileptiform activity and uni-
lateral seizure onset. Within months of acute stage, 
MRI brain shows unilateral enlargement of ventricu-
lar system, and T2/flair hyperintense lesions in gray 
and white matter. Serial MRIs will show worsening 
atrophy and progression of disease. Disease may 
become bihemispheric, as evident on pathology.

Cause believed to be secondary to a T- cell 
response to one or more antigenic epitopes with 
involvement of autoantibodies. Treatments include 
antiepileptic drugs, epilepsy surgery (hemispherec-
tomy), and immunomodulatory therapies, such 
as steroids, intravenous immunoglobulin (IVIG), 
plasma exchange, T- cell inactivating chemothera-
peutic agents (i.e., tacrolimus, aziathioprine), and 
the monoclonal antibody drugs (i.e., rituximab).

There are three disease stages:
prodromal – mild hemiparesis, low seizure 

frequency
acute – progressive hemiparesis, increase in seizure 

frequency (EPC), cognitive decline
residual – stable/permanent neurologic deficits, 

continued seizures

Symptoms

Localization site Comment

Cerebral hemispheres Focal seizures, EPC, secondarily GTCS

Progressive paresis

Unilateral cerebral hemispheric 
progressive atrophy on serial MRI

EEG with focal slowing, and unilateral 
epileptiform discharges

Mental status and 
psychiatric aspects/
complications

Intermittent alterations of 
consciousness

Progressive language deficits, 
cognitive decline

Secondary Complications: Progressive disability due 
to intellectual decline, progressive hemiparesis, 
dysphagia.

Treatment Complications: Surgery (hemispherectomy) 
 curative for seizures, though may result in homon-
ymous hemianopsia and hemiplegia. Prognosis for 
neurologic recovery of function better in patients 
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operated on before late childhood. Steroids are asso-
ciated with an increased risk for mood lability, psy-
chosis, peptic ulceration, avascular necrosis, and 
infection. IVIG may be associated with flu- like 
symptoms during infusion and rarely anaphylaxis. 
Depending on the agent, other immunosuppressive 
drugs are associated with increased risk for infec-
tion, blood dyscrasias, renal or liver toxicity, among 
other side effects.
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Reactive Arthritis (Reiter’s Syndrome)
Epidemiology and Demographics: Most common in 

young men (20 to 40 years of age); rarely occurs in 
children from enteric infections (symptoms after 
age 9 years). Enteric form has no gender predom-
inance; venereal form has a male-to-female ratio 
of 5:1 to 10:1. More common in Caucasian than 
blacks. The frequency is estimated to be 3.5–5 cases 
per 100,000. Frequency related to prevalence of 
HLA- B27 in population.

Disorder Description: Reactive arthritis is an autoim-
mune process that occurs in response to a previous 
gastrointestinal or genitourinary infection. In some 
rare cases there have been reports of chlamydial 
infection of the respiratory system leading to this 
condition. The classic triad of symptoms includes: 
(1) non- infectious urethritis in men and cervicitis 
in women; (2) arthritis; and (3) conjunctivitis (iri-
docyclitis). When there is mucocutaneous involve-
ment (pustular psoriasis), the condition is referred 
to as Feissenger–Leroy–Reiter syndrome. The clini-
cal triad is present only in 30% of patients. In patients 
who develop the syndrome after an enteric infection, 
the symptoms of the triad tend to occur within 1 to 
4 weeks after the infection. Reactive arthritis is asso-
ciated with HLA- B27 haplotype on chromosome 
6. HLA- B27 is an MHC Class I molecule involved 
in T- cell antigen presentation. It is thought that 
reactive arthritis develops with a cross- reactivity 
with specific types of microbial antigens that are 

disseminated into joints. Studies have reported that 
reactive arthritis and ankylosing spondylitis appear 
to be identical based on similar findings in long- 
term outcomes of the two conditions. Central and 
peripheral nervous system involvement in reactive 
arthritis is well recognized. In rare cases, there have 
also been reports of progressive myelopathy.
Potential causes include:
 a. Genitourinary infection:

 i. Chlamydia trachomatis
 ii. Neisseria gonorrhea
 iii. Ureaplasma urealyticum

 b. Gastrointestinal/respiratory infection:
 i. Shigella flexneri
 ii. Salmonella enterica
 iii. Mycoplasma pneumoniae
 iv. Mycobacterium tuberculosis
 v. Cyclospora
 vi. Yersinia enterocolitica
 vii. Campylobacter jejuni
 viii. Clostridium difficile
 ix. Beta hemolytic Group A Streptococcus
 x. Streptococcus viridans

 c. Medications/iatrogenic:
 i. adalimumab
 ii. leflunomide
 iii. bacillus Calmette–Guerin (BCG) instilla-

tion for treatment of bladder cancer
 iv. tetanus and rabies vaccine

Risk factors include:
 a. Caucasian males with HLA- B27 haplotype 

(HLA- B51 and HLA- DRB1 alleles also risk 
factors)

 b. HIV infection or AIDS
There is higher proclivity to reactive arthritis in 

North America and Europe, particularly Finland 
and Norway. Higher proclivity is secondary to 
higher risk of infections. that lead to the develop-
ment of reactive arthritis.

Symptoms

Localization site Comment:

Brain Cerebral vasculitis may result in patient 
developing seizure activity, headache, double 
vision, stroke, and encephalopathy

Cranial nerves Glossopharyngeal neuralgia may present with 
patients complaining of sharp throat pain 
typically lasting seconds to minutes
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Secondary Complications: Complications include stroke, 
neuropathy (cranial and peripheral), and myelo pathy.

Treatment Complications: Reactive arthritis is a self- 
limited process. All treatments utilized for this 
condition are symptomatic or treat the underly-
ing cause. Physical therapy, non- steroidal anti- 
inflammatory drugs, and corticosteroids are the 
medications most commonly utilized. Antibiotics 
may be given to treat underlying infection, and 
disease- modifying antirheumatic drugs such as sul-
fasalazine and methotrexate may be used safely and 
are often beneficial.
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Recurrent Isolated Sleep Paralysis
Epidemiology and Demographics: The prevalence of recur-

rent isolated sleep paralysis is unknown with no sex 
predominance. Age at onset is typically 14–17 years.

Predisposing factors include sleep deprivation, 
irregular sleep–wake schedules, stress. More com-
mon in supine position. Associations with bipolar 
disorder, anxiolytic medications, and sleep- related 
leg cramps have been reported.

Disorder Description: Recurrent isolated sleep paralysis is 
characterized by an inability to perform movements 
at sleep onset (hypnagogic) or on waking from sleep 
(hypnopompic) without a diagnosis of narcolepsy. 
There is preservation of atonia after an arousal 
from REM sleep with inability to speak or move the 

limbs, trunk, and head but respiration is not usually 
affected. There is preserved consciousness and indi-
viduals are able to fully recollect events surround-
ing the episode, which can last seconds to minutes. 
Episodes typically resolve spontaneously but can be 
aborted by external auditory or tactile stimulation 
or by intense efforts to move by the individual.

Symptoms

Localization site Comment

Unclear localization Sleep paralysis is a disassociated state 
with elements of REM sleep persisting 
into wakefulness

Recurrent isolated sleep paralysis is associated 
with psychiatric disorders including dissociative 
phenomena, anxiety disorders, panic disorder, and 
posttraumatic stress disorder.

Treatment Complications: Management includes reas-
surance, avoidance of sleep deprivation, and main-
tenance of regular sleep–wake schedules. In cases of 
frequent occurrence, substantial sleep disruption, 
or excessive distress, REM suppressive agents such 
as imipramine or fluoxetine may be used at bedtime.

Patients on imipramine should be monitored for 
QT prolongation. Anticholinergic effects should be 
monitored such as urinary retention, constipation, 
xerostomia, mental status changes.
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Recurrent Menstrual Psychosis
Epidemiology and Demographics: Menstrual psychosis is 

rare, and often goes unrecognized. In asylum stud-
ies performed in the late 19th century, 1–29/1000 
female admissions were found to have menstrual 
psychosis. There are only about 80 confirmed cases 

Localization site Comment:

Spinal cord In cases of progressive myelopathy, sensory 
level, hyperactive knee and ankle jerks and 
Babinski sign may be present

Peripheral 
neuropathy

Axonal polyneuropathy may present with 
patient complaining of vague symptoms of 
paresthesias and numbness of the extremities 
in fashion similar to what is seen in diabetic 
neuropathy
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in the literature. Most importantly, it is distin-
guished from other forms of psychosis by its peri-
menstrual association.

Disorder Description: A diagnosis of menstrual psychosis 
requires:
Acute onset against an otherwise normal 

functional background.
Short duration with complete recovery.
Psychotic features: hallucinations, delusions, 

mania, stupor, mutism, and delirium.
Periodicity in rhythm with the menstrual cycle.

The existence of recurrent menstrual psychosis 
is controversial and reports suggest that new- onset 
psychosis in a female in close proximity to menses is 
an early sign of bipolar disorder.

Differential Diagnosis: Differential diagnosis should 
include schizoaffective disorder, schizophreniform 
and brief psychotic disorder, delusional disorder, 
and schizotypal personality disorder, postpartum 
psychosis.

The key to distinguishing recurrent menstrual 
psychosis from these disorders is the periodicity 
of menstrual psychosis in synchronicity with the 
menstrual cycle. None of the schizophrenia- related 
disorders exhibits this timing. This requires careful 
record keeping of both the onset of menses and the 
onset of symptoms of menstrual psychosis. It can be 
differentiated from postpartum psychosis because 
menstrual psychosis is not associated with only the 
post- partum time period.

Secondary Complications: Recurrent menstrual psycho-
sis may be associated with social, academic, and 
occupational dysfunction, due to the lack of func-
tionality during the occurrence of the psychotic 
episode.

Treatment Complications: Typical and atypical antip-
sychotics may be used as treatment for recurrent 
menstrual psychosis. Side effects of typical antipsy-
chotics include the extrapyramidal side effects such 
as parkinsonism (mask- like facies, bradykinesia, 
cogwheel rigidity, pill- rolling tremor), akathisia, 
and dystonia. Other side effects include hyperpro-
lactinemia, sedation, weight gain, orthostatic hypo-
tension, cardiac abnormalities, sexual dysfunction, 
anticholinergic side effects (dry mouth, tachycar-
dia, urinary retention, blurry vision, constipation, 
worsening of narrow- angle glaucoma), tardive 
dyskinesia, and neuroleptic malignant syndrome. 
Atypical antipsychotic side effects are similar, but 
more frequently and to a larger extent include 

metabolic syndrome, weight gain, hyperlipidemia, 
and hyperglycemia.

In addition to psychotropic medications, other 
approaches have been shown to be viable options. 
Thyroid hormones, for example, have been shown 
to be curative. Levothyroxine side effects include 
arrhythmias, congestive heart failure, hyperten-
sion, angina, pseudotumor cerebri (in pediatric 
population), craniosynostosis (in infants), and 
seizures. Less severe side effects include palpita-
tions, increased appetite, tachycardia, nervousness, 
tremor, weight loss, diaphoresis, GI distress, insom-
nia, fever, headache, heat intolerance, and anxiety.

Progesterone has also been shown to be an 
effective treatment. Potential side effects of pro-
gesterone include thromboembolism, retinal 
thrombosis, optic neuritis, hypertension, stroke, 
myocardial infarction, breast or ovarian cancer, 
jaundice, depression, anxiety, anaphylaxis. Less 
serious side effects include headache, breast ten-
derness, depression, dizziness, fatigue, irritability, 
cough, chest pain, dysmenorrhea, constipation, and 
fluid retention.
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Relapsing Polychondritis
Epidemiology and Demographics: Presents most com-

monly between 40 and 50 years of age, but can occur 
at any age. No gender preference. No race predom-
inance. Frequency of condition is 3.5 cases per 
million.

Disorder Description: Relapsing polychondritis is char-
acterized by inflammation and deterioration of 
cartilage. It is a condition that affects multiple sys-
tems in the body. It is a painful condition and can 
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become life threatening if it affects the respiratory 
system, heart valves, or blood vessels. The involve-
ment of the peripheral or central nervous system 
is relatively rare and only occurs in 3% of persons 
affected with this condition. It is sometimes seen 
in relation with concomitant vasculitis. The most 
common neurologic manifestations are palsies of 
the cranial nerves V and VII. Additionally hemiple-
gia, ataxia, myelitis, and polyneuropathy have been 
reported in the scientific literature. Very rare neu-
rologic manifestations include aseptic meningitis, 
meningoencephalitis, stroke, focal or generalized 
seizures, and intracranial aneurysm. Magnetic res-
onance imaging of the brain shows multifocal areas 
of enhancement consistent with cerebral vasculitis 
in some cases.

The exact cause is unknown but is thought to 
be secondary to immune- mediated attack on pro-
teins within the cartilage. There is a possible genetic 
cause as there is a higher familial predominance of 
the condition. However the exact genetic linkage is 
not known.

There are no known geographic areas with higher 
proclivity.

Symptoms

Localization site Comment

Brain Aseptic meningitis, cerebral vasculitis may 
result in patients developing stroke and/or  
focal or generalized seizures. Intracranial 
aneurysm may also occur

Cranial nerves Palsies of trigeminal (CN V) and/or facial nerve 
(CN VII)

Spinal cord Myelitis causing hemiplegia or paraplegia

Peripheral 
neuropathy

Compression of peripheral nerves secondary 
to cartilage inflammation may cause 
symptoms of numbness and/or paresthesias

Secondary Complications: Complications include stroke, 
neuropathy, intracranial aneurysm, peripheral 
neuropathy.

Treatment Complications: Patients treated with non- 
steroidal anti- inflammatory drugs for an extended 
period of time are likely to face complications asso-
ciated with this class of medications.

Corticosteroids are also often used to treat this 
condition. Azathioprine and methotrexate are 
often used to reduce the side effects associated with 

corticosteroids. Prolonged steroid use can cause 
avascular necrosis of the hip, hyperglycemia, altered 
mentation/mania, and increased risk of infection 
secondary to immunosuppression. Methotrexate 
can cause patients to develop ulcerative stomatitis, 
aplastic anemia, agranulocytosis, leukoenceph-
alopathy, seizures, Stevens–Johnson syndrome, 
among other complications. Azathioprine can cause 
patients to develop progressive multifocal leuko-
encephalopathy, lymphoma, and possibly other 
malignancies.

Cyclophosphamide is also used in severe man-
ifestations of this disease. Cyclophosphamide can 
cause myelosuppression, bone marrow failure, 
hemorrhagic cystitis, pulmonary fibrosis, urinary 
bladder fibrosis, renal failure, congestive heart 
failure, SIADH (syndrome of inappropriate anti-
diuretic hormone secretion), sterility, among other 
complications.
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REM Behavior Disorder
Epidemiology and Demographics: Overall prevalence is 

0.38 to 0.5% with a male sex predominance. Age at 
onset is typically after age 50. Predisposing factors 
include male sex, age over 50, underlying neuro-
logic disorders (Parkinson’s disease, multiple system 
atrophy, Lewy body dementia, narcolepsy, cerebro-
vascular disease), smoking, head injury, pesticide 
exposure. Antidepressants (venlafaxine, serotonin 
reuptake inhibitors, but not buproprion), beta- 
 blockers (bisoprolol, atenolol), anticholinesterase 
inhibitors, and selegiline have been implicated in 
iatrogenic REM behavior disorder (RBD).

Disorder Description: RBD is characterized by abnormal 
behaviors during REM sleep. In RBD, normal REM 
atonia is lost, and often patients present with dream 
enacting behavior usually of unpleasant, action- 
filled, violent dreams. The behaviors include both 
violent and non- violent behaviors and range from 
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talking to kicking and punching. However, walking 
is uncommon. The individual typically awakens at 
the end of an episode and is alert and can coherently 
report a dream. RBD can emerge in children but is 
associated with narcolepsy, brainstem tumors, anti-
depressants, neurodevelopmental disorders. RBD 
may be the first symptom of a neurodegenerative 
process such as Parkinson’s disease and may predate 
the onset of other symptoms by more than a decade, 
and one study showed RBD preceded the onset of a 
neurodegenerative process in about 51% of patients. 
In another study, patients with RBD were evalu-
ated with (18)F-fluorodeoxyglucose PET imaging 
and Parkinson disease- related covariance pattern 
(PDRP) expression was seen in RBD patients and 
used as a marker for predicting future development 
of Parkinson disease or dementia with Lewy bodies.

Management of RBD should initially focus on 
patient and bed partner safety. Medications associ-
ated with RBD should be eliminated whenever pos-
sible and steps should be taken to identify and treat 
comorbid sleep disorders. Once offending medica-
tions are discontinued, many cases of RBD remit. 
Dream- enacting behaviors often resolve if underly-
ing REM- related obstructive sleep apnea is treated. 
If violent behaviors persist, pharmacotherapy with 
clonazepam and/or melatonin can be initiated. 
Ninety percent of patients initially respond well to 
low doses of clonazepam (0.5 to 1.0 mg) at bedtime. 
Clonazepam reduces phasic EMG activity during 
REM with minimal effect on tonic muscle activity. 
High- dose melatonin (5 to 15 mg) suppresses both 
phasic and tonic REM motor activity and has been 
reported to be effective both as monotherapy or in 
combination with clonazepam. Other agents such 
as imipramine, carbamazepine, levodopa, pram-
ipexole, donepezil, sodium oxybate, triazolam, 
zopliclone, quetiapine, and clozapine have been 
used with limited success.

Symptoms

Localization site Comment

Brainstem Interruption of the REM atonia pathway and/
or disinhibition of multiple brainstem motor 
pattern generators are implicated, including 
pontine REM- on (precoeruleus and sublateral 
dorsal) and REM- off (ventral lateral portion of 
the peri- aqueductal gray matter and lateral 
tegmentum) nuclei

RBD is strongly linked with narcolepsy, type 
1. Other associations include cerebrovascular  
disease, multiple sclerosis, progressive supranu-
clear palsy, Guillain–Barré syndrome, brainstem 
 neoplasms, Machado–Joseph disease, mitochon-
drial encephalomyopathy, normal pressure hydro-
cephalus, Tourette syndrome, group A xeroderma, 
and autism.

Secondary Complications: Injuries including subdural 
hematoma, shoulder dislocation, cervical fracture, 
and lacerations severing arteries, tendons, and 
nerves.

Treatment Complications: Side effects due to clonazepam 
such as morning sedation, memory dysfunction, 
depression and personality changes, and aggrava-
tion of obstructive sleep apnea may occur. Melatonin 
can cause morning sedation and headaches.
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Renal Cancer
Epidemiology and Demographics: Kidney cancer accounts 

for 3% of all US cancer cases. Renal cell carcinomas 
(RCC) originate in the renal cortex and account for 
85% of all primary kidney cancer. Transitional cell 
carcinomas of the renal pelvis account for about 8%. 
Other parenchymal tumors of the kidney are far rarer. 
In the United States there are approximately 64,000 
new cases and almost 14,000 deaths from RCC each 
year. The median age at diagnosis is 65. Men have a 
2- to 3- fold higher risk than women. About 75% of 
patients present with localized disease, half of whom 
later develop metastatic disease. About 20–30% of 
patients have metastatic disease at presentation.
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Disorder Description: Renal cancer is any primary malig-
nancy of the kidney, renal cell carcinoma affecting 
the renal cortex being the most common. Flank and 
back pain, fatigue, anemia, hematuria, and weight 
loss are the most common presenting symptoms of 
kidney cancer. Common risk factors include von 
Hippel–Lindau disease, chronic dialysis, obesity, 
smoking, first- degree relative family history, and 
hypertension. Renal cell carcinoma metastasizes via 
the lymphatic system to local, regional, and medi-
astinal lymph nodes. It also metastasizes hematoge-
nously to lung, bone, liver, and brain.

There are both central and peripheral nervous 
system complications of renal cancer, both more 
commonly associated with advanced stages of the 
cancer, therefore more complications arise as novel 
treatments prolong survival of renal cancer patients.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Brain metastases typically at gray/white matter 
junction. Patients present with headaches, 
motor deficits, ataxia, mental status changes, 
seizures

Intra-tumoral hemorrhage is common, often 
with resultant stroke

Leptomeningeal carcinomatosis is extremely 
rare

Mental status Mental status changes secondary to brain 
metastases

Spinal cord Rare metastases to intramedullary spinal cord. 
More commonly, metastases to thoracic, 
lumbar osseous spine with resultant local or 
radicular pain and sensorimotor deficits due to 
epidural spinal cord compression

Secondary Complications: Paraneoplastic complications: 
Rarely, paraneoplastic motor neuron disease pre-
senting with symptoms mimicking amyotrophic 
lateral sclerosis. Paraneoplastic polymyositis pre-
senting as weakness. Rarely, myasthenia gravis.

Hypercalcemia secondary to a paraneoplastic 
syndrome may present as lethargy, nausea, fatigue, 
confusion, weakness, and constipation.

Treatment Complications: Most common neurologic 
complication of treatment of metastatic renal 
cell carcinoma is sensory neuropathy (second-
ary to agents inhibiting tumor angiogenesis  
like sorafenib). Neuropsychiatric complications 

secondary to immunotherapy (interferon- alpha, 
interleukin- 2 [IL- 2], etc.) occur in up to 30–50% of 
patients, including cognitive changes, delusions, hal-
lucinations, depression. Less commonly, transient 
focal neurologic deficits, acute leukoencephalopathy, 
carpal tunnel syndrome, myositis, myasthenia gravis, 
brachial neuritis have been reported with IL-2.
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Renal Failure, Acute
Epidemiology and Demographics: Acute renal failure 

complicates approximately 5% of hospital admis-
sions and up to 30% of admissions to intensive care 
units. The incidence of acute kidney injury (AKI) 
has grown by more than fourfold in the United 
States since 1988 and is estimated to have a yearly 
incidence of 500/100,000 population, higher than 
the yearly incidence of stroke.

Disorder Description: Acute renal failure is a syndrome 
characterized by rapid decline in glomerular filter-
ation rate (hours to days), retention of nitrogenous 
waste products, and perturbation of extracellu-
lar fluid volume and electrolyte and acid–base 
homeostasis.

Symptoms (Also See Entry for Renal Failure, 
Chronic)

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Altered mental status or seizures 
associated with electrolyte alterations 
such as hyponatremia or hypocalcemia
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Secondary Complications

Uremia: Build up of nitrogenous waste products cause 
elevated BUN (blood urea nitrogen) concentration, 
which is a hallmark of AKI. BUN itself poses little 
direct toxicity at levels below 100 mg/dL. At higher 
concentrations, mental status changes can arise. 
Patient may exhibit asterixis and encephalopathy.

Hyponatremia: If severe can cause seizures.
Hyperkalemia: Potassium affects the cell mem-

brane potential of cardiac, neural, and muscular 
tissues. Muscle weakness may be a symptom of 
hyperkalemia.

Hyperphosphatemia and hypocalcemia: Hypo-
calcemia is often asymptomatic but may cause 
perioral paresthesias, muscle cramps, seizures, 
 carpopedal spasms, and prolongation of the QT 
interval on EKG.

Treatment Complications: Please see discussion 
of dialysis complications under entry for Renal 
Failure, Chronic.
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Renal Failure, Chronic
Epidemiology and Demographics: The most common 

cause of chronic kidney disease (CKD) in the United 
States and Europe is diabetic nephropathy, most 
often secondary to type 2 diabetes mellitus. Kidney 
disease, including mild to the most severe forms, 
occurs in up to one out of every ten individuals liv-
ing in the United States.

Disorder Description: Also known as chronic kidney 
disease, the term chronic renal failure envel-
ops the diverse potential etiologies and severi-
ties of renal dysfunction. It is more common in  
the elderly although it may be more severe 
and more progressive when it afflicts younger 
individuals.

Symptoms
Localization site Comment

Cerebral 
hemispheres

Myoclonus

Mental status 
and psychiatric 
aspects/
complications

As the renal failure progresses it causes wide 
range of clinical manifestations, from subtle 
neuromuscular disease to mild memory, 
concentration, and sleep disturbance to 
hiccups, cramps, and twitching due to 
asterixis, myoclonus, seizures, and coma

Peripheral 
neuropathy

Peripheral neuropathy: usually becomes 
clinically evident after the patient reaches 
stage 4 CKD, although electrophysiologic 
and histologic evidence occurs at earlier 
stages. Initially, sensory nerves are involved 
more than motor, lower extremities 
more than upper, and distal parts of the 
extremities more than proximal. If dialysis 
is not initiated soon after onset of sensory 
neuropathy, motor involvement follows, 
including muscle weakness. Evidence of 
peripheral neuropathy without another 
cause (e.g., diabetes mellitus) is an indication 
for starting renal replacement therapy. 
Many of the complications described above 
will improve with dialysis, although subtle 
nonspecific abnormalities may persist

Uremic polyneuropathy occurs in 
approximately 60% of patients with 
chronic renal failure and can affect motor, 
sensory, autonomic, and cranial nerves. 
Electrophysiologically, axonal loss and 
secondary demyelination is found

Muscle Muscle cramps. Uremic myopathy usually 
appears in patients with a glomerular 
filtration rate (GFR) <25 mL/min and 
progression parallels the decline of renal 
function. It causes proximal limb weakness, 
muscle wasting, limited endurance, exercise 
limitation, and rapid fatigability. In general, 
physical exam, EMG, and muscle enzymes 
are normal

Secondary Complications: Uremia leads to disturbances 
in the function of virtually every organ system. 
After dialysis, neurologic symptoms improve, but 
level of azotemia correlates poorly with the degree 
of neurologic dysfunction.

Treatment Complications

Encephalopathy: Hemodialysis patients are at risk of 
Wernicke’s encephalopathy because of not only low 
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thiamine intake but probably also accelerated loss of 
thiamine.

Dialysis encephalopathy or dialysis dementia: Errors 
in dialysis water purification or the use of aluminum- 
containing dialysate and aluminum- containing 
phosphate binders to treat hyperphosphatemia cause 
accumulation of this element in many organs lead-
ing to microcytic anemia, osteomalacia, and dialysis 
encephalopathy.

Rejection encephalopathy: 80% of cases occur within 
3 months of transplantation. Cytokine production 
 secondary to the rejection may cause this.

Hypertensive encephalopathy: Patients display the 
encephalopathic symptom complex in combination 
with severe hypertension. Recombinant human eryth-
ropoietin for the correction of renal anemia causes 
hypertension in 35% of patients. Hypertensive enceph-
alopathy occurs in 5%. MRI often demonstrates poste-
rior reversible encephalopathy syndrome.

Dysequilibrium syndrome: Dialysis treatment may 
cause disequilibrium syndrome, which presents clin-
ically with headache, nausea, muscle cramps and 
twitching, delirium, and seizures. It is self limited and 
subsides over hours to days.

Immunosuppressant-associated encephalopathy: Des-
cribed with calcineurin inhibitors cyclosporine and 
tacrolimus. Common symptoms are tremor, headache, 
cerebellar or extrapyramidal signs. Neurotoxicity is 
more common when toxic levels accumulate in the 
body but may even be apparent at levels within ther-
apeutic range.

Dementia: The incidence of multi- infarct dementia in 
this group is estimated at 3.7%, which is 7.4 times more 
frequent than the general elderly population.

Cerebrovascular disease: Ischemic stroke in renal 
failure mainly results from atherosclerosis, throm-
boembolic disease, or intradialytic hypotension. 
Hemodialysis is associated with a higher incidence of 
intracerebral hemorrhage and subarachnoid hemor-
rhage. Systemic anticoagulation in hemodialysis can be 
complicated by acute and chronic subdural hematoma.

Osmotic myelinolysis: Central pontine myelinolysis 
is clinically characterized by acute progressive quadri-
plegia, dysarthria, dysphagia, alteration of conscious-
ness, horizontal and vertical gaze paralysis. Osmotic 
myelinolysis after rapid correction of prolonged 

hyponatremia or less frequently hypernatremia by 
dialysis is a known problem. On the other hand, rapid 
serum sodium correction by hemodialysis occurs 
often, but only a few patients develop demyelination.

Opportunistic infections: Immunosuppression is the 
main cause of opportunistic infections. Uremic state 
itself can cause phagocytic dysfunction of polymor-
phonuclear leukocytes, leading to immunodeficiency 
especially against bacterial infection. This problem 
is even more prominent in patients with dialysis or 
renal transplants. Neurologic infections in patients 
with renal failure mainly present as acute, subacute 
or chronic meningitis, encephalitis, myelitis or brain 
abscess. Opportunistic pathogens include bacteria, 
fungi, viruses, and parasites.

Peripheral nervous system: Mononeuropathy of 
ulnar, median, and femoral nerves occurs because 
of ischemia, uremic tumoral calcinosis, and dialysis- 
associated amyloidosis. Acute femoral neuropathy is 
a known complication of renal transplantation due to 
preoperative compression of the nerve by retractors 
causing nerve ischemia. The incidence is estimated at 
about 2% with excellent chance of recovery.
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Repetitive Hand Use
Epidemiology and Demographics: As summarized by 

Ioannou et  al., prevalence of focal dystonia is 
29.5/100,000 people in the United States. This con-
dition is seen more in musicians and writers.

Disorder Description: Just as the name of the disorder 
indicates, the disease is caused by overworked mus-
cles. This may be due to occupations such as musi-
cians and carpenters, or due to diseases such as 
Rett syndrome. A patient may complain of muscle 
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spasms when trying to perform certain motions 
with his or her hand. There might be motor dysfunc-
tion, hand rigidity, paresthesias.

Symptoms

Localization site Comment

Cerebral hemispheres Basal ganglia

Mental status and psychiatric aspects/
complications

Anxiety and frustration

Muscle Muscle and tendons

Secondary Complications: Limitation of movement, mus-
cle atrophy, decrease in quality of life, detrimental to 
professional careers.

Treatment Complications: Botulinum toxin injections 
may be tried. They can occasionally cause extreme 
motor impairment.
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Retinal Detachment
Epidemiology and Demographics: Retinal detachment 

(RD) is rare in the general population with esti-
mated incidence of 5–18/100,000 people and var-
ies widely across geographic location and ethnic 
groups. The most common form of RD (rhegma-
togenous) appears to have higher incidence in the 
60–70 age group, men, and young myopic patients.

Disorder Description: Retinal detachment describes the 
separation of the neurosensory retina from the 
underlying retinal pigment epithelium. There are 
three general mechanisms by which this occurs 
(in order of decreasing frequency): rhegmatoge-
nous (detachment secondary to a hole or tear in the 
retina), tractional (abnormal adhesions at vitreo- 
retinal interface pull on the retina), or exudative 
(fluid build up under the retina such as from inflam-
matory or neoplastic processes).

Symptoms

Localization site Comment

Cerebral 
hemispheres

Tuberous sclerosis is a rare multi- system 
genetic disease associated with astrocytic 
tumors of the central nervous system (CNS), 
cutaneous lesions, intellectual disabilities, 
and seizures. Children with tuberous 
sclerosis often have seizures referred to as 
infantile spasms characterized by repetitive 
myoclonic spasms of the head, neck, and 
limbs. Astrocytic hamartomas of the retina 
are the principal ophthalmic manifestation 
of tuberous sclerosis. These can be seen in 
otherwise healthy individuals but in tuberous 
sclerosis these can be multifocal or bilateral. 
Generally these are benign tumors but can 
show progressive enlargement leading to 
retinal detachments

Sturge–Weber syndrome (SWS) is 
a sporadic neurocutaneous disorder. 
Seizures are the most common neurologic 
abnormality. The main retinal abnormality is 
diffuse choroidal hemangioma, which can 
lead to total retinal detachment

von Hippel–Lindau is an autosomal 
dominant neoplastic disorder associated 
with tumors of the central nervous system, 
retina, and visceral organs. In the eye, 
patients develop vascular tumors known 
as retinal capillary hemangioblastomas. 
These tumors tend to enlarge progressively 
without treatment and as these tumors grow, 
they can displace normal retinal structures. 
Intraretinal and subretinal exudates can 
accumulate ultimately leading to exudative 
retinal detachment. Fibrosis and hemorrhage 
associated with these tumors can also lead to 
tractional retinal detachments

Mental status 
and psychiatric 
aspects/
complications

Norrie’s disease is a rare X- linked disorder 
characterized by congenital blindness, 
sensorineural hearing loss, and cognitive 
impairment. The ocular phenotype has 
been well described and is characterized by 
fibrous and vascular changes, and peripheral 
retinal ischemia presenting at birth that can 
progress to tractional retinal detachment. 
Other neurologic associations have been 
reported including seizure disorder and 
behavioral disturbances

See tuberous sclerosis above. This is 
associated with intellectual disabilities

Vestibular system 
(and non- specific 
dizziness)

See Norrie’s disease above. This is associated 
with sensorineural hearing loss
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bleeding, all potentially negatively impacting vision. 
There are a number of complications unique to reti-
nal detachment surgery. Proliferative vitreoretinop-
athy in which cells proliferate in the vitreous and on 
the retinal surface is the most common cause of fail-
ure after retinal detachment surgery. Phototoxicity 
to the retina from lighting used during surgery and 
damage to the retina and other ocular structures 
from substances such as air, nitric oxide, and sili-
cone oil, which are used to tamponade the retina, 
have been reported. Diplopia can occur due to scle-
ral buckles altering ocular alignment.
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Retinal Migraine
Epidemiology and Demographics: A review of publica-

tions on retinal migraine reveals that this condition 
is rare. There are no epidemiological studies that 
evaluate prevalence or incidence. One journal arti-
cle that reviewed retinal migraine suggests that this 
condition is seen mostly in women of childbearing 
age with history of migraine headaches with aura.

Disorder Description: The criteria for diagnosis involve at 
least two attacks of fully reversible monocular visual 
defects that last less than 60 minutes and must occur 
before, during, or after the headache. This condition is a 
diagnosis of exclusion as other causes must be ruled out. 
Many patients report a history of migraine headache 
with aura during these attacks. The headache is usually 
on the side of the vision loss. There are reported cases of 
permanent visual loss with these migraine headaches.

Symptoms

Localization site Comment

Cerebral hemispheres Involvement of retinal artery and optic 
nerves should always be evaluated in 
this condition before diagnosis of retinal 
migraine

Cranial nerves Optic nerve involvement should be 
evaluated in this condition

Treatment Complications: There are no clear guide-
lines for management of retinal migraines. 
Outside of maintaining a healthy lifestyle, some 

Localization site Comment

Peripheral 
neuropathy

Diabetes mellitus is associated with a 
number of ocular manifestations particularly 
in the retina. Advanced diabetic retinopathy 
from ongoing ischemic insult to the retinal 
vasculature drives neovascularization or 
proliferative diabetic retinopathy. This 
neovascularization is associated with 
abnormal connective tissue formation 
particularly along the vitreo- retinal 
interface. This can create tractional forces 
on the retina resulting in tractional retinal 
detachments. These forces can also result in 
tears in the retina so combined tractional/
rhegmatogenous detachments often occur 
in diabetic patients. Peripheral neuropathies 
are among the most common complications 
of diabetes, which are thought to occur due 
to damage to peripheral nerves secondary 
to prolonged exposure to elevated blood 
glucose levels

Unclear 
localization

Toxoplasmosis is a significant cause of 
infectious retinal disease and posterior 
uveitis in the immunocompetent host. 
Immunocompetent individuals generally are 
otherwise asymptomatic, but toxoplasmosis 
is the most common CNS infection in AIDS 
patients not receiving prophylaxis. In the 
eye, patients can develop retinal necrosis, 
retinal neovascularization, and secondarily 
tractional and retinal detachments

Secondary Complications: In a retinal detachment, the 
photoreceptors in the retina are separated from their 
blood supply. The macula, which is responsible for 
high resolution central visual acuity, is particularly 
susceptible to damage from retinal detachment. 
Central visual acuity may range from normal if the 
retinal detachment is peripheral, to hand motions 
if the detachment involves the central macula. 
Timing of retinal detachment repair and extent of 
macula involvement are important factors in visual 
outcome. Surgical advances now allow up to 95% 
of retinal detachments to be repaired by returning 
the retina to its proper anatomic position. However, 
not all patients return to their baseline visual acu-
ity after successful surgical repair due to the factors 
described above.

Treatment Complications: The treatment of retinal 
detachments, particularly rhegmatogenous and 
tractional RDs, is surgical. As with any intraoc-
ular surgery, postoperative complications can 
include pressure elevation, cataracts, infection, and 
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suggest prophylactic medication to prevent fur-
ther attacks. There are no established guidelines 
for prophylaxis. Some reports suggest a daily aspi-
rin, calcium channel blocker, and other migraine 
headache prophylaxis medications. Triptans and 
ergots should be avoided due to increased risk of 
vasoconstriction.
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Retinitis Pigmentosa (Retinal Dystrophies)
Epidemiology and Demographics: Typical retinitis pig-

mentosa (RP) has an incidence of 1 in 5000 world-
wide. It is a heterogeneous group of disorders but 
typically patients have presented for clinical diag-
nosis by age 30 years. The sex ratio depends on the 
inheritance pattern. Men may be more symptomatic 
with X- linked forms.

Disorder Description: RP encompasses a broad range 
of hereditary disorders affecting the photore-
ceptors and retinal pigment epithelium. The 
majority have a genetic basis and with current 
molecular capabilities, the responsible gene can 
be determined in about 40–50% of cases. There 
are autosomal dominant, autosomal recessive, 
and X- linked forms. Typically these are slowly 
progressive conditions leading to vision loss. 
Retinitis is a misnomer as inflammation is not 
a hallmark of these disorders. Classic fundus-
copic findings are pigment deposits in the mid- 
peripheral retina, attenuation of retinal vessels, 
and “waxy” optic nerve pallor.

Symptoms: Most forms of retinitis pigmentosa initially 
affect the rod photoreceptors, which impairs night 
vision and peripheral vision. Progressive constric-
tion of peripheral vision is a hallmark of the disease. 
In most cases, central vision is spared until the late 
stages of disease. Patients can also complain of pho-
topsias (flashing lights) in more advanced forms of 
the disease.

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Bardet–Biedl syndrome is a genetic 
disorder characterized by obesity, 
polydactyly, hypogonadism, and RP- like 
retinal degeneration. Intellectual disabilities, 
developmental delay, and behavioral 
abnormalities are commonly described

Spinal cord Abetalipoproteinemia is a rare 
autosomal recessive lipid metabolism 
disorder. Fat malabsorption, diarrhea, and 
failure to thrive develop early in childhood. 
Spinocerebellar degeneration from 
vitamin E deficiency progresses to ataxia 
and lower extremity spasticity. Retinitis 
pigmentosa, either focal or diffuse, is 
the main ocular manifestation of this 
condition

Peripheral 
neuropathy

Refsum disease is an autosomal 
recessive disorder of lipid metabolism 
leading to the accumulation of the fatty 
acid phytanic acid in blood and tissues. 
This accumulation causes peripheral 
neuropathy, ataxia, hearing loss, retinitis 
pigmentosa, and dry, rough skin 
(ichthyosis)

Unclear localization Neuronal ceroid lipofuscinosis 
(Batten’s disease) is the general name 
for a group of neurodegenerative 
disorders characterized by accumulation 
of materials in lysosomes. Patients 
experience severe psychomotor 
retardation, leading to a vegetative state, 
seizures, and premature death. Retinal 
degeneration often leads to complete 
blindness in classic childhood forms of this 
disease

Secondary Complications: Secondary ocular complications 
of retinitis pigmentosa can occur, and thus these 
patients require routine ophthalmic monitoring. 
Cystoid macular edema in which cyst- like pockets of 
fluid can develop in the macula results in decreased 
vision. This is thought to be secondary to either leak-
age from the retinal vasculature or due to dysfunc-
tion in the retina’s ability to pump out fluid. Vitreous 
abnormalities can often be seen clinically even in 
childhood and can prematurely detach. Retinal tears 
or detachments, however, are infrequent.

RP patients are also at risk of developing glau-
coma, particularly primary angle closure glaucoma, 
and cataracts.

Treatment Complications: There are currently no 
FDA- approved treatments for retinal degenera-
tions but treatment trials are ongoing. Vitamin A 
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supplementation has been shown to have a mild 
effect in slowing the progression of vision loss in 
some studies. Hepatotoxicity and teratogenicity 
are the two major side effects with vitamin A use. 
Patients who develop cystoid macula edema may 
benefit from treatment with oral acetazolamide. 
Common side effects include paresthesias, fatigue, 
and drowsiness, and serious side effects include kid-
ney damage and lactic acidosis.

Gene therapy and retinal prosthesis are two addi-
tional areas of research that are under way for reti-
nitis pigmentosa.
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Rett Syndrome
Epidemiology and Demographics: Classic Rett syndrome 

is seen primarily in girls. After a period of neuro-
typical development, at 6–18 months of age there 
is a plateau in further development, followed by a 
regression of attained milestones. Later in child-
hood, there is a plateau of regression, followed 
by a static course complicated by acquired dysto-
nia, and foot and hand deformities. Scoliosis and 
osteopenia can be seen in young adulthood. The 
prevalence of Rett syndrome in females is esti-
mated to be 1:8500.1

Disorder Description: Rett syndrome is a neurodevel-
opmental disorder, seen mainly in girls, who after 
typical neurodevelopment up to 6–18 months have 
a plateau, followed by regression in motor and lan-
guage skills as well as fits of inconsolable crying. 
Purposeful hand movement is lost, replaced by 
a characteristic hand- wringing stereotypy. Girls 
develop autistic features, anxiety, breathing irregu-
larities, epilepsy, acquired microcephaly, impaired 
gait, and gastrointestinal dysmotility. Failure to 
thrive, scoliosis, vasomotor disturbance, and insen-
sitivity to pain are common. Girls with Rett are also 
at risk for prolonged QT syndrome.

Rett syndrome is caused by mutations or dele-
tions in the MECP2 gene, an X- linked disorder 
thought to be lethal in affected males. Most muta-
tions are not inherited, but de novo.

Symptoms

Localization site Comment

Cerebral hemispheres Microcephaly with closely packed 
neurons and with decreased dendritic 
spines and arbors2

Mental status and 
psychiatric aspects/
complications

Agitation, sleep disturbances

Brainstem Abnormal breathing, heart rate, 
swallowing, peripheral vasomotor 
disturbances, sleep, bowel motility, 
salivation, and pain discrimination

Secondary Complications: Epilepsy, GI motility issues 
such as reflux and constipation, scoliosis, prolonged 
QT interval, and spasticity/dystonia are secondary 
complications that require medical interventions.
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Reversible Cerebral Vasoconstriction 
Syndrome
Epidemiology and Demographics: Reversible cerebral 

vasoconstriction syndrome (RCVS) occurs between 
the ages of 20 and 50 years, and it affects women 
more than men. The mean age of onset is 42 years. 
Approximately 60% of the cases are secondary to a 
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known precipitant, predominantly occurring dur-
ing the early (1 week) postpartum period or after 
exposure to vasoactive substances.

Disorder Description: The classic clinical manifestation 
is recurrent sudden- onset and severe (thunderclap) 
headaches over 1–3 weeks, usually accompanied 
by nausea, vomiting, photophobia, confusion, and 
blurred vision. A prospective study of 67 patients 
with RCVS observed over 3 years reported that the 
main pattern of presentation (94%) was recurrent 
thunderclap headaches, occurring over a mean 
period of 1 week. Seizures and focal neurologic defi-
cits have been infrequently reported, usually after 
onset of the headaches. The main neurologic entity 
in the differential is primary CNS arteritis (PCNSA) 
for which the clinical and radiologic findings may 
be identical.

Symptoms

Localization site Comment

Brain Affects cerebral vasculature

Secondary Complications: Early complications within 
the first week of onset of the syndrome include 
localized convexity non- aneurysmal subarachnoid 
hemorrhage (22%), intracerebral hemorrhage (6%), 
seizures (3%), and posterior reversible leukoen-
cephalopathy (9%). Ischemic events, including tran-
sient ischemic attacks (16%) and cerebral infarction 
(4%), tend to occur later than hemorrhagic events, 
mostly during the second week. Transient ischemic 
attack symptoms most commonly include visual 
loss, followed by unilateral sensory symptoms, 
aphasia, and hemiparesis.

Diagnosis of RCVS is made by transfemoral 
cerebral angiography or through imaging with CT 
or magnetic resonance cerebral angiography. The 
direct transfemoral angiography is more sensitive 
than imaging angiography, with up to 30% of cases 
missed with imaging compared with direct angiog-
raphy. Findings supporting the diagnosis are seg-
mental narrowing and dilatation (string of beads) 
of cerebral vessels, which are bilateral and diffuse. 
The basilar artery, carotid siphon, or external carotid 
artery can be affected. The narrowing of arteries is a 
dynamic process; a repeat angiogram after a few days 
might show resolution of some vessels, with new 
constrictions often affecting more proximal vessels. 

The first angiogram if performed within a week of 
clinical onset may be normal. Maximum vasocon-
striction of the branches of the middle cerebral 
arteries (shown by magnetic resonance angiogra-
phy) is reached a mean of 16 days after clinical onset.

Treatment Complications: There are no systematic treat-
ment trials and the mainstay of treatment in the 
absence of cerebrovascular complications is rest, 
analgesia, and stopping any vasoactive medications. 
For prevention of vasospasm, nimodipine at a rate of 
1–2 mg/hour, followed by an oral regimen (30–60 mg  
every 4 hours) tapered over the course of several 
weeks is a common treatment approach. Treatment 
is typically given for 4–8 weeks, although the optimal 
duration is unclear. The dose should be titrated and 
supportive measures taken to avoid systemic hypo-
tension, to avoid precipitating cerebral infarction 
in the border zone arterial territories. Transcranial 
ultrasound measurement of systolic velocities in 
intracranial arteries has been used to assess treat-
ment efficacy. The efficacy of treatment varies con-
siderably between reports, ranging from 40 to 80%.
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Reversible Posterior Leukoencephalopathy 
(RPLS) and Posterior Reversible (Leuko- ) 
Encephalopathy (PRES)
Epidemiology and Demographics: The true incidence is 

unknown as it has been described fairly recently. 
It can occur at any age but seems to be more com-
mon in women, even if one excludes cases caused 
by pregnancy.
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Disorder Description: A disorder of diffuse or multifocal 
cerebral edema believed to be caused by acute hyper-
tension (or at least an abrupt rise in blood pressure 
regardless of actual pressure) leading to endothelial 
dysfunction and extravasation of fluid. There are 
numerous etiologies, including hypertensive cri-
sis, autoimmune diseases, immune-modulating/ 
cytotoxic therapies (especially anti- rejection ones), 
eclampsia, and renal failure. It was initially seen 
in the posterior white matter, thus explaining the 
name, but was later found to affect any part of the 
brain including the gray matter. Coincident cere-
bral infarction is seen, due either to vasospasm or  
to constriction of small blood vessels adjacent to the 
edema field. Intracerebral hemorrhages may also be 
seen due to rupture of the dysfunctional vessels.

Symptoms

Localization site Comment

Cerebral hemispheres Seizures, including status 
epilepticus. Headache. Focal 
deficits, including hemiparesis, 
aphasia, hemianopia, 
hemisensory loss, etc.

Mental status and psychiatric 
aspects/complications

Encephalopathy

Brainstem Focal deficits, including crossed 
motor and sensory signs and 
corticobulbar dysfunction

Cerebellum Ataxia

Secondary Complications: Although the edema is revers-
ible, there is commonly permanent damage, either 
microscopically or due to concomitant stroke or 
intracerebral hemorrhage. This may lead to devel-
opment of epilepsy and persistent focal deficits. 
These patients frequently are also in the middle of 
a hypertensive crisis and may experience renal fail-
ure, myocardial dysfunction, hepatic failure, and 
retinal damage.

Treatment Complications: If the blood pressure is lowered 
too rapidly, ischemia may result.
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Rhabdomyolysis
Epidemiology and Demographics: Rhabdomyolysis is 

fairly common, particularly as there are many eti-
ologies. It is most commonly seen after trauma, and 
large numbers of cases are seen in disaster situa-
tions. There is no predisposition to rhabdomyolysis 
based on sex. Any age is affected/at risk. There is no 
specific geographic distribution.

Disorder Description: Rhabdomyolysis is defined as mus-
cle breakdown (i.e., rupture and necrosis), primar-
ily of striated (skeletal) muscle, with release of cell 
degradation products and intracellular elements 
into bloodstream and extracellular space. The most 
common released substance is myoglobin, and at 
significantly high levels can cause renal dysfunction. 
Another substance released is creatinine kinase, an 
enzyme nonspecific to muscle, and present in brain 
and cardiac tissue; it is a common marker used in 
monitoring.

There are myriad causes. Any illness or injury to 
muscle will by definition result in rhabdomyolysis 
to some degree. Most commonly, notable rhabdo-
myolysis results from physical etiologies, such as 
trauma or crush injuries, but also compartment 
syndrome and even high- voltage electrical inju-
ries can be responsible. Severe exercise and sta-
tus epilepticus/status asthmaticus are also causes. 
Similarly, there are many metabolic etiologies, 
including hyperthermia (e.g., neuroleptic malig-
nant syndrome), metabolic myopathies (McArdle’s 
disease, phosphofructokinase deficiency, carnitine 
palmitoyl transferase deficiency, etc.), electrolyte 
abnormalities (through myotoxicity/myonecrosis), 
and endocrine disorders. Notably, metabolic myo-
pathies are frequently inherited diseases that overall 
result in failure of energy delivery to the muscles due 
to myriad defects in metabolism (glucose, glycogen, 
lipid, or nucleosides). Toxic substances, such as tox-
ins/venoms, alcohol (mostly through electrolyte 
abnormalities), and illegal drugs (heroin, cocaine, 
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ecstasy, amphetamines, etc.) are known to result in 
myotoxicity and rhabdomyolysis. Prescribed drugs, 
such as colchicine, fibrates, statins, corticosteroids, 
selective serotonin reuptake inhibitors (SSRIs), 
narcotics, antiretrovirals (e.g., zidovudine), and 
even licorice toxicity can result in rhabdomyolysis. 
Infections, in particular pyomyositis or sepsis, can 
result in myotoxicity and myonecrosis. Ischemia, 
whether by compression or thromboembolism, 
also results in myotoxicity, and ultimately rhabdo-
myolysis, though mostly from reperfusion injury. 
Autoimmune, inflammatory, and neoplastic disor-
ders can also cause rhabdomyolysis.

In diagnostic tests, urine and serum myoglobin 
may be increased, but are not reliably sensitive due 
to rapid hepatic metabolism. Creatine kinase (CK) 
levels are typically markedly elevated, though this 
occurs after serum myoglobin increases. Creatinine 
is frequently elevated due to creatine release and 
conversion, but as it is cleared faster than CK, it is 
less commonly seen.

Symptoms
There is limited central nervous system involvement.

Localization site Comment

Muscle Myalgia/muscle tenderness (diffuse vs 
localized, based on etiology), weakness

Outside nervous 
system

Dark urine (common), fever (less common)

Secondary Complications: Rhabdomyolysis is particu-
larly dangerous with respect to secondary compli-
cations, namely renal failure from toxic levels of 
myoglobin release.

Treatment Complications: Treatment is largely comprised 
of aggressive early intravenous fluid hydration 
in efforts to increase renal clearance and decrease 
risk of renal failure. In disaster zones or crush inju-
ries, due to volume loss or accumulation in injured 
limbs, as high as 10 L of intravenous fluids may 
need to be administered (supervised) to avoid renal 
failure. Forced diuresis (i.e., furosemide and other 
loop diuretics) may also be employed. Mannitol 
and bicarbonate (urine alkalinization) have been 
used as well after initial hydration, but evidence is 

sparse to inconclusive with respect to effectiveness. 
Should renal failure be severe enough, dialysis may 
be needed.

Complications of treatment are rare, and 
mostly related to patients with known comor-
bidities, namely fluid overload in heart failure 
patients.
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Rheumatic Fever and Rheumatic Heart 
Disease
Epidemiology and Demographics: Incidence of acute 

rheumatic fever and rheumatic heart disease 
depends on treatment of initial streptococcal infec-
tion and therefore is much higher in low- income 
countries and communities. Worldwide incidence 
of acute rheumatic fever is 19 per 100,000 school- 
aged children. Incidence and prevalence of world-
wide rheumatic heart disease is difficult to estimate 
but in studies about two- thirds of patients with 
acute rheumatic fever developed chronic cardiac 
conditions.

Disorder Description: Caused by group A streptococ-
cus. Acute rheumatic fever is a non- supportive 
condition that occurs 2–3 weeks after a pharyn-
geal streptococcal infection manifested by arthri-
tis or arthralgia, chorea, subcutaneous nodules, 
and erythema marginatum. Rheumatic heart 
disease refers to cardiac manifestations of acute 
rheumatic fever, including pericarditis, myocar-
ditis, endocarditis, and valvulitis. Direct neuro-
logic sequelae of acute rheumatic fever include 
Sydenham’s chorea, which is caused by molecular 
mimicry with antibodies to streptococcus cross- 
reacting with neurons.
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Symptoms

Localization site Comment

Cerebral hemispheres Stroke

Sydenham’s chorea

Mental status and psychiatric aspects/
complications

Confusion

Brainstem Stroke

Cerebellum Stroke

Secondary Complications: Embolic stroke due to atrial 
fibrillation and left ventricular thrombus, valvular 
regurgitation, cardiomyopathy, arrhythmia, heart 
block in rheumatic heart disease. These conditions 
have a clinically latent period and can progress over 
decades.

Treatment Complications: Antibiotics are used in sec-
ondary prevention after acute rheumatic fever to 
lower the incidence of the complications noted 
above and side effects of antibiotics. Surgical  
complications related to valve repair and 
replacement.
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Rheumatoid Arthritis
Epidemiology and Demographics: Uncommon before 

the age of 15. Incidence rises with age until 80 
years. Most commonly starts in women at 40–50 
years of age, later in men. Women are affected 3–5 
times more often than men. No race predominance 
is known. Affects 0.5 to 1% of the world popula-
tion. Incidence is 5 to 50 cases/100,000 population 
each year.

Disorder Description: Rheumatoid arthritis is an auto-
immune condition that primarily affects the joints. 
It leads to patients developing red, swollen, and 
painful joints. In addition to this patients may also 
have low red blood cell count, pleuritis, and peri-
carditis. Patients can also have fever and fatigue. 
Symptoms have an insidious onset over weeks to 
months. Neurologic manifestations of the disease 
include peripheral neuropathy and mononeuritis 
multiplex. The most common peripheral neuropa-
thy is carpal tunnel syndrome secondary to swelling 
around the wrist. Vertebral erosion is also seen and 
can lead to spinal cord compression. More specif-
ically, patients are known to develop atlanto- axial 
dislocation secondary to erosion of the odontoid 
process and transverse ligaments.

Potential causes include:
	 •	 	Genetic	causes:	HLA-DRB1*0401/0402,	PTPN22,	

and PADI4 genes.
	 •	 Hormonal	abnormalities.
	 •	 	Environmental:	 smoking	 is	 the	 main	 environ-

mental cause.
	 •	 	Autoimmune:	Exposure	to	a	virus	that	may	have	

led to an autoimmune response resulting in non- 
specific inflammation, followed by T- cell activa-
tion and finally chronic inflammation resulting 
in tissue injury from release of cytokines such 
as interleukin- 1 (IL- 1), tumor necrosis factor 
(TNF)-alpha, and IL-6.
Risk factors include:

	 •	 Smoking.
	 •	 Epstein–Barr	virus	(EBV)	infection.
	 •	 Human	herpes	virus	6	(HHV-	6)	infection.
	 •	 	Vitamin	D	deficiency:	unclear	if	this	a	cause	or	a	

consequence of the rheumatoid arthritis.

There are no known geographic areas with higher 
proclivity.
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Rickettsia rickettsii (Rocky Mountain Spotted Fever) 

Symptoms

Localization site Comment

Spinal cord C2 level cord compression secondary 
to atlanto- axial dislocation. Patient may 
develop quadriparesis or quadriplegia 
in severe cases

Peripheral neuropathy Mononeuritis multiplex. Patient may 
complain of paresthesias or numbness 
of the hands, arms, legs, and/or feet

Secondary Complications: Cord compression can result 
in quadriplegia or quadriparesis. Peripheral 
neuropathy.

Treatment Complications

Disease modifying antirheumatic drugs (DMARDS): 
these are immunosuppressant medications and as 
such can cause patients to develop progressive mul-
tifocal leukoencephalopathy as well as other serious 
infections. This category of medications includes:

	 •	 methotrexate:	can	cause	leukoencephalopathy
	 •	 hydroxycholoroquine
	 •	 sulfasalazine
	 •	 leflunomide
	 •	 	TNF-alpha	inhibitors	(infliximab,	certolizumab,	

and	etanercept):	can	cause	reactivation	of	latent	
tuberculosis

	 •	 abetacept
	 •	 anakinra
	 •	 rituximab
	 •	 toclizumab
Anti-inflammatory drugs:

1.  NSAIDs: higher risk of GI complications and 
kidney complications

2.  COX-2 inhibitors: higher risk of myocardial 
infarction

3. glucocorticoids
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Rickettsia rickettsii (Rocky Mountain  
Spotted Fever)
Epidemiology and Demographics: Present in North 

America, Central America, and parts of South 
America. Risk determined by exposure to ticks, 
which carry the disease. Higher risk of ticks in 
wooded areas and high grass. Increased risk 
with exposure to dogs living in the same areas. 
Transmission of bacteria occurs as early as 6 hours 
after bite. Different types of ticks carry the bacteria 
in different parts of the United States.

Disorder Description: Arthropod- transmitted bacteria, 
gram- negative rods. Typically, there is a persistent 
skin lesion at the site of the causative bite. Acute syn-
drome is characterized by fever, headache, arthral-
gia, myalgia, maculopapular and purpuric rash. 
Small percentage of infections occur without devel-
opment of rash and are more severe due to delayed 
treatment. Neurologic involvement is rare, but can 
be severe.

Symptoms

Localization site Comment

Cerebral hemispheres Spontaneous hemorrhage. 
Seizure. Meningovasculitis and 
encephalitis. Risk of coma

Mental status and psychiatric 
aspects/complications

Delirium

Brainstem With meningitis

Cerebellum With meningitis

Cranial nerves With meningitis

Secondary Complications: Hydrocephalus due to 
intracranial hemorrhage. Myocarditis, endocar-
ditis, pneumonia. Chronic alcohol abuse and glu-
cose-6-phosphate deficiency increase risk for more 
severe disease.
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Treatment Complications: Difficult to confirm diagno-
sis; skin biopsy has highest yield. Doxycycline and 
azithromycin are typical treatments.

Bibliography
Biller J, Ferro JM, ed. Neurologic aspects of systemic 

disease, Part III. Handbook of Clinical 
Neurology, Vol 121 (3rd Series). San Diego: 
Elsevier; 2014.

Centers for Disease Control and Prevention. Rocky 
mountain spotted fever. Updated Aug 6, 2018. 
www.cdc.gov/rmsf/index.html. Accessed Sep 15, 
2018.

Ring Chromosome 20 Syndrome
Epidemiology and Demographics: Rare disease of 

unknown prevalence, with approximately 60 
patients reported. Symptoms often occur in 
childhood. Most cases lack family history of 
the disorder although familial cases have been 
reported.

Disorder Description: Rare disorder characterized by 
epilepsy, mild to severe mental impairment with 
behavioral difficulties, and malformations (micro-
cephaly, facial dysmorphism, and cardiovascular 
anomalies) with an absence of a consistent pattern 
of dysmorphology.

Epileptic syndromes that have been described 
consist of:
 1. Normal or nearly normal background EEG 

activity with trains of theta waves in fronto-
central areas not significantly influenced by eye 
opening or level of vigilance.

 2. Episodes of nonconvulsive status epilepticus 
(NCSE) consisting of a prolonged confusional 
state and long- lasting high- voltage slow waves 
with occasional spikes, usually frontal, some-
times unilateral on EEG.

 3. Focal seizures and associated ictal terror with 
loss of consciousness, oroalimentary autom-
atisms, and hypertonia, with frontal onset 
discharges of short duration. These events are 
refractory to pharmacologic treatment and 
patients also acquire psychomotor delay and 
major behavioral disturbances.

The mechanism underlying the development of 
epilepsy in ring chromosome 20 syndrome remains 

unknown but studies suggest a relationship between 
the mosaicism ratio and age at seizure onset, IQ, and 
malformation; but not with the response of epilepsy 
to drug treatment.

Symptoms

Localization site Comment

Cerebral hemispheres NCSE consisting of a prolonged 
confusional state

Mental status and 
psychiatric aspects/
complications

Intermittent alterations of 
consciousness. Bizarre behavior and 
amnesic symptoms. Mild to severe 
intellectual disability

Treatment Complications: Antiepileptic drugs (AEDs) 
may be associated with a number of idiosyncratic 
reactions, including multi- organ issues, and pos-
sible cognitive or psychiatric effects. Common 
side effects of AEDs include dizziness, fatigue, 
blurred vision, and gastrointestinal symp-
toms. Other reactions include rash, blood count 
abnormalities, liver toxicity, cognitive or mood 
complaints. There may be an increased risk of 
suicidality associated with AED use. Drug inter-
actions are common.
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Root Avulsion
Epidemiology and Demographics: Relatively rare.
Disorder Description: May be due to forceful hyperex-

tension injuries sustained from a motor vehicle 
accident or birth trauma. Patients may complain 
of acute onset of pain, sensory changes, and 
weakness.
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Symptoms

Localization site Comment

Plexus Brachial or lumbar plexopathy

Secondary Complications: Pain, muscle atrophy, other 
sensory disturbance.

Treatment Complications: Post- surgical pain.
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Rosai-Dorfman Disease (Sinus  
Histiocytosis)
Epidemiology and Demographics: This disorder is 

extremely rare with cases only in the hundreds 
reported in the literature and an estimated incidence 
of 100 cases per year in the United States. There are 
no large- scale studies. It generally presents in the 
second and third decades of life with a mean age of 
20.6 years. There is a 1.4:1 male-to-female predom-
inance. Cases affecting the central nervous system 
tend to have a later age of onset (5th decade) and 
a stronger male predominance; however, only ~5% 
of cases involve the central nervous system (CNS) 
(fewer than 300 cases have been reported in the lit-
erature). It is less common in Asians than in other 
ethnic groups.

Disorder Description: This is an extremely rare disorder 
of abnormal but nonmalignant proliferation of 
non- Langerhans histiocytes. The histiocytes exhibit 
nondestructive phagocytosis of lymphocytes and 
erythrocytes, infiltrating lymph nodes or extra-
nodal tissue. The etiology is unknown but is believed 
to be reactive. Some authors have suggested human 
herpesvirus 6 and Epstein–Barr virus as possible 
inciting infections but this is not yet proven. It most 
commonly presents as a massive enlargement of 
cervical (and less commonly other) lymph nodes 
with systemic signs of inflammation (e.g., fever) but 
can also affect extranodal areas. Such areas include 
skin, nose, paranasal sinuses, soft tissue, orbit, bone, 
salivary glands, and central nervous system.

Symptoms

Localization site Comments

Cerebral hemispheres Rarely affects the brain tissue itself. It 
generally is dural based and presents as 
would a meningioma with headaches and 
seizures. Focal deficits are uncommon

Spinal cord Rarely affects spinal cord tissue but rather 
is dural based and presents as would 
a meningioma with myelopathy from 
external compression

Secondary Complications: Most cases are benign with 
spontaneous remission and few permanent symp-
toms. In the case of CNS involvement, symptoms 
are more severe and may require treatment.

Treatment Complications: Treatment is general surgical, 
particularly in the setting of a single large lesion 
causing symptoms. The risks of brain and/or spinal 
surgery include infection and damage to underlying 
neural tissue leading to permanent focal deficits. 
In systemic cases, steroids or chemotherapeutic 
agents may be used with complications including a 
weakened immune system and multiple or bizarre 
infections, nausea, pancytopenia. Steroids may also 
cause psychosis, diabetes, and avascular necrosis of 
the hip, among others.
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Rt-PA
Description: A recombinant form of a natural fibrino-

lytic approved for use within the first 3–4.5 hours 
after onset of symptoms due to a cerebral infarct.

Treatment Complications: The most feared complication 
is hemorrhagic conversion of the infarct, which can 
in many cases cause symptoms worse than those of 
the initial stroke. Hemorrhages at other sites may 
occur. Angioedema is also possible, particularly if 
the patient is taking angiotensin- converting enzyme 
(ACE) inhibitors.
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Rubella Virus (German Measles)
Epidemiology and Demographics: Incidence greatly 

reduced by vaccine; declared eliminated from 
the Americas in 2015, but depends on ongoing 
vaccination.

Disorder Description: Droplet transmission. Two- to 
3- week measles- like illness, but milder, often with 
prominent arthralgia, lymphadenopathy, erythe-
matous maculopapular rash that begins on the face 
and spreads caudally. One per 5000–6000 cases can 
develop encephalitis, which is usually self- limited 
and does not lead to long- term complications.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Fetal complications: cerebrovascular 
involvement, prominent white matter 
involvement, hydrocephalus

Rare adult encephalitis

Brainstem Risk of infarction in fetus. Demyelinating damage

Cerebellum Risk of infarction in fetus. Demyelinating 
damage

Cranial nerves Sensorineural hearing loss in fetus if exposed in 
first 16 weeks

Secondary Complications: Severe effect on the developing 
fetus, causing congenital rubella syndrome. Risk is 
higher earlier in pregnancy. Neurologically can lead 
to vascular and demyelinating pathology presenting 
with static encephalopathy, microcephaly, sensori-
neural hearing loss, cataracts, intrauterine growth 
restriction, and cardiac abnormalities. Also can 
have thrombocytopenia and purpura, hepatomeg-
aly, and splenomegaly.

Treatment Complications: Treatment is symptomatic. 
Immunoglobulin may be given in pregnancy, but is 
incompletely effective.
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Rubenstein–Taybi Syndrome
Epidemiology and Demographics: Rubenstein–Taybi syn-

drome (RTS) is a rare genetic syndrome occurring 
in 1/125,000 births. Although an autosomal dom-
inant disorder, the syndrome is usually a result of 
a de novo mutation, with parents most likely being 
unaffected. Thus, the occurrence in siblings is usu-
ally <1%, and affected individuals rarely repro-
duce, even though puberty/sexual development is 
normal. There is no clear sex predominance. It is 
present at birth, with a broad spectrum of presenta-
tions depending on the expressed phenotype. RTS is 
predominantly seen in those of European descent, 
though occasional cases of Black and Asian patients 
have been documented.

Disorder Description: RTS is a syndrome due to genetic 
mutations (deletions or pathogenic variants). It is 
caused by known mutations in two genes: CREBBP 
(40–60%) and EP300 (3–8%). About 30% have an 
unknown genetic basis.

Diagnosis is primarily based on clinical features, 
but is confirmed through cytogenetic testing to find 
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the aforementioned genetic deficits. Monitoring of 
development, feeding, growth, hearing, and vision, 
as well as for cardiac, renal, and dental anomalies, 
especially in the first year of life, is most helpful 
since prenatal growth can be normal.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Moderate to severe intellectual disability, 
as well as attention span deficits, noise 
sensitivity, impulsivity, and moodiness

Outside CNS Variable, but distinctive facial features: 
arched brows, down- slanted palpebral 
fissures, low hanging columella, high 
palate, grimacing smile, and talon cusps. 
Also, coloboma and cataracts are possible

Broad and often angulated thumbs and 
great toes, short stature, and weight gain

Congenital heart defects, urinary 
and renal abnormalities, as well as 
cryptorchidism

Secondary Complications: Secondary complications are 
primarily related to the aforementioned extra- CNS 
symptoms. However, RTS patients are prone to 
laryngeal wall collapsibility, increasing difficulty of 
intubation, and risk of general anesthesia.

Treatment Complications: Treatment is largely sympto-
matic and supportive. Cognitive/developmental 
deficits are best treated with early intervention pro-
grams, special education, and vocational training 
as well as behavioral management. Treatment for 
other physical deficits (e.g., orthopedic surgeries 
for deformities, cardiac surgery for defects, oph-
thalmic surgery) may be warranted. Ancillary sup-
port groups and resources can help families; genetic 
counseling can assist patients and families.

Complications of treatment are largely limited 
to surgical procedures required on a case-by-case 
basis.
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Sanfilippo Syndrome
Epidemiology and Demographics: Sanfilippo syndrome is 

also known as mucopolysaccharidosis type III (MPS- 
III), constituting one of the five autosomal recessive, 
neurodegenerative lysosomal storage disorders 
relating to heparan sulfate, a structural protein. It is 
a genetic disorder, but can present heterogeneously 
with respect to severity and age of onset, though usu-
ally begins between the ages of 1 and 3 years with 
cognitive and behavioral issues. After 5–10 years, 
regression occurs, eventually resulting in vegeta-
tive state and death during teenage years. There is 
no clear sex predominance but incidence varies 
according to geographic region. For example, rates 
of 1/50,000 individuals born in the Netherlands, and 
and 1/66,000 in Australia have been noted.

Disorder Description: MPS- III is an autosomal recessive lyso-
somal storage disease, and although known to be related 
to heparan sulfate degradation, the exact mechanism 
of disease etiology is not entirely clear. Subtypes of this 
disease are defined by deficiencies in different enzymes 
within this process of heparan sulfate degradation.

MPS-III symptoms are related to deficiencies 
in enzymatic degradation of the structural glycos-
aminoglycan heparan sulfate, with resultant accu-
mulation of breakdown products. However, the 
exact mechanism by which this results in the neuro-
degenerative symptoms is unknown.

Diagnosis begins with identification of clinical 
features, but is confirmed through assay of enzyme 
levels in tissue samples and gene sequencing, which 
can also be done prenatally.

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Hyperactivity, cognitive impairment, 
regression, neurodegeneration, and 
ultimately vegetative state and death

Outside CNS Coarse facial features with broad eyebrows, 
dark eyelashes, dry and rough hair, and 
skeletal pathology that affects growth and 
causes degenerative joint disease, stiff joints, 
hirsutism, hepatosplenomegaly, macrocrania, 
hearing loss, diarrhea, dental caries

S
Secondary Complications: Secondary complications 

are primarily related to progressive degeneration, 
resulting ultimately in dysphagia, as well as cardio-
respiratory issues, ultimately resulting in a vegeta-
tive state or death.

Treatment Complications: Treatment is largely sympto-
matic and supportive. Although enzymatic defi-
ciencies can be supplemented, it does not cross the 
blood–brain barrier, resulting in no effective treat-
ment of the critical neurodegenerative symptoms. 
Complications of treatment are largely limited to 
associated risks for the required supportive care.
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Sarcoid Myopathy
Epidemiology and Demographics: Incidence is highest 

for individuals younger than 40 years and peaks 
in the age- group from 20 to 29 years. A second 
peak is observed for women over 50. Affects both 
sexes with a slightly greater predominance among 
females. Occurs throughout the world in all races 
with an average incidence of 16.5/100,000 in men 
and 19/100,000 in women. Several studies suggest 
the presentation in people of African origin may be 
more severe and disseminated than for Caucasians, 
who are more likely to have asymptomatic disease. 
Occurs in 75% of those affected by sarcoidosis.

Disorder Description: Sarcoid myopathy may manifest 
as nodular myopathy, chronic myopathy, or acute 
myositis. Nodular myopathy is rare and manifests 
as multiple, tumor- like, palpable nodules in the 
muscles. Chronic myopathy occurs when myopa-
thy is present in multiple muscle groups. The least 
common type of sarcoid myopathy is acute myositis.  
It usually occurs in the setting of acute arthritis. 
However since this form has a low prevalence, its 
normal characteristics, prognosis, and preferred 
treatment approaches are not well defined. It tends 
to occur early in the course of sarcoidosis and in 
patients younger than 40 years old. Patients with 
acute myositis typically have muscle swelling and 
experience diffuse pain emanating from the calf or 
thigh. Sometimes, sarcoid myositis may lead to con-
tracture of the muscle and hypertrophy. Nonspecific 
associated symptoms include fatigue and fever. 
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Localization site Comment

Muscle Muscle involvement is asymptomatic in less 
than 50% of sarcoid patients. Symmetric 
proximal muscle weakness, focal weakness 
may occur from presence of granulomas

Non-specific symptoms: fever and fatigue

Infrequent generalized muscle weakness

Localization site Comment

Presentation most commonly depends on the 
type of sarcoid myopathy:
 1. Nodular myopathy: multiple tumor- like 

palpable nodules in muscle, muscle biopsy 
reveals the presence of non- caseating 
granulomas in muscles

 2. Chronic myopathy: multiple muscle 
involvement, patients are commonly 
severely disabled. Unresponsive to steroid 
therapy

 3. Acute myositis: occurs commonly in those 
with acute arthritis, tends to occur early 
in the course of sarcoidosis, most of the 
individuals affected are younger than 40 
years old. Patients have muscle swelling 
and complain of calf and/or thigh pain. 
Responds to methotrexate

Muscle biopsy reveals the presence of non- 
caseating granulomas in muscles

Secondary Complications: Complications include periph-
eral neuropathy, central nervous system sarcoidosis, 
restrictive lung disease, heart failure.

Treatment Complications: Treatment complications 
related to methotrexate use are commonly seen and 
include thrombocytopenia, aplastic anemia, and 
agranulocytosis.
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Sarcoma
Epidemiology and Demographics: Rare, making up less 

than 1% of all new cancer diagnoses; combined 
soft tissue sarcomas and sarcomas of the bone. 
Incidence of 3–5/100,000 people annually. Slight 
male predominance of 1.4:1, median age at diagno-
sis is 59, bimodal distribution that peaks in 5th and 

Generalized muscle weakness occurs infrequently. 
It is important to note that since acute myopathy can 
mimic polymyositis, muscle biopsy may be needed 
to distinguish between the two conditions. Helpful 
imaging techniques include MRI, computed tomo-
graphic (CT) scan, or positron emission tomogra-
phy (PET) where myopathy appears as star- shaped 
lesions within the muscle. Methotrexate has been 
shown to be effective in the treatment of acute 
sarcoid myositis. The use of intravenous immuno-
globulins, mycophenolate, and anti- tumor necrosis 
factor (TNF)-α therapy in muscle sarcoidosis has 
not been established.

Potential causes include:
 a. Genetics: presence of BTNL2 gene, 

HLA- DR alleles (HLA-B7-DR15 and HLA 
DR3-DQ2).

 b. Infectious agents: mycobacteria, fungi, Borrelia, 
and Rickettsia.

 c. Autoimmune: high prevalence of Th1 
lymphokine.

Risk factors include:
 a. Occupations with a high risk of exposure to 

chemicals and pesticides: firefighters, educa-
tors, military personnel, persons who work 
in industries where pesticides are used, law 
enforcement, and healthcare personnel.

 b. History of treatment with TNF inhibitors (e.g., 
etanercept).

 c. History of organ transplant.
The disease is most common in Northern 

European countries and the highest annual inci-
dence of 60/100,000 is found in Sweden and Iceland. 
In the United Kingdom the prevalence is 16/100,000. 
In the United States, sarcoidosis is more common 
in people of African descent than Caucasians, with 
annual incidence reported as 35.5 and 10.9 per 
100,000, respectively.

Symptoms
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Localization site Comment

Cerebral hemispheres Brain tumors associated with Li–
Fraumeni syndrome (genetic disorder 
that greatly increases one’s risk of 
developing cancer during lifetime)

Meningiomas, gliomas in NF2

Aortic sarcoma as cause of embolic stroke

Intracranial metastases

Mental status Diplopia and headache with 
expanding skull base tumors such as 
chondrosarcoma

Seizures secondary to intracranial 
metastases or complications of therapy

Brainstem Astrocytoma in patients with 
Maffucci’s syndrome (sporadic disease 
characterized by multiple enchondromas 
and hemangiomas) and Ollier’s 
disease (similar to Maffuci’s syndrome 
but no hemangiomas) as malignant 
transformation of enchondromas

Localization site Comment

Cerebellum Cerebellar degeneration as manifestation 
of paraneoplastic disease, endometrial 
sarcoma, for example

Vestibular system 
(and non specific 
dizziness)

Bilateral vestibular schwannomas in NF2

Base of skull Chondrosarcoma accounts for 6% of skull 
base neoplasms

Cranial nerves Optic pathway gliomas in NF1

Optic neuropathies in sellar 
enchondromas, chondrosarcomas 
(particularly CN VI)

Pituitary gland Pituitary adenoma in patients with 
Maffucci’s syndrome and Ollier’s disease 
(transformation of chondrosarcomas)

Spinal cord Spinal cord compression from 
metastatic sarcoma, particularly 
rhabdomyosarcoma and Ewing’s 
sarcoma but also myeloid sarcoma

Cauda equina Spinal cord compression from 
metastatic sarcoma, particularly 
rhabdomyosarcoma and Ewing’s 
sarcoma but also myeloid sarcoma

Plexus Neurofibromas in neurofibromatosis

Peripheral 
neuropathy

Neurofibromas in NF1 and NF2. 
Neurofibromas in NF1 are prone to 
malignant degeneration with 1/10 
lifetime chance of developing malignant 
peripheral nerve sheath tumors, 
which is greater rate than malignant 
transformation in NF2

Peripheral neuropathy in patients treated 
with chemotherapy

Muscle Rhabdomyosarcoma

Neuromuscular 
junction

Myasthenia gravis in rare inflammatory 
pseudotumor like follicular dendritic cell 
sarcoma (in setting of paraneoplastic 
pemphigus)

Secondary Complications: Because sarcomas are such a 
diverse group of tumors, secondary complications 
are variable. Most commonly related to local mass 
effect in whatever region of the body is affected. 
For example, secondary complications of gastro-
intestinal stromal tumor (GIST; the most common 
sarcoma of the gastrointestinal tract) are gastrointes-
tinal bleeding and abdominal pain, whereas chon-
drosarcomas can present with dysarthria. Lungs are 

8th decades. Pediatric sarcomas make up 20% child-
hood cancers, most often bone sarcomas.

Disorder Description: Sarcomas are rare, malignant con-
nective tissue tumors; there are over 50 subtypes. 
Most sarcomas are sporadic and idiopathic; how-
ever, some genetic defects and environmental fac-
tors have been implicated including carcinogens, 
viruses, and ionizing radiation. Genetic abnor-
malities usually fall into categories of abnormal 
gene and protein function, or predisposition to 
genetic instability. Approximately 3% of soft tissue 
sarcomas have been linked to a genetic syndrome 
including Li–Fraumeni syndrome, retinoblastoma, 
neurofibromatosis type 1 (NF- 1), Gardener’s and 
Werner’s syndromes, familial adenomatous polypo-
sis. Tumors are most commonly in the extremities, 
but also include gastrointestinal stromal tumors and 
head and neck tumors (5–15%). Sarcomas make 
up about 1% of malignant head and neck tumors 
in adults. Overall, survival in those with head and 
neck soft tissue sarcomas is poorer than other loca-
tions; thought to be at least in part due to incomplete 
resection. Alkylating agents increase risk of second-
ary sarcomas; vinyl chloride, arsenic, and anabolic 
steroids are chemicals found to increase risk. Kaposi 
sarcoma is the most common virus- related sarcoma. 
Ionizing radiation is known to increase risk of sub-
sequent sarcoma development, even following unre-
lated malignancies such as carcinoma or lymphoma.

Symptoms
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the most common site of metastasis and could in 
theory lead to SIADH (syndrome of inappropriate 
antidiuretic hormone secretion).

Treatment Complications: Peripheral neuropathies can 
be the sequelae of chemotherapy. Recurrent tum-
ors or secondary tumors can occur from radiation 
therapy.

Incomplete surgical resection for head and neck 
tumors can predispose to more frequent recurrence.
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Sarcosporidiosis
Epidemiology and Demographics: Rare condition. Exists 

worldwide, but predominately in Southeast Asia.

Disorder Description: Protozoan infection with 
Sarcocystis. Humans can be infected as accidental 
hosts and cysts may be deposited in skeletal and car-
diac muscle through accidental ingestion of animal 
feces. Eventually cyst deterioration in the muscle 
leads to myositis and myocarditis characterized by 
vasculitis and fibrosis.

Infection of definitive host through ingestion of 
undercooked pork or beef usually does not cause 
systemic effects, but the stool of the host can cause 
accidental host- type infections. If there are systemic 
effects, they can include abdominal pain, diarrhea, 
and myalgia.

Symptoms

Localization site Comment

Muscle Cysts deposit in muscle and break down, 
causing pain and weakness

Secondary Complications: Death is very rare.
Treatment: Treatment not well established, only case 

reports of various anti- protozoal medications. 
Trimethoprim– sulfamethoxazole may be beneficial 
and steroids can be considered for myositis.
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Saturday Night Palsy
Epidemiology and Demographics: This is a relatively 

common condition. It is seen in anyone who has 
altered sensorium that may be caused by medica-
tions, toxins as alcohol, surgical procedure, or loss 
of consciousness.

Disorder Description: The level of radial nerve compres-
sion is usually against the humerus near the spiral 
groove. The patients may have difficulty extending 
the wrist and fingers backwards. There may also be 
numbness at the back of the forearm and hand. The 
following table shows differentiating characteristics 
between Saturday night palsy and other differential 
diagnoses.
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Symptoms

C7 radiculopathy Posterior cord Above the spiral 
groove

At the spiral groove 
(Saturday night 
palsy)

Superficial radial 
nerve

Posterior 
interosseous nerve

Weak triceps and neck 
pain

Weak deltoid and 
sensory loss in the 
shoulder

Weak elbow, wrist, 
finger extension

Weakness of 
elbow, wrist, finger 
extension with 
paresthesia on the 
back of the hand

Paresthesia on the 
back of the hand

Weakness of finger 
extension and partial 
weakness of wrist 
extension

Secondary Complications: Axonal nerve injury, pain syn-
drome, and muscle atrophy.

Treatment Complications: Nonsteroidal anti- 
inflammatory medications can rarely cause cerebro-
vascular complications. Steroids can occasionally 
cause altered mental status or psychosis.
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Schistosomiasis
Epidemiology and Demographics: The prevalence of 

schistosomiasis is highest in sub- Saharan Africa. 
Worldwide, it has been estimated that more 
than 200 million people are infected, and it may 
cause up to 200,000 deaths annually. Prevention 
based on mass treatment and water sanitation is 
important.

Disorder Description: Multiple types of parasitic blood 
flukes that vary based on geographic location. Most 
infections are asymptomatic. Symptomatic infec-
tion tends to affect the young. Symptoms are due 
to the host’s immune response to the worm, which 
evades the immune system well.

Swimmer’s itch is an immune reaction due to 
cutaneous entry of larvae of water- borne species 
that do not cause further infection.

Within 3–8 weeks of infection, acute schisto-
somiasis syndrome may develop, characterized by 
some combination of fever, urticaria, chills, myal-
gia, arthralgia, cough, diarrhea, and abdominal 
pain, usually associated with eosinophilia.

Chronic infection with repeated exposure over 
years is due to trapped eggs migrating to different 
organs, excluding the heart.

Symptoms

Localization site Comment

Cerebral hemispheres/
brainstem/cerebellum

Direct infection of cerebral vessels less 
common but can cause seizures, focal 
neurologic signs/symptoms

Spinal cord Direct infection of blood vessels 
causes rapidly progressive transverse 
myelitis

Conus medullaris/cauda 
equina

Most common site involved

Secondary Complications: Secondary infections including 
bacteremia. Often co- infection with malaria. Bowel 
inflammation and ulceration. In liver, periportal 
fibrosis. In bladder, ulcerations, pseudopolyps, and 
chronic inflammation leading to bladder cancer.

Treatment Complications: Treatment is with cortico-
steroids followed by praziquantel. Symptoms can 
worsen with initiation of praziquantel. Early treat-
ment before 4 weeks can be ineffective as treatment 
only affects mature worms. Treatment with cortico-
steroids can be for 2 weeks to 6 months and cause 
typical side effects associated with corticosteroid use.

Bibliography
Nascimento-Carvalho CM, Moreno-Carvalho 

OA. Neuroschistosomiasis due to Schistosoma 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.019
https://www.cambridge.org/core


Schizoaffective Disorder

589

mansoni: a review of pathogenesis, clinical 
syndromes and diagnostic approaches. Rev Inst 
Med Trop Sao Paulo. 2005;47(4):179.

Silva LC, Maciel PE, Ribas JG, et al. Treatment 
of schistosomal myeloradiculopathy with 
praziquantel and corticosteroids and evaluation 
by magnetic resonance imaging: a longitudinal 
study. Clin Infect Dis. 2004;39(11):1618–24. Epub 
Nov 8, 2004.

Schizoaffective Disorder
Epidemiology and Demographics: Schizoaffective disor-

der is less common than schizophrenia, with a life-
time prevalence of schizoaffective disorder of about 
0.3%. Females are more commonly afflicted than 
males.

Disorder Description: As stated in DSM-5, schizoaffective 
disorder can be defined as:
 A. An uninterrupted period of illness during 

which there is a major mood episode (major 
depressive or manic) concurrent with criterion 
A for schizophrenia (must include depressed 
mood).

 B. In the absence of a mood episode, there must be 
delusions or hallucination for at least 2 weeks.

 C. Symptoms that meet the criteria for a major 
mood episode are present for the majority of 
the total duration of the active and residual por-
tions of the illness.

 D. The disturbance is not attributable to the effects 
of a substance or another medical condition.

Differential Diagnosis: Differential diagnosis should 
include schizophrenia, schizophreniform, brief 
psychotic disorder, delusional disorder, schizotypal 
personality disorder, obsessive- compulsive disor-
der and body dysmorphic disorder, posttraumatic 
stress disorder, and autism spectrum disorder or 
communication disorders.

In major depressive disorder or bipolar disorder 
with psychotic features, delusions occur exclusively 
during a major depressive or manic episode, as 
opposed to schizoaffective disorder in which there 
are mood symptom- free periods that consist of 
delusions and/or hallucinations.

In schizophreniform disorder and brief psy-
chotic disorder, the symptoms are of shorter dura-
tion than in schizophrenia: 1 day to 1 month for 
brief psychotic episode, and 1 month to 6 months 
for schizophreniform. In schizoaffective disorder, 

like schizophrenia, symptoms are present for at least 
6 months.

In delusional disorder, there are no hallucina-
tions, disorganized thinking or behavior, or nega-
tive symptoms.

In schizotypal personality disorder, sub- 
threshold symptoms are seen and are associated 
with persistent- personality features.

In obsessive- compulsive disorder and body dys-
morphic disorder, there are prominent obsessions, 
compulsions, preoccupations with appearance and/
or body odor, and/or repetitive features.

In posttraumatic stress disorder, flashbacks may 
have a hallucinatory quality and hypervigilance 
may be paranoid in nature, but these symptoms are 
associated with relating to and/or reliving a trau-
matic event.

Autism spectrum disorder and communication 
disorders have deficits in social interactions with 
repetitive and restrictive behaviors, in addition to 
other cognitive deficits.

Secondary Complications: Schizophrenia and schizoaf-
fective disorders have a 5% suicide risk, with the 
presence of depressive symptoms increasing the 
risk. Schizoaffective disorder is associated with 
often severe social, academic, and occupational dys-
function (although dysfunction is not a criterion). 
There is substantial functional variability among 
individuals diagnosed with schizoaffective disorder.

Treatment Complications: Typical and atypical anti-
psychotics, in conjunction with supportive psy-
chotherapy or cognitive behavioral therapy, are the 
conventional treatments for schizoaffective disor-
der. Side effects of typical antipsychotics include 
the extrapyramidal side effects including parkin-
sonism (mask- like facies, bradykinesia, cogwheel 
rigidity, pill- rolling tremor), akathisia, and dysto-
nia. Other side effects include hyperprolactinemia, 
sedation, weight gain, orthostatic hypotension, car-
diac abnormalities, sexual dysfunction, anticholin-
ergic side effects (dry mouth, tachycardia, urinary 
retention, blurry vision, constipation, worsening 
of narrow- angle glaucoma), tardive dyskinesia 
(TD), and neuroleptic malignant syndrome. TD is 
characterized by choreoathetoid movements of the 
mouth, face, tongue, extremities, or trunk. This may 
include tongue writhing or thrusting, jaw move-
ments, facial grimacing, and trunk writhing. TD 
risk increases with age, time of exposure to medi-
cations, and prior development of extrapyramidal 
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symptoms. TD has been reported with all typical 
antipsychotics at a cumulative rate of 5% per year 
with higher risk in older populations. The typical 
antipsychotics are more likely to cause TD at all ages 
than the atypical ones, which is the major reason 
newer drugs have been prescribed more for main-
tenance use. Patients on these medications should 
be assessed for TD every 3 to 6 months throughout 
their treatment course (i.e., AIMs, or Abnormal 
Involuntary Movement Scale). Atypical antipsy-
chotic side effects are similar, but more frequently 
and to a larger extent include metabolic syndrome, 
weight gain, hyperlipidemia, and hyperglycemia. 
Patients with related factors, including preexisting 
metabolic issues, obesity, diabetes or prediabetes, 
or high- risk lipid profiles, are more likely to have 
problems with these medications. Also, prescribers 
should be aware of neuroleptic malignant syndrome 
(NMS). The hallmark features are fever, muscle 
rigidity, mental status changes, autonomic instabil-
ity, rhabdomyolysis, and creatine kinase elevation. 
The differential diagnosis is serotonin syndrome 
(hallmark is myoclonus), malignant hyperthermia 
(after exposure to halogenated inhalational anes-
thetic agents and succinylcholine), and malignant 
catatonia. (In malignant catatonia there is usually a 
behavioral prodome of some weeks characterized by 
psychosis, agitation, and catatonic excitement.)The 
condition is rare but potentially fatal. It should be 
treated as a medical emergency. The single strongest 
predictive factor is a prior episode of NMS. Other 
factors include recently initiated treatment, aggres-
sive dosing, parenteral administration, acute med-
ical illness, and dehydration. Also, some medical 
illnesses may mask NMS such as central nervous 
system (CNS) infection, systemic infections, sei-
zures, acute hydrocephalus, acute spinal cord injury, 
heat stroke, acute dystonia, tetanus, CNS vasculitis, 
thyrotoxicosis, pheochromocytoma, and substance 
intoxication (PCP, ecstasy, cocaine, amphetamines).

Treatment of mood symptoms may include 
mood stabilizers such as lithium (for manic symp-
toms) or antidepressants such as selective serotonin 
reuptake inhibitors (SSRIs) (for depressive symp-
toms). Because of lithium’s narrow therapeutic 
index, blood levels should be monitored. Symptoms 
of lithium toxicity include altered mental status, 
coarse tremors, convulsions, delirium, coma, and 
death. Lithium side effects include fine tremor, 
nephrogenic diabetes insipidus, GI disturbances, 

weight gain, sedation, thyroid enlargement, hypo-
thyroidism, arrhythmias, benign leukocytosis, and 
it may cause Ebstein’s anomaly in the fetus if taken 
during the first trimester of pregnancy.

SSRI side effects include nausea, diarrhea, 
insomnia, headache, anorexia, weight loss, sexual 
dysfunction, restlessness (akathisia- like), serotonin 
syndrome (fever diaphoresis, tachycardia, hyper-
tension, delirium, neuromuscular excitability), 
hyponatremia, seizures (0.2%).
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Schizophrenia
Epidemiology and Demographics: The lifetime prevalence 

of schizophrenia is approximately 0.3–0.7%. The 
sex ratio differs across samples and populations. A 
disorder with more negative symptoms and longer 
duration has a higher incidence in males, whereas 
schizophrenia with more mood symptoms and brief 
presentations has an equal prevalence in males and 
females. In females, the disease may have a later onset.

Disorder Description: As stated in DSM-5, schizophrenia 
can be defined as:
 A. At least two of the following, each present for 

a significant portion of time during a 1- month 
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period (or less if treated successfully). At least 
one of these must be i, ii, or iii:
 i. delusions
 ii. hallucinations
 iii. disorganized speech
 iv. grossly disorganized or catatonic behavior
 v. negative symptoms (i.e., diminished emo-

tional expression or avolition)
 B. For a significant portion of the time since the 

onset of the disturbance, level of functioning in 
one or more major areas including work, inter-
personal relations, or self- care was markedly 
below the level achieved prior to the onset.

 C. Signs of the disturbance are continuously pres-
ent for at least 6 months. This period must 
include at least 1 month of symptoms (or less if 
successfully treated) that meet criterion A and 
may include periods of prodromal or residual 
symptoms.

 D. Schizoaffective disorder and depressive or 
bipolar disorder with psychotic features have 
been ruled out because either: (1) no major 
depressive or manic episodes have occurred 
during active- phase symptoms or they have 
been present for a minority of the total duration 
of the active and residual periods of the illness; 
or (2) if mood episodes have occurred during 
active- phase symptoms, they have been present 
for a minority of the total duration of the active 
and residual periods of the illness.

 E. The disturbance is not attributable to the physi-
ologic effects of a substance or another medical 
condition.

 F. If there is history of autism spectrum disorder 
or a communication disorder of childhood 
onset, the diagnosis of schizophrenia is made 
only if prominent delusions or hallucinations 
are present, in addition to other required symp-
toms of schizophrenia, for at least 1 month (or 
less if successfully treated).

Differential Diagnosis: Differential diagnosis should 
include schizoaffective disorder, schizophreni-
form and brief psychotic disorder, delusional 
disorder, schizotypal personality disorder, obsessive- 
compulsive disorder and body dysmorphic disorder, 
posttraumatic stress disorder, and autism spectrum 
disorder or communication disorders.

In major depressive disorder or bipolar disorder 
with psychotic features, delusions occur exclusively 
during a major depressive or manic episode.

In schizoaffective disorder, a major depressive or 
manic episode occurs concurrently with the active- 
phase symptoms and mood symptoms are present 
for the majority of the total duration of the active 
periods.

In schizophreniform disorder and brief psy-
chotic disorder, the symptoms are of shorter dura-
tion than in schizophrenia: 1 day to 1 month for 
brief psychotic episode, and 1 month to 6 months 
for schizophreniform.

In delusional disorder, there are no hallucina-
tions, disorganized thinking or behavior, or nega-
tive symptoms.

In schizotypal personality disorder, sub- 
threshold symptoms are seen and are associated 
with persistent- personality features.

In obsessive- compulsive disorder and body dys-
morphic disorder, there are prominent obsessions, 
compulsions, preoccupations with appearance and/
or body odor, and/or repetitive features.

In posttraumatic stress disorder, flashbacks may 
have a hallucinatory quality and hypervigilance 
may appear paranoid in nature, but these symptoms 
are associated with relating to and/or reliving a trau-
matic event.

Autism spectrum disorder and communication 
disorders have deficits in social interactions with 
repetitive and restrictive behaviors, in addition to 
other cognitive deficits.

Secondary Complications: Schizophrenia is associated 
with often severe social, academic, and occupational 
dysfunction. Most individuals with schizophrenia 
are employed at lower level than their parents and 
most, especially men, do not marry and have limited 
social contacts outside of their family.

Treatment Complications: Typical and atypical antipsy-
chotics are the conventional treatments for schiz-
ophrenia. Side effects of typical antipsychotics 
include the extrapyramidal side effects including 
parkinsonism (mask- like facies, bradykinesia, cog-
wheel rigidity, pill- rolling tremor), akathisia, and 
dystonia. For dystonia, prophylaxis with an anticho-
linergic agent, such as benztropine (1 to 2 mg twice 
daily), substantially reduces the likelihood of a 
dystonic reaction even in a high- risk patient. In an 
emergency such as laryngeal dystonia, intramuscu-
lar versions of benztropine and diphenhydramine 
can be given immediately. Dystonia is less common 
with the use of second- generation antipsychotics 
than with first- generation high- potency ones. For 
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akathisia, dose reduction may improve symptoms 
or if relief is not obtained, then propranolol (10 to 
20 mg two to four times a day) is often helpful. Other 
side effects include hyperprolactinemia, sedation, 
weight gain, orthostatic hypotension, cardiac abnor-
malities, sexual dysfunction, anticholinergic side 
effects (dry mouth, tachycardia, urinary retention, 
blurry vision, constipation, worsening of narrow- 
angle glaucoma), tardive dyskinesia, and neuro-
leptic malignant syndrome. Atypical antipsychotic 
side effects are similar, but more frequently and to 
a larger extent include metabolic syndrome, weight 
gain, hyperlipidemia, and hyperglycemia. Lastly, 
clozapine can be prescribed for treatment- resistant 
schizophrenia/psychosis. It is well known not to 
exacerbate extrapyramidal side effects. Its common 
side effects are seizures, neutropenia, agranulocy-
tosis, myocarditis, QT prolongation, arrhythmias, 
torsades de pointes, stroke, syncope, hypotension, 
neuroleptic malignant syndrome (NMS), paralytic 
ileus, and pulmonary embolus. Due to the side 
effect profile, clozapine is not considered first- line 
treatment. Often, a long- acting injectable version of 
antipsychotics can be given to increase compliance 
(i.e., haloperidol decanoate, prolixin decanoate).
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Schizophreniform Disorder
Epidemiology and Demographics: It is estimated that 

the incidence of schizophreniform disorder is 
about fivefold lower than that of schizophrenia in 
the United States population and other developed 
countries. However, in developing countries the 
incidence may be higher, in some cases approaching 
the incidence of schizophrenia.

Disorder Description: As stated in DSM-5, schizophreni-
form disorder can be defined as:
 A. At least two of the following, each present for 

a significant portion of time during a 1- month 
period (or less if treated successfully). At least 
one of these must be i, ii, or iii:
 i. delusions
 ii. hallucinations
 iii. disorganized speech
 iv. grossly disorganized or catatonic behavior
 v. negative symptoms (i.e., diminished emo-

tional expression or avolition)
 B. An episode of the disorder lasts for at least 1 

month, but no more than 6 months. When a 
diagnosis must be made prior to the 6- month 
mark, it should be noted as “provisional”.

 C. Schizoaffective disorder and depressive or 
bipolar disorder with psychotic features have 
been ruled out because either: (1) no major 
depressive or manic episodes have occurred 
during active- phase symptoms, or (2) they have 
been present for a minority of the total duration 
of the active and residual periods of the illness.

 D. The disturbance is not attributable to the physi-
ologic effects of a substance or another medical 
condition.

Differential Diagnosis: Differential diagnosis should 
include schizoaffective disorder, schizophrenia and 
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brief psychotic disorder, delusional disorder, schizo-
typal personality disorder, obsessive- compulsive 
disorder and body dysmorphic disorder, posttrau-
matic stress disorder, and autism spectrum disorder 
or communication disorders.

In major depressive disorder or bipolar disorder 
with psychotic features, delusions occur exclusively 
during a major depressive or manic episode.

In schizoaffective disorder, a major depressive or 
manic episode occurs concurrently with the active- 
phase symptoms and mood symptoms are present 
for the majority of the total duration of the active 
periods.

In brief psychotic disorder, the symptoms are of 
shorter duration (1 day to 1 month) than in schizo-
phreniform disorder.

In schizophrenia, the same symptoms as in schiz-
ophreniform disorder are seen, but the duration is 
greater than 6 months.

In delusional disorder, there are no hallucina-
tions, disorganized thinking or behavior, or nega-
tive symptoms.

In schizotypal personality disorder, sub- 
threshold symptoms are seen and are associated 
with persistent- personality features.

In obsessive- compulsive disorder and body dys-
morphic disorder, there are prominent obsessions, 
compulsions, preoccupations with appearance and/
or body odor, and/or repetitive features.

In posttraumatic stress disorder, flashbacks may 
have a hallucinatory quality and hypervigilance 
may be paranoid in nature, but these symptoms are 
associated with relating to and/or reliving a trau-
matic event.

Autism spectrum disorder and communication 
disorders have deficits in social interactions with 
repetitive and restrictive behaviors, in addition to 
other cognitive deficits.

Secondary Complications: The majority (two- thirds) of 
individuals diagnosed with schizophreniform dis-
order will progress to schizophrenia or schizoaffec-
tive disorder. These disorders are associated with 
often severe social, academic, and occupational dys-
function. Most with schizophrenia are employed at 
lower level than their parents and most, especially 
men, do not marry and have limited social con-
tacts outside of their family. One-third of those 
with schizophreniform disorder will recover within  
6 months, and these people have much better func-
tional outcomes.

Treatment Complications: Typical and atypical anti-
psychotics are the conventional treatments for 
schizophreniform disorder. Side effects of typ-
ical antipsychotics include the extrapyramidal 
side effects including parkinsonism (mask- like 
facies, bradykinesia, cogwheel rigidity, pill- rolling 
tremor), akathisia, and dystonia. Other side effects 
include hyperprolactinemia, sedation, weight gain, 
orthostatic hypotension, cardiac abnormalities, 
sexual dysfunction, anticholinergic side effects 
(dry mouth, tachycardia, urinary retention, blurry 
vision, constipation, worsening of narrow- angle 
glaucoma), tardive dyskinesia, and neuroleptic 
malignant syndrome. Atypical antipsychotic side 
effects are similar, but more frequently and to a 
larger extent include metabolic syndrome, weight 
gain, hyperlipidemia, and hyperglycemia.
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Schizotypal Personality Disorder
Epidemiology and Demographics: Reported rates of 

schizotypal personality disorder in community 
samples range from 0.6% in a Norwegian sample to 
4.6% in a US community sample. The prevalence in 
the clinical population appears to be low (0%–1.9%).

Disorder Description: According to DSM-5, schizotypal 
personality disorder can be defined as:
 A. A pervasive pattern of social and interpersonal 

deficits marked by acute discomfort with, and 
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reduced capacity for, close relationships as well 
as by cognitive or perceptual distortions and 
eccentricities of behavior, beginning by early 
adulthood and present in a variety of contexts, 
as indicated by five or more of the following:
 i. Ideas of reference (excluding delusions of 

reference)
 ii. Odd beliefs or magical thinking that influ-

ences behavior and is inconsistent with 
societal norms. In children and adoles-
cents, it may manifest as bizarre fantasies 
and/or preoccupations

 iii. Unusual perceptual experiences, including 
bodily illusions

 iv. Odd thinking and speech (e.g., vague, cir-
cumstantial, metaphorical, overelaborate, 
or stereotyped)

 v. Suspiciousness or paranoid ideation
 vi. Inappropriate or constricted affect
 vii. Odd, eccentric, or peculiar behavior or 

appearance
 viii. Lack of close friends other than first- degree 

relatives
 ix. Excessive social anxiety that does not 

diminish with familiarity and is often asso-
ciated with paranoid fears rather than neg-
ative judgments about self.

 B. Does not occur exclusively in the context of 
schizophrenia, a bipolar disorder, or depres-
sive disorder with psychotic features, another 
psychotic disorder, or autism spectrum 
disorder.

Differential Diagnosis: Differential diagnosis should 
include other mental disorders with psychotic 
symptoms, neurodevelopmental disorders, per-
sonality change due to another medical condition, 
substance use disorders, and other personality dis-
orders and personality traits.

In delusional disorder, schizophrenia, and bipo-
lar or unipolar depression with psychotic features, 
there is a period of persistent psychotic symptoms. 
In the context of these disorders, the additional diag-
nosis of schizotypal personality disorder would only 
be warranted if the personality disorder was present 
before the psychotic symptoms and persisted in the 
absence of psychotic symptoms.

Neurodevelopmental disorders including com-
munication disorders and autism spectrum disorder 
should also be considered in the differential. These 
disorders may be differentiated by the primacy and 

severity of impairment of language (not seen to 
same extent in schizotypal personality disorder).

In personality change due to another medical 
condition, one’s difference in traits can be attributed 
to the effect of another medical condition on the 
central nervous system.

In substance use disorders, symptoms arise due 
to persistent substance use, and should be distin-
guished from symptoms associated with a person-
ality disorder.

Schizotypal personality disorder can be dis-
tinguished from other personality disorders by its 
marked cognitive or perceptual distortions and 
marked eccentricity or oddness.

Secondary Complications: Individuals with schizotypal 
personality disorder often present to their physi-
cians with concerns regarding comorbid anxiety or 
depression. In response to stress, those with schizo-
typal personality disorder may experience transient 
psychotic episodes (generally not of intensity or 
duration to warrant an additional diagnosis of brief 
psychotic episode or schizophreniform disorder). 
Thirty to 50% of those with schizotypal personality 
disorder also have a diagnosis of major depressive 
disorder. Also, there is common co- occurrence with 
schizoid, paranoid, avoidant, and borderline per-
sonality disorders.

Treatment Complications: Psychotherapy is generally 
considered the first- line treatment for schizotypal 
personality disorder. Typical and atypical antipsy-
chotics have also been shown to be effective in small 
studies. Side effects of typical antipsychotics include 
the extrapyramidal side effects including parkin-
sonism (mask- like facies, bradykinesia, cogwheel 
rigidity, pill- rolling tremor), akathisia, and dysto-
nia. Other side effects include hyperprolactinemia, 
sedation, weight gain, orthostatic hypotension, car-
diac abnormalities, sexual dysfunction, anticholin-
ergic side effects (dry mouth, tachycardia, urinary 
retention, blurry vision, constipation, worsening of 
narrow- angle glaucoma), tardive dyskinesia, and 
neuroleptic malignant syndrome. Atypical antipsy-
chotic side effects are similar, but more frequently 
and to a larger extent include metabolic syndrome, 
weight gain, hyperlipidemia, and hyperglycemia.
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Schwannoma, Vestibular
Epidemiology and Demographics: As summarized by Park 

et al., the median age is 50 years and the incidence 
is 1/100,000.

Disorder Description: The disease is caused by an over-
growth of the perineural elements of the Schwann 
cell. The patient may present with ringing in the 
ears and hearing impairment. There may be balance 
problems along with numbness in the face. There 
may also be facial muscle weakness. Sometimes 
there is a diagnosis or family history of neurofi-
bromatosis Type 2.

Symptoms

Localization site Comment

Brainstem Tumor near vestibular nucleus

Secondary Complications: Very large tumors can com-
press the surrounding brain structures such as the 
cerebellum or brainstem and result in ataxia, altered 
sensorium, and hearing loss.

Treatment Complications: Surgical removal may result in 
CSF leak, infection, blood loss, hearing loss.
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Scleritis
Epidemiology and Demographics: Scleritis is most com-

mon in the 4th to 6th decades of life, and the peak 
incidence is in the 5th. Women are more likely to 
have scleritis than men (1.6:1). No report of any race 
predilection. The prevalence is estimated to be 6 
cases/10,000 population.

Disorder Description: Scleritis is a chronic, painful, and 
potentially blinding inflammatory disease that 
affects the white of the eye, commonly known as 
the sclera. There are three major types of scleri-
tis: diffuse scleritis (the most common), nodular 
scleritis, and necrotizing scleritis (the most severe). 
Scleritis may be the first sign of a connective tissue 
disorder. Scleritis can be classified as anterior scleri-
tis and posterior scleritis. Anterior scleritis is the 
most common and accounts for about 98% of the 
cases. Anterior scleritis is subdivided into two types: 
non- necrotizing and necrotizing. Non- necrotizing 
scleritis is the most common, and is further divided 
into diffuse and nodular type based on morphology. 
Necrotizing scleritis accounts for 13% of the cases 
and is known to occur with or without inflamma-
tion. Posterior scleritis is characterized by flattening 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.019
https://www.cambridge.org/core


Section 1 Diagnostics

596

of the posterior aspect of the globe, thickening of the 
posterior coats of the eye (choroid and sclera), and 
retrobulbar edema.

Scleritis is usually caused by an autoim-
mune disease: immune complex- related vas-
cular damage (type III hypersensitivity) and 
subsequent chronic granulomatous response (type 
IV hypersensitivity).

Risk factors include:
History of rheumatoid arthritis
History of systemic lupus erythematosus
History of relapsing polychondritis
History of spondyloarthropathies
History of Wegener’s granulomatosis
History of polyartertis nodosa
History of giant cell arteritis
Trauma
Ocular surgery
Glaucoma
Exposure to irritants/chemicals
Medications:

bisphosphonates (alendronate, etidronate, 
palmidronate, risedronate, zoledronic 
acid) – used to treat osteoporosis

Zelboraf (vemurafenib) – used to treat 
melanoma

No particular geographic proclivity is known.

Symptoms

Localization site Comment

Eye – sclera and 
conjunctiva

Redness of sclera and conjunctiva that does 
not improve with gentle pressure on the eye

Severe eye pain that radiates to eyebrow, jaw, 
and/or temple. Pain worsens with movement 
of the eye. Pain is worse at night and may 
awaken the patient

Symptoms are subacute in onset

Photophobia and tearing of eye

Decreased visual acuity leading to blindness

Secondary Complications

Blindness
Secondary keratitis
Uveitis

Treatment Complications

Corticosteroids: increased risk of infection, hyper-
glycemia, avascular necrosis of the hip, psychosis, 
Cushing’s disease.
Immunosuppressants: hematopoietic complications 
with methotrexate are seen in patients not supple-
mented with folic acid.

Monoclonal antibodies: increased risk of focal leuko-
encephalopathy with rituximab.

Nonsteroidal anti- inflammatory drugs: increased 
risk of GI toxicity, such as endoscopic peptic ulcers, 
bleeding ulcers, perforations, and obstructions.

Bibliography
de Fidelix TS, Vieira LA, de Freitas D, Trevisani 

VF. Biologic therapy for refractory scleritis: a 
new treatment perspective. Int Ophthalmol. 
2015;35(6):903–12.

Sims J. Scleritis: presentations, disease associations 
and management. Postgrad Med J. 
2012;88(1046):713–8.

Scleroderma
Epidemiology and Demographics: Scleroderma most 

commonly first presents between the ages of 20 and 
50 years, although any age group can be affected. 
Women are four to nine times more likely to develop 
scleroderma than men. Choctaw Native Americans 
are more likely than Americans of European descent 
to develop the type of scleroderma that affects inter-
nal organs. Scleroderma is less common in the Asian 
population. In the United States it is slightly more 
common in African Americans than in Caucasians. 
Prevalence is estimated at 240 per million and the 
annual incidence of scleroderma is 19 per million 
people in the United States. In Germany, the preva-
lence is between 10 and 150 per million people, and 
the annual incidence is between 3 and 28 per million 
people. In South Australia, the annual incidence is 
23 per million people, and the prevalence 233 per 
million people.

Disorder Description: Scleroderma is a chronic systemic 
autoimmune disease characterized by hardening of 
the skin. In the more severe form, it also affects inter-
nal organs. Scleroderma is classified into limited and 
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diffuse forms. The limited form involves primarily 
cutaneous manifestations: calcinosis, Raynaud’s phe-
nomenon, esophageal dysfunction, sclerodactyly, 
telangiectasias (CREST syndrome). Diffuse sclero-
derma is rapidly progressing and affects a large area of 
the skin and one or more internal organs, frequently 
the kidneys, esophagus, heart and/or lungs. This form 
of scleroderma can be quite disabling. Neurologic 
manifestations of scleroderma include facial pain 
from trigeminal neuralgia, headache, paresthesias 
of the hands, and stroke. Neurologic involvement is 
more commonly seen in those suffering from scle-
roderma of the craniofacial region. In patients with 
neurologic involvement, antinuclear antibodies are 
commonly found, usually in a nucleolar pattern. 
Subgroups of patients with certain antibodies (i.e., 
anti- U1RNP and possibly anti-Scl-70 antibodies) 
may be more prone to neurologic manifestations.

Potential causes include:
Genetic: mutations in HLA genes seem to play a 

crucial role in the pathogenesis of some cases.
Environmental factors: exposure to silica, 

aromatic and chlorinated solvents, 
ketones, trichloroethylene, welding fumes, 
and terpentine have been linked to the 
development of scleroderma.

Risk factors include:
Susceptible professions:

Painters
Welders
Glass makers
Chemists
Oil/petroleum industry workers
Miners
Construction workers

Family history of scleroderma.
No particular geographic proclivity is known. 

However, this disease is less common in the Asian 
population.

Symptoms

Localization site Comment

Brain Stroke/TIA (secondary to central nervous 
system vasculitis)

Seizures including intractable epilepsy

Headaches

Neuropsychiatric symptoms – behavioral 
and cognitive deterioration, dementia

Localization site Comment

Brainstem Optic neuritis/uveitis

Trochlear neuropathy (involvement of 
superior oblique muscle)

Trigeminal neuralgia

Glossopharyngeal neuralgia

Facial neuralgia

Vestibulocochlear neuropathy (hearing and 
balance deficits)

Spinal cord Transverse myelitis

Myelopathy

Radiculopathy

Brachial plexopathy

Cord compression (cervical and thoracic 
levels)

Peripheral nerves Carpal tunnel syndrome

Ulnar neuropathy

Mononeuritis multiplex

Muscle Myopathy manifested as proximal 
muscle weakness. Muscle histopathology 
demonstrates primarily polymyositis

Secondary Complications

Most of the secondary complications of scleroderma 
are related to compressive disease from calcinosis. 
These include cord compression and various neuropa-
thies including carpal tunnel syndrome, trigeminal 
neuralgia.

Scleroderma in pregnancy increases the risk to both 
mother and child. Overall scleroderma is associated 
with reduced fetal weight for gestational age.

Treatment Complications

Corticosteroids: increased risk of infection, 
hyperglycemia, avascular necrosis of the hip, 
psychosis, Cushing’s disease.

Immunosuppressants: hematopoietic complications 
with methotrexate are seen in patients not 
supplemented with folic acid. Furthermore, 
medications such as cyclophosphamide, 
methotrexate, and mycophenolate are teratogenic 
and hence careful avoidance of such drugs during 
pregnancy is advised.

Monoclonal antibodies: increased risk of focal 
leukoencephalopathy with rituximab.

Tyrosine kinase inhibitors: increased risk of imbalance 
and gait disturbances.
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Scoliosis
Epidemiology and Demographics: Scoliosis occurs in 

about 3% of the population. It is more prevalent in 
girls. Most commonly picked up between 10 and 20 
years of age.

Disorder Description: Scoliosis is defined as sideways 
curvature of the spine. It may be “S” or “C” shaped. 
Genetics and environmental factors both play etio-
logic roles. It may be associated with muscle spasm, 
cerebral palsy, Marfan syndrome, and tumor such as 
neurofibromatosis.

Symptoms

Localization site Comment

Cervical spine Neck pain, decreased range of motion, 
cervical radiculopathy, shoulder pain

Lumbosacral spine LS radiculopathy with decreased range of 
motion, low back pain, buttock pain

Thoracic spine Rib prominence, prominent shoulder blade 
due to rotation of the thoracic cage
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Selective Mutism
Epidemiology and Demographics: Selective mutism is a 

rare disorder and has generally not been included 
as a diagnostic category in epidemiological studies 
of childhood disorders. Based on a small school- 
based study, it is estimated that selective mutism has 
a 6- month prevalence of 0.7%. The incidence does 
not appear to vary by sex or race/ethnicity, and it is 

more likely seen in young children than in adoles-
cents or adults.

Disorder Description: As stated in DSM-5, selective mut-
ism can be defined as:
 A. Consistent failure to speak in specific social 

situations wherein there is an expectation for 
speaking (school, for example), despite speak-
ing in other situations.

 B. The disturbance interferes with educational 
or occupational achievement or with social 
communication.

 C. The disturbance in speaking occurs for at least 1 
month.

Differential Diagnosis: Differential diagnosis should 
include communication disorders, neurodevelop-
mental disorders, schizophrenia and other psychotic 
disorders, and social anxiety disorder (social phobia).

In communication disorders such as language 
disorder, speech sound disorder, childhood- onset 
fluency disorder (stuttering), or pragmatic (social) 
communication disorder, the speech disturbance is 
not restricted to a particular situation.

In autism spectrum disorder, schizophrenia and 
other psychotic disorders, or severe intellectual dis-
ability, an individual may have problems in social 
communication and may not be able to speak prop-
erly in social situations. However, for a diagnosis of 
selective mutism, the individual must display ade-
quate speaking capabilities in at least one social sit-
uation (e.g., home).

Secondary Complications: Individuals diagnosed with 
selective mutism may have social impairment as 
they may not engage in social interactions with 
other children. Children with selective mutism may 
face social isolation as they grow older, and may suf-
fer academic disadvantages as they may be unable to 
communicate their academic and/or personal needs 
to teachers.

Treatment Complications: In some trials, selective sero-
tonin reuptake inhibitors (SSRIs) were shown to be 
no more effective than placebos for children with 
selective mutism. However, one trial did show effi-
cacy for the SSRI fluoxetine in treatment of selective 
mutism (in children with a comorbid anxiety dis-
order). SSRI side effects include nausea, diarrhea, 
insomnia, headache, anorexia, weight loss, sexual 
dysfunction, restlessness (akathisia- like), serotonin 
syndrome (fever diaphoresis, tachycardia, hyper-
tension, delirium, neuromuscular excitability), 
hyponatremia, seizures (0.2%).
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Selenium Deficiency
Epidemiology and Demographics: Dietary sources of sele-

nium include seafood, muscle meat, and cereals. 
However, the amount of selenium in cereal depends 
on soil concentration of selenium. Selenium defi-
ciency is seen in countries with low soil concentra-
tions such as Scandinavia, China, and New Zealand. 
Keshan disease is an endemic disease in regions of 
China found in children and young women whose 
dietary intake of selenium is low (<20 μg/day).

In the past, total parenteral nutrition solutions 
were not supplemented with trace elements such as 
selenium. Several patients with chronic total paren-
teral nutrition have been reported to have selenium 
deficiency.

Disorder Description: Selenium is a component of the 
glutathione peroxidase enzyme, which serves as 
antioxidant to proteins, cell membranes, lipids, and 
nucleic acids. Selenium is also a key component of 
deiodinase enzymes, important for deiodination of 
thyroxine to triiodothyronine. Concomitant defi-
ciencies of iodine and selenium may worsen the 
clinical manifestations of cretinism.

Severe selenium deficiency is associated with 
skeletal muscle dysfunction and cardiomyopa-
thy and also causes mood disorders and immune 

function impairment. Selenium deficiency also 
causes whitened nailbeds.

Keshan disease presents as an endemic cardio-
myopathy in children and women of childbearing 
age in areas of China. The disorder responds to sele-
nium supplements.

Impaired cell- mediated immunity has been 
demonstrated with depletion of tissue stores of 
selenium.

Treatment Complications: In patients with autoim-
mune thyroiditis, selenium supplementation may 
decrease inflammatory activity and may reduce the 
risk of postpartum thyroiditis in women who are 
positive for thyroid peroxidase antibodies.

Selenium toxicity occurs with excess dietary 
intake or by excessive supplementation. Clinical 
manifestations of selenium toxicity are nausea, 
vomiting, diarrhea, hair loss, nail changes, mental 
status changes, and peripheral neuropathy.

References
Finley JW, Penland JG. Adequacy or deprivation of 

dietary selenium in healthy men: Clinical and 
psychological findings. J Trace Elem Exp Med. 
1998;11:11.

Hawkes WC, Hornbostel L. Effects of dietary  
selenium on mood in healthy men living in 
a metabolic research unit. Biol Psychiatry. 
1996;39:121.

Ishida T, Himeno K, Torigoe Y, et al. Selenium 
deficiency in a patient with Crohn’s disease 
receiving long- term total parenteral nutrition. 
Intern Med. 2003;42:154.

Kasper DL, Fauci AS, Hauser SL, et al. Harrison’s 
principles of internal medicine. 19th ed. New York: 
McGraw-Hill Education/Medical; 2015.

Mazokopakis EE, Papadakis JA, Papadomanolaki 
MG, et al. Effects of 12 months treatment with 
L- selenomethionine on serum anti- TPO levels 
in patients with Hashimoto’s thyroiditis. Thyroid. 
2007;17:609.

No authors listed. Observations on effect of sodium 
selenite in prevention of Keshan disease. Chin 
Med J (Engl). 1979;92:471.

Rayman MP. The importance of selenium to human 
health. Lancet. 2000;356:233.

Spallholz JE, Boylan LM, Larsen HS. Advances in 
understanding selenium’s role in the immune 
system. Ann N Y Acad Sci. 1990; 587:123.

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.019
https://www.cambridge.org/core


Section 1 Diagnostics

600

Taylor EW, Nadimpalli RG, Ramanathan CS. 
Genomic structures of viral agents in relation 
to the biosynthesis of selenoproteins. Biol Trace 
Elem Res. 1997;56:63.

van Rij AM, Thomson CD, McKenzie JM, Robinson 
MF. Selenium deficiency in total parenteral 
nutrition. Am J Clin Nutr. 1979;32:2076.

Sepsis (Including Septic Shock)
Epidemiology and Demographics: Septic encephalopathy 

may occur in up to 70% of septic patients.
Disorder Description: Systemic immune response system 

(SIRS) ≥2 of the following: fever >38°C (>100.4°F), 
heart rate >90, respiratory rate >20, or PCO2 <32, 
WBCs >12,000/mm3. If a suspected source of infec-
tion is present, the patient has sepsis. Sepsis is severe 
with onset of hypotension. If hypotension is not 
responsive to fluids, the patient has septic shock.

Septic encephalopathy is the most common neu-
rologic complication of sepsis. Its presence is a poor 
prognostic indicator.

Symptoms

Secondary Complications: Causative infections can 
directly (e.g., vertebral discitis, sinusitis, otitis) or 
hematogenously (e.g., fungal infections) spread to 
the nervous system. Peripheral neuropathy and/or 
myopathy may occur. Both of these are more com-
mon in patients who had septic encephalopathy. 
Multi- organ failure with organ- specific compli-
cations in septic shock. Adult respiratory distress 
syndrome. Seizures due to abnormal electrolytes, 
glucose, blood pH, hepatic failure, and uremia. 
Cerebral vein and deep vein thrombosis.

Treatment Complications: Antibiotics used can have toxic 
effects on other organs. Sedatives and neuromuscu-
lar blocking agents used to treat agitation can have 
more prolonged sedative effects due to organ dys-
function. Adrenal insufficiency if long- term ster-
oids are needed.
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Septic Embolus
Epidemiology and Demographics: Occurs in 13% to 44% 

of patients with infective endocarditis.
Disorder Description: Infection of the cardiac valves. 

Can be complicated by local destruction of valves 
leading to cardiomyopathy, arrhythmia, perivalvu-
lar abscess, and direct spread to nearby structures 
including the vertebrae, embolic disease to the 

Localization site Comment

Cerebral hemispheres Seizures and status epilepticus

Vasogenic edema due to systemic 
inflammation

Watershed infarction due to 
hypotension in shock

Venous infarction due to cerebral 
vein thrombosis

Small vessel infarction due to in 
situ thrombosis

Meningitis or abscess from direct 
spread of primary infection

Mental status and psychiatric 
aspects/complications

Delirium/encephalopathy/coma 
due to systemic inflammatory 
response to blood toxins

Brainstem Infarction due to hypotension in 
shock

Cerebellum Infarction due to hypotension in 
shock

Cranial nerves Involvement from direct spread 
of primary infection

Spinal cord Infarction due to hypotension in 
shock

Involvement from direct spread 
of primary infection

Localization site Comment

Brachial and lumbar plexus Due to critical illness

Peripheral neuropathy Due to critical illness

Neuromuscular junction Due to neuromuscular blocking 
agents used to induce coma

Muscle Due to critical illness

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.019
https://www.cambridge.org/core


Serotonin Syndrome

601

heart, lung, brain, kidney, intestine, liver, muscles, 
and extremities.

More aggressive when causative organism is 
Staphylococcus aureus or Streptococcus bovis. Risk 
of embolism increases in setting of left- sided veg-
etation, large vegetation, older age, diabetes, atrial 
fibrillation, and antiphospholipid antibodies. 
Antibiotic treatment lowers risk of embolism.

Best diagnosed with transesophageal echocardi-
ogram and blood cultures.

Silent cerebral infarction in up to 80% of cases, 
clinically apparent infarction in 35%.

Symptoms

Localization site Comment

Cerebral hemispheres Ischemic embolism and infarction 
with or without septic abscess

Mycotic aneurysm formation and 
rupture

Meningitis

Seizures due to abscess or 
hemorrhage

Mental status and psychiatric 
aspects/complications

Delirium, encephalopathy, and 
coma

Brainstem Infarction or meningitis

Cerebellum Infarction or meningitis

Spinal cord Infarction

Peripheral neuropathy Associated with critical illness

Muscle Infarction and septic abscess

Secondary Complications: Complications include 
mycotic aneurysm, hydrocephalus related to sub-
arachnoid hemorrhage, complications related to 
sepsis and hypoperfusion, cardiac arrest.

Treatment Complications

Aminoglycosides can cause ototoxicity and 
nephrotoxicity, especially when combined with 
vancomycin.

Central lines can become infected in the setting of 
bacteremia.

Drug fever.
Intravenous catheter- associated thrombosis.

Anticoagulation is generally contraindicated even 
if thrombus suspected due to risk of mycotic 
aneurysm rupture.

Valve surgery is indicated in some cases and can be 
associated with stroke and typical surgical risk.
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Serotonin Syndrome
Epidemiology and Demographics: Boyer and Shannon 

cited a report showing that in 2002 there were 7349 
cases of serotonin syndrome, resulting in 93 deaths. 
It is estimated that 14–16% of those who overdose 
with selective serotonin reuptake inhibitors display 
symptoms of serotonin syndrome.

Disorder Description: Serotonin syndrome is a toxic 
hyperserotonergic state, typically the result of com-
bining serotonergic agents leading to hyperstim-
ulation of brainstem and spinal cord 5-HT1A

1 and 
5-HT2A receptors2.

Serotonin syndrome occurs after the use of sero-
tonergic agents alone or in combination with mono-
amine oxidase inhibitors. It consists of alteration 
of mental status, abnormalities of neuromuscular 
tone, and autonomic hyperactivity. Management 
involves withdrawal of the offending agent(s), sup-
portive care especially to manage autonomic dys-
function (e.g., hyperthermia), and occasionally the 
administration of serotonin antagonists.

Serotonin syndrome has many overlapping fea-
tures with neuroleptic malignant syndrome but 
may be distinguished by the presence of diarrhea, 
tremor, and myoclonus rather than the lead pipe 
rigidity of neuroleptic malignant syndrome.3

Symptoms: Serotonin syndrome is characterized by a 
triad of neuroexcitatory features, including altered 
mental status, neuromuscular hyperactivity, and 
autonomic instability.
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Post-synaptic 5HT1A overstimulation causes 
hyperactivity, hyperreflexia, and anxiety. Post- 
synaptic 5HT2A overstimulation causes hyper-
thermia, incoordination, and neuromuscular 
excitement.2

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Altered mental status: agitation, 
irritability, anxiety, hypomania, 
confusion, delirium, hallucinations, 
drowsiness to coma

Other Neuromuscular hyperactivity: rigidity, 
hyperreflexia, hypertonia, teeth 
grinding, myoclonus, clonus, ataxia, 
tremor

Autonomic instability: dilated, 
nonreactive pupils, tachycardia, 
tachypnea, fever, diarrhea, abdominal 
pain, flushing, profuse sweating, 
hypertension or hypotension

 3. Kasper DL, Fauci AS, Hauser SL, et al., eds. 
Harrison’s principles of internal medicine. 19th 
ed. New York: McGraw-Hill Education/Medical; 
2015.

Shift Work Disorder
Epidemiology and Demographics: The prevalence of shift 

work disorder is approximately 2–5% of the general 
population in industrialized countries in which up 
to 20% of the population works at night. There is 
no difference in occurrence between sexes or racial 
groups.

Disorder Description: Shift work disorder is character-
ized by insomnia and/or excessive sleepiness with 
a reduced total sleep time that is associated with a 
work schedule that overlaps with usual sleep time. 
The condition is related to circadian misalignment 
and sleep loss. The symptoms and work schedule 
must be present for at least 3 months. It is most 
commonly associated with overnight work, early 
morning shifts, or rotating shifts. Excessive sleepi-
ness typically occurs during the shift and leads to 
impaired concentration and alertness, which may 
impact safety.

Symptoms

Localization site Comment

Midbrain Suprachiasmatic nucleus of the 
hypothalamus (circadian clock)

Mental status and 
psychiatric aspects/
complications

Increased risk of depression, impaired 
social function with social isolation 
and reduced coping skills. Impaired 
concentration and alertness during 
wake hours

Secondary Complications: Adverse social consequences 
may occur when the wake–sleep schedule does not 
align with others and may lead to impaired social 
function, depression, and reduced coping skills. 
Increased risk of errors and accidents, especially in 
the early morning hours, are associated with exces-
sive sleepiness.

Recent observational studies have shown an 
association between shift work and adverse health 
outcomes, including insulin resistance, cardiovas-
cular events, and increased rates of malignancy.

Secondary Complications: Patients with severe seroto-
nin syndrome may develop severe hyperthermia 
(>104°F), rhabdomyolysis (severe creatinine kinase 
[CK] elevation), generalized tonic–clonic seizures, 
shock or marked hypertension, renal failure, met-
abolic acidosis, disseminated intravascular coag-
ulation (DIC, as a consequence of uncontrolled 
hyperthermia) – multi-organ failure.2

Treatment Complications: Mainstay of the treatment 
is removal of the offending agents and supportive 
care, which includes cooling, sedation, intubation, 
muscle paralysis, and management of autonomic 
instability. Thus, increased morbidity puts patients 
at higher risk of nosocomial complications. 5HT2A 
receptor antagonists (cyproheptadine, chlorproma-
zine) have been used in the management of severe 
serotonin syndrome. Chlorpromazine should not 
be used routinely to manage serotonin syndrome, 
especially if the patient is hypotensive and/or neuro-
leptic malignant syndrome has not been excluded.2
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Treatment Complications: A change in work schedule can 
resolve the disorder and should be considered, if 
possible, prior to further treatment options.

Behavioral approach includes maintaining a reg-
ular sleep schedule, including days off from work, as 
well as creating an optimal sleep environment that is 
cool, dark, and quiet. If a more flexible sleep sched-
ule is required because of other daytime obligations, 
sleep periods can occur bimodally, with the initial 
4–5 hours taking place in the early part of the day 
with a second nap for approximately 2 hours that 
can occur later in the day.

Pharmacologic management includes short- 
acting benzodiazepines such as triazolam and 
temazepam, and short acting nonbenzodiazepine 
BZ- receptor agonists such as zolpidem have been 
studied and used with success for initiating sleep 
and improving subjective measures of sleep; how-
ever, they have an increased risk of carry over effect 
that can contribute to decreased nocturnal alert-
ness. Melatonin at a low dose may also be used; how-
ever, it has been shown to minimally improve sleep 
latency and total sleep time.

Modafinil and armodafinil are also approved for 
increasing alertness during working hours.

All hypnotics may cause residual somnolence 
with performance impairment and rebound insom-
nia after discontinuation. Respiratory suppression 
may also occur with some hypnotics and can worsen 
obstructive sleep apnea and hypoventilation. 
Complex sleep- related behaviors such as somnam-
bulism, sleep- driving, and sleep- eating can occur. 
Combination with alcohol or other central nervous 
system depressants can lead to overdose and res-
piratory depression.

Observational studies have found an associa-
tion between long- term use of hypnotics and all- 
cause mortality, although causality has not been 
established.

The adverse effects of modafinil and armodaf-
inil include dysphoria, tachycardia, and increased 
blood pressure.
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Sialidosis
Epidemiology and Demographics: Sialidosis is a rare auto-

somal recessive disorder. The overall prevalence is 
unknown. Type I may be more common in people with 
Italian ancestry. People with type I develop signs and 
symptoms of sialidosis in their teens or twenties. Type II 
may present any time from infancy to early childhood.

Disorder Description: A lysosomal storage disease caused 
by mutations in the NEU1 gene. Deficient enzyme 
activity results in impaired processing/degradation 
of sialo- glycoproteins and accumulation of over-
sialylated metabolites.

Type I, also referred to as cherry- red spot myo-
clonus syndrome, is the less severe form. Initially, 
affected individuals experience gait disturbance 
and/or reduced visual acuity. Later, type I is charac-
terized by progressive myoclonus, ataxia, leg trem-
ors, and seizures. Type I does not affect intelligence 
or life expectancy, but results in progressive disabil-
ity including impaired gait and vision.

Sialidosis type II may present with stillbirth 
secondary to ascites, hydrops fetalis, hepatosple-
nomegaly, and dysostosis multiplex. The infantile 
presentation is less severe, and is also associated 
with coarse facial features, intellectual disability, 
and short stature. As children with infantile sialido-
sis type II get older, they may develop myoclonus 
and cherry- red spots. Other signs and symptoms 
include hearing loss, gingival hyperplasia, and 
widely spaced teeth. Affected individuals may sur-
vive into childhood or adolescence.
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The juvenile form is the least severe of sialidosis 
type II. Features of this condition usually appear 
in late childhood and may include mildly “coarse” 
facial features, mild bone abnormalities, cherry- 
red spots, myoclonus, intellectual disability, and 
angiokeratomas.

Symptoms

Localization site Comment

Cerebral hemispheres Myoclonus likely cortical. MRI 
imaging may show posterior 
cortical pathway abnormalities

Mental status and psychiatric 
aspects/complications

Severe intellectual disability in 
type II

Cerebellum Ataxia

Cranial nerves Visual impairment

Secondary Complications: Complications include 
hepato splenomegaly, hearing loss, vision loss, bone 
deformity, coarse facial features.

Treatment Complications: There is no specific therapy for 
sialidosis. Anti- seizure medications may be used to 
treat myoclonic seizures and are associated with a 
wide range of idiosyncratic side effects, most com-
monly sedation, ataxia, dizziness, headache. Multi- 
organ issues, and possible cognitive or psychiatric 
effects, may occur.
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Sjögren’s Syndrome
Epidemiology and Demographics: Occurs in all age 

groups. The average age of onset is between 40 and 
60 years with higher numbers affected with increas-
ing age. Female-to-male ratio is 9:1. No race- related 
predilection known. Incidence of the syndrome var-
ies between 3 and 6 per 100,000 per year. Prevalence 

of 500,000 to 2 million people in the United States 
with some studies reporting that prevalence is 0.1 to 
4% of the population.

Disorder Description: Sjögren’s syndrome (SS) is a 
long- term autoimmune disease in which the 
moisture- producing glands of the body are affected. 
Individuals with SS present with sicca symptoms, 
such as xerophthalmia (dry eyes), xerostomia (dry 
mouth), and parotid gland enlargement. SS can 
occur as a primary disorder or as a secondary disor-
der in association with connective tissue disorders, 
such as rheumatoid arthritis and systemic lupus 
erythematosus. Central nervous system (CNS) 
involvement varies widely; however, it is generally 
regarded to be less frequently involved than the 
peripheral nervous system (PNS). A pure sensory 
neuropathy is the most frequent PNS manifestation 
in which a long- term, insidious course is typically 
observed. The presence of Anti- Ro (SS- A) antibody 
has been associated with more severe CNS disease 
and abnormal angiographic findings.

Potential causes include:
Genetic factors: Studies on the polymorphisms 

of human leukocyte antigen (HLA)-DR and 
HLA- DQ gene regions in SS patients show 
differential susceptibility to the syndrome due 
to different types of the resulting autoantibody 
production.

Hormonal factors: Sex hormones, especially 
estrogen, are believed to affect humoral and 
cell- mediated immune responses affecting 
susceptibility to the syndrome. Androgens are 
generally considered to prevent autoimmunity. 
Estrogen deficiency stimulates presentation of 
autoantigens, inducing SS- like symptoms.

Microchimerism factors: Microchimerism of fetal 
cells (offspring lymphoid cells in maternal 
circulation) may generate autoimmunity in 
women who have been previously pregnant. 
Generation of an autoimmune potential via 
microchimerism may lead to a switch from 
a silent form of autoimmunity with age- 
dependent decrease in self-tolerance.

Environmental factors: Viral proteins, engulfed 
molecules, or degraded self- structures may 
initiate autoimmunity by molecular mimicry 
and increase the chances of SS development. 
Epstein–Barr virus, hepatitis C, and human 
T- cell leukemia virus- 1 are among the most 
studied infectious agents in SS. Damaged 
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Localization site Comment

Peripheral 
nerves

Weakness may be present, which is typically 
greater in the toes and fingers than in the 
larger muscle groups of the arms and legs

SS can cause damage to nerves that regulate 
the coordination of heartbeat, respiration, and 
gastric motility. Examples of symptoms include 
lightheadedness when standing, decreased 
or increased sweating, and feeling full despite 
eating small meals

Mononeuritis multiplex: more severe patterns 
of weakness or clumsiness may cause 
weakness or paralysis of different muscles

Specific antibodies: cryoglobulinemia (type II 
and type III), anti- RF, and low C4

Multiple mononeuropathies such as carpal 
tunnel syndrome, ulnar neuropathy, or tarsal 
tunnel syndrome can occur

Muscle Individuals with muscle problems may have 
pain on palpation or spontaneous pain 
(myalgias). They may be unable to climb 
stairs or carry things (weakness). Individuals 
may or may not have symptoms. Individuals 
may have fever, fatigue, arthralgias, myalgias, 
or lymphadenopathy. Weakness is more 
prominent proximally than distally. The course 
is generally mild and insidious

self- structures targeted for apoptosis may be 
mistakenly exposed to the immune system, 
triggering autoimmunity in exocrine glands, 
which are often prone to autoimmune 
responses.

Risk factors include:
Female gender.
Age between 40 and 60 years.
History of pregnancy.
Family history of SS.
Prior infection with Epstein–Barr virus, hepatitis 

C, and/or HTLV-1.
No particular geographic proclivity is known.

Symptoms

Localization site Comment

Brain Neuropsychologic abnormalities have 
included deficits of attention; concentration; 
verbal intelligence greater than nonverbal 
intelligence, signifying a subcortical dementia; 
or dysnomia. Alzheimer’s multi- infarct 
dementia must be excluded

Affective disorders include hysteria, 
hypochondriasis, somatization, depression, 
dysphoria, anxiety, and panic disorders

CNS involvement of SS may present in a 
similar way to Behçet’s disease and may mimic 
multiple sclerosis. As with multiple sclerosis, 
CSF may demonstrate increased IgG synthesis 
and presence of oligoclonal bands

Active inhibition of the parasympathetic 
system at the periaqueductal gray area of the 
limbic system has been postulated to explain 
the reduction in lacrimation and alteration in 
pain sensations in SS

Brainstem SS can cause numbness or burning of the 
face, called trigeminal neuralgia. Pain in the 
back of the throat, which may worsen while 
swallowing, is called glossopharyngeal 
neuralgia. Patients with trigeminal or 
glossopharyngeal neuralgia can have 
agonizing mouth and facial pain. These 
neuropathies may co- exist with other 
neuropathies in different parts of the body

Spinal cord Subacute or acute transverse myelitis is known 
to occur secondary to inflammatory ischemic 
vasculopathy with small vessel angiitis. A 
specific form of myelitis called neuromyelitis 
optica is also known to occur

Peripheral 
nerves

Numbness and coldness in milder forms of SS 
and burning sensation in more severe forms 
of SS

Secondary Complications

Mononeuritis multiplex
Myelitis: transverse and neuromyelitis optica
Trigeminal neuralgia
Glossopharyngeal neuralgia
Autonomic neuropathy
Peripheral neuropathy: small fiber and long fiber 

neuropathies
Myopathy

Treatment Complications

Corticosteroids: Increased risk of infection, hyper-
glycemia, avascular necrosis of the hip, psychosis, 
Cushing’s disease.

Immunosuppression: Hematopoietic complications with 
methotrexate are seen in patients not supplemented 
with folic acid. Furthermore, medications such as 
cyclophosphamide, methotrexate, and mycophe-
nolate are teratogenic and hence careful avoidance 
of such drugs during pregnancy is advised.

Monoclonal antibodies: Increased risk of focal leukoen-
cephalopathy with rituximab.
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Sleep-Related Eating Disorder
Epidemiology and Demographics: The prevalence of sleep- 

related eating disorder (SRED) is 5% in the general 
population and 9–17% in those with eating disor-
ders; female sex predominance of 60–83%. Age at 
onset is typically 22–39 years.

Restless leg movement disorder (SRED) can be 
idiopathic but is commonly associated with a pri-
mary sleep disorder (restless leg syndrome [RLS], 
restless leg movement disorder, obstructive sleep 
apnea [OSA], and circadian rhythm sleep–wake 
disorders) or use of a sedative- hypnotic medication 
(benzodiazepines, benzodiazepine receptor ago-
nists, psychotropic agents [mirtazapine, risperidone, 
quetiapine, lithium carbonate, anticholinergics]). 
Onset of SRED has been reported with cessation of 
smoking/alcohol/substance abuse, acute stress, day-
time dieting, and onset of narcolepsy/autoimmune 
hepatitis/encephalitis and other conditions.

Disorder Description: SRED is characterized by recurrent 
episodes of nocturnal eating after an arousal with 
adverse consequences. These episodes are often 
described as occurring in an involuntary, compul-
sive, or “out of control” manner with variability in 
subsequent recall of the episode. Problematic fea-
tures of this disorder include the consumption of 
peculiar foods or inedible products, and dysfunc-
tional nocturnal eating often leads to weight gain. 
There is often inability to return to sleep without 
eating. Amnestic SRED is often related to sedative- 
hypnotic medication use, most commonly zolpi-
dem, and is characterized by prolonged episodes 
with elaborate and sometimes dangerous food 
preparation. There may be co- existing restless leg 
syndrome, sleepwalking, and OSA.

Symptoms: See entry for Confusional Arousals.
Must be distinguished from night eating syn-

drome (NES), which is excessive eating between 
dinner and bedtime and during awakenings with 

full awareness of the episode. NES is an eating disor-
der with associated insomnia whereas SRED is clas-
sified as a parasomnia often associated with other 
primary sleep disorders.

Secondary Complications: Complications of weight gain, 
obesity, precipitation of diabetes mellitus, hyper-
triglyceridemia, and hypercholesterolemia. Non- 
restorative sleep can occur due to fragmentation of 
sleep. Injuries have been reported including injury 
from kitchen utensils, burns, poisoning. Secondary 
depressive disorders may emerge.

Treatment Complications: Treatment includes elimina-
tion of precipitating factors, maintaining consistent 
sleep/wake cycles, and avoidance of sleep depriva-
tion with subsequent increases in homeostatic drive 
and N3 sleep, which increases the opportunity of 
parasomnias to occur. Pharmacologic treatment of 
idiopathic SRED includes selective serotonin reup-
take inhibitors (SSRIs). Topiramate and clonazepam 
are alternative options. SRED related to other sleep 
disorders should be managed by treating the under-
lying disorder. For example, RLS- related SRED is 
treated with dopamine agonists and sleepwalking- 
related SRED is best managed with low- dose 
clonazepam.
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Sleep Terrors
Epidemiology and Demographics: The prevalence of 

sleep terrors in children is 1–6.5% and in adults 
2.2%. There is no sex predominance. Age at onset 
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is typically in children 4–12 years of age, but may 
begin in adulthood. Predisposing factors include 
sleep deprivation and situational stress.

Disorder Description: Sleep terrors are accompanied by a 
piercing scream or cry and by behavioral manifes-
tations of intense fear. Signs of autonomic nervous 
system activation including tachycardia, tachyp-
nea, flushing, diaphoresis, mydriasis, and increased 
muscle tone are often seen. Often patients are sit-
ting upright but unresponsive to external stimuli. If 
awakened, they are confused, disoriented, and inco-
herent. In adults, it can be associated with displace-
ment from bed and running and may be associated 
with violent behavior.

For uncomplicated, non- injurious parasomnias 
that present typically, a routine polysomnography 
(PSG) is not indicated but can show that disorders 
of arousal typically begin after an arousal from slow 
wave sleep. PSG may be useful to assess for precip-
itating causes such as sleep disordered breathing 
and for evaluation of other potential disorders such 
as nocturnal seizures. During the PSG, sounds or 
alarms may be used to induce a sleep terror during 
N3 sleep to capture the event. The yield of diagnos-
tic PSG was lower in patients on benzodiazepines or 
antidepressants.

Treatment involves providing reassurance, 
maintaining safety of the bedroom environment 
(removal of potentially injurious items, guarding 
stairways/windows, installation of bed alarms), 
and avoidance of precipitants. Often sleep terrors 
are more concerning to family members than to the 
individual. Pharmacotherapy is typically not indi-
cated but benzodiazepines and tricyclic antidepres-
sants may be effective in cases where sleep terrors 
are potentially harmful.

Symptoms: See entry for Confusional Arousals.
There is an association between sleep terrors and 

psychiatric disorders including depression, anxiety, 
obsessive- compulsive and phobic traits.

Secondary Complications: Sleep terrors may result in 
injury to self or others.

Treatment Complications: Benzodiazepines may result in 
morning somnolence.
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Sleepwalking (Somnambulism)
Epidemiology and Demographics: Prevalence varies by 

age group: a 40% prevalence in 6–16 year  olds, 4.3% 
in adults, and a lifetime prevalence of 18.3%. Both 
sexes are equally affected. Age at onset can be as 
early as when a child gains the ability to walk but 
may begin at any time in life.

Predisposing factors include priming fac-
tors of sleep deprivation and situational stress. 
Hyperthyroidism, migraines, head injury, encepha-
litis, stroke are rarer potential priming factors.

Precipitating factors include conditions that 
result in sleep fragmentation or deprivation result-
ing in increased homeostatic sleep pressure, which 
increases the opportunity for slow wave sleep para-
somnias to arise. Obstructive sleep apnea and other 
sleep- related respiratory events may be precipitants 
of disorders of arousal. Other triggers include envi-
ronmental stimuli (e.g., telephone calls, pagers, 
electronic devices, noise, light), internal stimuli 
(distended bladder), travel, sleeping in unfamiliar 
surroundings, febrile illness in children, physical 
emotional stress, premenstrual period in women, 
psychotropic medications (e.g., lithium carbonate, 
phenothiazines, anticholinergics, sedative/hyp-
notic agents).

In addition, sedative- hypnotic medications, par-
ticularly benzodiazepine receptor agonists (zolpi-
dem, eszoplicone, zaleplon), have been associated 
with somnabulism. Strong familial predisposition 
has been noted.

Disorder Description: Sleepwalking is a combination of 
ambulation with persistence of impaired conscious-
ness after an arousal. Typically, episodes begin as 
confusional arousals, but can begin by patients 
immediately becoming displaced from the bed. 
Behaviors are often inappropriate (e.g., placing car 
keys in the refrigerator), and patients typically have 
amnesia regarding the event. The sleepwalking may 
terminate spontaneously, or the sleepwalker may 
return to bed and continue to sleep without reach-
ing conscious awareness. The sleepwalker is diso-
riented, with slow speech, diminished mentation, 
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Small Pox Vaccine
Epidemiology and Demographics: Small pox vaccinia 

virus has been eradicated worldwide so the vac-
cine is no longer routine. Due to concerns that 
it can be used as a biologic warfare agent, some 
countries vaccinate military recruits and first 
responders.

Disorder Description: The vaccine is composed of the live 
vaccinia virus. Vaccinia virus is relatively similar 
to the variola (small pox) virus. When the vaccine 
is administered it induces a localized infection of 
vaccinia. Immunity to both vaccinia and variola is 
achieved.

Symptoms of Illness If Vaccine Not Used

Localization site Comment

Cerebral hemispheres 
(unilateral or bilateral, diffuse, 
cortical, subcortical gray or 
white matter)

Encephalitis, 
encephalomyelitis, 
encephalopathy, meningitis, 
and seizures
Microglial encephalitis – 
widespread demyelination of 
subcortical white matter

Postvaccinial encephalopathy – 
diffuse cerebral edema and 
perivascular hemorrhages

Mental status and psychiatric 
aspects/complications

Headache

Vestibular system (and non- 
specific dizziness)

Syncope, dizziness, and vertigo

Cranial nerves Bell’s palsy, blindness, corneal 
scarring, keratitis, photophobia

Spinal cord Myelitis

Muscle Myalgia, arthralgia, and back 
pain

Peripheral neuropathy Paresthesia and Guillain–Barré 
syndrome

Secondary Complications: Superinfection, accidental 
inoculation, progressive vaccinia, generalized vac-
cinia, severe vaccinal skin infections, erythema 
multiforme major, eczema, myocarditis, myoperi-
carditis, and fetal death.

and blunted response to questioning. Attempting 
to arouse the person may paradoxically worsen 
the confusion and disorientation. The individual 
may appear to be awake during the episode despite 
diminished external perception and often there is 
associated anterograde and retrograde memory 
impairment. Sleepwalking can be dangerous and 
there have been reports of individuals leaving the 
house, driving cars, and even discharging firearms 
although controversy exists regarding ability to per-
form activities that require complex cognitive pro-
cessing during parasomnias.

Symptoms: See entry for Confusional Arousals.
Secondary Complications: Injury to self or others may 

ensue as a result of sleepwalking.
Treatment Complications: Treatment involves provid-

ing reassurance and avoidance of precipitants. 
Maintenance of a safe bedroom environment 
(guarding stairways/windows, installation of bed 
alarms, and removal of potentially injurious items) 
is also important. Pharmacotherapy is typically 
not indicated unless sleepwalking is dangerous 
to the individual or extremely disruptive to fam-
ily members in which case benzodiazepines may 
be effective. There have been reports of paroxe-
tine and trazodone being used successfully. Non- 
pharmacologic therapy including psychotherapy, 
progressive relaxation, or hypnosis can be used for 
long- term management.

Benzodiazepines may result in morning somno-
lence and may exacerbate underlying sleep disor-
dered breathing.
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Treatment Complications: Vaccinia immunoglobulin when 
administered can cause anaphylaxis/hypersensitivity 
reactions, aseptic meningitis, hemolysis, infusion 
reactions, pulmonary edema, and thrombotic events. 
Extremely rare post- vaccinal encephalitis reported.
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Small Pox Virus
Epidemiology and Demographics: Eradicated by vaccina-

tion as of 1979.
Disorder Description: Variola virus infection charac-

terized by fever, rash, and high mortality rate of 
30–50% in the severe form and mortality of 1% in 
the mild form. Shed from vesicles and via upper air-
way secretions with a long latency period.

Symptoms

Localization site Comment

Cerebral hemispheres Encephalitis

Mental status and psychiatric aspects/
complications

Delirium, coma

Secondary Complications

Secondary skin infections.
Keratitis and corneal ulcerations leading to blindness
Viral arthritis and osteomyelitis
Bacterial pneumonia
Orchitis
Complications of sepsis
Treatment: Treatment is supportive.
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Sneddon’s Syndrome
Epidemiology and Demographics: Very rare disorder with 

an incidence of ~4/1,000,000 population. Average 
age range is 20–42 years. Female preponderance. 
Almost always sporadic but a few familial cases have 
been reported.

Disorder Description: Non- inflammatory arteriopathy 
affecting primarily the skin and central nervous 
system although cardiac manifestations are well 
described. The main cause of neurologic dysfunc-
tion is due to infarction, be it in the form of clinical 
stroke or insidious small vessel disease.

Symptoms

Localization site Comment

Cerebral hemispheres Ischemic strokes cause symptoms 
appropriate to location but most 
commonly include hemiplegia, 
hemianopia, aphasia, and 
hemisensory deficits

Mental status and psychiatric 
aspects/complications

Vascular dementia, disorders of 
concentration and attention

Brainstem Intranuclear ophthalmoplegia

Cranial nerves Diplopia/third nerve palsy. Retinal 
artery occlusion with monocular 
blindness

Unclear localization Headache
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Secondary Complications: The most obvious is the cuta-
neous manifestation of livedo racemosa, especially 
in the trunk and buttocks. Other manifestations 
include hypertension, heart valve disease, ischemic 
heart disease, renal failure.

Treatment: There is no accepted treatment although 
calcium channel blockers help the cutaneous 
manifestations.
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Solvent Inhalant Abuse
Epidemiology and Demographics: Users consist mainly of 

young children. No race predilection.
Disorder Description: Inhalant abuse – also known as 

volatile substance abuse, solvent abuse, sniffing, 
huffing, and bagging. Because of the abuse, i.e. 
deliberate inhalation of a volatile substance, there 
is an altered mental state. Individuals from minor-
ity and marginalized populations are more com-
mon users.

Symptoms

Secondary Complications: Indirectly affects nervous sys-
tem via:
•	 Cardiovascular complications: arrhythmias, 

myocardial infarction resulting in cerebral 
ischemia

•	 Respiratory complications: respiratory arrest 
leading to cerebral ischemia

•	 Hematologic complications: inhalant abuse, 
particularly chronic abuse of benzene, may 
cause aplastic anemia and malignancy multiple 
myeloma resulting in neurologic symptoms
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Somatization 
(See entries for Illness Anxiety Disorder [Hypo-
chondriasis], Functional Neurologic Symptom Disorder, 
and Factitious Disorder)
Epidemiology and Demographics: Somatization is a com-

mon condition, with more than 50% of patients in 
outpatient clinics presenting with a physical com-
plaint that cannot be ascribed to a medical condi-
tion. One study, which defined somatization as four 

Localization site Comment

Cerebral hemispheres Cerebral atrophy (chronic)

Toxic leukoencephalopathy 
(chronic)

Mental status and psychiatric 
aspects/complications

Cognitive impairment (chronic)

Slurred speech (acute)

Brainstem Brainstem atrophy (chronic)

Autonomic instability (acute)

Cerebellum Cerebellar atrophy (chronic)

Vestibular system (and non- 
specific dizziness)

Gait disturbance (acute)

Cranial nerves Cranial neuropathies (acute)

Nystagmus (acute)

Pituitary gland Transient central hypothyroidism 
and hypergonadotropism 
(chronic)

Localization site Comment

Mononeuropathy or 
mononeuropathy multiplex

Neuropathy (chronic)

Peripheral neuropathy Peripheral neuropathy (chronic)

Muscle Tremors (chronic)

Neuromuscular junction Dopaminergic and adrenergic 
receptor dysregulation
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or more unexplained symptoms in men, or six or 
more unexplained symptoms in women, found that 
somatization was present in 17% of patients in pri-
mary care settings and 4% of the general population. 
Women with this disorder tend to have histories as 
children of missing, disturbed, or defective parents, 
and of sexual or physical abuse. The tendency to 
somatization has been linked to childhood trauma 
via insecure attachment, and maladaptive patterns 
of interpersonal relationships.

Disorder Description: Somatization is an overarching 
term that includes many different illnesses, includ-
ing somatic symptom disorder, illness anxiety dis-
order, conversion disorder, psychologic factors 
affecting other medical conditions, and factitious 
disorder. Somatization refers to a constellation of 
symptoms forming a syndrome that leads to sub-
stantial distress and psychologic impairment, but 
not explained by a described general medical con-
dition. It is a chronic syndrome of multiple, recur-
ring somatic symptoms that are not explainable 
medically and are associated with psychosocial dis-
tress and with medical help- seeking behaviors. The 
DSM- 5 does not use the term somatization.

Treatment: Carried out by primary care physicians accord-
ing to a conservative plan based on being a consistent 
care provider, preventing unnecessary or dangerous 
medical procedures, and inquiring in a supportive 
manner about areas of stress in the patient’s life. This 
can be viewed as a form of supportive psychother-
apy. The basic goal is to help the patient cope with the 
symptoms rather than eliminate them completely. 
Cognitive- behavioral therapy has also reduced symp-
toms, ratings of disorder by evaluators, and health care 
costs. The intervention is focused on stress manage-
ment, activity regulation, emotional awareness, cogni-
tive restructuring, and interpersonal communication.
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Spasmodic Dysphonia
Epidemiology and Demographics: This condition has 

been reported as rare, occurring in 1 to 4 people 
per 100,0001; however, recent reports suggest that 
it is frequently undiagnosed and is more prevalent 
than previously thought.2 Spasmodic dysphonia can 
affect anyone. Women are affected more than men, 
and the first signs are manifested usually between 
ages 30 and 50 years, with a mean age of 45 years.2

Disorder Description: Spasmodic dysphonia is a neuro-
logic disorder that affects the muscles of the lar-
ynx, causing involuntary movements (spasms) that 
interfere with the ability of the vocal folds to vibrate 
and produce speech. It is thought to be caused by 
abnormal functioning in the basal ganglia, an area 
of the brain that coordinates muscle movement, as 
well as the brainstem.1 No genes for isolated spas-
modic dysphonia have been identified, but the con-
dition may be an isolated manifestation of a THAP1 
gene mutation that is associated with cranio- 
cervical dystonia.3 Recent research has shown that 
mutations in the TUBB4a gene3 and ANO3 gene3,4 
may also influence the development of spasmodic 
dysphonia.

Spasmodic dysphonia is a form of focal dystonia 
that causes voice breaks that can occur every few 
sentences or every other word, depending on the 
severity. The voice develops a tight, strained quality. 
Symptoms usually develop gradually. Spasmodic 
dysphonia has also been associated with tremor, 
usually of the larynx. The etiology is unclear, but 
in about half of patients, onset has been associated 
with viral upper respiratory infection or a major life 
stressor.2 The two main types of spasmodic dyspho-
nia are adductor spasmodic dysphonia and abduc-
tor spasmodic dysphonia.
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Adductor spasmodic dysphonia: The more com-
mon type of spasmodic dysphonia, associated with 
speech that is characterized by choppy, strangled, or 
strained phonation with intermittent voice offsets on 
the voicing of vowels. Voice breaks are due to spas-
modic hyperadduction (closure) of the vocal folds 
due to lateral cricoarytenoid and/or transverse and 
oblique arytenoid muscle contraction that interrupts 
phonation because the vocal folds cannot vibrate.1 
Voicing takes effort and often sounds strained and 
hoarse. Patients are generally able to sing, whisper, 
laugh, cry, and shout without vocal strain, and voicing 
becomes worse while under emotional stress, talk-
ing on the phone, or speaking publically. Fiberoptic 
laryngoscopy of patients with adductor spasmodic 
dysphonia shows intermittent, rapid shortening and 
squeezing of the vocal folds, resulting in quick glottic 
closure that interrupts airflow and prevents the vocal 
folds from vibrating appropriately.1–4

Abductor spasmodic dysphonia: The less com-
mon type of spasmodic dysphonia, characterized 
by prolonged voiceless consonants due to difficulty 
with voice onset following voiceless sounds, such as 
/h/, /s/, /f/, /p/, /t/, and /k/. The vocal folds open too 
far due to posterior cricoarytenoid muscle contrac-
tion and cannot vibrate. Air escapes from the lungs 
during speech causing the voice to sound weak and 
breathy, as well as fatigue and sometimes hypoxia.1 
These patients also may exhibit pitch changes, pho-
natory breaks during vowels, or uncontrolled rise in 
vowels’ fundamental frequency. Fiberoptic laryngo-
scopy of patients with abductor spasmodic dyspho-
nia shows wide- ranging abduction movements for 
voiceless consonants that are prolonged and inter-
fere with following vowels.1–4

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Anxiety, depression, and/or 
attention deficit disorder may be 
present

Muscle Posterior cricoarytenoid: abducts 
vocal folds

Lateral cricoarytenoid: adducts 
vocal folds

Transverse and oblique 
arytenoids: adduct arytenoid 
cartilages

Treatment Complications: Adduction spasmodic dys-
phonia may be treated with intramuscular botuli-
num toxin injection, causing the muscles to become 
too weak to close and allowing air to escape from the 
lungs. This can cause mild to moderate respiratory 
distress and headaches.

In contrast, spasmodic dysphonia and other 
focal dystonia may be malingering or somatoform 
complaints.

References
 1. NIH. NIDCD Fact Sheet: Spasmodic Dysphonia. 

NIH Publication No. 10- 4214. Updated Oct 2010.
 2. Schweinfurth JM, Billante M, Courey MS. 

Risk factors and demographics in patients 
with spasmodic dysphonia. Laryngoscope. 
2002;112(2):220–3.

 3. Jinnah HA, Berardelli A, Comella C, et 
al. The focal dystonias: current views and 
challenges for future research. Mov Disord. 
2013;28(7):926–43.

 4. Stamelou M, Charlesworth G, Cordivari C, 
et al. The phenotypic spectrum of DYT24 
due to ANO3 mutations. Mov Disord. 
2014;29(7):928–34.

Spina Bifida Occulta
Epidemiology and Demographics: Approximately 5% of 

the population have spina bifida occulta. On average 
in developed countries it occurs in about 0.4/1000 
births. In the United States, it affects about 0.7/1000 
births.

Disorder Description: Spina bifida occulta is defined as a 
neural tube defect that almost always occurs at the 
base of the spine in the lumbar or sacral region. One 
or more vertebrae might be involved.

Symptoms

Localization site Comment

Lumbosacral spine Hairy patch on the lower back. 
Hemangioma or lipoma also might be 
noted. It may occur together with a 
tethered cord (associated with radicular 
symptoms, bladder incontinence, 
frequent urinary tract infection, 
constipation, scoliosis). Foot deformities 
are also reported
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Secondary Complications: Tethered cord is the most fre-
quent complication, which causes weakness of the 
lower extremities, numbness, ataxia, and bladder 
and bowel dysfunction.
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Spinal and Bulbar Muscular Atrophy 
(Kennedy Disease)
Epidemiology and Demographics: Spinal and bulbar 

muscular atrophy (SBMA) has an incidence of 
3.3/100,000 males. No racial predilection has been 
reported but has not been reported from individuals 
of African or Aboriginal background.

Disorder Description: It is a rare, progressive motor neu-
ron disease with multisystem involvement manifest-
ing as androgen insensitivity, diabetes, neuropathy, 
or autonomic nervous system involvement. Patients 
present with progressive weakness (limbs, bulbar 
muscles, respiratory muscles), fasciculations, gyne-
comastia, and erectile dysfunction. Presents in the 
3rd to 5th decade of life.

It is caused by an expansion of an unstable cyto-
sine-adenosine-guanosine (CAG) repeat in a coding 
sequence of the androgen receptor gene on the long 
arm of chromosome X. The longer the CAG expan-
sion, the earlier the disease manifests. Fewer than 47 
repeats is associated with a sensory- dominant phe-
notype, whereas more than 47 repeats is associated 
with a motor- dominant phenotype.

Presents with a perioral tremor or postural weak-
ness. Can be symmetric or asymmetric, can start in 
lower or upper extremities. Presents also with gyne-
comastia, cramps, tremor, myalgia.

Symptoms

Localization site Comment

Brainstem Involvement of the brainstem motor nuclei 
results in involvement of the bulbar muscles

Spinal cord Progressive loss of lower motor neurons (LMN)

Secondary Complications: Asphyxiation from bulbar 
weakness.

Treatment: Treatment is mostly supportive. Possible 
mild benefits of antiandrogenic agents.

Bibliography
Finsterer J, Soraru G. Onset manifestations of spinal 

and bulbar muscular atrophy (Kennedy’s disease). 
J Mol Neurosci. 2016;58:321–9.

Spinal Cord Infarct and Foix-Alajouanine
Epidemiology and Demographics: Accounts for approx-

imately 1.2% of all strokes with an incidence of 
12/100,000 annually.

Disorder Description: Infarction of spinal cord tissue 
resulting from atherosclerotic or embolic occlusion 
of the spinal arteries. The spinal cord has a unique 
vascular anatomy. Throughout the entire length of 
the cord, the posterior columns are supplied by a pair 
of posterior spinal arteries arising at each spinal level. 
Because of this redundancy, infarcts rarely affect the 
posterior columns. The anterior two- thirds of the spi-
nal cord is supplied by the anterior spinal arteries. At 
the cervical level, these are comprised of single arter-
ies arising at every spinal level. As with the posterior 
segment, there is enough redundant blood supply to 
make infarcts very rare. In contrast to the above, the 
anterior segment of the thoracolumbar cord is sup-
plied by a single artery (the artery of Adamkiewicz). 
This artery is subject not only to atherosclerosis, 
hypotension, and embolism, but also to occlusion 
by an abdominal aortic aneurysm or the correction 
thereof. Symptoms of infarction occur abruptly. In 
contrast, other patients experience slowly progres-
sive symptoms that are exacerbated by exertion and 
mimic the claudication seen in spinal stenosis.

Symptoms

Localization site Comment

Spinal cord Weakness and loss of sensation below the 
level of the infarct usually with back pain. The 
typical lower thoracic location would lead to 
paraplegia and loss of sensation in both legs. 
Because the posterior columns are not involved, 
vibration and position sensations are spared. 
Urinary incontinence. Symptoms are abrupt in 
infarct and gradual in Foix-Alajouanine

Anterior horn cells The anterior horn cells are involved in the 
ischemic field. This would only be noticeable 
in the event of a cervical infarction. In that 
case, there would be atrophy of only the 
myotome at the site of the infarct
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Secondary Complications: This is commonly a complica-
tion of aortic surgery or of hypotension.

Treatment Complications: Thrombolysis has not been 
shown to be useful. Elevation of blood pressure may 
help if this occurs in the setting of hypotension.
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Spinal Epidural Abscess
Epidemiology and Demographics: Rare. More common in 

males. Median age of onset is 50–60 years of age.
Disorder Description: Spinal epidural abscess is defined as 

a collection of pus between the dura and the bones of 
the spine. Lumbar and thoracic spine are most com-
monly affected. It can be due to direct extension of 
the local infection of vertebral osteomyelitis, psoas 
muscle abscess, or contiguous soft tissue infection. 
It may also be due to hematogenous seeding due 
to septicemia. Staphylococcus aureus is the most 
common organism involved; MRSA is increasingly 
being identified.

Symptoms

Localization site Comment

Cervical spine Neck pain, radicular symptoms, motor 
weakness, sphincter dysfunction, sensory 
changes, paralysis, cord compression

Thoracic spine Mid back pain, sphincter dysfunction, cord 
compression with difficulty ambulating

Lumbosacral spine Low back pain, radicular symptoms with 
radiation, motor weakness, sphincter 
dysfunction, paralysis, difficulty ambulating

Treatment Complications: Patients with diabetes mellitus, 
sepsis, infection with MRSA, or aged over 65 years 
may have incomplete response to medical treatment 
alone and may warrant surgical intervention.
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Spinal Epidural Hemorrhage
Epidemiology and Demographics: Estimated incidence is 

1/1,000,000 population.
Disorder Description: A collection of blood between the 

dura and spinal bone. This can occur at any location 
along the spinal cord and may be traumatic, iatro-
genic (after epidural lumbar puncture), or sponta-
neous. Spontaneous epidural hemorrhage is often 
seen in association with bleeding diatheses or anti-
coagulation. Rarely, it is caused by a spinal epidural 
arteriovenous fistula.

Symptoms

Localization site Comment

Spinal cord Weakness and loss of sensation below the 
level of the infarct. This occurs abruptly and 
is associated with back pain. Urinary and 
fecal incontinence are commonly seen

Secondary Complications: This must be distinguished 
from epidural abscess. The two will have similar 
complaints, but an abscess should develop more 
slowly and be associated with systemic signs of 
infection.

Treatment Complications: The only treatment is surgical 
and carries the standard risks of surgery including 
bleeding, infection, and systemic complications of 
anesthesia.
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Localization site Comment

Syndromes with 
combined upper 
and lower motor 
neuron deficits

For the reasons just explained, an infarct of 
the cervical cord would cause lower motor 
neuron deficits at the level of the infarct with 
upper motor neuron deficits at all levels 
below
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Spinal Epidural Lipomatosis
Epidemiology and Demographics: More common in 

males. Mean age of presentation is in the 40s, but 
younger ages have been identified in some cases.

Disorder Description: Linked to exogenous steroid use 
in >75%. Non-steroid-related cases have been 
reported, including some associated with Cushing 
disease, Cushing syndrome, hypothyroidism, pitu-
itary prolactinoma, and obesity.

Symptoms

Localization site Comment

Spinal cord Myelopathic effects, radicular effects

Dorsal root ganglia Numbness, paresthesias, or radicular 
symptoms

Conus medullaris Sudden/bilateral back pain. Less radicular 
pain as compared with cauda equina. 
Motor strength: symmetric, less marked 
hyperreflexic distal paresis of lower 
extremities, fasiculations present

Sensory: localized numbness to perianal 
area, symmetric and bilateral

Sphincter: early urinary and fecal 
incontinence. Impotence: frequent

Cauda equina Gradual and unilateral pain that is radicular 
in nature. Back pain is not as severe as 
conus medullaris

Motor: more marked asymmetric areflexic 
paraplegia, atrophy more common

Sensory: localized numbness at saddle 
area, asymmetric and unilateral

Sphincter: tend to present late with urinary 
and fecal incontinence

Impotence: less frequent

Unclear localization Bowel and bladder dysfunction
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Spinal Hemangioblastoma
Epidemiology and Demographics: Rare central nerv-

ous system tumor that accounts for 2% of all pri-
mary spinal tumors, with an annual incidence of 
0.014/100,000. Higher incidence in men than in 
women. Most often presents in the 3rd decade of 
life. One- third of cases are associated with von 
Hippel–Lindau disease (see entry for von Hippel–
Lindau Disease).

Disorder Description: Slow- growing benign vascular 
tumor. The sporadic form is usually solitary. The 
presence of multiple tumors or tumors in childhood 
should raise suspicion for von Hippel–Lindau disease. 
Microscopically, there is proliferation of abnormal 
stromal cells alongside normal- appearing capillaries.

Main complications include local mass effect 
from compression, but hemorrhage of the tumor 
can result in acute symptoms and carries significant 
mortality. Hemangioblastomas can be found any-
where in the central or peripheral nervous system, 
with the posterior fossa being the most common 
location and the posterior spinal cord representing 
the second most common.

Symptoms

Localization site Comment

Spinal cord Most commonly occurs in the 
posterior cord, particularly near 
the dorsal root ganglion. Sensory 
symptoms are the most frequent 
finding, followed by motor weakness 
and pain. Symptomatic tumors are 
most commonly found in the cervical 
spine followed by the thoracic spine. 
Sometimes are associated with 
syringomyelia

Anterior horn cells Infrequently involves anterior cord. 
Anterior involvement is associated with 
a higher operative risk

Dorsal root ganglia Very common. Causes radiculopathy

Conus medullaris Infrequently involves the lumbar spine

Cauda equina Rare

Specific spinal roots Most commonly affects the cervical 
and thoracic spinal roots

Syndromes with 
combined upper and 
lower motor neuron 
deficits

Combined myelopathy and 
radiculopathy are common
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Secondary Complications: Hemorrhage of hemangioblas-
toma can result in acute paresis and carries a high risk 
of mortality. Risk of rupture increases with size, espe-
cially with tumors greater than 1.5 cm in diameter.

Treatment Complications: Main treatment is surgical 
resection, with or without embolization. Outcome 
is generally excellent but there is a risk of recurrence 
if the tumor is not completely excised. Rare but 
serious surgical complications include obstructive 
hydrocephalus and meningitis. Radiation therapy 
for inaccessible or multiple tumors can halt growth 
but does not cause tumors to regress.
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Spinal Muscular Atrophy (SMA) Type III 
(Kugelberg–Welander Syndrome)
Epidemiology and Demographics: The incidence of spi-

nal muscular atrophy (SMA) has been estimated at 
1/6000–10,000 live births. SMA type III accounts for 
about 12–30% of cases. Symptoms start between 18 
months of age and adulthood. It is associated with a 
normal lifespan.

Disorder Description: Also known as spinal muscular 
atrophy (SMA) type III. It is a juvenile form of SMA. 
It has been subdivided into type IIIA (onset between 
18 months and 3 years) and type IIIB (onset after 3 
years).

There is progressive proximal weakness of legs 
and arms and may initially present as difficulty 
climbing stairs or new onset falling. May have hand 
tremor or polymyoclonus.

SMA results from homozygous deletions of the 
“survival of motor neuron” (SMN) gene on chromo-
some 5q13. Disease is autosomal recessive.

Symptoms

Localization site Comment

Spinal roots (specific) SMAs are associated with degeneration 
of spinal motor neurons

Muscle Proximal weakness. Legs > arms

Secondary Complications: Sleep disorder and fatigue are 
common.

Treatment Complications: Potential surgical complica-
tions of corrective surgery for scoliosis or hip, if sur-
gery is indicated.
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Spinal Neoplasm
Epidemiology and Demographics: Spinal tumors make up 

5–10% of all central nervous system malignancies. 
They are divided into the categories of extradural 
(65% of spinal tumors), intradural extramedullary 
(30%), and intradural intramedullary (5–10%). 
Intramedullary tumors are located within the spinal 
cord while extramedullary tumors are adjacent to 
the spinal cord.

There is variability in age presentation depend-
ing on the type of tumor. Children are more likely 
to have astrocytomas while adults are more likely to 
have metastatic spinal tumors. It is estimated that 
5–10% of cancer patients will develop symptomatic 
spinal metastasis. The spine is the third most com-
mon site for cancer cells to metastasize (following 
lung and liver). Elderly patients have an increased 
frequency of spinal meningiomas with a female-to-
male ratio of 4:1.

Disorder Description: Extramedullary tumors include 
neurofibromas, meningiomas, schwannomas, and 
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metastatic tumors. Neurofibromas and meningi-
omas can be intradural or extradural. Metastatic 
tumors are usually extradural. Metastatic tumors 
are 40 times more common than primary lesions. 
Metastatic spinal tumors are commonly due to 
prostate, breast, and lung cancers, lymphomas, and 
leukemias.

Intradural intramedullary spinal tumors include 
ependymomas, which are the most common type 
of intramedullary tumor in adults (50–60%), and 
gliomas, which are comprised of astrocytomas and 
high- grade gliomas.

Often, presentation due to spinal cord tumors 
is slow and progressive. Symptoms can occur after 
direct compression, ischemia due to vascular infil-
tration, or invasive infiltration.

Symptoms

Localization site Comment

Spinal cord Pain and spinal tenderness often 
precede neurologic deficits. Motor 
deficits, paresthesias, numbness 
often occur. Increased stiffness may 
be seen below the level of the lesion. 
Bladder or bowel dysfunction as well 
as sexual dysfunction may occur. 
Imbalance with walking occurs 
when dorsal columns are affected

Anterior horn cells May be involved in the cases of 
intradural or intramedullary tumors. 
Results in muscle weakness, atrophy, 
and fasciculations

Conus medullaris Can be compressed by tumor, 
resulting in lower extremity 
weakness, numbness, bowel/
bladder dysfunction

Cauda equina Can be compressed by tumor, 
resulting in lower extremity 
weakness, numbness, bowel/
bladder dysfunction

Specific spinal roots Spinal roots may be compressed 
due to spinal tumors resulting in 
radicular pain as well as weakness 
and numbness localized to 
corresponding dermatome and 
myotome

Syndromes with combined 
upper and lower motor 
neuron deficits

Combined myelopathy and 
radiculopathy is common

Secondary Complications: Spinal tumors can be asso-
ciated with increased risk of blood clots due to 
hypercoagulability, especially if they are metastatic 
tumors. In addition, due to their association with 
urinary retention from spinal cord compression, 
patients are at higher risk of urinary tract infections 
and pyelonephritis.

Treatment Complications: Chemotherapy, radiation, radio-
surgery, and radical resection can be considered 
depending on the type and location of the tumor. 
Radiation, radiosurgery, and surgery risks include 
paralysis, bladder incontinence, and urinary retention. 
Risks of chemotherapy include infection, hair loss, and 
gastrointestinal discomfort as well as multiple other 
systemic side effects dependent on the medication.
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Spinal Perimedullary Fistula
Epidemiology and Demographics: Most commonly these 

are small fistulae and occur in older adults. Less 
commonly, medium- sized fistulae may affect young 
adults and rarely giant fistulae may affect children. 
The adult form has a prevalence of 5–10 per mil-
lion population. The male-to-female ratio is 5:1. 
Presentation is usually after age 50 years.

Disorder Description: Abnormal connection between a 
spinal artery and medullary vein. Unlike arterio-
venous malformations, these have no intervening 
nidus. They are present at birth. Symptoms usually 
develop slowly over time but the childhood giant 
fistulae may present abruptly and even as subarach-
noid hemorrhage.

Symptoms

Localization site Comments

Spinal cord Gradual myelopathy consisting of weakness 
and numbness below the level of the lesion. 
Progressive urinary and fecal incontinence is 
also seen

Conus medullaris The young adult form is often located here 
and presents with paraplegia and prominent 
incontinence
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Secondary Complications: Some forms are associated 
with vascular malformations in the skin and brain.

Treatment Complications: Treatment is either by surgical 
or endovascular repair. Both carry risk of infarction 
and hemorrhage.
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Spinal Subarachnoid Hemorrhage
Epidemiology and Demographics: This disorder is 

extremely rare with few cases reported in the 
literature.

Disorder Description: Hemorrhage collecting between 
the arachnoid and pia mater in the spinal cord. This 
is generally related to trauma or spinal procedures 
but can also be seen in coagulopathy. Spinal aneu-
rysms are rarely present, with or without spinal 
perimedullary arteriovenous fistulae. Being in the 
subarachnoid space, the blood irritates the spinal 
nerve roots rather than causing compression of the 
spinal cord itself.

Symptoms

Localization site Comment

Cauda equina If the blood collected below L1, then the 
cauda equina will be compressed causing 
pain with numbness and weakness 
affecting all lumbosacral roots

Specific spinal roots If the blood collects proximally, it may 
irritate individual nerve roots causing 
apparent radiculopathy

Secondary Complications: This carries a high risk of per-
manent weakness and loss of sensation.

Treatment Complications: Most cases are treated surgi-
cally with the attendant risks of bleeding, infection, 
anesthesia, and damage to underlying tissue.
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Spondylitis
Epidemiology and Demographics: Incidence is approxi-

mately 3 persons per 100,000 per year.
Disorder Description: Spondylitis is defined as inflamma-

tion of the vertebrae. Two examples are Pott’s disease 
and ankylosing spondylitis. Ankylosing spondylitis 
primarily affects the sacroiliac joints.

Symptoms

Localization site Comment

Cervical spine Neck pain, radicular symptoms including 
radiation into shoulders, decreased range 
of motion

Thoracic spine Mid back pain

Lumbosacral spine Low back pain, radicular symptoms, hip 
pain, buttock pain

Jaw Temporal mandibular joint pain

Eyes Iritis or anterior uveitis

Secondary Complications: Cauda equina syndrome 
can occur in patients with longstanding spondyli-
tis. Urinary retention and/or incontinence, loss of 
bowel control, sexual dysfunction, and weakness of 
the lower extremities should raise the possibility of 
cauda equina syndrome.
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Staphylococcus aureus

Sporothrix schenckii
Epidemiology and Demographics: Typically occurs in peo-

ple with outdoor occupations.
Disorder Description: Subacute to chronic infection 

caused by the fungus Sporothrix schenckii that 
involves cutaneous and subcutaneous tissues. 
Worse in immunocompromised, including diabe-
tes, alcoholism, and chronic obstructive pulmonary 
disease. Transmitted through soil or other organic 
material contacting the skin, or through inhalation. 
Pulmonary disease is tuberculosis- like and is fatal 
without treatment. Chronic meningitis is a risk in 
HIV/AIDS or immunosuppression.

Symptoms

Localization site Comment

Cerebral hemispheres Meningitis

Mental status and psychiatric 
aspects/complications

Encephalopathy due to 
meningitis

Brainstem Meningitis

Cerebellum Meningitis

Cranial nerves Meningitis

Secondary Complications: Skin ulceration and secondary 
infection by other organisms.

Treatment Complications: Treatment with itraconazole 
or amphotericin B (nephrotoxicity) in more severe 
cases, including meningitis. Pulmonary cases may 
require surgery. Treatment usually needed for up to 
a year. Immune reconstitution syndrome may occur 
in AIDS patients and presents with clinical and 
radio graphic worsening in the setting of initiating 
anti- retroviral therapy.
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Staphylococcus aureus
Epidemiology and Demographics: Ubiquitous bacterium 

that colonizes the skin of many individuals.
Disorder Description: Causes a variety of neurologic 

infections. Infective endocarditis can lead to 
embolic strokes and mycotic aneurysm; pyomy-
ositis, infection of the skeletal muscle, is possible. 
Staphylococcus aureus bacteremia can cause septic 
shock and toxic shock syndrome. Meningitis hap-
pens in the setting of head trauma or neurosurgery 
(especially shunts) and rarely due to bacteremia.

Symptoms

Localization site Comment

Cerebral hemispheres Meningitis

Mental status and psychiatric 
aspects/complications

Confusion, lethargy, delirium, 
coma

Brainstem Meningitis

Cerebellum Meningitis

Cranial nerves Meningitis

Conus medullaris If infection is due to lumbar 
puncture

Cauda equina Infection related to devices and 
procedures

Plexus Related to inflammatory state

Peripheral neuropathy Critical illness polyneuropathy

Muscle Direct infection

Secondary Complications: Lungs, spleen, joints, bones, 
and/or skin can all be involved. Spontaneous hem-
orrhage possible.

Treatment Complications: Resistant strains make poly-
therapy necessary and, with it are more side effects 
of antibiotics. Steroids are also used in meningitis.
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Status Epilepticus (SE)
Epidemiology and Demographics: The overall incidence of 

status epilepticus (SE) is 9.9 to 41 per 100,000/year; 
highest in children and the elderly.

The incidence in Europe is lower (10–16/100,000 
population) compared with the United States (18–
41/100,000 population). American ethnic minor-
ities have a higher incidence (57/100,000) than 
whites (20/100,000).

Disorder Description: SE is considered a life- threatening 
neurologic emergency that requires prompt diag-
nosis and treatment. Proposed definition by the 
Internal League Against Epilepsy (ILAE): “Status 
epilepticus is a condition resulting either from the 
failure of the mechanisms responsible for seizure 
termination or from the initiation of mechanisms, 
which lead to abnormally, prolonged seizures (after 
time point t1). It is a condition which can have long- 
term consequences (after time point t2), including 
neuronal death, neuronal injury, and alteration 
of neuronal networks, depending on the type and 
duration of seizures.” In the case of convulsive SE, 
t1 is 5 minutes and t2 is 30 minutes, based on ani-
mal models and clinical research. Two main clas-
sifications of SE: convulsive and non- convulsive. 
Convulsive SE includes focal motor SE and gener-
alized myoclonic, tonic, clonic, and tonic–clonic SE.

Mortality associated with SE approaches 20%, 
with generalized convulsive SE representing about 
45–74% of cases. The most important determinant 
remains the underlying etiology. The most common 
etiologies include infections, brain injury and epi-
lepsy, withdrawal or changes in antiepileptic drugs, as 
well as remote symptomatic epilepsy. Autoimmune 
encephalitis has been recently recognized as an 
important etiologic consideration.

Treatment involves early and aggressive inter-
vention. General guidelines for generalized SE 
include benzodiazepines as first line, followed by 
antiepileptic drugs such as phenytoin, valproic acid, 
levetiracetam, and phenobarbital. If patients fail to 
respond, intubation and use of continuous infusion 
of sedatives such as propofol, midazolam, or pento-
barbital are frequently employed. EEG monitoring 
is important because electrical SE may continue 

after cessation of motor activity. Anesthetics are 
typically titrated until EEG shows burst suppression 
pattern.

Symptoms

Localization site Comment

Cerebral hemispheres Generalized tonic, clonic, tonic–clonic, 
myoclonic, and absence seizures. Focal 
seizures, which may include subtle 
clinical motor findings such as facial, 
eyelid, or limb clonus. Seizures may be 
subclinical and nonconvulsive with 
alteration in mentation

EEG during seizures will show ictal 
activity, though seizures may occur in 
an intermittent repetitive fashion or 
continuously

CT scan can show decreased 
attenuation, swelling, loss of gray–
white matter differentiation, sulcal 
effacement, and gyriform patterns 
of enhancement. MRI findings may 
show T2 hyperintensity and restricted 
diffusion, with corresponding low 
signal on apparent diffusion coefficient 
(resembling stroke)

Mental status and 
psychiatric aspects/
complications

Encephalopathy (acute). SE may result 
in permanent cognitive deficits or 
slowing. Findings vary with the type 
of seizures, seizure severity, duration, 
underlying etiology, and chronologic 
age of the patient

Secondary Complications: Common complications 
include respiratory acidosis with or without meta-
bolic acidosis, hypoxia, hyperglycemia and periph-
eral leukocytosis, arrhythmias, cardiac troponin 
elevation, and ischemic electrocardiographic pat-
terns. Rhabdomyolysis may result in acute renal 
failure, myoglobinuria, transaminitis, and dissem-
inated intravascular coagulation. Systemic com-
plications encountered in refractory SE include 
respiratory failure (about 30% of patients will 
require tracheostomy), gastrostomy tube place-
ment, venous thrombosis, catheter- associated 
urinary tract infections, pseudomembranous 
colitis after repeated antibiotic exposures, sepsis, 
and infections with multidrug- resistant bacteria. 
Muscle atrophy and critical illness polyneuropathy 
can occur as well.

Treatment Complications: Benzodiazepines may sup-
press level of consciousness and respiratory drive. 
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Valproic acid can cause platelet dysfunction and 
hyperammonemia. Fosphenytoin/phenytoin may 
provoke cardiac arrhythmias and hypotension. 
Levetiracetam can cause sedation. Propofol is 
known to cause propofol infusion syndrome and 
hypotension. Barbiturates can cause prolonged 
sedation, hypotension, paralytic ileus, immunosup-
pression, propylene glycol toxicity, hepatic toxicity, 
pancreatic toxicity, and lingual edema.
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Stiff Person Syndrome (Glycine Receptor 
Antibody Syndrome)
Epidemiology and Demographics: Age at presentation var-

ies from 30 to 60 years, but is most frequently seen in 
patients in their 40s. No gender or race predilection 
is known. Incidence is 1 per million.

Disorder Description: This is an extremely rare neuro-
logic condition that is characterized by progressive 
stiffness and rigidity. The stiffness affects primarily 
the truncal muscles and is accompanied by spasms 
that cause postural deformities. Initially, stiff-
ness occurs in the thoracolumbar, paraspinal, and 
abdominal muscles. It later affects the proximal leg 
and abdominal wall muscles. The stiffness leads to 
a change in posture, and patients develop a rigid 
gait. Persistent lumbar hyperlordosis often occurs 
as it progresses. As the disease progresses, patients 
sometimes become unable to walk or bend. Patients 
have chronic pain, but stress, infections, and cold 
temperature can cause an acute worsening of the 
pain. The superimposed muscle spasms occur pri-
marily in the proximal limb and axial musculature. 
The spasms are unpredictable and are extremely 
sensitive to noise and touch and emotional distress. 
In rare cases, facial muscles can also be affected. 
Patients have reported abnormal eye movements 
and vertigo. Late in the course of the disease, patients 
are also known to develop hypnogogic myoclonus. 
The unpredictable nature of the spasms causes 

patients to develop psychiatric problems including 
depression, anxiety, and agoraphobia. Patients with 
this condition generally have high glutamic acid 
decarboxylase antibody titers, which are thought to 
be the cause of the disease.

This disease also occurs secondary to parane-
oplastic disease. Paraneoplastic stiff person syn-
drome tends to affect the neck and arms more than 
other variations. It progresses very quickly, is more 
painful, and is more likely to include distal pain than 
primary stiff person syndrome.

Stiff limb syndrome is a variant of stiff person 
syndrome. In this condition, stiffness begins in one 
limb and remains most prominent there. Sphincter 
and brainstem issues often occur with stiff limb syn-
drome. Progressive encephalomyelitis with rigid-
ity is another variant of this condition and leads to 
patients having brainstem and autonomic issues.

Finally, jerking man syndrome or jerking stiff 
person syndrome is another subtype of the condi-
tion. Symptoms begin like primary stiff person syn-
drome and progress over several years. Patients with 
this variant develop myoclonus as well as seizures 
and ataxia.

Potential causes include:
High glutamic acid decarboxylase antibody titers 

(classical form)
Amphiphysin antibody (paraneoplastic form)
Gephyrin antibody
Breast, ovarian, and/or lung cancer seen in 

paraneoplastic cause
Genetic: HLA DQB1* 0201 allele
History of type 1 diabetes

Risk factors include:
Presence of HLA DQB1*0201 allele
History of breast, ovarian, and/or lung cancer
Age in 40s

Symptoms

Localization site Comment

Truncal muscles, 
abdominal muscles, 
lumbar muscles

Stiffness and increased tone, proximal 
arm and leg muscle spasm; slowed 
movement as quick movement brings 
on spasm. Patients may walk and sit 
with an exaggerated upright posture

Axial musculature involvement is less 
marked in patients with diabetes

Skeletal fractures and muscle ruptures 
may occur during spasms
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Secondary Complications

Skeletal fractures
Depression and anxiety disorders such as agoraphobia
Chronic pain
Epilepsy
Thyroiditis

Treatment Complications

Intrathecal baclofen pump: Device complications are 
known to occur with the use of intrathecal baclofen 
pump. The catheter could leak, tear, kink, or become 
disconnected resulting in an underdose or sudden 
stop of intrathecal baclofen. An abrupt stop of 
intrathecal baclofen can lead to: high fever, changed 
mental status, muscle stiffness, loss of function of 
many vital organs, or death in rare cases. Pump 
failures can lead to overdose or underdose of intra-
thecal baclofen. The signs of an overdose include: 
drowsiness, lightheadedness, dizziness, difficulty 
breathing, seizures, loss of consciousness or coma, 
lower than normal body temperature.

Benzodiazepines: Used as muscle relaxants in this dis-
ease process.
Benzodiazepines are:

Habit forming, as such caution should be used 
in patients with a history of substance 
abuse. Benzodiazepines also have features 
of tolerance that may require patients to 
use higher doses to get the same effect.

Epileptogenic when discontinued abruptly 
after prolonged usage.

Likely to worsen depression in patients with 
history of substance abuse. Patients 
complain of emotional blunting or 

inability to feel pleasure or pain with 
prolonged use of benzodiazepines.

Sedating: commonly cause lethargy.
Paradoxically stimulating, as such patients may 

complain of insomnia or hyperactivity 
with prolonged use of nonsteroidal anti- 
inflammatory drugs.

Intravenous immunoglobulin (IVIG): IVIG can induce 
reactions in patients with IgA deficiency. This 
occurs in 1/500–1000 patients. Serious anaphylac-
toid reactions occur soon after the administration 
of IVIG. Anaphylaxis associated with sensitization 
to IgA in patients with IgA deficiency can be pre-
vented by using IgA- depleted immunoglobulin. The 
presence of IgG anti- IgA antibodies is not always 
associated with severe adverse reactions to IVIG. 
As IVIG can lead to thrombosis, it has also been 
known to cause stroke and acute myocardial infarc-
tion. Nephrotoxicity has also been linked to the use 
of IVIG. IVIG therapy can result in postinfusion 
hyperproteinemia, increased serum viscosity, and 
pseudohyponatremia. Aseptic meningitis is also 
a rare but well- recognized complication of IVIG 
therapy.

Plasmapheresis (for hyperviscosity syndrome): 
Hypocalcemia/hypomagnesemia before or 
after treatment; hypothermia during treatment; 
transfusion- related reactions are also likely; hypo-
tension may occur in patients taking angiotensin- 
converting enzyme (ACE) inhibitors, in particular 
while undergoing column- based plasmapheresis. 
Thrombocytopenia and hypofibrinogenemia may 
occur after plasmapheresis (especially if albumin is 
being used as a replacement product), and patients 
should be monitored for signs of bleeding
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St. Louis Encephalitis Virus
Epidemiology and Demographics: There are 1000–5000 

cases of viral encephalitis per year, 100 of which are 
St. Louis encephalitis. Largest outbreak was in 1975, 
with 2800 cases in 31 US states. Mosquito- borne 

Localization site Comment

Brain, brainstem, and 
cerebellum

Autonomic disturbances, cranial nerve 
deficits, abnormal eye movements, 
myoclonus, increased startle 
response, disturbed sleep secondary 
to persistent myoclonic jerks; limbic 
system involvement may lead to 
spatial memory deficits, sexual arousal 
abnormalities

Spinal cord Hyperreflexia

Psychiatric Anxiety/depression, agoraphobia
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illness found in the United States, Canada, and parts 
of Central and South America.

Disorder Description: Mosquito- borne flavivirus. Birds 
are reservoirs for the virus. Eighty percent of infec-
tions are asymptomatic. Latency period of 4 to 21 
days is followed by flu- like illness. Abrupt onset of 
mental status deterioration, low- grade headache, 
and fevers. Diagnosis through antibodies in CSF.

Symptoms

Localization site Comment

Cerebral hemispheres 47% with seizures, focal or 
generalized

Increased intracranial pressure 
due to cerebral edema

Myoclonic jerks

Mental status and psychiatric 
aspects/complications

Confusion, delirium, lethargy

Brainstem Infection – opsoclonus, 
nystagmus

Cerebellum Infection – ataxia

Pituitary gland Syndrome of inappropriate 
diuretic hormone (SIADH)

Secondary Complications: Complications include: intel-
lectual disability; recovery over months; 2%–10% 
mortality, 5%–10% with permanent sequelae; 
hyponatremia due to SIADH; rarely acute dissemi-
nated encephalomyelitis (ADEM); aspiration pneu-
monia; deep vein thrombosis.

Treatment Complications: Treatment is symptomatic. 
One small open label trial showed benefit of inter-
feron alfa- 2b, but no randomized trials have been 
performed. Medical therapies for treatment of 
increased intracranial pressure are needed at times.
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Stokes–Adams Attacks
Disorder Description: A sudden loss of consciousness 

occurring without regard to body position and with-
out any premonitory warning, followed by flushing. 
This is usually caused by cardiac arrhythmias.

Symptoms

Localization site Comment

Cerebral hemispheres Brief generalized twitching can be 
caused by global anoxia

Brainstem Loss of consciousness due to lack of 
blood flow to the reticular activating 
centers

Secondary Complications: This is traditionally associ-
ated with complete heart block or other ventricular 
arrhythmias.

Treatment Complications: Mortality is high without 
treatment.
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Strabismus (Diplopia/Double Vision/Ocular 
Misalignment)
Epidemiology and Demographics: May affect patients at 

any age, and it is estimated that about 4% of the US 
population has strabismus.

Disorder Description: Strabismus refers to misalignment 
of the eyes so that corresponding images fall on non- 
corresponding parts of the left and right retinas. The 
reasons for this misalignment include neuromuscu-
lar control of eye movements, and mechanical and 
neurologic dysfunction.

Strabismus may result in diplopia; however, 
some patients may suppress one of the two images 
to avoid diplopia. Poor vision in one eye will also 
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prevent diplopia. Congenital strabismus is most 
commonly an esotropia, where the eyes are crossed 
and one or both are facing the nose. It does not have 
associated neurologic manifestations.

Symptoms

Localization site Comment

Cerebral 
hemispheres

High intracranial pressure can cause a sixth 
nerve palsy (see below) as a false localizing 
sign. Other symptoms include vision loss from 
papilledema, headache, and nausea

Brainstem Internuclear ophthalmoplegia is due 
to dysfunction of the medial longitudinal 
fasciculus in the brainstem, most commonly 
due to demyelinating disease or stroke. These 
patients demonstrate poor adduction of the eye 
ipsilateral to the lesion, an abducting nystagmus 
in the contralateral eye and horizontal diplopia

Skew deviation is a vertical ocular 
misalignment due to interruption of the 
vestibular tracts in the brainstem

Parinaud syndrome (vertical gaze 
disturbance due to tectal plate compression)

Mobius syndrome is a congenital disorder 
resulting from agenesis of the sixth and 
seventh cranial nerve nuclei. These patients 
have horizontal ophthalmoplegia and striking 
facial diplegia resulting in inability to smile

Duane syndrome is a congenital horizontal 
ophthalmoplegia

Raymond syndrome results from a lower 
medial pons lesion affecting the ipsilateral 
abducens nerve and undecussated 
corticobulbar and corticospinal fibers 
causing ipsilateral ocular abduction palsy and 
contralateral lower facial palsy and hemiparesis

Weber syndrome results from a lesion in the 
ventral midbrain to the cerebral peduncle and 
the fascicle of the third nerve resulting in a third 
nerve palsy with contralateral hemiparesis

Benedikt syndrome results from a lesion 
of the red nucleus and the fascicle of the 
third nerve resulting in third nerve palsy with 
contralateral ataxia and tremor

Claude syndrome results from a lesion in 
the dorsal midbrain involving the fascicle of 
the third nerve and the superior cerebellar 
peduncle to result in third nerve palsy with 
contralateral ataxia

Base of skull Aneurysm of the posterior communicating 
artery can cause an isolated compressive 
third nerve palsy (see below) and is a medical 
emergency

Localization site Comment

Processes affecting the cavernous sinuses can 
affect CN III, IV, and VI in addition to CN V to 
cause strabismus and facial numbness

Cranial nerves Isolated injuries to the nerves that supply the 
extra ocular muscles can occur from a wide 
variety of insults including microvascular 
ischemia, trauma, and meningeal processes 
such as tumors

Oculomotor (CN III) palsy causes deficits in up, 
down, and inward movement in the eye, along 
with ptosis and sometimes impaired pupil 
constriction

Abducens (CN VI) palsy causes a deficit 
in abduction (outward) movement of the 
affected eye to cause horizontal double vision

Trochlear (CN IV) palsy causes a subtle deficit 
in downgaze of the affected eye resulting in 
vertical double vision

Gradenigo syndrome results from chronic 
petrous bone inflammation from otitis media 
or mastoiditis that affects the trigeminal 
ganglion and abducens nerve that pass 
through it. It results in ipsilateral abducens 
(sixth nerve) palsy and facial pain

Loss of vision in one or both eyes due to optic 
neuropathy can cause the eyes to drift apart 
(exotropia) due to loss of binocular sensory 
input to the brain

Pituitary gland Pituitary tumor invasion of the cavernous 
sinus can cause any combination of CN III, 
IV, V1, V2, and VI dysfunction. There may be 
associated vision loss due to simultaneous 
compression of the optic nerves/chiasm

Muscle Graves’ eye disease classically causes a 
restrictive eye muscle myopathy. In addition, 
these patients may have proptosis and eyelid 
retraction

Chronic progressive ophthalmoplegia 
and other mitochondrial myopathies cause 
slow, usually symmetric weakness of eye 
movements and eyelids. Rarely the weakness is 
not symmetric and strabismus develops

Orbital trauma, surgery, and inflammation 
can limit movements of individual extraocular 
muscles either due to weakness or restriction

Neuromuscular 
junction

Myasthenia gravis (MG) is an autoimmune 
disease that causes variable and fatigable 
ptosis and strabismus. When generalized, 
MG may also cause bulbar symptoms and 
extremity weakness

Unclear 
localization

Vision loss → sensory strabismus
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Streptococcus Microaerophilic (e.g., Streptococcus viridans)

Secondary Complications: Amblyopia may develop in 
children under the age of 7 years with strabismus 
who suppress vision in one eye to mitigate diplopia. 
These patients should be treated without delay to 
prevent irreversible vision loss.

Treatment Complications: Treatment of myasthenia 
gravis or Graves’ eye disease with steroids may result 
in steroid side effects including changes in mood 
and sleep disturbance.
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Streptococcus Group B
Epidemiology and Demographics: Incidence of 

Streptococcus Group B infection is 4–8/100,000, but 
increases to 26/100,000 in patients over 65 years old.

Disorder Description: Gram- positive coccus colonizing 
the genitourinary and gastrointestinal tracts, which 
causes several types of infections:
 1. Neonatal exposure: during vaginal delivery 

can cause meningitis, sepsis, pneumonia, and 
bacteremia.

 2. Pregnant women: it is a cause of urinary tract 
infection, endometritis, and chorioamnionitis.

 3. Non-pregnant adults: it is a cause of soft tissue 
and other focal infections, bacteremia, and 
sepsis.

Symptoms

Secondary Complications: Can have devastating long- 
term consequences on the infant brain, includ-
ing death, paralysis, microcephaly, cerebral palsy, 
 intellectual disabilities, and epilepsy.

Treatment Complications: Prophylaxis is used for birth to 
prevent meningitis.
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Streptococcus Microaerophilic (e.g., 
Streptococcus viridans)
Epidemiology and Demographics: Common normal oral 

flora in humans.
Disorder Description: Gram- positive bacteria, which can 

seed into the bloodstream and lead to infective endo-
carditis (IE). This can happen with dental proce-
dures that involve gingiva and apical teeth (includes 
teeth cleaning). Prophylaxis is recommended for 
high- risk groups including patients with: prosthetic 
heart valves, history of IE, abnormal heart structure 
in most cases, and abnormal valves in a transplanted 
heart.

Localization site Comment

Cerebral hemispheres Meningitis

Seizures

Infarction

Localization site Comment

Mental status and psychiatric 
aspects/complications

Encephalopathy

Brainstem Meningitis

Cerebellum Meningitis

Cranial nerves Meningitis
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Symptoms

Localization site Comment

Cerebral hemispheres Embolic stroke

Mycotic aneurysm

Mental status and psychiatric 
aspects/complications

Encephalopathy, delirium, 
coma

Brainstem Embolic stroke

Cerebellum Embolic stroke

Spinal cord Embolic stoke

Secondary Complications: Bacteremia, other embolism, 
and other aneurysms.

Treatment Complications: Most strains are sensitive to 
penicillin, making treatment shorter. Gentamycin, 
frequently used to cover other organisms, can cause 
ototoxicity and nephrotoxicity.
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Streptococcus pneumoniae
Epidemiology and Demographics: May infect ages  

1 month and older. Incidence in 2–49 age group is 
much lower than <2 years old and >50 years old. 
Meningitis  represents 6.6% of these infections.

Disorder Description: Common cause of community- 
acquired meningitis. Immunosuppression (AIDS/
transplant) and relative immunosuppression (influ-
enza infection, alcohol abuse, smoking, chronic 
obstructive pulmonary disease and asthma, mul-
tiple myeloma, lupus, pregnancy) are risk factors. 
Nasopharyngeal colonization or resistant organ-
isms, which is common with long- term administra-
tion of antibiotics. Can also cause pneumonia and 
bacteremia.

Symptoms

Localization site Comment

Cerebral hemispheres Meningitis

Seizure

Stroke

Mental status and psychiatric 
aspects/complications

Encephalopathy, stupor, coma

Brainstem Meningitis

Cerebellum Meningitis

Cranial nerves Meningitis

Secondary Complications: Myocardial infarction, cardiac 
arrhythmia, new or worsening heart failure, and 
stroke. Pleural effusion, empyema, and pulmonary 
embolism.

Treatment Complications: Antibiotic resistance to peni-
cillin has made broader spectrum antibiotics neces-
sary in many cases.

Vaccination is recommended for at- risk individu-
als. The Centers for Disease Control and Prevention 
(CDC) recommends pneumococcal conjugate vac-
cine for all babies and children younger than 2 years, 
all adults >65 years, and people aged 2–64 years with 
certain medical conditions. Pneumococcal poly-
saccharide vaccine is recommended for all adults  

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.019
https://www.cambridge.org/core


Stroke (Ischemic or Hemorrhagic)

627

>65 years, people aged 2–64 years who are at 
increased risk for disease due to certain medical 
conditions, and adults aged 19–64 years who smoke 
cigarettes.
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Stress
(See entries for Acute Stress Disorder and Posttraumatic 
Stress Disorder)
Description: Stress has been defined as the result of 

conditions in the individual’s environment that 
the person appraises as significantly more taxing 
than available coping resources. A person will be 
psychologically vulnerable to a particular situa-
tion if he or she does not possess sufficient coping 
resources to handle it adequately and places con-
siderable importance on the threat implicit in the 
consequences of this inadequate handling. “Stress” 
per se is not a disorder; however, excessive stress 
can have psychologic repercussions ranging from 
exhaustion and burnout to posttraumatic stress 
disorder, depending on the context and extent. 
Burnout may be observed as a progressively devel-
oped condition resulting from the use of ineffec-
tive coping strategies with which professionals 
try to protect themselves from work- related stress 
situations. There are three main components of 
burnout – exhaustion, cynicism, and inefficiency. 
Exhaustion is the feeling of not being able to offer 
any more of oneself at work; cynicism represents 
a distant attitude towards work, those served by 
it, and colleagues; inefficacy is the feeling of not 
 performing tasks adequately.

Excessive stress can lead to a number of physical 
ailments including hypertension, hyperlipidemia 
(and resulting cardiovascular disease), diabetes, 
irritable bowel syndrome, asthma, pain, depression, 
and anxiety.

Management: Coping is defined as cognitive and 
behavioral efforts to manage specific internal and/
or external demands that are appraised exceeding 
the person’s resources. There are different ways 
people cope with stress, such as cognitive or behav-
ioral coping, cognitive or behavioral avoidance, 
emotion- focused coping, or even substance use. 
Acceptance and Commitment Therapy (ACT) and 
Mindfulness based therapies have been shown to 
be helpful in the management of excessive stress. 
Psychopharmacologic interventions are not rec-
ommended for the management of general stress, 
exhaustion, or burnout in the absence of other diag-
nosable psychiatric conditions.
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Stroke (Ischemic or Hemorrhagic)
Epidemiology and Demographics: Stroke is the second 

leading cause of death worldwide. In the United 
States it is the 5th leading cause of death. 2014 sta-
tistics, for example, revealed an incidence of 37.6 
deaths per 100,000 people. In 2014, 795,000 strokes 
occurred in the United States. The prevalence was 
2.4% in males and 2.9% in females. By race: non- 
Hispanic white males, 2.2%; non- Hispanic white 
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females, 2.8%; non- Hispanic black males, 3.9%; 
non- Hispanic black females, 4.0%; Hispanic males, 
2.0%; Hispanic females, 2.6%; Asian males, 2.0%; 
Asian females, 2.5%. By age: males age 20–39, 0.3%; 
females age 20–39, 0.6%; males age 40–59, 1.6%; 
females age 40–59, 2.4%; males age 60–79, 6.5%; 
females age 60–79, 6.1%; males age 80 or over, 
13.8%; females age 80 or over, 14.9%. As is evident 
above, strokes increase with increasing age, are 
slightly more common in females overall, and are 
most common in non- Hispanic blacks.

Disorder Description: The term stroke in this context 
refers to any abnormality involving cerebral tissue 
and blood, and includes ischemic stroke (87%), 
intracerebral hemorrhage (10%), and subarachnoid 
hemorrhage (3%). The symptoms of ischemic stroke 
and intracerebral hemorrhage are similar and 
depend on the location of the event. They can only 
be distinguished by head CT or MRI. Subarachnoid 
hemorrhages present with a severe headache and 
have a dedicated entry.

Symptoms: See specific stroke types.
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Strongyloidiasis
Epidemiology and Demographics: There is no sex predom-

inance and it can afflict all ages. It is endemic world-
wide with a worldwide prevalence of approximately 
100 million people. It occurs mostly in hot and 
humid (tropical and subtropical) climates, such as 
in Latin America and sub- Saharan Africa, although 
it has also occurred in rural, resource- poor areas 
of the southeastern United States, Appalachia, and 
some sections of southern Europe.

Disorder Description: Strongyloidiasis is a parasitic dis-
ease caused by the soil- transmitted threadworm 
Strongyloides stercoralis. Larvae are introduced into 
hosts via exposure to contaminated soil (usually by 
feces), and directly penetrate intact skin. They then 
spread hematogenously to the lungs, eventually 
spreading to the trachea/pharynx, and ultimately 

resulting in swallowing the larvae, which reach 
adulthood in the small intestine. This then heralds 
further transmission and auto- infection (which can 
result in long- lasting chronic infection).

Those particularly at risk are immunosuppressed 
or immunocompromised patients, especially those 
with defective cell- mediated immunity, which 
increases risk of severe disseminated disease or 
hyperinfection with multi- organ involvement.

Diagnostic testing consists of stool analysis for 
larvae.

Symptoms

Localization site Comment

Cerebral hemispheres Suppurative meningitis

Mental status and psychiatric 
aspects/complications

Encephalopathy, ultimately 
meningitis, and coma

Outside of CNS Gastrointestinal symptoms 
(nausea, vomiting, diarrhea), 
fever, headache, respiratory 
symptoms (cough, dyspnea, 
hemoptysis)

Secondary Complications: Secondary complications 
are often a result of severe infection and migra-
tion of larvae systemically into multiple organs. In 
addition, hematogenous spread and invasion can 
facilitate polymicrobial infections. Auto- infection 
results in severe disseminated disease or hyperin-
fection with multi- organ involvement, which can be 
potentially fatal.

Treatment Complications: Typical treatment is with anti- 
helminthic agents, with ivermectin being the treat-
ment of choice, and albendazole being an acceptable 
alternative but with comparatively lower efficacy. 
Adverse effects are typically low severity: pruritus, 
arthralgia, fever, lymphadenitis. Complications of 
treatment with anti- helminthic agents include rare 
systemic side effects (edema, tachycardia, gastroin-
testinal symptoms, liver function test elevations).
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Sturge–Weber Syndrome 
(Encephalotrigeminal Angiomatosis)
Epidemiology and Demographics: Port wine stains have 

a frequency of 1/300 live births but Sturge–Weber 
syndrome is only seen in about 1/50,000. There is no 
gender preference.

Disorder Description: Disorder of capillary formation 
involving a port wine stain in the first division of 
the trigeminal nerve associated with ipsilateral 
leptomeningeal angiomata in the cerebral cor-
tex and eye, sometimes associated with glaucoma. 
The cortex underlying the angioma has abnor-
mal intracerebral blood vessels leading to atrophy 
and cortical dysplasia. As children, patients tend 
to have a  steadily deteriorating course. Symptoms 
 usually stabilize but strokes as adults can lead to late 
 stepwise deterioration.

Symptoms

Localization site Comment

Cerebral hemispheres Epilepsy. Migraine- like 
headache. Stroke- like 
symptoms, most commonly 
hemiparesis, hemianopia

Mental status and psychiatric 
aspects/complications

Developmental delay and 
cognitive loss

Cranial nerves Ocular angioma may be 
associated with glaucoma and 
vision loss

Secondary Complications: Patients may also have thyroid 
abnormalities, ENT infections, and obstructive 
sleep apnea.

Treatment Complications: Seizures may be difficult to 
control and hemispherectomy may be required. 
Aspirin is often recommended to maintain blood 
flow in the abnormal cortical vessels and may lead 
to bleeding complications.
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Subarachnoid Hemorrhage (Nontraumatic)
See also entry for Aneurysm – Cerebral.
Epidemiology and Demographics: Incidence ranges from 

1 to 16 per 100,000 people worldwide. Incidence 
is highest in Europe and lowest in Asia, Central 
America, and South America. In the United States the 
incidence is 9.7 per 100,000 people. There is a 1.24:1 
female-to-male ratio. It is more common in African- 
Americans and Hispanics than in Caucasians.

Disorder Description: Refers to a sudden release of blood 
into the space between the arachnoid mater and 
pia mater. It is associated with aneurysmal rupture 
approximately 80% of the time. Arteriovenous mal-
formation rupture accounts for about 10% of cases. 
Other causes include perimesencephalic hemor-
rhage, mycotic aneurysm, and anticoagulant use 
(and other bleeding diatheses).

Symptoms

Localization site Comment

Cerebral hemispheres Vasospasm can lead to stroke in any 
territory but most commonly the middle 
cerebral artery or anterior cerebral artery 
ipsilateral to the hemorrhage. Symptoms 
may include aphasia, hemiplegia, 
hemisensory deficits, and hemianopia. 
See specific arterial entries for additional 
details

Mental status and 
psychiatric aspects/
complications

Long-term effects often include 
cognitive loss, depression and other 
mood disorders, and chronic fatigue

Brainstem Loss of consciousness, bulbar signs, 
hydrocephalus

Cerebellum Ataxia, vertigo

Vestibular system Vertigo, tinnitus, hearing loss

Cranial nerves Diplopia, pupillary abnormalities, facial 
palsy, dysarthria, dysphagia

Unclear localization Severe headache, nausea, emesis, 
photophobia, neck stiffness, loss of 
consciousness
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Secondary Complications: Issues with cardiac rhythm 
and cerebral salt wasting/hyponatremia.

Treatment Complications: Vasospasm, stroke, death.
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Subclavian Steal Syndrome
Epidemiology and Demographics: Prevalence is approxi-

mately 3–4% but is significantly higher in patients 
with known peripheral arterial disease.

Disorder Description: High- grade stenosis of the subcla-
vian artery can lead to hypoperfusion of the arm via 
the axillary artery, the posterior fossa via the vertebral 
artery, and the heart via the internal mammary artery 
(only in patients who have had coronary bypass sur-
gery using an internal mammary artery [IMA] graft).
The brainstem is normally protected by blood flow 
from the contralateral vertebral artery through the 
basilar artery. In severe cases and with exertion of the 
arm, there may be reversed flow through the verte-
bral artery leading to brainstem ischemia.

Symptoms

Localization site Comment

Cerebral hemispheres Hemianopia

Brainstem Ataxia, dysarthria, 
lightheadedness, vertigo

Cerebellum Cerebellar ataxia

Vestibular system Vertigo

Secondary Complications: Symptoms involving the affected 
arm include pain, claudication, ulcers, decreased 
pulse and blood pressure. In patients with coronary 

bypass using IMA, there can be diversion of blood 
from the heart to the arm leading to angina pectoris.

Treatment Complications: Antiplatelet agents may lead to 
bleeding or peptic ulcer disease. Surgical correction 
could lead to arterial dissection.
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Subdural Hematoma, Acute Cerebral
Epidemiology and Demographics: Can occur in up to 20% 

of traumatic brain injuries. Incidence increases with 
age. Often seen in conjunction with other tissue 
injury such as skull fracture or contusion. Such con-
comitant injuries significantly increase mortality.

Disorder Description: A subdural hematoma is a collection 
of blood between the inner layer of the dura mater 
and the intact arachnoid mater. Subdural hemato-
mas are usually traumatic with injury to the bridging 
veins between the cortex and the skull, but can be 
spontaneous. Acute hemorrhages come from more 
significant injuries with rapid accumulation of blood 
and frequently represent a neurosurgical emergency.

Symptoms

Localization site Comment

Cerebral hemispheres The initial symptom is worsening 
headache. Focal symptoms develop 
from compression of the underlying 
cortex and may include hemiplegia, 
hemisensory loss, hemianopia, and 
aphasia. Seizures are common

Mental status and 
psychiatric aspects/
complications

The increased cerebral pressure may 
lead to altered mental status

Brainstem Bulbar symptoms, dysarthria. In severe 
cases herniation could lead to pupillary 
abnormalities, decerebrate/decortical 
posturing, and coma

Cerebellum Ataxia

Vestibular system Vertigo
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Secondary Complications: Monitor for the combina-
tion of bradycardia and hypertension as this is 
Cushing’s reflex, an early sign of increased intra-
cranial pressure that would mandate surgical 
intervention.

Treatment Complications: Patients on anticoagulation 
will need to have the medication held and are at risk 
of thrombosis. In the absence of severe deficits or 
herniation, many of these hematomas will resolve 
without surgery.
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Subdural Hematoma, Spinal
Epidemiology and Demographics: May be spontaneous, 

traumatic, or iatrogenic. All types are extremely rare 
with only several hundred spontaneous cases and 
under 20 traumatic cases reported. Spontaneous 
spinal subdural hematomas have a slight female pre-
dominance and can occur at any age, with a mean 
age of around 60 years.

Disorder Description: A collection of blood between 
the dura and arachnoid mater of the spinal cord. It 
can follow trauma or any spinal procedure includ-
ing surgery, lumbar puncture, and epidural/spinal 
injections.

Secondary Complications: Monitor for the combination 
of bradycardia and hypertension as this is Cushing’s 
reflex, an early sign of increased intracranial pres-
sure that would mandate surgical intervention.

Treatment Complications: Patients on anticoagulation 
will need to have the medication reversed and are at 
risk of thrombosis. Surgical decompression is often 
required.
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Subdural Hematoma, Chronic Cerebral
Epidemiology and Demographics: Estimates range from 

1 to 13 per 100,000 population but incidence is far 
higher over age 50 years and especially over age 65. 
There is no gender predilection.

Disorder Description: A subdural hematoma is a collec-
tion of blood between the inner layer of the dura 
mater and the intact arachnoid mater. Subdural 
hematomas are usually traumatic with injury to 
the bridging veins between the cortex and the skull, 
but can be spontaneous. Chronic subdural hemat-
omas appear several weeks after an injury (injuries 
so mild that they are often not remembered) with 
symptoms developing slowly over time, in a man-
ner similar to those of a tumor. They occur in the 
setting of cerebral atrophy, either due to age or 
alcoholism. This is because the atrophy brings the 
bridging veins further away from the skull placing 
them under tension and allowing for easier break-
age with lesser trauma.

Symptoms

Localization site Comment

Cerebral hemispheres Symptoms develop from compression 
of the underlying cortex and may 
include hemiplegia, hemisensory loss, 
hemianopia, and aphasia. Seizures are 
common

Localization site Comment

Mental status and 
psychiatric aspects/
complications

The increased cerebral pressure may 
lead to altered mental status

Brainstem Bulbar symptoms, dysarthria. In severe 
cases herniation could lead to pupillary 
abnormalities or coma

Cerebellum Ataxia

Vestibular system Vertigo
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Symptoms

Localization site Comment

Spinal cord Monoplegia, monoparesis, paraplegia, 
paraparesis, urinary incontinence, 
fecal incontinence, back pain, sensory 
loss below the level of the lesion, 
spinal shock

Anterior horn cells Weakness in a myotomal distribution

Dorsal root ganglia Radiculopathic pain and/or sensory 
loss in a dermatomal distribution

Conus medullaris Bilateral leg weakness, urinary 
incontinence, fecal incontinence

Cauda equina Cauda equina syndrome

Specific spinal roots Any root may be affected but the 
spontaneous form of the disorder is 
most common in thoracic spine

Secondary Complications: All forms are most common 
in patients on anticoagulation or with a bleeding 
diathesis. Spontaneous cases may be seen in associa-
tion with spinal masses. In traumatic and iatrogenic 
cases, spinal epidural hematoma coexists.

Treatment Complications: In most cases, this is a surgical 
emergency.
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SUNCT/SUNA – Short- Lasting Unilateral 
Neuralgiform Headache Attacks with 
Conjunctival Injection and Tearing/Cranial 
Autonomic Symptoms
Epidemiology and Demographics: Occurs in approximately 

10% of African Americans, and in 300 million peo-
ple throughout the world. Affects males and females 
equally.

Disorder Description: These types of headaches are char-
acterized by very short- lasting attacks of one- sided 
severe head pain always associated with cranial auto-
nomic features and triggered by cutaneous stimuli. 
The International Headache Society describes this 
condition as having unilateral orbital, supraorbital, 
or temporal pain. Review of literature suggests that 
the pain can arise from anywhere in the head. There 
are two variants on presentation: single stabs, where 
episodes are short- lived; saw- tooth phenomenon, 
where attacks are longer and the pain does not fully 
resolve. When conjunctival injection and tearing are 
not present, the condition is called SUNA (short- 
lasting unilateral neuralgiform headache attacks with 
cranial autonomic symptoms). For the most part, 
SUNCT (short- lasting unilateral neuralgiform head-
ache attacks with conjunctival injection and tearing) 
and SUNA are similar conditions on a spectrum.

Symptoms

Localization site Comment

Cranial nerves Likely involves trigeminal nerve

Pituitary gland Some reports suggest a role of pituitary 
pathology as exhibiting SUNA and SUNCT 
headaches

Treatment Complications: Previously, SUNA and SUNCT 
were thought to be untreatable and patients had to 
endure recurrent attacks. Now, there are at least 
three medications reported in the literature that 
have been shown to reduce attack frequency.There 
are no established treatment guidelines for SUNA 
and SUNCT. Some reports suggest use of lamotrig-
ine, topiramate, and gabapentin as reducing fre-
quency of attacks. However, given its rarity, there 
are not enough patients who have been studied and 
treated to fully understand treatment complications 
associated with this condition.
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Localization site Comment

Brainstem Urinary incontinence

Cerebellum Ataxia

Vestibular system Ataxia

Cranial nerves Sensorineural hearing loss, 
extraocular palsies

Spinal cord Myelopathy

Anterior horn cells Lower motor neuron symptoms 
(rare)

Specific spinal roots Sciatica type pain
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Superficial Siderosis
Epidemiology and Demographics: Approximately 0.5% of 

patients over age 65 years. The male-to-female ratio 
is 3:1.

Disorder Description: A chronic disorder associated with 
deposition of blood products over the cerebral con-
vexity. The blood is broken down and heme products 
are free to flow within the CSF. These toxic products 
cause neuronal damage and demyelination. This is 
not a specific disease but rather is a syndrome iden-
tified by imaging findings and symptoms. It has 
numerous causes, the most significant one in the 
elderly being cerebral amyloid angiopathy and in 
younger people is reversible cerebral vasoconstric-
tive syndrome. It can also be the consequence of 
repeated subarachnoid hemorrhages of any cause, 
e.g., multiple aneurysm ruptures, repeated minor 
trauma, vasculitis (primary or due to sympathom-
imetic agents), arteriovenous malformations, dural 
tumors, etc.

Symptoms

Secondary Complications: While most cases are sponta-
neous, it can be seen with hypertension.

Treatment Complications: If a bleeding source is found, 
it should be corrected surgically with the attendant 
risks of surgery.

Bibliography
Charidimou A, Linn J, Vernooij MW, et al. Cortical 

superficial siderosis: detection and clinical 
significance in cerebral amyloid angiopathy and 
related conditions. Brain. 2015;138(Pt 8): 
2126–39.

Fearnley JM, Stevems JM, Rudge P. Superficial 
siderosis of the central nervous system. Brain. 
1995;118(Pt 4):1051–66.

Superior Semicircular Canal Dehiscence (SCD)
Epidemiology and Demographics: Superior semicircu-

lar canal dehiscence (SCD) is an idiopathic condi-
tion affecting the inner ear. It most often occurs in 
middle- aged individuals, without a female or male 
predominance. The incidence of symptomatic SCD 
is unknown but cadaveric studies have found evi-
dence of dehiscent bone over the superior canal in 
approximately 0.5% of temporal bones.

Disorder Description: Patients with SCD have vertigo 
and/or oscillopsia, evoked by intense sounds or 
stimuli that cause changes in middle ear intracranial 
pressure, such as Valsalva against pinched nostrils, 
tragal compression, or jugular venous compression.

Some patients with SCD may be asymptomatic 
and are only diagnosed incidentally after under-
going imaging of the head, while some may suffer 

Localization site Comment

Cerebral hemispheres Pyramidal weakness, anosmia, 
sensory loss

Mental status and psychiatric 
aspects/complications

Dementia
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from disabling disequilibrium and unsteadiness. 
The signs of SCD are vertical- torsional nystagmus 
(in the plane of the superior canal) and vertigo with 
exposure to loud sounds or maneuvers that change 
middle ear or intracranial pressure (i.e., Valsalva and 
pneumatic otoscopy). Patients may also suffer from 
autophony and may demonstrate a low- frequency 
conductive hearing loss with bone conduction 
thresholds less than 0 db. Dehiscence of bone over-
lying the superior semicircular canal on the affected 
side is found on computed tomography. Vestibular 
evoked myogenic potentials occur at a decreased 
threshold; this is the confirmatory pathophysiologic 
test.

Symptoms

Localization site Comment

Inner ear Dehiscence of bone resulting in a third 
window phenomenon with vestibular 
symptoms +/− hearing loss and 
tinnitus

Cranial nerves Cochleovestibular nerve is not affected

Central nervous system Central nervous system is not affected

Secondary Complications: Sudden onset of vertigo in 
these patients may result in increased risk for inju-
ries or falls. Tinnitus secondary to pulsations of 
overlying dura may occur. Together with autophony 
these aural symptoms may cause significant distress 
to the patient.

Treatment Complications: Treatment of SCD involves 
a surgical middle cranial fossa approach to plug 
or resurface the superior canal. A transmastoid 
approach has also been described.

The craniotomy required for the management 
of SCD carries significant risks including intracra-
nial hemorrhage, cerebrospinal fluid leak, cerebral 
edema, and postoperative seizures. Occlusion of the 
semicircular canal by any route can lead to sensori-
neural hearing loss and vertigo.
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Surgical Positioning Neuropathy 
(Perioperative Peripheral Nerve Injury)
Epidemiology and Demographics: Ihab et al. summarize 

the predominance of middle- aged men with the 
condition. Ulnar nerve injuries were the most com-
mon, followed by brachial plexopathy, then median 
neuropathy, and finally, radial neuropathy. In the 
lower extremities, the peroneal nerve may be com-
pressed, especially in gynecologic procedures.

Disorder Description: Mechanisms of injury include irrita-
tion, injury, and infarct of the nerve. The risk factors 
include changes in body temperature, any electro-
lyte disturbance, decrease in the supply of oxygen, 
drop in blood pressure, inadequate hydration, loss 
of blood, older patient, anesthetic medication used 
during surgery, diabetes, high blood pressure.

Symptoms

Localization site Comment

Plexus Brachial plexopathy

Peripheral neuropathy Ulnar, median, radial, peroneal 
neuropathy

Secondary Complications: Motor weakness and subse-
quent restriction of movement may lead to muscular 
atrophy. In addition, worsening of the sensory symp-
toms in the distribution of the nerve may occur.
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Susac Syndrome
Epidemiology and Demographics: This is a very rare disor-

der. Only several hundred cases have been reported 
and while the true incidence is unknown, the num-
ber of reported cases is rising. Many cases are likely 
being missed due to confusion with diseases such 
as multiple sclerosis (MS). The female-to-male ratio 
is 2–3 to 1. It most commonly presents between the 
ages of 20 and 40 years but can occur at any age.

Disorder Description: A microangiopathy due to 
immune- mediated endothelial damage limited to 
the small blood vessels of the cortex, retina, and 
inner ear. The cause is unknown. This is not a sys-
temic disorder but can be mistaken for other auto-
immune disorders affecting the CNS, such as MS 
and acute disseminated encephalomyelitis.

Symptoms

Localization site Comment

Cerebral hemispheres Encephalopathy (behavioral 
disturbance, memory loss, 
lethargy, seizures). Migrainous 
headaches

Mental status and psychiatric 
aspects/complications

Encephalopathy

Cranial nerves Vision loss; scintillating 
scotoma, black spots, photopia. 
Sensorineural hearing loss

Treatment Complications: Treatment by immune sup-
pression may lead to infections.
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Sydenham Chorea (SC)
Epidemiology and Demographics: Sydenham chorea (SC) 

affects one- third of children who develop an infec-
tion with group A beta hemolytic streptococcus, 
leading to acute rheumatic fever (ARF). Typical age 
of onset is between 5 and 14 years. Found mainly in 
females, it generally occurs in the absence of other 
physical manifestations of ARF, such as arthritis, 
skin rash, or nodules, typically 1–8 months after an 
acute episode of ARF. SC can return with a recur-
rence of ARF; therefore it may be seen in adolescents 
and young adults. It usually resolves within 6 weeks 
of onset but sometimes takes up to 6 months.1

Disorder Description: SC is an autoantibody- mediated 
movement disorder that occurs after a prolonged 
latent period following group A (beta hemolytic) 
streptococcal infection causing ARF. Carditis is 
often present in patients with SC, which is probably 
indicative of a more severe case, and may contrib-
ute as a risk factor for a longer lasting duration of 
choreic symptoms.2 Antibodies to group A strepto-
cocci have affinity for proteins in the neuronal cells 
causing the chorea.3 The involvement in SC appears 
to be selectively in the putamen, caudate nucleus, 
and globus pallidus.4

Symptoms

Localization site Comment

Basal ganglia Involuntary motor symptoms such 
as ballismus, facial grimacing, and 
hemichorea can occur5

Ocular Central retinal artery occlusion, 
hypometric saccades, papilledema5

Mental status and 
psychiatric aspects/
complications

Obsessive-compulsive symptoms, 
increased emotional lability 
(pseudobulbar affect), motor 
hyperactivity, irritability, distractibility, 
age- regressed behavior. Rarely, transient 
psychosis and learning disabilities5

Muscle Motor impersistence is seen with chorea 
(milkmaid’s grip)

PANDAS (Pediatric Autoimmune Neuro-
psychiatric Disorders Associated with Streptococcal 
infections) closely mimics SC. Investigators noted 
acute onset of neuro- psychiatric symptoms, par-
ticularly obsessive- compulsive disordered (OCD) 
behavior in patients who had recently suffered a 
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group B streptococcal infection; and in some cases 
these patients proceeded to develop involuntary 
movements. There are five essential diagnostic cri-
teria of PANDAS, which include presence of OCD 
and/or tics, pre- pubertal onset, abrupt onset or epi-
sodic course, association with group A streptococ-
cal infection, and neuropsychiatric abnormalities.6

Secondary Complications: Seizures, pseudotumor cere-
bri, and migraine headaches have been recognized 
as secondary complications to SC.

Treatment Complications: Assorted effects of treatments 
for secondary complications are possible.
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Syncope and Presyncope 
Epidemiology and Demographics: Syncope is an extraor-

dinarily common condition with a prevalence of 
42% and incidence of 6%. It occurs most commonly 
between the ages of 10 and 30 years. At these ages, 
the etiology is more likely benign. There is a second 
peak of incidence after age 70. In this age group, 
more dangerous cardiac and other vascular causes 
are more likely. There is no gender preference.

Disorder Description: This disorder is characterized by 
a brief (average 12 seconds) episode of loss of con-
sciousness due to lack of blood flow to either both 

cerebral hemispheres or to the brainstem reticular 
activating system. It is most commonly vasovagal in 
origin but other causes include cardiac, orthostatic 
(including both neuropathy and hypovolemia), 
carotid sinus hypersensitivity, and neurologic causes 
including brainstem stroke, vertebrobasilar insuffi-
ciency, and subclavian steal syndrome. Seizure is 
not a cause of syncope but the two are easily con-
fused. Factors favoring syncope over seizure include 
short duration of complete loss of consciousness, 
rapid onset without premonitory neurologic symp-
toms, and immediate recovery without postictal 
confusion. Factors favoring seizure include partial 
loss of consciousness, premonitory focal neurologic 
deficits, tongue bite, head or limb jerking, and post-
ictal confusion. Urinary incontinence is not useful 
in distinguishing syncope from seizure.

Symptoms

Localization site Comment

Cerebral hemispheres Loss of blood flow to both hemispheres 
is required for syncope; therefore, 
carotid artery disease and focal strokes 
are not likely to be associated with this 
condition

Mental status and 
psychiatric aspects/
complications

Brief loss of consciousness without 
confusion

Brainstem Loss of blood flow to the brainstem 
reticular activating system will cause 
syncope; therefore, vertebrobasilar 
disease is in the differential of syncope

Secondary Complications: Depends on the etiology. 
Vasovagal syncope is generally benign but cardiac 
syncope has a mortality of up to 30%. Neurologic 
causes are discussed elsewhere in this book.
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Localization site Comment

Spinal cord Injury to the sympathetic neurons could 
result in orthostatic hypotension

Peripheral neuropathy Seen in association with diabetes, 
ethanol abuse, amyloidosis

Unclear localization Peripheral autonomic failure can be 
associated with abnormal sweating

Supine hypertension is more likely to 
indicate a central etiology

REM behavior disorder indicates 
underlying alpha synucleinopathy

Webb J, Long B, Koyfman A. An emergency medicine- 
focused review of seizure mimics. J Emerg Med. 
2017;52(5):645–53.

Syncope, Non-Neurocardiogenic
Epidemiology and Demographics: Syncope has been 

reported to account for 3% of hospital emergency 
visits and 1% to 6% of admissions. Although the 
overall incidence was 6.2 events per 1000 person- 
years, rates were significantly higher in elderly sub-
jects (17 per 1000 person- years in males and 19 per 
1000 person- years in females aged 80 years).

Disorder Description: Almost all cases of neurocardio-
genic syncope are postural and occur in the stand-
ing position, hence “orthostatic hypotension.” 
Orthostatic hypotension is defined as reduction 
in systolic blood pressure of at least 20 mmHg or 
a reduction of diastolic blood pressure of at least  
10 mmHg with 3 minutes of standing. Lack of car-
diac response or associated tachycardia could indi-
cate that this is neurogenic (non-neurocardiogenic) 
in nature. Etiology may be central (Parkinson’s dis-
ease, Lewy body dementia, multi- system atrophy, 
pure autonomic failure) or peripheral (diabetes mel-
litus, amyloidosis, spinal cord injury, hypovolemia).

Onset may be abrupt or may rapidly follow 
warning symptoms like fatigue, nausea, sweating, 
dizziness, pallor, blurred or graying vision, abdom-
inal discomfort, headache, pins-and-needles, light-
headedness, rapid heart rate, or impaired hearing/
tinnitus.

Symptoms

Secondary Complications: Orthostatic hypotension, 
particularly when symptomatic, can cause falling, 
which has significant associated morbidity, particu-
larly in a frail elderly population. Cognitive decline 
can occur secondary to cerebral hypoperfusion. 
Recurrence can occur in about 20% of the patients.

Treatment Complications: Patients develop adaptive 
habits to avoid fainting; these habits include cross-
ing their legs, walking around instead of standing, 
frequently tightening their leg muscles, or sitting 
or lying down when they predict warning symp-
toms. Walking at nonpeak hours, taking a short cool 
shower, avoiding hot baths or saunas, and avoiding 
alcohol and excess caffeine intake are some practical 
strategies for prevention. All of these can negatively 
impact quality of life to varying degrees.

Patients are recommended to take increased salt in 
their diet and adequate hydration. Supine hyperten-
sion may co- exist especially if the etiology is central.

Medication treatment alternatives include mid-
rodrine, fludrocortisone, amphetamine/dextroam-
phetamine (Adderall), or droxidopa.
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Syphilis
Epidemiology and Demographics: According to the 

Centers for Disease Control, primary and secondary 
syphilis US prevalence rates rose during 2015–2016 

Localization site Comment

Cerebral hemispheres Lightheadedness, blurred or graying 
vision, orthostatic headache, tinnitus, 
nausea. Passing out can occur due to 
decreased cerebral perfusion

Mental status and 
psychiatric aspects/
complications

Coexisting cognitive impairment could 
indicate underlying neurodegenerative 
disorder related cognitive impairment

Cerebellum Cerebellar ataxia in multisystem atrophy 
or alcohol- related autonomic failure

Vestibular system (and 
non specific dizziness)

Tinnitus and dizziness can occur due 
to increased sensitivity of the CN VIII to 
hypoperfusion
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to 8.7/100,000 persons. From a low point in 2000, 
rates have been steadily increasing. While both 
males and females may be affected, the higher recent 
numbers are attributed to increasing cases in males, 
particularly in the gay or bisexual community who 
have had sex with males.

Disorder Description: Syphilis is due to infection with the 
spirochete Treponema pallidum. Most infected indi-
viduals are asymptomatic and are detected through 
routine blood test screening. Primary syphilis is 
characterized by the development of a chancre at the 
local site of infection, typically urogenitally. In the 
secondary stage, hematogenous spread can lead to 
involvement of organs throughout the body, includ-
ing the meninges. While the body’s immunity may 
stop the infection, a subdivision of subjects who are 
untreated proceed to develop a tertiary form.

There is a high rate of syphilis co- infection with 
HIV. HIV- associated syphilis is typically a more 
aggressive form and is discussed under the entry 
HIV and AIDS.

Symptoms

Localization site Comment

Cerebral hemispheres Strokes from meningovascular 
affectation with potential hemiparesis or 
aphasia. Seizures and myoclonus

Mental status and 
psychiatric aspects/
complications

Dementia with presentations that can 
be mistaken as psychiatrically based 
personality changes

Brainstem Argyll Robertson pupils are miotic 
and unreactive to light but reactive to 
accommodation

Cranial nerves Optic neuropathy, other cranial 
neuropathies such as cranial nerve VIII 
leading to sensorineural hearing deficits, 
vertigo, and tinnitus. Cranial nerve VII 
involvement leads to facial palsy

Spinal cord Tabes dorsalis characterized by 
involvement of dorsal columns, dorsal 
roots, and dorsal root ganglia results in 
diminished position sense with classic 
gait unsteadiness and slapping gait, 
lancinating radicular pains, and urinary 
incontinence. Charcot joints (classically 
patellar) result from recurrent trauma to 
lower limbs that fail to experience pain. 
Transverse myelitis or Brown–Sequard 
syndrome

Secondary Complications: Diverse complications of 
increased intracranial pressure such as contribution 
to developing optic atrophy. Anterior spinal artery 
involvement with associated anterior spinal cord 
infarction results in paraplegia and pain and tem-
perature deficits below the lesion level.

Treatment Complications: Penicillin- class drugs, which 
are usually highly effective, are generally well toler-
ated and free of neurologic complications.
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Syringobulbia
Epidemiology and Demographics: It is a rare disorder 

affecting either sex. It is often associated with Chiari 
malformation type I (CM- 1). The average age of 
onset of symptoms has been reported to be under  
15 years.

Disorder Description: It is described as a fluid- filled cav-
ity (syrinx) within the spinal cord that involves the 
medulla. It often occurs as a slit- like gap within the 
lower brainstem and can potentially affect one or 
more of the cranial nerves, leading to facial palsies. 
Sensory and motor pathways could also be affected. 
This condition is closely related to syringomyelia, in 
which the syrinx is within the spinal cord, and the 
Chiari malformation type I (CM- I). The etiology 
of syrinogobulbia is thought to be due to cervical 
spinal cord tethering, tumors, arachnoiditis, as well 
as trauma. Syringobulbia has also been reported in 
association with Chiari malformation type II (CM- 
II) and myelodysplasia.
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Symptoms

Localization site Comment

Brainstem including medulla Vertigo, gait instability, nausea, 
vomiting

Cranial nerve involvement Nystagmus, loss of pain and 
temperature sensation in the 
face, fibrillation of the tongue 
muscles, as well as stuttering, 
hearing loss, and tinnitus

Secondary Complications: Syringobulbia introduces a 
mass effect, and depending on the affected region, 
it can lead to serious brainstem and cranial nerve 
deficits, or syringomyelia.

Treatment Complications: Treatment of syringobulbia is 
usually surgical, which involves using a cerebrospi-
nal fluid (CSF) shunt. This approach is often com-
bined with treating the associated syringomyelia. 
Hence, all potential neurosurgical complications 
are applicable here.
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Systemic Lupus Erythematosus (SLE)
Epidemiology and Demographics: The prevalence of 

systemic lupus erythematosus (SLE) is highest in 
women aged 14 to 64 years. SLE does not have an age 
predilection in males, although it should be noted 
that in older adults, the female-to-male ratio falls. 
The female-to-male ratio peaks at 11:1 during the 
childbearing years. In general, black women have a 

higher rate of SLE than women of any other race, 
followed by Asian women and then white women. 
Estimates of the annual incidence of SLE have 
ranged from approximately 1 to 10 per 100,000 pop-
ulation, while the prevalence of SLE has been esti-
mated to range from approximately 5.8 to 130 per 
100,000 population.

Disorder Description: SLE is a chronic inflammatory con-
dition that can manifest itself in numerous ways and 
has relapsing–remitting course. It is characterized 
by an autoantibody response to nuclear and cyto-
plasmic antigens. SLE is associated with defects in 
apoptotic clearance and the damaging effects caused 
by apoptotic debris. The condition is believed to be 
a type III hypersensitivity response with potential 
type II involvement. SLE can affect any organ sys-
tem, but it mainly involves the skin, joints, kidneys, 
blood cells, and nervous system. Involvement of the 
central and peripheral nervous systems can result 
in many different types of neuropsychiatric symp-
toms. The diagnosis of neuropsychiatric syndromes 
concurrent with SLE poses a major challenge in the 
management of SLE because it can involve many 
different patterns of symptoms, some of which may 
be mistaken for signs of infectious disease or stroke.

Potential causes include:
Genetic: HLA class I, class II, and class III genes 

are associated with SLE, but only classes I and 
II contribute independently to increased risk 
of SLE. Other genes that contain risk variants 
for SLE are IRF5, PTPN22, STAT4, CDKN1A, 
ITGAM, BLK, TNFSF4, and BANK1.

Drug reaction: Drug- induced SLE is usually a 
reversible condition that occurs in people 
being treated for a long- term illness. Drug- 
induced lupus mimics SLE.

Non-systemic forms of lupus: Discoid (cutaneous) 
lupus is limited to skin symptoms and is 
diagnosed by biopsy of rash on the face, neck, 
scalp, or arms. Approximately 5% of people 
with DLE progress to SLE.

Risk factors include:
Female gender
Family history
Use of specific medications, the most common 

being procainamide, isoniazid, hydralazine, 
quinidine, phenytoin

No particular geographic proclivity is known.
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Symptoms

Localization site Comment

Brain Headache, cognitive dysfunction, mood 
disorder, cerebrovascular disease, seizures, 
anxiety disorder, and psychosis. Diffuse 
encephalopathies

Intracranial hypertension syndrome – 
increased intracranial pressure, papilledema, 
abducens paresis resulting in double vision

Movement disorder (chorea)

Depression affects up to 60% of women with 
SLE

Brainstem Most frequent cranial neuropathies involve 
the eighth nerve followed by the oculomotor 
set (third, fourth, and sixth), and then the fifth 
and seventh nerves

Spinal cord Demyelinating disease

Myelopathy

Nerve roots Plexopathy

Peripheral nerves Mononeuritis multiplex, Guillain–Barré 
syndrome

Neuromuscular 
junction

Myasthenia gravis

Muscle Myositis

Myopathy (drug induced)

Secondary Complications

Kidney failure
Blood dyscrasias, such as anemia (low red blood cell 

count), bleeding, or clotting
High blood pressure
Vasculitis (inflammation of the blood vessels)
Memory problems
Behavior changes or hallucinations
Seizures
Stroke

Heart disease or heart attack
Lung conditions, such as pleurisy (inflammation of the 

chest cavity lining) or pneumonia
Infections
Cancer
Avascular necrosis (death of bone tissue due to a lack 

of blood supply)
Increased risk of cancer

Treatment Complications

Steroid psychosis.
Immunosuppression from use of corticosteroids may 

lead to increased risk of infection. Weight gain, easy 
bruising, thinning bones (osteoporosis), avascular 
necrosis of the hip, high blood pressure, and 
diabetes may also occur as a result of prolonged use 
of corticosteroids.

Retinal damage may occur with the use of antimalarial 
medications such as hydroxychloroquine.

Long-term use of non- steroidal anti- inflammatory 
drugs may cause increased risk of gastrointestinal 
bleeding.
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Takayasu Arteritis
Epidemiology and Demographics: Rare disorder most 

commonly found in Asia and India or in those of 
Asian or Indian descent. In the United States, the 
incidence is 2.6/million per year. The prevalence is 
2.6–6.4/million people. The female-to-male ratio is 
4:1 in Asia and 2:1 elsewhere.

Disorder Description: This is a large vessel vasculitis 
of unknown etiology leading to granulomatous 
inflammation of the affected vessels. It affects the 
aorta and its main branches.

Symptoms

Localization site Comments

Cerebral hemispheres Stroke (any symptom is possible 
based on location). Seizure. Headache

Secondary Complications: This is primarily a non- 
neurologic disorder with symptoms including 
malaise, arthralgia, fever, weight loss, hypertension, 
carotid bruit, carotidynia, pericarditis, abdominal 
pain, Raynaud phenomenon, erythema nodosum, 
ulcerated subacute nodules, and pyoderma gan-
grenosum among others.

Treatment Complications: Treatment is by immunosup-
pression, including monoclonal antibodies, and can 
lead to infection.
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Tardive Dyskinesia (TD)
Epidemiology and Demographics: Tardive dyskinesia 

(TD) occurs in middle- aged to elderly people, with 
females more likely to be affected than males.1 TD 
in children is much less common than in adults and 
older age individuals. TD is mainly a delayed- onset 

T
complication of treatment with dopamine- receptor 
blocking agents (DRBAs), which include anti- 
psychotics and anti-emetics such as metoclopr-
amide.2 It generally appears 1–6 months after drug 
exposure.

TD is reported to have existed before the advent of 
these drugs. Incidence of TD after 3 months of con-
ventional anti- psychotic use is about 3–8%,3 while 
in those older than 55 years, incidence increases to 
approximately 10–20%.1 The term tardive indicates 
that it appears late in the course of treatment. With 
increasing use of second- generation anti- psychotic 
medication, the incidence is significantly lower.4

In two- thirds of people who developed TD after 
drug exposure, TD lasted for at least 6 months. 
Remission may occur within months after drug 
withdrawal or take as long as 1–3 years. Withdrawing 
the offending drug(s) often exacerbates the severity 
of the movements. TD symptoms can persist and 
may even remain permanently.

TD in children is called “withdrawal emergent 
syndrome.” It presents as choreic movements and 
resembles Sydenham’s chorea. The symptoms may 
appear immediately after anti- psychotic medication 
is discontinued.

Disorder Description: TD is a movement disorder that 
occurs as a delayed complication of DRBA use. It is 
characterized by hyperkinetic movements such as 
oral, facial, and lingual dyskinesias, which include 
protruding and rotatory tongue movements, pout-
ing, puckering or smacking lip movements, bulging 
of the cheeks, chewing movements, excessive blink-
ing, and brow wrinkling. Orofacial hyperkinesia is 
the prototypical form of neuroleptic- induced TD. 
Tremors are rare.

Limb dyskinesias may occur and are described 
as twisting, spreading, and “piano- playing” finger 
movements, tapping foot movements, and dystonic 
extensor toe posturing.

Neck and trunk dyskinesias include retro-  and 
torticollis, axial dystonia, shoulder shrugging, rock-
ing, swaying, rotator and thrusting hip movements. 
Any of these may interfere with gait and mobility. 
Please see entry for Tardive Dystonia.

Respiratory dyskinesias may produce tachypnea, 
irregular breathing rhythms, and grunting noises.

In addition to female gender and older age, other 
significant risk factors for developing TD include: 
traumatic brain injury, dementia, major affective 
disorder, and diabetes. In terms of medication use, 
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long duration of anti- psychotic medication or use 
of anti- cholinergic agents also confers risk. Other 
movement disorders and a history of previous 
extra- pyramidal reactions to anti- psychotic drugs 
are also important considerations.

Anti-psychotics have a high affinity for dopa-
mine receptors. Specifically, they block D2 recep-
tors in areas of the brain responsible for fine motor 
control (basal ganglia and cerebellum), which may 
lead to tremor, akinesia, spasticity, rigidity, and 
akathisia. The newer “atypical” neuroleptics have a 
lower affinity for D2 receptors while readily bind-
ing with D1, D3, and D4 dopamine receptors. These 
newer agents have fewer side effects than the older 
neuroleptics with a similar therapeutic profile.5

Symptoms

Localization site Comment

Basal ganglia Oral, facial, lingual, limb, neck, respiratory, 
and trunk dyskinesias

Akathisia associated with dyskinesias

Secondary Complications: TD involves movements that 
are quick, jerky, and repetitive. This condition can 
impair social interactions and induce feelings of 
humiliation and chagrin for the person. Another 
secondary complication of TD may be suicide.6

Treatment Complications: Clonazepam and clozapine 
are commonly used in the treatment of TD. Regular 
monitoring is essential for patients on clozapine 
to screen for agranulocytosis, as it can be fatal. 
Tetrabenazine (TBZ) is considered particularly use-
ful for the dystonic form of TD. Potential adverse 
effects include depression and suicidality.
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Tardive Dystonia
Epidemiology and Demographics: The prevalence of tar-

dive dystonia among patients treated with dopamine 
receptor blocking agents such as antipsychotics and 
antiemetics is reported to be 2–16%.1 However, a 
diagnosis is not always made. In 2007, up to 72% 
of patients who used atypical antipsychotics had 
undiagnosed extrapyramidal side effects.1,2 There 
is no gender difference noted, but those affected 
tend to be younger than those with non- dystonic 
neuroleptic- induced tardive syndromes.1

Disorder Description: Tardive dystonia is one of several tar-
dive syndromes that occur with chronic use of dopa-
mine receptor blocking agents. It is characterized by 
involuntary hyperkinetic movements.1–4 The dystonia 
must be present for more than 1 month and must be 
present during or within 3 months after use of neuro-
leptics.1–4 The dystonia may be fixed or action- specific, 
and is indistinguishable from idiopathic torsion dys-
tonia, except for the concurrent or recent use of neu-
roleptics or dopamine receptor blocking agents.1–4 In 
tardive dystonia, as with idiopathic focal dystonias, the 
head and neck are the most commonly affected body 
regions.1,2 It frequently occurs in the presence of other 
tardive syndromes.1,2

Symptoms

Localization site Comment

Specific spinal roots Secondary radiculopathy

Muscle Painful muscle contractions

Secondary Complications: The main secondary com-
plication of tardive dystonia is pain. Although not 
clearly a long- term secondary complication of tar-
dive dystonia, craniocervical dystonia may lead to 
radiculopathy. In cases of truncal or axial tardive 
dystonia, the result can produce severe scoliosis 
or opisthotonic posturing. Rarely, antipsychotic- 
induced dystonia of the laryngeal or pharyngeal 
muscles causing asphyxia and choking, respectively, 
has been reported.2
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Treatment Complications: Treatment options for tar-
dive dystonia are stopping use of the dopaminergic 
blocking agents (which may lead to exacerbation of 
psychotic illness) or intramuscular botulinum toxin 
injections, which may cause weakness or signs and 
symptoms associated with spread of the toxin out-
side the intended muscle.
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Tay–Sachs Disease (Hexosaminidase A 
Deficiency)
Epidemiology and Demographics: One in 320,000 in the 

general population with carrier rates as high 1 in 
25 in Ashkenazi Jewish populations, Amish, and 
French Canadians. Autosomal recessive inher-
itance. Targeted community- based carrier screen-
ing has reduced rates in Jews worldwide, such that 
most cases result from parental consanguinity.

Disorder Description: Tay–Sachs is a rare, lysosomal lipid 
storage disease, belonging to the GM2 gangliosi-
doses. Hexosaminidase A is an enzyme required for 
the normal catabolism of GM2 glycosphingolipid, 
and deficiency results in a spectrum of neurodegen-
erative disorders, characterized by accumulation of 
substrate within neuronal lysosomes. Other GM2 
gangliosides include Sandhoff ’s disease and hexos-
aminidase activator deficiency.

The typical infant onset variant, known as Tay–
Sachs, is characterized by developmental regres-
sion with progressive weakness, loss of motor skills, 

decreased visual attentiveness, and exaggerated and 
persistent startle beginning between the ages of 3 and 
6 months. Progressive neurodegeneration ensues 
with myoclonic jerks, seizures, blindness, spasticity, 
and eventual total incapacitation and death usually 
between ages 2 and 4 years. Progressive acquired 
macrocephaly is present from 18 months, result ing 
from reactive cerebral gliosis. A gray– white area 
around the retinal fovea centralis, due to lipid- laden 
ganglion cells, leaves a central “cherry-red” spot, vis-
ible on fundoscopy. Examination also reveals gen-
eralized hypotonia with sustained ankle clonus and 
hyperreflexia. Further deterioration in the second 
year of life results in decerebrate posturing, difficul-
ties in swallowing, and an eventual vegetative state.

Other forms of the disease include juvenile (onset 
between 2 and 10 years), chronic, and adult- onset 
variants, characterized by later onset, slower pro-
gression, and variable neurologic findings including 
progressive dystonia, spinocerebellar degeneration, 
motor neuron disease, and psychosis in adolescence.

Diagnosis is by demonstration of absent to near- 
absent beta- hexosaminidase A (HEX A) enzymatic 
activity in the serum or white blood cells in the setting 
of normal HEX B enzyme activity. Prenatal diagnosis 
(preimplantation genetic diagnosis) is available.

Symptoms

Localization site Comment

Cerebral hemispheres Deep nuclei

Extrapyramidal movement disorder

Dystonia, ataxia, and incoordination 
in juvenile onset

Pyramidal involvement – hypotonia 
with spasticity, hyperreflexia, and 
clonus in infant onset

Cognitive/psychosis

Especially in chronic and adult- onset 
form

Psychotic depression, bipolar 
symptoms, agitation, impaired 
executive function and memory

MRI demonstrates non- specific 
atrophy with hippocampus, and 
brain stem nuclei affected in adult- 
onset form

Cranial nerves Retinal “cherry red” spot
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Secondary Complications: Contractures, aspiration.
Treatment Complications: Treatment is mostly supportive. 

Seizure control can be achieved using conventional 
antiepileptic drugs, but seizures are often progres-
sive and changing in type and severity. Conventional 
antipsychotic agents may be used for psychiatric 
manifestations. Preclinical trials are underway evalu-
ating chaperone therapy to enhance rescue of mutant 
enzymes to allow some residual enzyme activity.
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Temporal Arteritis (Giant Cell Arteritis, 
Horton’s Disease)
Epidemiology and Demographics: Most commonly seen 

in individuals 55 years and older. Mean age of 71 
years. Rarely seen in people less than 55 years old. 
More common in women compared with men (2:1 
female-to-male ratio). More common in individuals 
of northern European descent, as well those living 
in higher latitudes. The incidence for temporal arte-
ritis is 15–25 cases/100,000 persons.

Disorder Description: Temporal arteritis is an inflam-
matory disorder affecting medium- and large- size 
arteries. There is a predilection for the vertebral 
arteries, the subclavian arteries, and the extracra-
nial branches of the carotid arteries (i.e., the super-
ficial temporal, ophthalmic, occipital, and posterior 
ciliary arteries). Temporal arteritis and giant cell 
aortitis are related etiologies. Inflammation may 
involve the aortic wall and, rarely, the femoral 
and coronary arteries.The most common symp-
toms that occur with this condition include bruits 
secondary to turbulent blood flow in the carotid 
artery, fever, severe headache, tenderness or sensi-
tivity of the scalp to light touch, jaw claudication, 
tongue claudication, reduced visual acuity, diplopia 
or blindness in severe cases, tinnitus, polymyalgia 
rheumatica. This is a medical condition that is con-
sidered a medical emergency as early and accurate 
diagnosis is crucial to prevent ischemic vision loss. 

A systemic inflammatory response is associated 
with the vascular manifestations of temporal arteri-
tis and produces a constellation of symptoms. Fever, 
myalgia, anorexia, weight loss, anemia, and malaise 
are often encountered. Values for acute- phase reac-
tants (e.g., erythrocyte sedimentation rate [ESR] 
and C- reactive protein [CRP] level) are typically 
elevated. The CRP level and thrombocytosis may be 
stronger predictors of a subsequent positive biopsy 
than the ESR.

The cause of this condition is multifactorial; 
however, numerous viruses and bacteria have been 
proposed. These include:
Varicella zoster
Parvovirus
Parainfluenza
Chlamydia pneumoniae
Mycoplasma pneumoniae
Risk factors include:
Over the age of 55
Female gender
Northern European descent
Genetic: HLA- DR4 haplotype
Viral and/or bacterial infection
Temporal arteritis is primarily seen in western 

countries.

Symptoms

Localization site Comment

Vertebral arteries Dizziness, lightheadedness, vertigo, 
transient ischemic attack (TIA), stroke 
most likely involving the posterior 
circulation of the brain including 
symptoms such as loss of vision and 
imbalance

Subclavian, axillary, and 
proximal brachial artery 
branches

Arm claudication, absent or 
asymmetric pulses

Temporal artery Headache, scalp tenderness, jaw 
claudication

Ophthalmic/posterior 
ciliary arteries

Amaurosis fugax: vision loss – partial 
vision loss in one eye is noted in up to 
60% of patients not treated emergently. 
Blindness results from occlusion of 
the inflamed ophthalmic or posterior 
ciliary arteries with resultant ischemia of 
the optic nerve or tracts; eye pain and 
hallucinations have also been reported

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.020
https://www.cambridge.org/core


Temporal Bone Fracture

645

Secondary Complications:

Vision changes: partial to complete vision loss is 
possible

Thoracic aneurysm development and/or rupture
Transient ischemic attack
Stroke secondary to intracranial vasculitis
Polymyalgia rheumatica
Treatment Complications:

Steroid psychosis.
Immunosuppression from use of corticosteroids may 

lead to increased risk of infection. Weight gain, 
easy bruising, thinning bones (osteoporosis), 
avascular necrosis of the hip, high blood pressure, 
and diabetes may also occur as a result of 
prolonged use of corticosteroids.

Retinal damage may occur with the use of antimalarial 
medications such as hydroxychloroquine.

Long-term use of non- steroidal anti- inflammatory 
drugs may cause increased risk of gastrointestinal 
bleeding.

In cases where dapsone and cyclophosphamide are 
used patient can also suffer from toxicity effects 
from the same.
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Temporal Bone Fracture
Epidemiology and Demographics: Traumatic condition 

of the temporal bone occurring more frequently 
in men and younger adults. An extreme lateral 
force is required to fracture the temporal bone, and 
these injuries are most commonly seen in vehicu-
lar trauma. It is estimated that 30% of head trauma 

resulting from motor vehicle accidents leads to skull 
fractures. Of these up to 22% result in temporal 
bone fractures.

Disorder Description: Temporal bone fractures may be 
longitudinal (along the long axis of the temporal 
bone) or transverse (perpendicular to the skull, 
through the labyrinth), and may result in conduc-
tive or sensorineural hearing loss, facial nerve paral-
ysis, cerebrospinal fluid (CSF) leak, and vertigo.

Conductive hearing loss is treated conservatively 
at first. Hemotympanum usually resolves without 
treatment. Persistent conductive loss due to ossic-
ular disruption may be treated surgically or with a 
hearing aid. Sensorineural hearing loss is usually 
permanent.

Facial nerve paralysis that is complete and imme-
diate in onset should be investigated with elec-
troneuronography (ENOG) in the first 10 days; if 
degeneration of electrical activity occurs to less than 
10% of the normal side, the facial nerve should be 
surgically explored and repaired.

CSF otorhinorrhea more often than not resolves 
with conservative measures – bedrest, head eleva-
tion, stool softeners, and carbonic anhydrase inhib-
itors. Persistent CSF leak requires surgical repair.

Vertigo may be due to vestibular concussion or 
to permanent damage to the vestibule. Most vertigo 
after temporal bone trauma is self- resolving within 
6 to 12 months after central compensation.

Symptoms

Localization site Comment

Inner ear Otic capsule may be fractured or 
contused

Cranial nerves Cochleovestibular nerve is variably 
affected

Central nervous system Central nervous system is not affected

Secondary Complications: Persistent CSF fistula poses the 
risk of meningitis. Vertigo, facial nerve paralysis, 
and hearing loss have significant impacts on quality 
of life. Vestibular impairment may be permanent if 
central compensation does not occur.

Treatment Complications: A common finding is benign 
paroxysmal positional vertigo (BPPV) caused 
by dislodged otoconia, and this is readily treated 
with Epley maneuver (see above). In other cases, 

Localization site Comment

Aorta Thoracic aneurysm development, 
pulsating abdominal mass, aneurysm 
rupture may lead to death

Systemic Fever, myalgia, anorexia, weight loss, 
anemia, and malaise
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vertigo may be due to posttraumatic endolymphatic 
hydrops that results from the disturbance of endo-
lymph and perilymph homeostasis. This condition 
is treated in a similar manner to Meniere’s disease. 
Perilymph fistulae may also form after temporal 
bone trauma and present with vertigo and nystag-
mus with positive pressure applied to the inner ear. 
Treatment is first conservative, and surgical repair 
if that fails.

Surgery for facial paralysis or CSF leak may result 
in sensorineural hearing loss. Medical treatment 
of posttraumatic endolymphatic hydrops with thi-
azide diuretics or acetazolamide carries the risk of 
hypotension and electrolyte abnormalities. Repair 
of perilymph fistula carries a small risk of tympanic 
membrane perforation or sensorineural hearing loss.
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Temporal Lobe Epilepsy (TLE)
Epidemiology and Demographics: Most common form of 

focal epilepsy, accounting for 60% of cases.
Disorder Description: Characterized by epileptiform dis-

charges from the temporal lobar regions. Seizures 
at onset generally present as experiential auras, 
changes in emotions (fear, euphoria), déjà vu, or 
perseverative thinking.

Oro-manual automatisms and behavioral arrest 
are common, and seizures may be bland in appear-
ance. Typically categorized as mesial TLE (more 
common) and neocortical TLE.

Underlying pathologies most commonly include 
hippocampal sclerosis (60–70%), cortical dysplasia, 
low- grade tumors, vascular malformations, and 
encephalitis. Fifteen to 20% of cases have no detect-
able structural lesions. Febrile seizures appear to 
be a risk factor for mesial TLE. Genetic syndromes 
have been identified such as autosomal dominant 
lateral temporal epilepsy secondary to mutations in 
the LGI1 gene.

Interictal EEG may have temporal intermittent 
rhythmic delta activity and temporal sharp waves. 
MRI identifies abnormalities in the majority of 
patients with temporal lobe epilepsy.

Antiepileptic drugs (AEDs) are first line for treat-
ment of TLE. Temporal lobectomy is indicated for 
medically intractable cases. Vagal nerve or respon-
sive stimulation is an option for non- surgically 
resectable candidates.

Symptoms

Localization site Comment

Cerebral hemispheres Sudden interruption of consciousness. 
Auras may include deja vu, jamais vu, or 
fear, gastrointestinal upset (mesial TLE). 
Auditory hallucinations or distortions, 
vertigo, or complex visual hallucinations 
(neocortical TLE)

Automatisms: lip- smacking, chewing, 
and fumbling movements of the fingers

Mental status and 
psychiatric aspects/
complications

Commonly affects cognitive 
functioning including memory, 
attention, language, praxis, executive 
function, judgment, insight, and 
problem solving

Social cognitive deficits, such as 
impairments in facial emotional 
recognition, or recognition of fear. 
Theory of mind also shown to be 
affected

Dominant TLE associated with greater 
deficits in verbal memory. Non- 
dominant TLE associated with more 
severe deficits in recognition of fear, 
sadness, and disgust

Secondary Complications: Patients often develop cogni-
tive and social dysfunction secondary to structural 
changes in the brain, longstanding seizures, use of 
AEDs, and high rates of psychiatric comorbidity. 
Prevalence of depression near 30% in patients with 
TLE overall, higher in patients with prolonged or 
intractable epilepsy. Suicidality occurs at a much 
higher rate than expected in this population (up to a 
25- fold increase).

Treatment Complications: AEDs are associated with a  
num ber of idiosyncratic side effects. Antidepressants,  
such as selective serotonin reuptake inhibitors, 
appear to have a relatively low risk of exacerbating 
seizures, and should be considered in patients with 
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epilepsy if indicated. The risks of dominant tempo-
ral lobectomy include memory loss and naming dif-
ficulties. Superior quadrantanopsia may occur. Less 
common effects of surgery may include temporary 
emotional destabilization and de novo depression 
or psychosis.
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Temporomandibular Joint Syndrome 
(Consten Syndrome)
Epidemiology and Demographics: Commonly occurs in 

adults 20–40 years of age; infrequently found in 
pediatric population. Female-to-male ratio is 4:1. 
No race predilection is known. Ten million people 
have the temporomandibular joint (TMJ) syndrome.

Disorder Description: The TMJ is a synovial joint that 
connects the jaw to the skull. The joint is located just 
anterior to each ear. The joint allows up/down, side-
to-side, protrusion and retraction movements. Pain 
in this joint is common and can occur because of 
multiple reasons. Non-joint-related causes include 
muscle spasm or tension from nocternal jaw clench-
ing or bruxism, and psychologic stress. Joint- related 
causes from internal derangement of the joint can 
also cause pain. Finally, arthritic changes caused by 
degenerative joint disease can also cause the joint to 
become painful. The trigeminal nerve carries a great 
degree of enervation to the structures surrounding 
and making up the TMJ. Irritation of the mandib-
uar (V3) branch of the trigeminal nerve causes pain 
locally at the TMJ as well as other V3- associated 
areas such as scalp, skin, and teeth ipsilateral to the 
nerve.

The etiology of this condition is thought to be 
multifactorial. The root causes of this condition 
are secondary to local damage to the TMJ as well as 
from systemic diseases.

Risk factors include:
Female gender
Age between 20 and 40
Smoking; female smokers younger than 30 were at 

especially high risk
History of bruxism
History of neck, shoulder, and back pain
Congenital misalignment of jaw; history of 

pronounced underbite or overbite
Jaw misalignment secondary to prior jaw/facial 

trauma
Excessive use of chewing gum
History of rheumatoid arthritis, osteoarthritis, or 

other types of inflammatory joint diseases
No particular geographic proclivity is known.

Symptoms

Localization site Comment

Temporomandibular 
joint

Pain during chewing, ear clicking or 
popping noise

Locking of jaw when attempting to open 
mouth

Pain that radiates to the ear and jaw 
typically worsened by eating and chewing

Palpable spasm of pterygoid and masseter 
muscle

Unilateral facial swelling

Lateral deviation of mandible

Crepitus may be palpated over joint in 
advanced disease

Secondary Complications

Failure to thrive/weight loss due to reduced oral intake
Tinnitus
Dental pain
Headaches (tension and/or migraine)
Trigeminal neuralgia
Treatment Complications:

Nonsteroidal anti- inflammatory drugs (NSAIDs) are 
frequently used for the treatment of this disease 
process. Excessive use of NSAIDs can cause:
Gastrointestinal disease (e.g., upset stomach, 

gastric ulcer)
Hypertension
Nephropathy
Cardiomyopathy
Rash
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Benzodiazepines are used as muscle relaxants in this 
disease process, but they are:
Habit forming, as such caution should be used 

in patients with a history of substance 
abuse. Benzodiazepines also have features of 
tolerance which may require patients to use 
higher doses to get the same effect.

Epileptogenic when discontinued abruptly after 
prolonged usage.

Likely to worsen depression in patients with 
history of substance abuse. Patients complain 
of emotional blunting or inability to feel 
pleasure or pain with prolonged use of 
benzodiazepines.

Sedating; commonly cause lethargy.
Paradoxically stimulating, as such patients may 

complain of insomnia or hyperactivity with 
prolonged use of NSAIDs.
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Tension-Type Headache
Epidemiology and Demographics: One population study 

in the United States estimated a prevalence of 48% 
over a lifetime. Approximately 40% of patients recall 
a family member with similar symptoms. Some stud-
ies suggest a slight female preference for tension- 
type headaches over men at a ratio of 5:4. When 
the headache becomes chronic, the preference for 
females increases. Most patients with tension- type 
headache develop symptoms at around age 30 years 
with peak prevalence at 40–49 years. In children, the 
mean age of onset is around 7 years, with a preva-
lence of 31%.

Disorder Description: Previous conventional think-
ing suggested that tension- type headache is sec-
ondary to excess contraction of pericranial and 
cervical muscles. Many studies suggest an associ-
ation between emotional distress and these types 
of headaches. Caffeine excess or withdrawal is 

associated with tension- type headache; however, 
no other dietary factors are known to affect this type 
of headache. The etiology of this condition is still 
unclear and current thinking suggests that envi-
ronmental factors play a stronger role than genet-
ics. The International Classification of Headache 
Disorders Criteria includes the following criteria 
for diagnosis: bilateral location; mild to moderate 
intensity that does not affect daily activities; non- 
pulsating quality; no aggravation with physical 
activity; no association with nausea or vomiting; 
association with either photophobia or phonopho-
bia but not both. The chronic form of this condi-
tion can be diagnosed if the headache occurs for 
more than 15 days out of a month for more than  
3 months.

Symptoms

Localization site Comment

Cerebral hemispheres Possible role of central nervous 
system nociceptive receptors in 
the chronic form of this condition. 
Some studies suggest atrophy of 
gray matter structures like dorsal 
rostral and ventral pons, cingulate 
and insular and orbitofrontal 
cortex, right posterior temporal 
lobe, parahippocampus, right 
cerebellum

Cranial nerves Involvement of spinal trigeminal 
nucleus and peripheral nociceptor 
sensitization

Head and neck muscles Pericranial and cervical muscle 
tenderness

Secondary Complications: Tension- type headaches can 
progress to chronic type, depending on classifica-
tion and frequency.

Treatment Complications: Conventional therapy for acute 
headaches involves nonsteroidal anti- inflammatory 
drugs. However, overuse of these medications can 
cause gastrointestinal upset. There are no estab-
lished guidelines or studies on prophylaxis of these 
types of headaches. However, antiepileptic and anti-
depressant medications have been prescribed with 
successful results. Triptans are not recommended 
for treating acute tension headaches.
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Testicular Cancer
Epidemiology and Demographics: A relatively rare can-

cer accounting for 1–1.5% of male cancers with 
an annual incidence of 5.7/100,000 men. It typi-
cally affects men in the third or fourth decades of 
life. Generally, has excellent cure rate and good 
prognosis.

Disorder Description: Testicular cancer is a cancer of 
the testicles, classified into three main categories: 
germ cell tumors (95%), cord stromal tumors, and 
miscellaneous germ cell/sex cord stream tumors. 
Worldwide incidence is lowest in Africa and Asia 
and highest in European countries. Risk factors 
include cryptorchidism, personal or family history, 
infertility, and HIV infection. Metastasis is usually 
via lymphatic spread, first to the para- aortic lymph 
nodes, then to mediastinal or supraclavicular lymph 
nodes.

Symptoms

Localization site Comment

Cerebral hemispheres Metastasis (rare)

Mental status and psychiatric 
aspects/complications

Limbic, brainstem, and 
hypothalamic encephalitis 
(associated with anti- Ma1 or 2 
antibody)

Brainstem Brainstem encephalitis as 
above

Cerebellum Metastasis (rare)

Spinal cord Rarely vertebral metastases 
with spinal cord compression

Secondary Complications: An apical lung metastasis can 
lead to Pancoast syndrome causing weakness of the 
intrinsic hand muscles and Horner’s syndrome.

Hypercoagulability of malignancy can lead 
to cerebral venous sinus thrombosis or cerebral 
infarction.

Treatment Complications

Retroperitoneal lymph node dissection: Can cause 
ejaculatory dysfunction secondary to damage to 
nerves exiting the thoracolumbar sympathetic trunk.

Cisplatin: Peripheral neuropathy via damage to the 
dorsal root ganglion; ototoxicity resulting in 
tinnitus and hearing impairment.

Ifosfamide: Acute encephalopathy during treatment.
Radiotherapy: Therapeutic irradiation can cause 

significant injury to the peripheral nerves of the 
lumbosacral plexus and/or to the spinal cord 
leading to post-radiation lower motor neuron 
syndrome, which can present with paresis (rare) 
and/or transient sensory symptoms.
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Tetanus
Epidemiology and Demographics: As summarized by 

Brook, the incidence of tetanus varies throughout 
the world. In the United States, 50–100 cases are 
reported annually. It is more prevalent in areas with 
inappropriate hygiene and immunization programs.
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Disorder Description: Clostridium tetani is an anaerobe 
that lives in soil. Its toxin causes lowering of inhibi-
tion at the nerve endings.

Patients may present with a stiff neck, spasms of 
the muscles causing backward arching of the head, 
neck and spine, sustained spasms of the facial mus-
cles, board- like rigid abdomen, trouble swallowing, 
and respiratory distress.

Symptoms

Localization site Comment

Cranial nerves Cranial nerves 7, 6, 3, 4, 12 can cause 
dysphagia, trismus, focal cranial neuropathies

Muscle Muscle contraction

Secondary Complications: Respiratory difficulty; the constant 
contraction of the muscles may cause muscle break-
down and that can lead to renal failure. The paraspinal 
muscles may contract for prolonged periods and result 
in compression fractures. The immobility may cause 
skin breakdown, nutritional deficits, and blood clots.

Treatment Complications: Benzodiazepines may cause 
altered mental status. Tetanus immunoglobulin 
may cause hyperthermia.
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Tethered Cord Syndrome
Epidemiology and Demographics: This disease is usually 

seen in the pediatric setting but occasionally can 
also present in adult medical settings. This is a rela-
tively rare disease in the general public.

Disorder Description: The disease is caused by over- 
stretch of the spinal cord and conus. It may relate to 
intrinsic causes such as growth spurts or pregnancy. 
Extrinsic causes include injuries.

Patients may present with sensory loss in a der-
matomal distribution, loss of reflexes, decreased 

muscle bulk, lower extremity weakness, urinary 
incontinence, and lower back pain.

Symptoms

Localization site Comment

Spinal cord Altered gait, hyper/hyporeflexia, 
spasticity

Dorsal root ganglia Poor sensation or proprioception

Conus medullaris Urinary incontinence, urgency, 
frequency, recurrent urinary tract 
infections

Muscle Muscular atrophy

Other Cutaneous lesions, including midline 
hairy patches, hemangiomas, 
dermal pits/sinuses, hypertrichosis, 
subcutaneous lipoma, cigarette burns, 
lumbosacral appendage and nevi

Painless ulcerations of the feet or legs

Secondary Complications: If it manifests early enough, 
patients may have difficulty meeting milestones 
during development.

Treatment Complications: Surgical release may cause 
retethering, blood loss, dural tears, or wound 
infection.
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Thiamine Deficiency
Epidemiology and Demographics: Thiamine deficiency is 

usually seen as a part of generalized malnutrition. 
In eastern countries, thiamine deficiency is seen 
in people eating polished rice (loss of thiamine). 
In western countries, thiamine deficiency is usu-
ally seen in alcoholics. However, conditions such 
as hyperemesis, starvation, renal dialysis, cancer, 
AIDS, or gastric surgery also increase the risk of 
thiamine deficiency either due to poor intake or 
absorption.1 Treatment with thiazide diuretics also 
increases the risk of thiamine deficiency as they 
increase urinary loss.

Disorder Description: Thiamine deficiency causes beri-
beri (infantile and adult) and Wernicke–Korsakoff 
syndrome (see entry for Wernicke’s Disease).

Infantile beriberi usually presents around age 
2–3 months. It presents as severe shortness of 
breath, cyanosis, cardiomegaly, and heart failure.2 
Neurologic manifestations include aspetic menin-
gitis and seizure.3 Infants who initially present with 
apnea or seizures are found to have moderate or 
severe intellectual disability or epilepsy later in life.4,5

Adult beriberi is further divided into dry beriberi 
and wet beriberi:
Dry beriberi is the term used to describe neurologic 

manifestation. Symptoms begin with burning 
pain or mild sensory loss in feet. Over time 
patient develops length- dependent sensory 
motor neuropathy. With thiamine replacement, 
improvement of neurologic symptoms is variable.1

Wet beriberi is the term used to describe cardiac 
manifestation (edema). It is characterized by 
tachycardia, anemia, and high- output cardiac 
failure. A possible mechanism for heart failure 
is reduced peripheral vascular resistance. 
Thiamine replacement therapy results in marked 
improvement in heart failure in 12–48 hours.1

Symptoms

Secondary Complications: Tachycardia and postural 
hypotension may be related to impaired function of 
the autonomic nervous system or to the coexistence 
of cardiovascular beriberi.1

Treatment Complications: Immediate administration 
of high dose of thiamine is used. The dose should 
be given prior to treatment with intravenous glu-
cose solutions. Glucose infusions may precipitate 
Wernicke’s disease by depleting thiamine stores in a 
previously unaffected patient or cause a rapid wors-
ening of an early form of the disease. For this reason, 
thiamine should be administered to all alcoholic 
patients requiring parenteral glucose.6,7 Thiamine 
toxicity syndrome has not been described.
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Localization site Comment

Mental status and 
psychiatric aspects/
complications

Disorientation

Delirium related to ethanol 
withdrawal

If the disease is not treated, stupor, 
coma, and death may ensue

Cerebellum (anterior and 
superior vermis)

Ataxia

Localization site Comment

Vestibular system (and non- 
specific dizziness)

Ataxia

Cranial nerves Horizontal nystagmus on lateral 
gaze

Lateral rectus palsy (usually 
bilateral)

Conjugate gaze palsies

Rarely amblyopia

Rarely ptosis and miosis

Peripheral neuropathy Sensory motor peripheral 
neuropathy

Autonomic neuropathy
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Localization site Comment

Pituitary gland Dysfunction of the hypothalamic–
pituitary gland axis may result from 
direct invasion and compression of 
the sella from tumors in the anterior 
aspect of the third ventricle and 
result in diabetes insipidus, adrenal 
insufficiency, hypothyroidism, 
hypogonadism, growth retardation, 
and/or hyperprolactinemia

Pituitary apoplexy results from local 
disruption of the arterial blood supply 
to the pituitary gland and may present 
acutely as headache, visual loss, 
diplopia, and altered mentation (rare)

Brainstem Parinaud syndrome of vertical 
gaze paresis, pupillary light- near 
dissociation, and convergence– 
retraction nystagmus may result from 
compression of the dorsal midbrain 
from tumors at the posterior wall of the 
third ventricle (rare)

Hypothalamus Tumors arising from the floor of the 
third ventricle may compress the 
hypothalamus and result in gelastic 
epilepsy (uncontrolled laughing 
seizures) and precocious puberty

Cranial nerves Hemianopia and diminished visual 
acuity may stem from anterior 
extension of third ventricle tumors 
resulting in compression of the optic 
chiasm and optic nerves

 5. Mimouni-Bloch A, Goldberg-Stern H, Strausberg 
R, et al. Thiamine deficiency in infancy: long- 
term follow-up. Pediatr Neurol. 2014;51:311.

 6. Galvin R, Bråthen G, Ivashynka A, et al. EFNS 
guidelines for diagnosis, therapy and prevention 
of Wernicke encephalopathy. Eur J Neurol. 
2010;17:1408.

 7. Malamud N, Skillicorn SA. Relationship between 
the Wernicke and the Korsakoff syndrome: a 
clinicopathologic study of seventy cases. Arch 
Neurol Psychiat. 1956;76:586.

Third Ventricle Tumors
Epidemiology and Demographics: Third ventricle tumors 

represent a rare and heterogeneous group of lesions, 
varying widely with respect to presentation. There 
is no clear pattern of sex or geographic predomi-
nance in these tumors but they tend to differ dra-
matically in etiology and clinical presentation based 
on the age of the patient. In pediatric patients, the 
tumors are often congenital and present early in life 
with symptoms related to mass effect or obstruc-
tion. They may be associated with an underlying 
genetic disorder such as neurofibromatosis type 1 or 
tuberous sclerosis. In adults, tumors may be either 
acquired or congenital and often remain asympto-
matic until incidental discovery later in life. With 
the exception of colloid cysts and craniopharyngio-
mas, which each compromise approximately 1–2% 
of all primary brain tumors, third ventricle tumors 
are relatively infrequent in the general population.

Disorder Description: Purely intraventricular tumors are 
rare and when seen typically represent tumors of the 
choroid plexus. In pediatric patients, these include 
choroid plexus papillomas and carcinomas whereas 
in adults they include choroid gliomas and central 
neurocytomas. More often, third ventricle tumors 
arise from the walls of the ventricle or from direct 
extension or seeding from an ectopic site. Third 
ventricle tumors are thus best broadly categorized 
based on the location in which they develop within 
the ventricle.

When tumors arise in the anterior recesses of 
the ventricle, they are classically sellar– suprasellar 
or hypothalamic– chiasmatic in origin. In pediatric 
patients, these include craniopharyngiomas, ger-
minomas, and pilocytic astrocytomas as seen in 
neurofibromatosis type 1. In adults, these include 

craniopharyngiomas, lymphoma, pituitary macroad-
enomas, metastases, and sellar meningiomas.

Tumors of the posterior aspect of the third ven-
tricle are far more common in pediatric patients and 
often represent extension from the pineal gland, 
midbrain, or thalamus. They include germinomas, 
pinealocytomas/blastomas, teratomas, and much 
rarer glial tumors.

Certain third ventricle tumors characteristically 
arise at the interventricular foramen. In adults, 
these commonly represent benign colloid cysts or 
subependymomas whereas in children, they are 
caused by subependymal giant cell astrocytomas in 
association with tuberous sclerosis complex.

Finally, tumors coming up from the floor of the 
third ventricle are among some of the least com-
mon third ventricle tumors and are most frequently 
caused by hypothalamic hamartomas.

Symptoms
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Secondary Complications: Spontaneous intraventricular 
hemorrhage from third ventricle tumors is a rare 
but potentially fatal complication due to the high 
risk of rapidly developing hydrocephalus causing 
sudden death.

Treatment Complications: Treatment varies widely based 
on the size, location, and pathology of the tumor. 
Smaller, benign lesions such as colloid cysts that are 
not deemed to be at high risk for obstruction can be 
observed without intervention. Tumors presenting 
with or at high risk for hydrocephalus often require 
cerebral shunting, which has numerous potential 
complications including shunt infection, obstruc-
tion, over drainage, or intraventricular hemorrhage. 
Surgical or endoscopic resection may be warranted 
in larger, malignant, or rapidly expanding tumors 
and depending on the approach, several complica-
tions may occur. The most common complications 
are post- operative seizures, intraventricular hemor-
rhage, CSF leak, venous infarct, or subdural hemat-
oma. Injury to local structures such as the corpus 
callosum, fornix, and hypothalamus may also 
occur during surgery resulting in disconnection 
syndromes, memory impairment, and disturbance 
of circadian rhythm and core body temperature, 
respectively.
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Thoracic Outlet Syndrome (Neurogenic)
Epidemiology and Demographics: As per the listed refer-

ences, the disease is found more commonly in 20- to 
50-year-old females. Occasionally it may present in 
the pediatric patient.

Disorder Description: Pressure is applied on the nerve 
bundle above the first rib and behind the clavi-
cle. It may mimic ulnar neuropathy and cervical 
radiculopathy.

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Non-communicating hydrocephalus 
can result from an obstructing tumor 
at any site within the third ventricle but 
most often is seen in intraventricular 
tumors or those at the interventricular 
foramen. Symptoms are nonspecific 
and include paroxysmal headaches, 
nausea, vomiting, blurred vision, 
lethargy, cognitive decline, or 
behavioral change (irritability, apathy, 
aggressiveness). Rarely, drop attacks 
and sudden death can occur

In pediatric patients, hydrocephalus 
can present as developmental delay or 
failure to thrive with macrocephaly

Thoracic outlet 
syndrome

Ulnar 
neuropathy

C8–T1 
radiculopathy

Exam Pain with 
palpation to 
the elbow

Pain that radiates 
down the arm 
with certain neck 
maneuvers

Thumb Thumb 
abduction is 
particularly 
affected

Thumb 
abduction 
spared

Thumb abduction 
may be weak 
but is as affected 
as the other 
C8–T1 innervated 
muscles

Sensory Medial forearm 4th and 5th 
fingers and 
medial hand

Medial forearm

Symptoms

Localization site Comment

Plexus Aching pain, numbness, tingling, 
weakness in upper extremity in the 
distribution of the brachial plexus

Mental status and psychiatric 
aspects/complications

Anxiety and depression from 
chronic pain
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Secondary Complications: Complications include pro-
gressive weakness, disabling pain, and paresthesia.

Treatment Complications: Surgical complications include 
infection, further injury, and recurrence of symptoms.
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Thrombocytopenia
Epidemiology and Demographics: Depends on popula-

tion – in critically ill patients, as many as 40–50% of 
patients have thrombocytopenia.

Disorder Description: Defined as platelet count less than 
150,000/μL, thrombocytopenia can occur from 
decreased bone marrow production, platelet destruc-
tion, consumption, dilution, or sequestration. 
Decreased platelet counts are associated with hem-
orrhage, particularly mucosal bleeding. The risk of 
bleeding is associated not only with absolute platelet 
number but also with procedure under consideration 
(such as vascular surgery vs lumbar puncture), quality 
of circulating platelets, and concurrent coagulopathy 
(such as in disseminated intravascular coagulation).1

Symptoms

Localization site Comment

Cerebral 
hemispheres

Particularly with severe thrombocytopenia 
(<10,000 platelets/μL; disorders with 
abnormal platelet function may have 
bleeding at higher absolute numbers), 
risk of intracranial hemorrhage including 
lobar, basal ganglia, cerebellar, subdural, 
and subarachnoid hemorrhages.2 Can have 
multiple simultaneous hemorrhages

Mental status and 
psychiatric aspects/
complications

Intracranial hemorrhages can present as 
confusion with somnolence or agitation

Secondary Complications: There are often multiple sys-
temic hemorrhages. Thrombocytopenia predis-
poses to mucocutaneous bleeding.

Treatment Complications: Platelet transfusions carry risk 
of infection, alloimmunization, allergic reaction, 
and transfusion- associated reaction. Relationship 
between dose of prophylactic transfusion and pre-
vention of hemorrhage remains unclear.3

References
 1. Slichter SJ. Relationship between platelet count 

and bleeding risk in thrombocytopenic patients. 
Transfus Med Rev. 2004;18:153–67.

 2. González-Duarte A, García-Ramos GS, Valdés-
Ferrer SI, Cantú-Brito C. Clinical description 
of intracranial haemorrhage associated with 
bleeding disorders. J Stroke Cerebrovasc Dis Off J 
Natl Stroke Assoc. 2008;17:204–7.

 3. Slichter SJ, Kaufman RM, Assmann SF, et al. 
Dose of prophylactic platelet transfusions and 
prevention of haemorrhage. N Engl J Med. 
2010;362:600–13.

Thrombophilia
Epidemiology and Demographics: Thrombophilias pres-

ent in >10% of those with venous sinus thrombosis 
are associated with antiphospholipid antibodies, 
prothrombin G20210A heterozygosity, Factor V 
Leiden, and hyperhomocysteinemia.1

Disorder Description: A collection of inherited and 
acquired disorders that increase the risk of throm-
bosis. For the inherited thrombophilias, the clearest 
association is with venous thrombosis (including cer-
ebral venous sinus thrombosis) and thromboembo-
lism rather than ischemic stroke.2 Antiphospholipid 
antibodies (anti- cardiolipin IgG/IgM, lupus antico-
agulant, anti-β2-glycoprotein I IgG/IgM) are associ-
ated with both venous and arterial thrombosis.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Inherited and acquired thrombophilias are 
associated with venous sinus thrombosis, 
which can have focal or diffuse effects 
(such as by increased intracranial 
pressure). Arterial ischemic stroke with 
antiphospholipid antibodies can present as 
a large- vessel or small- vessel stroke
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Secondary Complications: Systemic venous thrombosis 
and thromboembolism.

Treatment Complications: Anticoagulation, often used 
long term for treatment of thrombophilia, increases 
risk of hemorrhage.
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Thrombotic Thrombocytopenic Purpura (TTP)
Epidemiology and Demographics: Acquired thrombotic 

thrombocytopenic purpura (TTP) occurs at a rate 
of 3 per million, usually in adults. Hereditary TTP 
is very rare, accounting for <5% of cases of TTP. It 
is more common in women and those of African 
descent.

Disorder Description: TTP (Moschcowitz syndrome or 
thrombocytic acroangiothrombosis) is a throm-
botic microangiopathy characterized classically by 
the pentad of microangiopathic hemolytic anemia, 
thrombocytopenia, fever, renal insufficiency, and 
neurologic dysfunction. The full presentation is 
uncommon in current times, and most common pre-
senting symptoms are headache/confusion (60%), 
abdominal discomfort (50%), fever (20%), bleeding 
(20%), and renal failure (5%).1 Thrombocytopenia 
and anemia are present in >80%.

TTP is caused by severe ADAMTS13 (a disinte-
grin and metalloproteinase with a thrombospondin 
type 1 motif, member 13) enzymatic deficiency typ-
ically because of autoantibody directed against the 
protein. Autoantibody formation can occur in the 
context of other autoimmune disorders, infections, 
drug reactions, or malignancy. In hereditary cases, 
there is an inherited mutation in the ADAMTS13 
gene. ADAMTS13 protein is a metalloproteinase 
that cleaves von Willebrand Factor. In its absence, 
platelets excessively aggregate, leading to microan-
giopathic occlusions and platelet consumption. This 
disorder is usually acquired but is rarely genetic.

The acquired cases may be primary or second-
ary due to malignancy, infection, bone marrow 
transplantation, pregnancy (especially HELLP 

syndrome), and medications (e.g., ticlidopine, clopi-
dogrel, acyclovir, quinine, cyclosporine).

Symptoms

Localization site Comment

Cerebral hemispheres Diffuse involvement of cortical and 
subcortical gray and white matter 
causing ischemic (often lacunar) and 
hemorrhagic infarcts. On MR imaging, 
some lesions can be reversible. 
Imaging can also be consistent with 
posterior reversible encephalopathy 
syndrome (PRES).2 Hallucinations, 
confusion, delirium may occur

Brainstem Stroke as per above

Cerebellum Stroke as per above

Mental status and 
psychiatric aspects/
complications

Causes an acute confusional 
state with frequently decreased 
consciousness. There can be 
concurrent seizures or more  
focal findings including hemiparesis, 
hemisensory deficit, aphasia or  
ataxia3

Secondary Complications: There is a risk of systemic 
bleeding from microvascular injury and thrombo-
cytopenia. Gastrointestinal symptoms including 
nausea, vomiting, and diarrhea are frequently seen. 
Kidney failure is infrequent in TTP.

Treatment Complications: Treatment with plasma 
exchange requires a large bore central venous cath-
eter with associated infectious, hypotensive, or 
venous thrombotic risk. Plasma exchange also uses 
infusion of donor plasma.
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Thunderclap Headache
Epidemiology and Demographics: The incidence of this 

condition is unknown as there are multiple etiolo-
gies for this presentation. One study reports an inci-
dence of 43/100,000 adults annually. Another case 
report examining patients in an emergency room 
showed an incidence of 120/8000 patients.

Disorder Description: A severe type of headache that is 
sudden in nature and reaches peak, maximum sever-
ity within 1 minute. In any presentation of this type 
of headache, the diagnosis of primary thunderclap 
headache is one of exclusion. Consideration should 
be made for subarachnoid hemorrhage, sentinel 
headache, reversible cerebral vasoconstriction syn-
drome, arterial dissection, cerebral venous sinus 
thrombosis, pituitary apoplexy, intracranial hemor-
rhage, ischemic stroke, reversible posterior leukoen-
cephalopathy, spontaneous intracranial hypotension, 
colloid cyst, and intracranial infections. CT head, 
lumbar puncture, and MRI of brain are diagnostic 
tools that can help differentiate possible etiologies.

Symptoms

Localization site Comment

Cerebral hemispheres Involves mostly cerebral hemispheres 
on either side or bilaterally. The presence 
of rupture aneurysm, colloid cysts, 
intracranial abscess, tumors, venous 
thrombosis can occur anywhere here

Cranial nerves Depending on location of etiology of 
thunderclap headache symptom, focal 
deficits can be seen on cranial nerve 
exam

Pituitary gland Pituitary apoplexy is one condition that 
can present as thunderclap headache

Secondary Complications: Complications from this con-
dition can occur if an etiology is not detected prop-
erly. A diagnosis of primary thunderclap headache 

is of exclusion after extensive imaging, other diag-
nostic tests, and a thorough history is obtained from 
the patient.

Treatment Complications: Abortive therapies for thun-
derclap headaches are similar to those of migraine 
headaches. However, these therapies should be con-
sidered once other possible etiologies are excluded.
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Thyroid Ophthalmopathy
Epidemiology and Demographics: Approximately 20–25% 

of patients with Grave’s disease may have clinically 
evident ophthalmopathy. The condition is more 
common in women than men.1 Cigarette smoking 
has been confirmed as a risk factor as is autoim-
mune disease.2

Disorder Description: The pathogenesis is understood to be 
due to increase in the volume of extraocular muscles 
and retroorbital connective and adipose tissue due 
to the accumulation of hydrophilic glycosaminogly-
cans (GAG), which causes a change in osmotic pres-
sure leading to fluid accumulation, muscle swelling, 
and increase in pressure within the orbit.1,3

Symptoms

Localization site Comment

Cranial nerves Impairment of extraocular muscles. 
Diplopia and occasionally vision loss due 
to severe proptosis
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Thyrotoxic Periodic Paralysis
Epidemiology and Demographics: Mainly seen in the 

Asian population, affecting mostly men.1 The inci-
dence is believed to be 2% in Asian countries com-
pared with an incidence of 0.1–0.2% in non- Asian 
countries.2 Age of onset is generally between 20 and 
39 years of age.3

Disorder Description: Seen in patients with thyrotoxico-
sis; increased Na–K ATPase activity is believed to 
result in severe hypokalemia, which can lead to an 
acute onset of profound proximal muscle weakness 
that may progress to paralysis.2 It is associated with 
episodic weakness, and it carries the risk of involv-
ing respiratory muscles.

Symptoms

Localization site Comment

Muscle Weakness proximal > distal. Myalgias. 
Hyporeflexia/areflexia is common 
although reflexes may be preserved or 
increased on occasion. Rarely bulbar 
weakness

Secondary Complications: Symptoms associated with 
hyperthyroidism (see entry for Hyperthyroidism).

Treatment Complications: Treatments may include potas-
sium orally or emergently through intravenous 
route. Overshooting may itself result in general-
ized muscle weakness. A low carbohydrate and 
low sodium diet may reduce frequency of attacks. 
Beta- blockers may be used temporarily to attenu-
ate symptoms of hyperthyroidism, and these agents 
may induce fatigue, generalized weakness, and 
depression. Treatment of the thyroid gland may be 
indicated (see entry for Hyperthyroidism).
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Tic Disorders and Gilles de la Tourette 
Syndrome (Tourette’s)
Epidemiology and Demographics: Tic disorders are pediat-

ric illnesses. Adult onset tics are uncommon and are 
usually secondary to a trauma, encephalitis, or lesion, 
or are found as an incidental finding in the setting of 
other neuropsychiatric disease (e.g., Huntington’s). 
Reports of idiopathic tics in adults are rare and, 
of those, most are discovered to be recurrences of 
childhood tic disorders. The average ages of onset 
for motor tics and verbal tics are 7 and 11 years old, 
respectively. Symptoms tend to decrease in adult-
hood. The adult incidence of Tourette’s is only 0.05%.

Overall prevalence figures vary based on the tic 
disorder in question. Combined prevalence is 2.82% 
(4.27% male, 1.78% female). Provisional tic disorder 
(formerly transient tic disorder) is the most common 
form of tic disorder and has an incidence of 2.99%. 
(Despite a slightly higher prevalence in males, gen-
der differences were not statistically significant.)

Persistent (chronic) tic disorder has an incidence 
of 1.61% (no significant gender discrepancy). There 
was a 0.69% prevalence of the vocal- only subtype 
and a 1.65% prevalence of the motor- only subtype.

Tourette syndrome is the most severe of the three 
defined tic disorders and has an overall incidence of 
0.85% in mainstream school populations. Tourette’s 
rates also differ between genders (1.06% in males 
and 0.25% in females).

Tic disorders occur in higher frequency in special 
education populations and particularly among chil-
dren with autism spectrum disorders (prevalence: 
Tourette’s 4.8% and chronic tic disorder 9.0%).

Tourette syndrome is found at similar rates 
worldwide, except within the Sub- Saharan black 
African population (where it appears to be absent) 
and in Afro- Caribbeans, African- Americans, and 
American Hispanic people (where rates are far 
lower). This may be a result of sampling bias and 
cultural effects on reporting rates.
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Disorder Description: Tics are fast, sudden, stereotyped, 
non- rhythmic, suppressible motor movements or 
vocalizations. While tics may change over time they 
tend to maintain near identical patterns of move-
ment or speech for an extended period. Motor tics 
can be simple short single motion movements (eye 
blink, shoulder shrug) or complex complete behav-
iors. Vocal or phonic tics can range from throat 
clearing to speech. Though obscene speech and 
behaviors (coprolalia and copropraxia) are com-
monly associated with tic disorders, these symp-
toms are actually relatively rare. Tics generally first 
present in young children and peak in severity in the 
immediate prepubertal period. Tic disorders can 
be divided up into three main conditions (and two 
diagnoses for specified and unspecified tic disorders 
that do not meet criteria for the other three labels). 
The disorders are hierarchical, with Tourette’s as the 
most severe. If a more severe diagnosis is suggested, 
a lesser one may not be used. In all cases, the patient 
must be under 18 years at age of onset and the tics 
may not be caused by use of any substance or an 
underlying medical condition.

The disorders are differentiated as follows: 
Provisional tic disorder has a duration of symptoms 
of less than 1 year. Persistent (chronic) tic disorder 
may be either motor OR vocal tic dependent but not 
both. It must persist for at least 12 months. Finally, 
Tourette’s is characterized by history of both motor 
and physical tics lasting at least 1 year. The remain-
ing two classifications, other specified and unspeci-
fied tic disorder, allow a clinician to still diagnose a 
tic disorder in cases that don’t technically meet the 
diagnostic requirements.

While not causative of the disorder, certain fac-
tors are exacerbatory. They include stress, excitation 
or exhaustion, maternal smoking in the prenatal 
period, low birth weight, elderly paternal age at con-
ception and, in the case of Tourette’s, a number of 
specific risk- factor alleles. Tourette’s and various tic 
disorders can, in rare instances, run in families.

Some research supports a connection with 
‘Pediatric Autoimmune Neuropsychiatric Disorder 
Associated with Streptococcus’ or PANDAS. This 
condition is associated with development of tics or 
chorea- like movements and obsessive- compulsive 
disorder (OCD). This condition is similar to 
Sydenham chorea but lacks the rheumatic fever 
related complications. While research on PANDAS 
is mounting, it is not a ubiquitously accepted condi-
tion or etiology and remains a controversial topic.

Tic disorders often present with a range of neu-
ropsychiatric and behavioral concerns. In chil-
dren, comorbid conditions include attention deficit 
hyperactivity disorder (ADHD), OCD, and autism 
spectrum disorder.

In adolescents and adults, comorbid conditions 
include the aforementioned conditions as well as 
migraine headache, substance use disorder, and 
mood disorders such as depression and bipolar dis-
order. The frequency of comorbidity increases with 
the severity of the tic disorder (80%–90% of Tourette’s 
patients have non- tic complaints). That said, even 
mild tics are associated with these conditions.

Tics are thought of as involuntary movements. 
However, many patients describe some degree 
of volition and describe the tic as a movement or 
sound made to satisfy premonitory urges. While tics 
are suppressible, the premonitory urge will often 
persist until the proper execution of the stereo-
typed behavior. These sensory tics occur in 90% of 
patients. This phenomenon appears to be pathog-
nomonic for tic disorders and is not associated with 
other movement disorders. Because of the frequent 
comorbidity with OCD, it is often difficult to differ-
entiate complex tics from compulsions.

While tics in general can have many etiologies, 
primary idiopathic tic disorders present as hetero-
geneous neuropsychiatric conditions with a pleth-
ora of comorbidities. With early intervention, the 
patient can develop better control of their tics and 
avoid many of the negative scholastic and social 
consequences often associated with the condition. 
Though in most cases the tics are self- limiting with 
increased age, many of the associated conditions are 
lifelong disorders in need of treatment.

Symptoms

Localization site Comment

Cerebral hemispheres Violent tics may result in 
vertebral artery occlusion and 
stroke or concussive cerebral 
damage

Deficiency in sensory– motor 
planning (e.g., increased 
reactive grip force)

Decreased motor learning 
(long- term potentiation and 
depression of primary motor 
cortex)

Decreased volume in pre- and 
post- central gyrus and caudate 
nucleus
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Secondary Complications: There have been reports of 
compressive neuropathy, myelopathy, fractures, 
and pain associated with violent tics and cerebral 
damage secondary to head- banging. Additionally, 
there are cases of vertebral artery occlusion leading 
to stroke.

Treatment Complications: Mild cases are left untreated 
or may be treated with behavioral therapy (such 
as comprehensive behavioral intervention for tics, 
CBIT).

For patients with severe impairment, pharma-
ceu tical intervention may be warranted. Medication 
options include anti- psychotics (haloperidol, pimo-
zide), atypical neuroleptics, and α2-agonists.

Central nervous system effects with these drugs 
include tardive dyskinesia, depression, anxiety, 
sedation, cognitive blunting, and drug- induced 
parkinsonism. Physicians should also be on the look 
out for peripheral effects of these drugs such as dry 
mouth and hypotension.

Additionally, treatment of comorbid conditions 
(e.g., ADHD or OCD) may come with a host of 
other complications and symptoms.
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Localization site Comment

Mental status and psychiatric 
aspects/complications

Associated with: depression, 
anxiety, obsessivity, mildly 
decreased IQ, ADHD, OCD, 
substance use disorder, bipolar 
disorder, and self- injurious 
behavior

In addition to coprolalia and 
copropraxia patients also often 
display non- obscene, socially 
inappropriate behavior

Brainstem Decreased plasticity/
habituation of blink- reflex 
circuit

Cerebellum Some evidence of dysrhythmia 
during tics

Spinal cord Violent tics may cause 
radiculopathy and myelopathy 
(particularly in the cervical 
region)

Unclear localization Deficient selective- attention 
(abnormal N1, event-related 
potential)
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Tick Paralysis
Epidemiology and Demographics: As summarized by 

Diaz, in North America, the symptoms usually pres-
ent in the early spring, and the literature documents 
more cases in prepubescent girls although cases in 
both sexes and all ages have been reported.

Disorder Description: The tick species responsible in 
North America is Dermacentor andersoni. The tick 
must bite for a few hours before releasing the toxin. 
Initially the patient may feel generalized fatigue. 
Then she or he may experience motor dysfunction 
that begins in distal lower extremities. There may be 
gait unsteadiness. Facial droop is a common finding.

Symptoms

Localization site Comment

Neuromuscular junction Motor symptoms as 
described above

Secondary Complications: The area bitten by the tick may 
become infected.

Treatment Complications: If the patient’s symptoms are 
severe enough to require intubation, the sedative 
medications required for intubation may cause 
changes in mental status. For prevention of the dis-
ease, N,N-diethyl-3-methylbenzamide (DEET) can 
be applied as insect repellant. However, it can rarely 
cause encephalopathy, especially in children.
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Tobacco Use
Epidemiology and Demographics: No gender or race 

predilection.
Disorder Description: Nicotine derived from tobacco 

causes most symptoms. Patient usually experi-
ences symptomatology of nicotine withdrawal  
30 minutes after their last cigarette use. An indi-
vidual will experience cravings, sleep disturbance, 
anxiety, and depressive symptoms, and variation in 
body temperature. Patients will experience these 
symptoms at their peak at 2–3 days.

Symptoms

Localization site Comment

Cerebral hemispheres Cortical atrophy (chronic)

Mental status and psychiatric 
aspects/complications

Codependency habits 
(chronic)

Depression (chronic)

Cognitive difficulties 
(chronic)

Irritability (chronic)

Brainstem Disruption of sleep–wake 
cycle (circadian rhythm) 
(chronic)

Pituitary gland Hypothalamic–pituitary–
adrenal (HPA) axis 
dysfunction

Peripheral neuropathy Paresthesias (chronic)

Muscle Myalgias (acute)

Neuromuscular junction Dopamine production 
decreases, and sensitivity of 
acetylcholine receptors also 
decreases (chronic)

Treatment Complications: Varenicline is used as adjunct 
for people in assistance of quitting smoking. As a 
result of this treatment, there is a chance of increased 
suicide ideation in certain individuals. Nicotine 
replacement agent side effects include insomnia, 
irritability, headache, dizziness, or paresthesias. 
Bupropion used to facilitate stopping smoking may 
be associated with dose- related reduction of the sei-
zure threshold.

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.020
https://www.cambridge.org/core


Tolosa–Hunt Syndrome

661

Bibliography
Healthline. What is nicotine withdrawal? www 

.healthline.com/health/smoking/nicotine-
withdrawal#Symptoms2. Accessed Sep 21, 2018.

Rettner R. Your brain on nicotine: smoking may thin 
its outer layer. Live Science. Dec 3, 2010. Available 
at www.livescience.com/35222-smoking-thin-
brain-cerebral-cortex-101202.html. Accessed Sep 
21, 2018.

Tweed JO, Hsia SH, Lutfy K, Friedman TC. The 
endocrine effects of nicotine and cigarette smoke. 
Trend Endocrinol Metab. 2012;23(7):334–42. 
DOI:10.1016/j.tem.2012.03.006.

Tolosa–Hunt Syndrome
Epidemiology and Demographics: Rare before the age of 

20 years. Even distribution in all age groups after the 
age of 20. Typically occurs around 60 years of age. 
Affects males and females equally. No race predilec-
tion is known. Estimated incidence of one case per 
million per year.

Disorder Description: Tolosa–Hunt syndrome is a non-
caseating granulomatous or nongranulomatous 
inflammatory process involving the cavernous sinus 
and superior orbital fissure. This condition causes 
painful ophthalmoplegia. The ophthalmoplegia is 
secondary to cranial nerve III, IV, and VI damage 
from inflammation. Pupillary involvement is often 
seen with inflammation of the sympathetic fibers 
around the cavernous portion of the internal carotid 
artery as well as the parasympathetic fibers that sur-
round the oculomotor nerve. Furthermore,  the 
oculomotor branch (V1) of the trigeminal nerve can 
also become affected causing sensory changes to the 
upper part of the face. This condition shares  features 
with a similar disease process called idiopathic 
orbital pseudotumor. Tolosa–Hunt syndrome car-
ries features similar to Gradenigo syndrome and 
thus should be differentiated in clinical practice.

The exact cause of this disease process is not 
known. Pathology demonstrates fibroblastic, lym-
phocytic, and plasmocytic infiltration of the cav-
ernous sinus.

Recent viral infection is a risk factor.
No particular geographic proclivity is known.

Symptoms

Localization site Comment

Cavernous sinus/superior 
orbital fissure

Cranial nerve II: optic nerve – optic 
disease, edema, obscured/blurred 
vision to loss of vision

Cranial nerve III: oculomotor nerve – 
paralysis of superior, medial, and 
inferior recti and inferior oblique 
muscles

Cranial nerve IV: trochlear nerve – 
paralysis of the superior oblique 
muscle

Cranial nerve V1: ophthalmic branch 
of the trigeminal nerve – sensory 
loss to the upper part of the face; 
loss of ipsilateral corneal reflex

Cranial nerve VI: abducens nerve – 
paralysis of lateral rectus muscle

Sympathetic fibers traveling 
with internal carotid artery: loss 
of pupillary light reflex; Horner’s 
syndrome

Parasympathetic fibers traveling 
with cranial nerve III: loss of pupillary 
light reflex

Cerebellopontine angle 
(rarely)

Hearing loss or diminished hearing 
ipsilateral to the lesion, wide- based 
gait, tinnitus, ataxia

Cranial nerve VII: facial 
nerve (rarely)

Paralysis of facial muscles ipsilateral 
to the lesion

Secondary Complications

Vision loss
Hearing loss (rarely)
Facial paralysis (rarely)

Treatment Complications

Corticosteroids: Increased risk of infection, hyper-
glycemia, avascular necrosis of the hip, psychosis, 
Cushing’s disease.

Immunosuppressants: Hematopoietic complications 
with methotrexate are seen in patients not supple-
mented with folic acid. Furthermore, medications 
such as azathioprine and methotrexate are terato-
genic and hence careful avoidance of such drugs 
during pregnancy is advised.
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Localization site Comment

Cranial nerves Cranial nerve III palsy causes a large pupil in 
association with ipsilateral ptosis, upgaze, 
downgaze, and adduction eye movement 
deficits. In the case of compressive lesions 
pupillary dilation can occur prior to 
development of other signs

Isolated dysfunction of the ciliary ganglion 
or short ciliary nerves in the orbit can cause 
a tonic pupil, which reacts poorly to light, 
but typically has intact accommodation 
(i.e., constricts to a near stimulus) with slow 
redilation. Slit lamp findings include segmental 
paralysis of the iris with vermiform or 
“wormlike” iris movements

Dorsal root 
ganglia

Holmes–Adie syndrome is comprised of tonic 
pupils and loss of peripheral reflexes, thought 
to be due to injury to the ciliary and dorsal root 
ganglia. Onset may be gradual and unilateral. 
Ross’s syndrome is Homes– Adie syndrome 
with excessive sweating

Peripheral 
neuropathy

Autonomic neuropathy in diabetic patients, or 
more rarely dysautonomias or paraneoplastic 
syndromes, can be associated with poorly 
reactive pupils

Muscle Damage to the iris sphincter muscle, for 
example due to surgery, trauma, or ischemia, 
can limit pupil reactivity. These findings should 
be apparent on slit lamp examination

Angle closure glaucoma is associated with a 
mid- dilated unreactive pupil due to ischemia. 
Accompanying symptoms and signs include 
eye pain, vision changes, and high intra- ocular 
pressure

Pharmacologic pupil dilation can be caused 
by purposeful or inadvertent application of 
anticholinergic (e.g., tropicamide, scopolamine, 
atropine) or adrenergic agents (e.g., 
phenylephrine) to the corneal surface. Rarely, 
systemic agents with anticholinergic effects 
(e.g., benzatropine) can impair pupil constriction

Neuromuscular 
junction

Botulinum toxin inhibits acetylcholine release 
and activation of the iris sphincter muscle. This 
occurs in cases of botulism with concurrent 
symptoms of systemic weakness and 
autonomic dysfunction. It has been reported 
following therapeutic administration of 
botulinum toxin in the extra- ocular muscles

Unclear 
localization

Argyll Robertson pupils do not react to light, 
but do react to a near stimulus. They are not 
typically large at baseline. They are caused by 
syphilitic damage likely to either the midbrain 
or the ciliary ganglia

Radiation therapy: Hair loss, fatigue, weakness, skin reac-
tion (itching, blistering, and peeling), dry mouth, 
mouth sores, jaw stiffness, nausea, lymphedema, 
tooth decay.
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Tonic Pupil (Large Pupil)
Tonic pupil, Adie’s pupil, large pupil, mydriasis, poorly 
constricting pupil
Epidemiology and Demographics: Large pupils can occur 

in all races/ethnicities of either sex at any age.
Disorder Description: This entry addresses abnormally 

large pupils due to efferent dysfunction. This is dis-
tinct from pupils that are poorly reactive to light 
due to dysfunction of the afferent visual pathway 
(see entry for Afferent Pupillary Defect). Unilateral 
abnormally large pupils are apparent on exam as 
anisocoria, that is, greater in light compared with 
dark environments. When the disorder is bilateral, 
findings can include large pupils that are poorly 
reactive to light that are not accounted for by poor 
vision.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Benign episodic mydriasis is associated with 
migraine. Bilateral and unilateral mydriasis are 
rarely associated with seizure and postictal 
states

Brainstem Dorsal midbrain (Parinaud or pretectal) 
syndrome can include large pupils that 
are poorly reactive to light, but with intact 
accommodation (i.e., constriction to a  
near stimulus). Associated signs include  
eyelid retraction, limited upgaze,  
and convergence– retraction  
“nystagmus”
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Secondary Complications: Central sleep apnea may occur.
Treatment Complications: Treatment is by either throm-

bolysis or mechanical thrombectomy. Either could 
precipitate hemorrhagic conversion.
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Toxin-Induced Neuropathies
Epidemiology and Demographics: This is a relatively rare 

condition in the United States.
Disorder Description: The history and social history are 

important in patients presenting with seemingly 
unrelated generalized symptoms. It helps raise sus-
picion when coworkers or other family members 
have similar complaints. The patient may present 
to the pediatrician’s office with developmental 
delay or failure to meet milestones. Adult patients 
may present with burning tingling sensation 
along with lightheadedness. There are a multitude 
of potential toxins including heavy metals, and 
industrial or environmental substances. Taking an 
occupational and environmental exposure history 
is crucial.

Symptoms

Secondary Complications: Patients may complain of light 
sensitivity due to more light entering the eye. They 
may experience blurring of vision at near, if accom-
modation is affected. This will resolve with either 
pinhole or reading glasses.

Treatment Complications: For patients who are very sen-
sitive to light, pilocarpine can be used to pharmaco-
logically constrict the large pupil. This is associated 
with a small pupil and some patients experience 
brow ache.
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Top of the Basilar Syndrome
Disorder Description: Typically embolic event causing 

occlusion of the distal basilar artery. This causes 
infarction affecting some or all of the rostral brain-
stem (basilar perforator arteries), both thalami (tha-
lamic perforators), and both posterior parietal and 
occipital lobes (posterior cerebral arteries, PCAs). 
In some cases, only one PCA may be involved, for 
example, if there is a unilateral fetal PCA origin – 
see entries on Posterior Cerebral Artery (PCA), Left 
Territory Infarction and Posterior Cerebral Artery 
(PCA), Right Territory Infarction.

Symptoms

Localization site Comment

Cerebral hemispheres Balint syndrome (asimultagnosia, 
optical apraxia, and gaze apraxia), 
metamorphopsia, memory loss 
(left or bilateral thalamic), agitated 
delirium (bilateral thalamic), bilateral 
hemisensory loss, Anton syndrome 
(cortical blindness with denial)

Mental status and 
psychiatric aspects/
complications

Somnolence, hallucinations (formed 
and complex hallucinations unrelated 
to delirium)

Brainstem Diplopia, vertical gaze abnormalities, 
convergence disorders, pupillary 
abnormalities, skew deviation

Localization site Comment

Mental status and psychiatric 
aspects/complications

Encephalopathy (e.g., alcohol, lead)

Cerebellum Dysmetria (alcohol, phenytoin 
toxicity)

Cranial nerves Ophthalmoplegia (alcohol)

Spinal cord Myelopathy (nitrous 
oxide), corticospinal tract 
(organophosphate pesticides)
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should prompt search for an alternative diagnosis. 
Episodes last at least 4–6 and at most 24 hours and 
then resolve without treatment. The patients usu-
ally will never remember the event. The episode is 
often precipitated by factors such as stress, Valsalva 
maneuver, sex, pain, or immersion in water.

Symptoms

Localization site Comments

Cerebral hemispheres By definition, no symptoms other 
than anterograde memory loss 
may be present

Mental status and psychiatric 
aspects/complications

Anterograde amnesia. Procedural 
memory is intact. Retrograde 
amnesia is rarely present

Secondary Complications: Commonly seen in patients 
with history of migraines. May be confused with 
seizures or strokes. Seizures generally have a shorter 
duration of symptoms and an alteration in con-
sciousness. Strokes generally have other neurologic 
deficits.

Treatment Complications: None as no treatment is 
necessary.
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Transient Ischemic Attack
Epidemiology and Demographics: Incidence of transient 

ischemic attack (TIA) is 1.1/1000 population/year 
in the United States and 0.42/1000/year in the UK. 
Male-to-female ratio is ~1.4:1. Prevalence is higher 
in non- Caucasian populations and increases stead-
ily with age.

Disorder Description: An episode of acute focal neuro-
logic deficit lasting under 1 hour and without abnor-
malities on MR imaging. Rather than a separate 
disease, this should be considered akin to a stroke 
that recovered rapidly. The risk of stroke over the 
subsequent 7 days and especially the next 24 hours 
may be as high as 11% depending on the patient’s 
medical history and presenting complaints.

Localization site Comment

Peripheral neuropathy Acute inflammatory 
demyelinating polyneuropathy 
(arsenic, n- hexane, amiodarone, 
carbon disulfide, cytosine 
arabinoside, methyl n- butyl 
ketone, perhexiline, saxitoxin, 
suramin, organophosphates, 
vincristine, vinca alkaloids, 
nitrofurantoin, dapsone, lead). 
Thallium can cause a rapidly 
progressive and painful ascending 
peripheral neuropathy

Muscle Myopathy (colchicine)

Neuromuscular junction Organophosphate esters

Autonomic system Arsenic, n- hexane, mercury

Other Lead may cause developmental 
delay

Secondary Complications: Toxic metabolic encephalop-
athy from higher concentrations and respiratory 
 failure from certain pesticides.

Treatment Complications: Atropine used in organo-
phosphate toxicity may cause cardiac arrhythmias, 
altered mental status.
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Transient Global Amnesia
Epidemiology and Demographics: The overall incidence is 

4–10/100,000 population per year but the incidence 
rises to 23.5/100,000 in those over age 50 years. 
Typical age at presentation is 50–70 years.

Disorder Description: Transient failure of short- term 
memory encoding (i.e., anterograde amnesia), clas-
sically accompanied by repetitive questioning. The 
patients may have some disorientation but no alter-
ation in mental status. By definition, there cannot be 
any other signs of cortical dysfunction. The presence 
of any other stroke- like symptoms (e.g., hemipare-
sis, sensory loss, hemianopia, vertigo, aphasia, etc.) 
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Trichinosis (Trichinellosis)
Epidemiology and Demographics: There is no sex predomi-

nance and it can occur at any age, based on exposure.  
It is not only endemic to less developed regions (such as 
parts of Africa and South America) but in fact occurs 
in 80% of the world, including the United States and 
Europe (primarily Eastern Europe, such as Romania), 
as well as western and South East Asia. Other areas that 
may be uncommonly affected include small islands or 
small city- states where exposure is limited to potential 
reservoirs. Worldwide prevalence is unknown but an 
estimated 10,000 new cases occur each year.

Disorder Description: Trichinosis is a parasitic dis-
ease caused by the Trichinella genus of nematodes 
(roundworm), most classically Trichinella spiralis, 
but also including Trichinella murelli, and other spe-
cies worldwide. There are typically two phases: an 
intestinal/enteral phase and a muscular/parenteral/
systemic phase. The first (intestinal) phase occurs 
within a week of ingestion. In low burden states (<10 
larvae), patients can remain asymptomatic, but if lar-
val burden exceeds a few hundred, symptoms (most 
commonly gastrointestinal as described below) are 
present. One week after larval ingestion, there may be 
progression to a second, muscular and/or systemic 
stage. Here there are symptoms associated with more 
disseminated disease. These symptoms (due partially 
to immunological effects) can occur as the subse-
quent generation of larvae spread hematogenously 
and lymphatically, with a tropism for highly oxygen-
ated skeletal muscle. In addition to direct tissue dam-
age, the subsequent inflammatory response (largely 
eosinophilic) plays a part in disease manifestation.

Trichinosis is incurred through consumption by 
carnivores or omnivores (e.g., ingestion by humans 
of bears, pigs, hyenas, walruses) of improperly 
cooked meats.

Diagnosis is achieved through a careful clinical 
history assessing risk factors and symptomatology, 
and through serologic testing (ELISA with Western 
blot is the most common test and largely reliable). 
Antibody levels are not helpful early in the course, as 
they are not detectable until approximately 3 weeks 
subsequent to ingestion and infection. Muscle 
biopsy can definitively confirm diagnosis, but may 
have false negatives due to sampling issues. Muscle 
biopsy yield is enhanced by sampling symptomatic 
muscles and near a tendinous insertion.

Symptoms

Localization site Comment

Cerebral hemispheres Hemiparesis. Hemisensory 
deficit. Hemianopia.  
Neglect. Aphasia. Lower 
facial palsy

Mental status and psychiatric 
aspects/complications

Delirium (rare, limited to 
thalamic infarcts)

Brainstem Hemiparesis. Bulbar signs. 
Crossed sensory deficits. 
Complete facial palsy

Cerebellum Ataxia. Vertigo

Vestibular system Vertigo

Cranial nerves Any cranial neuropathy may 
be seen in conjunction with 
a brainstem TIA

Secondary Complications: Generally found in connec-
tion with vascular risk factors such as hyperten-
sion, smoking, hyperlipidemia, and diabetes. Early 
treatment of risk factors and addition of antiplatelet 
agents may reduce immediate risk of stroke.

Treatment Complications: Antiplatelet agents may lead to 
bleeding. Antilipemic agents may lead to myopathy/
myalgia.
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Symptoms

Localization site Comment

Cerebral hemispheres Seizures, edema, hemorrhage, 
emboli, infarctions, and 
perivascular infiltrates

Mental status and psychiatric 
aspects/complications

Meningitis/encephalitis

Ocular symptoms Conjunctival and retinal 
hemorrhages, periorbital 
edema, chemosis, visual 
disturbance, ocular pain

Outside CNS Gastrointestinal symptoms 
(nausea, vomiting, diarrhea, 
abdominal pain) initially

Fevers and chills, fatigue, 
headaches, nail bed splinter 
hemorrhages, cough, dyspnea, 
dysphagia, rash, arthralgia

Muscle Myalgia, edema, weakness, 
rhabdomyolysis

Myocarditis

Secondary Complications: Due to the immunological 
response, diverse systemic complications may occur 
such as cardiac myositis (although cardiac tissue is 
not commonly affected), renal failure (in part from 
resultant rhabdomyolysis as direct renal involve-
ment is not common), infarctions, embolic disease, 
and gastrointestinal symptoms.

Treatment Complications: Depending on disease severity, 
antiparasitic agents may be prescribed (e.g. meben-
dazole, albendazole), possibly with corticosteroids. 
In milder infections treatment may consist of ther-
apy only for symptoms. Treatment complications 
from antiparasitic agents are uncommon but may 
include gastrointestinal adverse effects (nausea, 
vomiting, diarrhea, abdominal pain, decreased 
appetite). Potential neurologic side effects of ster-
oids are limited given the typically short course reg-
imen that is typically utilized.
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Trichotillomania
Epidemiology and Demographics: The 12- month preva-

lence of trichotillomania in the US adult population 
is 1–2%. The female-to-male ratio is approximately 
10:1. This gender disparity may be partially due to 
the differential treatment seeking due to gender. 
In children, males and females are equally affected 
(DSM-5).

Disorder Description: As stated in DSM-5, trichotilloma-
nia can be defined as:
 A. Recurrent pulling out of one’s hair, resulting in 

hair loss.
 B. Repeated attempts to cease hair- pulling activity.
 C. The hair pulling causes the patient significant 

clinical distress or impairment in social, occu-
pational, or other areas of functioning.

 D. The hair pulling and hair loss are not attributed 
to another medical condition.

 E. The hair pulling is not better explained as a 
symptom of another mental disorder (for exam-
ple, the attempt to improve a perceived flaw as 
in body dysmorphic disorder).

Differential Diagnosis

Normative hair removal/manipulation: Trichotillo-
mania should not be confused with hair removal 
(plucking, laser, shaving, cutting, etc.) for cosmetic 
reasons. Hair manipulation, such as twirling, 
twisting, biting, etc., also should not be diagnosed 
as trichotillomania.

Other obsessive- compulsive (OCD) and related dis-
orders: Individuals with OCD may pull out hairs 
as part of their symmetry rituals. Those with body 
dysmorphic disorder may pull hair in order to 
remove their perceived bodily defect/flaw.

Neurodevelopmental disorders: In neurodevelop-
mental disorders, hair pulling may qualify as a 
stereotypy. Tics, as in Tourette’s syndrome, rarely 
involve hair pulling.

Psychotic disorders: patients may remove hair in 
response to a delusion or hallucination.

Hair and skin disorders: Organic causes of alopecia such 
as alopecia areata, androgenic alopecia, telogen 
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effluvium, chronic discoid lupus erythematosus, 
lichen planopilaris, central centrifugal cicatricial 
alopecia, pseudopelade, folliculitis decalvans, 
dissecting folliculitis, and acne keloidalis nuchae 
should be considered in those who deny hair pulling. 
Skin biopsy and/or dermoscopy will differentiate 
between organic and behavioral causes.

Secondary Complications: Trichotillomania may cause sig-
nificant distress and occupational impairment. It may 
cause irreversible damage to hair growth and quality. 
Individuals will often have patches of hair of varying 
lengths. Though infrequent, medical consequences 
include digit purpura, musculoskeletal injuries (back, 
hand, neck, or head pain), blepharitis, and dental dam-
age (due to hair biting). Swallowing of hair (tricho-
phagia) may lead to trichobezoars, with subsequent 
anemia, abdominal pain, hematemesis, nausea and 
vomiting, bowel obstruction, and (rarely) perforation

Treatment Complications: Cognitive behavioral ther-
apy is the first- line treatment for trichotillomania. 
However, some studies have shown efficacy of selec-
tive serotonin reuptake inhibitors (SSRIs), clomi-
pramine, and N- acetylcysteine. SSRI side effects 
include nausea, diarrhea, insomnia, headache, ano-
rexia, weight loss, sexual dysfunction, restlessness 
(akathisia- like), serotonin syndrome (fever dia-
phoresis, tachycardia, hypertension, delirium, neu-
romuscular excitability), hyponatremia, seizures 
(0.2%). Clomipramine side effects include sedation, 
weight gain, hypotension, dry mouth, blurred vision, 
urinary retention, constipation. N- acetyl cysteine is 
associated with rash, urticaria, and pruritus.
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Trigeminal Neuralgia
Epidemiology and Demographics: More commonly found 

in women, especially over the age of 50 years. When 
it presents at an earlier age, other diagnoses such as 
multiple sclerosis should be excluded. The annual 
incidence is 4 to 13/100,000.

Disorder Description: Patients may present with short 
duration electric- like pain sensations in the uni-
lateral forehead, cheek, or chin. The causes include 
idiopathic etiologies, or structural impingements 
on the trigeminal nerve as may occur with a tumor, 
a vascular loop, or a plaque associated with multi-
ple sclerosis. Sometimes the simple act of brushing 
one’s teeth may elicit pain.

Symptoms

Localization site Comment

Mental status and psychiatric aspects Anxiety and depression

Cranial nerves Trigeminal nerve

Secondary Complications: Mood disorder and anxiety 
from chronic pain.

Treatment Complications: Carbamazepine can cause 
hyponatremia and seizures. Gabapentin can cause 
sedation. Potential complications from nerve blocks, 
ablation, or microvascular decompression.
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Tropical Ataxic Neuropathy
Epidemiology and Demographics: As summarized by 

Netto et al., a study in Nigeria showed incidence was 
64/10,000 individuals. The highest prevalence of 
24% was found in people in their 60s. This is a very 
rare disease in the United States.

Disorder Description: Patients most commonly present 
with numbness and ataxic gait; occasionally they 
manifest vision or hearing loss. The causes include 
malnutrition, either from inadequate amounts of 
food or difficulty absorbing the nutrients from food, 
and cyanide or nitrile toxicity (this is especially true 
in areas of cassava consumption).

Symptoms

Localization site Comment

Base of skull Bilateral sensory neural 
deafness

Cranial nerves Bilateral optic atrophy

Spinal cord Posterior column involvement

Anterior horn cells Pyramidal tract myelopathy

Peripheral neuropathy Ataxic polyneuropathy

Secondary Complications: Coexistent vitamin A defi-
ciency can occur, which can manifest as night blind-
ness. Risk of falls is high.

Treatment: Vitamin supplementation and diet changes 
may improve symptoms.
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Trypanosomiasis, African
Epidemiology and Demographics: There is no distinct 

sex predominance or predilection for a specific 
age group. It is largely seen in Africa with the more 
acute form (caused by Trypanosoma brucei rhode-
siense) found more commonly in East Africa, and 
the more chronic form (caused by Trypanosoma 
brucei gambiense) occurring mainly in Northern, 
West, and Central Africa. Vigorous efforts have dra-
matically reduced the frequency of this illness over 
the years. In 2015, approximately 2800 cases were 
documented.

Disorder Description: Trypanosomiasis is also known 
as “African sleeping sickness” and is caused by 
parasitic protozoans of the Trypanosoma genus 
(Trypanosoma brucei rhodesiense and Trypanosoma 
brucei gambiense).

Typically upon ingestion by the tsetse fly, the 
Trypanosoma brucei species develop and divide, 
spreading to the insect’s salivary glands, resulting in 
transmission to human hosts during the next blood 
meal. Using a variety of immunologic evasive tech-
niques, they develop further and disseminate in the 
human host. In the second stage of the human dis-
ease, it invades the central nervous system (CNS).

Symptoms

Localization site Comment

Mental status and 
psychiatric aspects/
complications

Meningoencephalitis, sleep–wake 
pattern disruption (day–night 
reversal), encephalopathy, 
cognitive difficulties (deficits in 
concentration or complex tasks), 
personality changes, psychosis, 
vegetative or comatose state

Other localizations Headache, tremor, ataxia, seizure

Outside CNS Chancre
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Secondary Complications: Secondary complications are 
largely neurological, as noted above, signaling CNS 
involvement.

Treatment Complications: There are a variety of treatment 
regimens, but typically pentamidine and suramin 
are used early on, but in later stages nifurtimox 
and eflornithine may be utilized. Some regimens 
include melarsoprol. Complications of antihelmin-
thics include gastrointestinal symptoms, headache, 
dizziness, fever, and chills. Melarsoprol (a highly 
toxic arsenical compound) has been associated with 
encephalopathy.
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Tuberculosis (TB)
Epidemiology and Demographics: According to the 

Centers for Disease Control and Prevention 
(CDC), up to 25% of the world’s population suffer 
from tuberculosis (TB) infection. In the United 
States, approximately 2.9 cases/100,000 individu-
als occurred in 2016, which represented a decline 
in cases from previous years. Males and females are 
equally vulnerable to infection. The central nerv-
ous system (CNS) is involved in about 1–2% of  
TB cases.

Disorder Description: TB is caused by the bacillus 
Mycobacterium tuberculosis. HIV and other causes 
of immunosuppression predispose to TB infection. 
TB often starts as a pulmonary infection that in a 
secondary stage of hematogenous spread can affect 
many body systems. Three main forms of CNS dis-
ease are meningitis, intraparenchymal tuberculo-
mas, and arachnoiditis.

Symptoms

Localization site Comment

Cerebral hemispheres Meningismus, seizures, headache, 
diverse focal neurologic deficits

Mental status and psychiatric 
aspects/complications

Mild to profound alteration in 
mental status with widely varying 
time frames of progression and 
ranging from mild confusion to 
coma

Cerebellum Focal deficits from TB abscess

Cranial nerves Cranial neuropathies

Spinal cord Arachnoiditis can afflict any level 
and is associated with painful 
radiculopathic and compressive 
myelopathic signs

Secondary Complications: Vasculitis with secondary 
strokes of the vertebrobasilar or subdivisions of 
the middle cerebral artery, and vessels that form 
the circle of Willis, among other possible vascular 
locations.

Communicating hydrocephalus with diverse 
complications of increased intracranial pressure.

Treatment Complications: Isoniazid may cause a periph-
eral neuropathy due to induction of a pyridoxine 
deficiency, and can be precluded by supplemen-
tation with pyridoxine. Optic neuropathy due to 
ethambutol is unusual at usual doses. Surgical com-
plications may occur if surgery is required to relieve 
hydrocephalus.
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Tuberous Sclerosis (TS; Tuberous Sclerosis 
Complex, TSC)
Epidemiology and Demographics: Tuberous sclerosis (TS) 

affects both sexes. TS manifests early with devel-
opmental concerns, infantile spasms, and neonatal  
cardiac rhabdomyomas. Over the course of child-
hood, other symptoms may become apparent. In adult-
hood, ongoing monitoring is needed for tumor 
surveillance. The prevalence of TS is 1/6000 to 1/10,000.

Disorder Description: TS is an autosomal dominant dis-
order, with about a third of cases inherited from one 
parent and the remaining two- thirds are de novo cases. 
TS is caused by mutations in either TSC1 on chromo-
some 9p34.13, which encodes for hamartin, or TSC2 
on chromosome 16p13.3, which encodes for tuberin. 
Hamartin and tuberin are regulators in the AKT/
mTOR signaling pathway, among others. With muta-
tions in either gene, there is suppression of mTOR, with 
resultant cell growth and development of hamartomas.

Clinical symptoms of TS are multisystemic and 
may include: angiofibromas; cardiac rhabdomyoma; 
cortical dysplasias (tubers); skin lesions includ-
ing hypopigmented macules/“confetti,” Shagreen 
patch; lymphangioleiomyomatosis; retinal nodular 
hamartomas; renal angiomyolipoma; subependy-
mal giant cell astrocytoma (SEGA); subependymal 
nodules; and ungual fibromas. Other features may 
include dental enamel pits, intraoral fibromas, mul-
tiple renal cysts, and nonrenal hamartomas.

Symptoms

Localization site Comment

Cerebral hemispheres Central nervous system (CNS) tumors, 
subependymal nodules, cortical 
dysplasias, SEGAs; seizures including 
infantile spasms/hypsarrhythmia

Mental status and 
psychiatric aspects/
complications

TSC-associated neuropsychiatric 
disorder (TAND)1,2:
 1. Autism spectrum disorder (ASD), 

impaired language pathways,3 
atypical face processing,4 and 
global cognitive impairment5

 2. Attention deficit hyperactivity 
disorder (ADHD) (dual- task 
performance), cognitive flexibility, 
and memory

 3. Learning and cognitive impairment 
(learning disabilities)

 4. Disruptive behaviors and emotional 
problems, aggression, self- injurious 
behavior, anxiety

Secondary Complications: Brain tumors and renal tum-
ors lead to the higher morbidity and mortality 
associated with TS. Large/growing renal angiomyo-
lipomas or malignant angiomyolipomas are treated 
with mTOR inhibitors or other procedures. Renal 
cell carcinoma is also seen in TSC.

SEGAs which show growth may be treated with 
mTOR inhibitors or neurosurgery.

Seizures are treated with vigabatrin for infantile 
spasms or other antiepileptic drugs; removal of tuber 
if investigation shows one tuber is causing seizures.

Symptomatic cardiac rhabdomyomas are treated 
surgically or with mTOR inhibitors.

Treatment Complications: Vigabatrin is used for infantile 
spasms in TS, but requires frequent visual testing 
due to risk of peripheral visual field restriction.
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Turner Syndrome
Epidemiology and Demographics: Turner syndrome is not 

exceedingly rare, occurring in 1/2500–3000 live- 
born girls and affecting only females.

It is a genetic disorder, but can present hetero-
geneously with respect to severity and age of onset, 
though usually begins between ages 1 and 3 years 
with cognitive and behavioral issues. There is no 
clear geographic distribution.

Disorder Description: Turner syndrome is a sex chromo-
somal pair disorder, due to loss of one chromosome 
from the pair (nondisjunction), improper division, 
or mosaicism.

Turner syndrome is caused by an XO- equivalent 
sex chromosomal pair, often caused by nondisjunc-
tion. Most cases are due to 45 X karyotype (~50%), 
a minority are due to duplication of the long arm of 
one X in 46 XXi, while the rest are all mosaics.

Diagnosis begins with identification of clini-
cal features, but is confirmed through karyotyp-
ing. Hallmark clinical features for early diagnosis 
include perinatal edema, hypoplastic left heart, or 
coarctation of the aorta. However, diagnosis can be 
made early, in prenatal stages, through ultrasonog-
raphy (demonstration of fetal edema), maternal 
serum screening (human chorionic gonadotropin, 
unconjugated estriol, alpha- fetoprotein), or prena-
tal karyotyping (often done due to advanced mater-
nal age).

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Minimal deficits, but can cause 
learning deficits

Outside CNS Congenital lymphedema, short 
stature (most common cause 
of short stature in otherwise 
healthy girls), shield chest, 
gonadal dysgenesis/”streak 
gonads”

Secondary Complications: Secondary complications are 
primarily related to multiple non- CNS defects, but 
females with mosaicism with cells containing a Y 
chromosome are at increased risk for gonadoblas-
toma (up to 30%) in their streak gonads. Secondary 
ovarian failure is also understandably a risk.

Treatment Complications: Treatment is largely sympto-
matic and supportive. Hormonal therapy (growth 
hormone and estrogen replacement therapy) is the 
major symptomatic mainstay. Counseling and fer-
tilization techniques to avoid this issue in offspring 
can be used. Complications of treatment are largely 
limited to associated risks for the required support-
ive care, especially steroid/hormonal therapy.
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Typhoid Fever 
Epidemiology and Demographics: Typhoid fever is a com-

mon disease throughout the world, with 11–21 mil-
lion cases occurring each year and with an annual 
death rate of approximately 200,000 persons. It can 
afflict males and females equally. While there is no 
specific age of onset, the majority of infections are 
in children and young adults rather than in older 
patients. It is endemic to areas with poor sanitation 
and unclean water and is mostly seen in southern 
Asian countries. In areas where water sources are 
clean, most infections are related to travel and expo-
sure to endemic areas.

Disorder Description: Typhoid fever, which is caused by 
the Salmonella enterica serovar Salmonella Typhi, 
is an enteric baterial infection that is fecal– orally 
transmitted. Typhoid, together with paratyphoid 
caused by Salmonella Paratyphi A,B, or C, falls under 
a broader collective term “enteric fever.” Salmonella 
enterica infects only humans and produces a typhoid 
toxin. Risk is based on exposure, but the majority of 
infections occur in children.

After ingestion, S. enterica crosses the intestinal 
epithelium and spreads to adjacent areas (includ-
ing liver, spleen, gall bladder, bone marrow), and 
ultimately spreads systemically. Symptoms usually 
develop 10–14 days after exposure/ingestion. Fever 
typically escalates in stepwise fashion, as do sys-
temic symptoms, with a peak usually by the third to 
fourth weeks, and with subsequent resolution over 
weeks to months.

If there is clinically related suspicion, blood cul-
tures are typically ordered as the primary diagnostic 
testing method. However, because the infection can 
require several days of incubation, false negative 
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results may ensue. Bone marrow culture is the most 
sensitive testing method, but is rarely performed. 
A limitation of positive serological testing results, 
such as those from the Widal test, is the possibility 
of their indicating prior exposure rather than active 
disease.

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Encephalopathy, encephalitis, 
meningitis, delirium, psychosis 
and hallucinations, headache, 
rigidity (rare)

Spinal cord Myelitis (rare/uncommon)

Other localizations Hyperreflexia, spasticity, ataxia, 
parkinsonism (all are rare)

Outside CNS Fever, gastrointestinal 
symptoms (nausea, vomiting, 
diarrhea), hypovolemia, 
fatigue, hepatosplenomegaly, 
transaminitis, anemia

Secondary Complications: Secondary complications are 
typically related to gastrointestinal symptoms and 
associated hypovolemia as well as from systemic 
dissemination.

Treatment Complications: Therapeutic choice depends 
on disease severity, but usually includes fluoro-
quinolones, cephalosporins (3rd generation), or 
azithromycin. Drug resistance is not uncommon, 
so older therapies (ampicillin, TMP- SMX, chloram-
phenicol) are not often used. If a multidrug- resistant 
strain is identified, carbapenems may be prescribed. 
Rare complications of therapeutic agents include 
changes in mental status and seizures.
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Ulcerative Colitis
Epidemiology and Demographics: The annual incidence 

of Crohn’s disease is about 9 to 12/100,000 persons 
in North America. The incidence is equal between 
men and women and among races. The incidence 
seems to peak in early 20s and is less in smokers or 
after appendectomy.

Disorder Description: Ulcerative colitis typically presents 
with hematochezia, diarrhea, and abdominal pain 
with sudden or gradual onset. Inflammation is lim-
ited to the mucosal and submucosal layers of the 
rectum and can extend to the colon in a contiguous 
pattern.

Symptoms

Localization site Comment

Cerebral hemispheres Thromboembolic events 
causing transient ischemic 
attacks or strokes
Venous sinus thrombosis
Vasculitis
Seizures

Mental status and psychiatric 
aspects/complications

Fatigue, anxiety, depression, 
sleep disturbances

Cranial nerves Sensorineural hearing loss

Spinal cord Autoimmune myelopathy

Peripheral neuropathy Guillain–Barré syndrome

Distal symmetric axonal 
polyneuropathy

Neuromuscular junction Myasthenia gravis (rare)

Muscle Polymyositis

Unclear localization Headache

Secondary Complications: Hypercoagulable state can lead 
to thromboembolic or venous strokes even when 
the disease is not clinically active.

Treatment Complications: Biologic treatment and 
immunosuppression increase the risks of central 
nervous system infections. Progressive multifocal 

U
leukoencephalopathy (PML) is a rare complication 
of biologic treatment. A case of immunomodula-
tory therapy- induced lymphoproliferative disorder 
(ILPD) has been reported in a patient with ulcera-
tive colitis being treated with infliximab.

Bibliography
Casella G, Tontini GE, Bassotti G, et al. Neurological 

disorders and inflammatory bowel diseases. 
World J Gastroenterol. 2014;20(27):8764–82.

Ferro JM, Oliveira SN, Correia L. Neurologic 
manifestations of inflammatory bowel diseases. 
Handb Clin Neurol. 2014;120:595–605.

Guinet-Charpentier C, Bilbault C, Kennel A, et al. 
Unusual association of myasthenia gravis and 
ulcerative colitis in a 14-year-old boy. Arch 
Pediatr. 2015;22(1):81–3.

Morís G. Inflammatory bowel disease: an increased 
risk factor for neurologic complications. World J 
Gastroenterol. 2014;20(5):1228–37.

Ulnar Neuropathy
Epidemiology and Demographics: As summarized by 

Fadel et al., the incidence rate of ulnar neuropathy 
is 20–25/100,000 person- years and prevalence is 
0.6–0.8%.

Disorder Description: This is a relatively common condi-
tion that is usually due to inadvertent resting of the 
elbow on hard surfaces. Many patients do it habit-
ually without even being aware they are doing it. 
Visual observation can usually point to the diagnosis  
of ulnar neuropathy.

Muscle innervated by the  
ulnar nerve

Clinical symptom

Interossei, 3rd and 4th 
lumbricals

Finger abduction weakness, 
clawing of 4th and 5th digits 
(Benediction posture)

Third palmar interosseous Weakness in adducting the 5th 
digit (Wartenberg’s sign)

Adductor pollicis, flexor pollicis 
brevis, and interossei

Weakness in grabbing a small 
item with the index finger and 
thumb (Froment’s sign)

Flexor digitorum profundus to 
4th and 5th digits

Weakness in flexion of the distal 
phalanx of the 4th and 5th digit 
when making a fist
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Deficit According to Localization

Deficit Ulnar neuropathy 
at wrist

Ulnar neuropathy 
at the elbow

Medial cord  
brachial plexopathy

Lower trunk  
brachial plexopathy

C8 T1 
radiculopathy

Distal 4th and 5th digit flexion X X X X

Tinel’s sign at elbow X

Thumb abduction or flexion X X X

Extensor indicis proprius 
(extension of 2nd digit)

X X

Medial forearm sensory findings X X X

Radiating neck pain down the 
upper extremity

X X

Paraspinal muscle spontaneous 
activity on EMG

X

X = present.
Adapted from Preston DC, Shapiro BE. Ulnar neuropathy at the elbow. In Electromyography and neuromuscular disorders: clinical- 
electrophysiologic correlations. 2nd ed. Elsevier Butterworth- Heinemann; 2005. p. 296.

Secondary Complications: Muscle atrophy and limitation 
of movement may occur.

Treatment Complications: Surgical intervention for ulnar 
neuropathy at the elbow may rarely cause nerve/tissue 
injury, blood loss. The surgical anesthesia used may 
cause altered mental status, especially in the elderly.
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Uterine Cancer
Epidemiology and Demographics: The most common 

gynecologic cancer in developed countries, and 
the second most common in developing countries 
(cervical is first). Accounts for 6% of all cancers in 
women. The number of new cases of endometrial 
cancer is 25.4/100,000 women per year. Average age 
of diagnosis in the United States is 61 years.

Disorder Description: Uterine cancer is any type of cancer 
that arises from tissue of the uterus. Adenocarcinoma 
of the endometrium is the most common site and 

type of uterine cancer. There are two histologic cat-
egories of endometrial carcinomas. Type I include 
tumors of endometrioid histology that are grade 
1 or 2, and comprise approximately 80% of endo-
metrial carcinomas. Type II tumors comprise 
approximately 10–20% of endometrial carcinomas 
and include grade 3 endometrioid tumors, as well 
as tumors of non- endometrioid histology: serous,  
clear cell, mucinous, squamous, transitional cell, 
mesonephric, and undifferentiated. The main risk 
factor for type I is excess estrogen without ade-
quate opposition by progestin (i.e., obesity or post- 
menopausal estrogen therapy without progestin). 
Type I endometrioid tumors tend to have a favorable 
prognosis (90% 5- year survival) and typically pres-
ent at an early stage with abnormal uterine bleeding. 
Type II cancers have a less favorable prognosis.

Symptoms

Localization site Comment

Cerebral 
hemisphere

Headache, motor weakness, seizures, 
confusion due to cerebral metastasis (rare)

Cerebellum Cerebellar ataxia, nystagmus, dysarthria due to 
paraneoplastic cerebellar degeneration, most 
often associated with PCA- 1 anti- Yo antibody. 
Cerebellar metastasis may occur (rare)
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Localization site Comment

Spinal cord Sensorimotor deficits, bowel/bladder 
dysfunction, pain, due to spinal cord 
involvement of vertebral metastasis (rare)

Conus 
medullaris

Sensorimotor deficits, bowel/bladder 
dysfunction, pain, due to compression of conus 
medullaris from osseous metastasis (rare)

Cauda equina Sensorimotor deficits, bowel/bladder 
dysfunction, pain, due to compression of 
cauda equina from osseous metastasis (rare)

Peripheral 
neuropathy

Sensorimotor deficits, paresthesias due to 
paraneoplastic polyneuropathy (rare)
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Uterine Mass or Retroflexion (Compressive 
Neuropathy)
Epidemiology and Demographics: This is a relatively rare 

disease affecting women.
Disorder Description: When the uterus (most likely 

retroverted) is enlarged due to pregnancy or 
tumor (benign such as fibroids), it can compress 
the sciatic nerve. Most commonly it can present 
in the early stages with foot drop and numbness 
at the lateral part of the calf and top of the foot. It 
can also cause pain that radiates down the back of 
the thigh, back and side of the calf, and bottom of 
the foot.

When to consider imaging a patient’s pelvis for 
compression of the sciatic nerve:
symptoms worsened with some positions and not 

with others;
symptoms are not worsened when patient bears 

down;
there is no back pain;
on exam, there is gluteal muscle weakness.

Secondary Complications: Acute blood loss ane-
mia may occur from heavy uterine bleeding. 
Endometrial cancer most frequently metastasizes 
locally to ovaries, fallopian tubes, cervix. The 
lymphatic system, usually pelvic nodes, may 
become involved. More distant sites of metasta-
sis involve spread by blood and may include lung, 
less often liver, brain, and bone.

Treatment Complications: Primary treatment is sur-
gical resection with hysterectomy and unilateral 
or bilateral salpingo- oophorectomy, radiation 
therapy, and chemotherapy. Treatment complica-
tions include uterine perforation from diagnostic 
biopsy and post- surgical infection. Adverse effects 
from pelvic or intravaginal radiation therapy 
include fatigue, skin reactions, abdominal pain, 
loose bowel movements. Lower extremity pain, 
motor– sensory deficits, bowel/bladder dysfunc-
tion from radiation- induced pelvic radiculopathy 
or lumbosacral plexopathy may occur. For inter-
mediate to high risk uterine cancers, commonly 
used chemotherapy agents are carboplatin and 
paclitaxel. Carboplatin, a platinum- based agent, 
may cause peripheral neuropathy and ototoxicity. 
Paclitaxel, a taxane agent, may cause sensory or 
motor neuropathy.
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Symptoms

Localization site Comment

Peripheral neuropathy Sciatic nerve-related 
compressive symptoms

Secondary Complications: Axonal injury of the sciatic 
nerve and at the extreme, atrophy and paralysis 
of muscles involved in knee flexion, ankle flexion, 
ankle extension, ankle eversion and ankle inversion, 
toe flexion and extension.

Treatment Complications: Surgical relief of the compres-
sion may rarely cause further complications to the 
nerve and muscles.
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Uveitis
Epidemiology and Demographics: Traditionally uveitis 

is thought to be a disease of young to middle- aged 
individuals but incidence in older individuals may 
be higher than previously reported. It is an under- 
recognized cause of blindness and is believed to cause 
10% of cases of legal blindness in the United States.

Disorder Description: Uveitis is inflammation of the 
uvea, a part of the eye that consists of the iris, cil-
iary body, and choroid. Uveitis is a broad term to 
describe a group of conditions in which inflam-
mation primarily affects various components of 
the uveal tract and secondarily affects other ocular 
structures. Etiologies include infectious, autoim-
mune, and conditions in association with systemic 
inflammatory conditions. A genetic predisposition 
can also contribute to the development of uvei-
tis. Certain human leukocyte antigen classes are 
strongly associated with particular uveitic condi-
tions. Approximately 30% of cases of uveitis do not 
fit into any well- defined diagnostic category and are 
termed idiopathic. The Standardization of Uveitis 
Nomenclature consensus conference workshop 

emphasizes an anatomical approach to classifying 
uveitis (anterior, intermediate, posterior, pan). The 
most common form of uveitis is acute anterior uvei-
tis (inflammation of the iris and/or the ciliary body).

Symptoms of uveitis will depend on which ana-
tomical structures of the eye are affected and dura-
tion of disease. Anterior uveitis is characterized by 
pain, redness, photophobia, and blurred vision. 
Intermediate and posterior uveitis can present with 
floaters and/or impaired vision and pain. Panuveitis 
presents with any or all of the above.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Susac’s syndrome is a rare autoimmune 
disorder characterized by the triad of branch 
retinal vein occlusions, encephalopathy, 
and hearing loss. It is thought to be an 
autoimmune microangiopathy causing 
infarcts in the brain, cochlea, and retina. 
The neurologic symptoms predominate 
with headache being the most frequent 
presenting complaint. Occlusion of retinal 
arterioles with normal choroidal circulation 
in the absence of intraocular inflammation is 
the characteristic eye finding
Vogt–Koyanagi–Harada disease (VKH) 
is a rare multiorgan autoimmune disorder. 
It is thought to be a T-cell-mediated 
autoimmune condition directed at 
an unknown antigen associated with 
melanocytes. Thus it affects mainly 
pigmented tissues of the ocular (uvea and 
retina), auditory, skin, and central nervous 
systems (leptomeninges). The neurologic 
symptoms are meningitic in nature and 
may include fever, headache, nausea, 
nuchal rigidity. These typically occur in the 
prodromal phase and thus precede the eye 
findings. CSF pleocytosis with lymphocytic 
predominance is a transient finding in 
80% of VKH patients. Characteristic eye 
findings are bilateral panuveitis in the acute 
phase associated with exudative retinal 
detachments
Multiple sclerosis (MS) is an inflammatory 
disorder affecting the myelin sheaths of 
neurons in the brain and spinal cord. Optic 
neuritis is the most frequent ophthalmic 
complication of MS but uveitis is a known 
association. MS is most frequently associated 
with intermediate uveitis (the primary site 
of inflammation is the vitreous) but can also 
be associated with anterior uveitis. The visual 
loss with MS- associated uveitis is generally 
considered mild
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Localization site Comment

Sarcoidosis is a multisystem granulomatous 
disease that can affect almost every 
organ in the body. The eye is involved in 
as many as 50% of patients. Any ocular 
structure can be involved and the orbit is 
commonly involved. Central nervous system 
involvement is reported in approximately 5% 
of patients with sarcoidosis. Any part of the 
nervous system can be involved although 
there appears to be a predilection for the 
basal leptomeninges and cranial nerves

Mental status and 
psychiatric aspects/
complications

See Susac syndrome under cerebral 
hemispheres. This is associated with 
encephalopathy

Vestibular system 
(and non specific 
dizziness)

See Susac syndrome entry under cerebral 
hemispheres. This is associated with hearing 
loss

Base of skull See VKH under cerebral hemispheres. This 
affects the leptomeninges

Cranial nerves See Sarcoidosis under cerebral 
hemispheres. This has a predilection for the 
cranial nerves

Spinal cord See MS under cerebral hemispheres

Unclear 
localization

Behçet’s disease is a rare chronic, relapsing 
multisystem vasculitis primarily affecting the 
eyes, mucosa, and skin. Neuro- Behçet’s disease 
is an uncommon but serious manifestation 
of Behçet’s disease. Characteristic clinical 
presentation patterns have been described 
by internal consensus recommendations and 
divide neurologic disease into parenchymal 
(multifocal/diffuse, brainstem, spinal cord, 
cerebral, optic neuropathy) and non- 
parenchymal disease (venous sinus thrombosis, 
intracranial aneurysm, and acute meningeal 
syndrome). Ocular involvement is seen in 
70% of patients with Behçet’s disease. Acutely, 
patients present with anterior inflammation 
but the disease course is one of chronic and/
or recurrent inflammation. Posterior segment 
involvement is characterized by venous and 
arterial vasculitis and can be blinding
Acute posterior multifocal placoid 
pigment epitheliopathy (APMPPE) is a rare 
bilateral inflammatory condition affecting 
the choroid and retina. It is characterized 
by large placoid- like lesions seen on 
funduscopic examination. The disorder is 
usually limited to the eye; however, it is often 
preceded by a viral prodrome and there 
have been reports of associated neurologic 
findings. These include neurosensory 
hearing loss, cerebral vasculitis, stroke, 
aseptic meningitis. Headache is the most 
common associated neurologic symptom

Secondary Complications: Left untreated, uveitis can cause 
a number of complications including glaucoma, cat-
aracts, retinal detachment, cystoid macular edema, 
optic nerve damage, and hypotony (low eye pres-
sure) from aqueous hyposecretion. Medical and sur-
gical management are available for these sequelae, 
many of which can result in permanent vision loss.

Treatment Complications: The general paradigm for 
treating uveitis is to eliminate any infection if pres-
ent, suppress inflammation, and treat secondary 
complications of uveitis. Corticosteroids are the 
first line therapy in most non infectious uveitis and 
can be administered either as topical, periocular, 
intravitreal, or systemic forms. Long- term use of 
systemic steroids is associated with well- described 
complications including hyperglycemia, weight 
gain, loss of bone density, and gastritis. Common 
ocular complications include cataracts and elevated 
intraocular pressure. Central serous choroidopa-
thy is a rare side effect that has been reported with 
any form of corticosteroid use. In patients whose 
inflammation is not adequately controlled, long- 
term treatment with steroid- sparing immunomod-
ulatory agents (IMA) is required to reduce the risk 
of developing unacceptable side effects from ster-
oids. There are a number of medication classes that 
exist, with a unique side effect profile.
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Valvuloplasty
Epidemiology and Demographics: While there are no 

readily available statistics on procedural volume for 
valvuloplasties, generally, the procedure is becom-
ing more common to treat diseased aortic valves, as 
it has been shown to be an effective bridge to either 
transcatheter or surgical aortic valve replacement. 
However, as the rate of rheumatic disease decreases 
in the developed world, mitral valvuloplasty may be 
performed less often.

Disorder Description: This procedure may be used when 
there is a stenotic heart valve. A catheter carrying a 
balloon is inserted across the valve and then inflated 
in order to further open the narrowed valve.

Symptoms

Localization site Comment

Cerebral hemispheres Focal infarction/emboli/microemboli.  
Embolic showers may occur

Mental status and psychiatric 
aspects/complications

Same as above

Brainstem Same as above

Cerebellum Same as above

Vestibular system (and 
nonspecific dizziness)

Same as above

Base of skull Same as above

Secondary Complications: Emboli can gather on the deliv-
ery tool or be scraped off of the aorta or the heart. 
The procedure may also lead to valvular regurgita-
tion and/or rupture.
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Vascular Claudication
Epidemiology and Demographics: Vascular claudication is 

a symptom of the middle stages of peripheral artery 
disease (PAD). PAD has a prevalence of 12% and an 
incidence of 2.4%. The prevalence of claudication is 
3% at age 40 and 6% at age 60. It is twice as common 
in males in the 35–45 years age group (0.04% for 
males and 0.02% for females), but the incidence is 
equal in males and females (0.6%) over age 65.

Disorder Description: This disorder is caused by insuf-
ficient blood flow through the peripheral arteries 
to supply the metabolic demand of the muscles. It 
manifests as intermittent but reproducible cramping 
pain in the lower extremities, usually the calves. This 
is because the blood flow cannot increase to meet 
the increased metabolic demand of active muscles. 
As such, one would not expect pain upon standing, 
and resting while still standing will relieve the pain. 
Resting pain occurs in the late stages. The main dif-
ferential diagnosis is neurogenic claudication. This 
occurs as a result of temporary compression of the 
descending cauda equina due to lumbar spinal ste-
nosis and manifests as aching pain and weakness in 
the back and/or thighs exacerbated by prolonged 
standing or walking (due to increased stenosis). The 
patient must either sit or lean forward to relieve the 
pain as these positions lead to widening of the spinal 
canal. Resting pain is not expected unless the patient 
also has concomitant lumbar radiculopathy. Even in 
those cases, the left pain should be neuropathic and 
present at all stages of the disease.

Symptoms

Localization site Comment

Cauda equina Pain in the back or legs, weakness of the 
thigh seen in neurogenic but not vascular 
claudication

Muscle Pain in the legs, and especially the calves
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Secondary Complications: This is commonly seen in addi-
tion to cardiac or cerebrovascular disease.

Treatment Complications: Treatment is by antiplatelet 
agents, which may lead to bleeding, and by con-
trolling risk factors. Treatment with statins is com-
mon and may lead to myopathy or neuropathy.
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Vascular Dementia
Epidemiology and Demographics: This is a disorder of the 

elderly. A detectable incidence begins at around age 
65 and increases exponentially every 5 years there-
after. The prevalence is estimated at 0.98% in ages 
70–79, 4.09% in ages 80–89, and 6.1% in ages over 
90. There is no gender preference once other risk fac-
tors (hypertension, hyperlipidemia, diabetes, and 
smoking) are accounted for. It is the second most 
common cause of dementia behind Alzheimer’s dis-
ease but the two often coexist.

Disorder Description: This is a multi- domain loss of 
cognitive skills due to vascular disease affecting 
both the gray and white matter. It may begin after 
a clinical stroke but may also occur without a single 
defined clinical vascular event. The memory loss is 
more often associated with executive dysfunction 
and mood/behavioral disorders than is Alzheimer’s 
disease. The onset is stepwise rather than progres-
sive and insidious.

Symptoms

Localization site Comment

Cerebral hemispheres Dementia; loss of cognitive 
function across all domains

Mental status and psychiatric 
aspects/complications

Behavioral and mood 
disturbances are common

Secondary Complications: Often seen in association with 
other signs of chronic cerebrovascular disease such 
as motor/sensory deficits, gait disturbance (includ-
ing lower body parkinsonism), dysarthria, and 
dysphagia.

Treatment Complications: There is no specific treatment 
other than control of risk factors. Antiplatelet agents 
may lead to bleeding. Statins may lead to myopathy 
or neuropathy. Acetylcholinesterase inhibitors are 
sometimes used and may lead to gastrointestinal 
upset and bradycardia.

Bibliography
McKay E, Counts S. Multi-infarct dementia: a 

historical perspective. Dement Geriatr Cogn Dis 
Extra. 2017;7:160–71.

Smith EE. Clinical presentation and epidemiology 
of vascular dementia. Clin Sci (Lond). 
2017;131(11):1059–68.

Vascular Insufficiency to Hand
Epidemiology and Demographics: This is more of a cate-

gory of disorders than a disease. The most common 
disorder, Raynaud disease, presents between 20 and 
50 years of age with a strong female preponderance.

Disorder Description: This refers to any number of dis-
orders that can lead to insufficient blood flow to 
the hand. Peripheral artery disease is one of those 
disorders; it is uncommon for it to affect the upper 
extremity. More likely causes include direct artery 
trauma, repetitive trauma leading to ulnar or 
radial artery stenosis, and vasospasm, either pri-
mary (Raynaud disease) or secondary (Raynaud 
phenomenon).

Symptoms

Localization site Comment

Muscle Pain, pallor, paresthesia, dysesthesia, and 
ulcerations in the affected digits. In Raynaud 
disease, the finger will turn red, white, and/or 
blue in cold ambient temperatures

Secondary Complications: Repetitive vascular injuries 
are likely to occur in manual laborers, particu-
larly those who work with vibrating hand tools. 
Smoking can lead to Berger’s disease (thromboangi-
itis obliterans), although this disorder of small 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.022
https://www.cambridge.org/core


Section 1 Diagnostics

680

vessel thrombosis usually affects the legs. Secondary 
vasospasm occurs in the setting of collagen vascular 
disorders such as rheumatoid arthritis, lupus, and 
CREST (calcinosis, Raynaud phenomenon, esoph-
ageal dysfunction, sclerodactyly, telangiectasias) 
syndrome.

Treatment Complications: Injuries may be repaired sur-
gically, carrying the risk of infection. Systemic risks 
of anesthesia. Thrombolytics carry a risk of hem-
orrhage. Autoimmune disease may be treated with 
immune suppressants, carrying the risk of infection.
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Vasculitic Neuropathy
Epidemiology and Demographics: The incidence is 

unknown. It mostly occurs in the 6th through 8th 
decades.

Disorder Description: Peripheral nervous system involve-
ment caused by vasculitis, classified based on under-
lying causes or size of involved vessels:
 1. Primary systemic vasculitides (giant cell 

arteritis, polyarteritis nodosa, Churg–
Strauss syndrome, microscopic polyangiitis, 
Wegener’s granulomatosis, essential mixed 
cryoglobulinemia).

 2. Secondary systemic vasculitides (drug, 
malignancy, infection, and connective tissue 
diseases).

 3. Non-systemic vasculitides (non- systemic vas-
culitic neuropathy).

Symptoms

Localization site Comment

Cranial nerves Occurs in 10% of patients

Peripheral 
neuropathy

Mostly affects both motor and sensory 
fibers and is painful. There are 3 patterns of 
presentation:
•	 Mononeuropathy multiplex – 45%
•	 Asymmetric polyneuropathy (individual 

mononeuropathies overlap) – 35%
•	 Distal symmetric polyneuropathy – 20%

Secondary Complications: Profound weakness can result 
in joint stiffness and immobility leading to pressure 
ulcer. Numbness can lead to neuropathic ulcer.

Treatment Complications: Steroids and immunosuppres-
sive drugs are mainstay of treatment. Steroids may 
cause immunosuppression, hyperglycemia, hyper-
tension, and adrenal suppression.
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Venous Angioma
Epidemiology and Demographics: Venous angiomas 

(developmental venous anomalies) are fairly com-
mon with a prevalence of 3%. However, they are 
almost always benign and asymptomatic with an 
intracerebral hemorrhage risk of 0.15–0.68% per 
year. Even in the setting of hemorrhage, almost all 
patients do very well with little to no morbidity.

Disorder Description: Angiomas consist of an abnormally 
dilated but otherwise mature vein that converges 
radially onto either the deep or superficial venous 
system of the brain. They are commonly seen in 
association with cavernous malformations. Those 
malformations have a far higher risk of hemorrhage 
and morbidity/mortality.

Symptoms

Localization site Comment

Cerebral 
hemispheres

Rarely, these lesions lead to a hemorrhage with 
symptoms appropriate to the location, such as 
hemiparesis, hemisensory deficits, visual field 
deficits, etc. Focal deficits could also occur from 
local mass effect and venous congestion

Brainstem Rare hemorrhages could lead to bulbar 
symptoms. Compression of the fourth 
ventricle could lead to hydrocephalus 
manifested by headache, nausea, and 
alteration of consciousness

Cerebellum There have been a few cases of hemorrhage 
and venous thrombosis leading to ataxia
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Treatment Complications: Even when these lesions are 
symptomatic, surgical correction should be avoided. 
If surgery is absolutely necessary, it is usually best 
to leave the angioma intact and fix the surrounding 
problems as altering the angioma has a high risk of 
venous thrombosis. Thrombosed angiomas may be 
treated with anticoagulation, carrying the risk of 
bleeding.
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Ventricular Septal Defect
Epidemiology and Demographics: Ventricular septal 

defects (VSDs) are most commonly a form of acy-
anotic congenital heart disease. In fact, it is the most 
common congenital heart disease with an incidence 
of 2–6/1000 live births. It can be associated with other 
congenital abnormalities (e.g., Down syndrome) or 
be isolated. When isolated, it is believed to be related 
to abnormalities in the NKX2.5 gene. It can also occur 
as a consequence of trauma, myocardial infarction, 
or cardiac surgery. There have been a handful of cases 
of stroke related to posttraumatic VSD.

Disorder Description: This is a defect in one part of the 
ventricular septum. The opening can lead to a left 
to right shunt leading to heart failure and/or pul-
monary hypertension. If the pulmonary pressure 
exceeds the systemic pressure, then the shunt could 
reverse. This can theoretically lead to paradoxical 
embolism, but this is rare.

Symptoms

Localization site Comment

Cerebral hemispheres Embolic stroke is possible. The 
symptoms are related to the vascular 
territory affected by the embolism 
but may include aphasia, hemiparesis, 
hemisensory defects, among others

Brainstem Bulbar signs

Cerebellum Ataxia

Secondary Complications: Pulmonary hypertension and 
congestive heart failure are far more likely compli-
cations than neurologic ones. Endocarditis has been 
reported and high- risk individuals may need antibi-
otic prophylaxis before dental procedures.

Treatment Complications: Although most cases in adults 
do not need treatment, when treatment is needed, 
it would require open heart surgery on a bypass 
machine or transcutaneous closure. Open surgery 
carries risk of infection, bleeding, stroke, cardiac 
arrhythmias in addition to the risks of general anes-
thesia. Transcutaneous closure is safer but does 
carry a risk of arrhythmias, sometimes requiring 
permanent pacemaker placement.
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Vertebral Artery Dissection
Epidemiology and Demographics: This accounts for only 

approximately 2% of all stroke but disproportion-
ately affects younger individuals causing approxi-
mately 10–25% of all strokes in those under age 45. 
It is 2–5 times less common than carotid dissection.

Disorder Description: An injury to the wall of the blood 
vessel allows blood to enter the intima and separate 
(dissect) the layers of the wall. The blood located 
inside the wall will clot. This may lead to an expan-
sion of the wall, stenosis of the artery, and hypoper-
fusion. A piece of the clot may also reenter the true 
lumen leading to an embolic stroke. In the case of 
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vertebral arteries, hypoperfusion is rarely an issue 
since the other vertebral artery will usually supply 
enough blood to the basilar artery and its branches. 
However, the posterior inferior cerebellar artery is 
the one branch off the vertebral artery itself and so 
is subject to thrombotic stroke as well. Emboli can 
reach any part of the posterior circulation affecting 
the posterior cerebral arteries (PCAs), superior cer-
ebellar artery (SCA), or anterior inferior cerebellar 
artery (AICA). See entries for Posterior Cerebral 
Artery (PCA), Left Territory Infarction, Posterior 
Cerebral Artery (PCA), Right Territory Infarction.

Symptoms

Localization site Comment

Cerebral hemispheres Contralateral homonymous hemianopia 
due to stroke in the temporo- occipital 
lobe

Brainstem Posterior inferior cerebellar artery 
strokes lead to lateral medullary 
(Wallenberg) syndrome: Contralateral 
loss of pain and temperature below the 
head, ipsilateral loss of sensation in the 
lower face, dysphagia, dysarthria, ataxia, 
vertigo, nystagmus, diplopia, palatal 
myoclonus, Horner’s syndrome

Cerebellum Ataxia and vertigo

Vestibular system Vertigo

Secondary Complications: These are often idiopathic or 
related to trauma (including minor trauma such 
as coughing) but can be seen in the setting of con-
nective tissues disorders such as Ehlers–Danlos 
syndrome, Marfan syndrome, and fibromuscular 
dysplasia.

Treatment Complications: Conservative treatment may 
be with antiplatelet agents or anticoagulants, both 
of which may lead to cerebral or systemic bleeding. 
Vertebral artery stenting is also an option and may 
lead to femoral artery lesion, bleeding, infection, 
further arterial damage, and intracerebral bleeding.
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Vertebrobasilar Insufficiency
Epidemiology and Demographics: Extracranial verte-

bral artery stenosis is more common in Caucasians 
and in males. It is generally seen after age 45 with 
an increased prevalence as one ages. Episodes 
of transient ischemia carry a 30% 5- year stroke  
risk. Risk factors include hypertension, diabetes, 
obesity, hyperlipidemia, and smoking,

Disorder Description: This is a transient ischemic event 
affecting the entire posterior circulation, and as 
such, it is a form of transient ischemic attack (TIA). 
It is most commonly due to atherosclerotic narrow-
ing but may also be caused by dissection. See entry 
for Vertebral Artery Dissection.

Symptoms

Localization site Comment

Cerebral hemispheres Blindness or hemianopia. 
Headache

Brainstem Nausea, vomiting, vertigo 
(dizziness), diplopia, ataxia, 
imbalance, weakness on one or 
both sides of the body, syncope 
(see entry for Syncope), drop 
attacks

Cerebellum Ataxia, imbalance

Vestibular system Vertigo, hearing loss, tinnitus

Cranial nerves Diplopia (CN III)

Secondary Complications: Untreated, there is a 30% risk 
of stroke over the next 5 years. Those who fail med-
ical management have an 8–11% risk of stroke over 
the next year. Commonly seen in association with 
atherosclerosis in the carotid, coronary arteries, 
and/or peripheral vascular beds.

Treatment Complications: The main treatment is anti-
platelet agents, which have a risk of bleeding. Statins 
may be used to control hyperlipidemia and may 
cause myopathy or neuropathy. Stenting is possible 
but controversial and may lead to bleeding, femoral 
artery damage, vertebral dissection, TIA, and stroke.
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Vestibular Degeneration (Cochlear 
Degeneration)
Epidemiology and Demographics: Degenerative changes 

of the vestibular system in the elderly are common. 
These result in vestibular symptoms that comprise 
some of the most common complaints to primary 
care doctors in patients over 75 years old.

Disorder Description: Vertigo, disequilibrium, and imbal-
ance are common symptoms among the elderly. 
The cause of vestibular dysfunction in the elderly is 
multifactorial. Aging results in diffuse degenerative 
changes to the vestibular system. The number of 
hair cells in the maculae and cristae decreases with 
the number of vestibular nerve fibers. Additionally, 
the number of Purkinje cells in the cerebellar cortex 
declines with age. The elderly also have decreased 
sensitivity to vertical and horizontal acceleration 
due to demineralization of otoconia.

Vestibular testing in the elderly demonstrates 
bilaterally decreased caloric responses and a 
decreased sensitivity of the vestibulo- ocular reflex. 
In addition, posturography demonstrates that the 
elderly rely much more on visual cues for mainte-
nance of posture. Despite the decline in vestibular 
function with aging, the elderly still derive benefit 
from vestibular rehabilitative therapy.

Symptoms

Localization site Comment

Inner ear Otoconia demineralize and fragment

Hair cells degenerate and are replaced with scar
Reduction in the number of cells in Scarpa’s 
ganglion

Cranial nerves Reduction in the number of vestibular nerve fibers

Central nervous 
system

Lipofuscin accumulation within vestibular 
nuclei
Decrease in the number of Purkinje cells

Secondary Complications: Falls constitute a major source 
of morbidity and mortality in the elderly and vestib-
ular dysfunction is a contributing factor in up to half 
of these patients.

Treatment Complications: Vestibular rehabilitation is 
generally well tolerated. Commonly used anti- 
vertiginous medication such as antihistamines, ben-
zodiazepines, and anticholinergics have an increased 
side effect profile in the elderly. Notably, these medi-
cations can cause mental confusion in the elderly.
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Vestibular Neuritis (Vestibular Neuronitis)
Epidemiology and Demographics: Sporadic disorder, 

believed to be of viral origin. The etiology may 
indeed be reactivation of a dormant herpes sim-
plex virus residing in the Scarpa’s ganglion of the 
vestibular nerve. Vestibular neuritis has an annual 
incidence of 3.5/100,000 in the general population.

Disorder Description: An acute vestibular syndrome (ver-
tigo, nausea, ataxia, and motion intolerance), occur-
ring without hearing loss. The onset is sudden and 
unexpected, sometimes preceded by a viral syndrome, 
and the vertigo is continuous and may last for days to 
weeks. Gait imbalance occurs after the vertigo resolves.

The differential diagnosis is acute labyrinthitis 
(inflammation of the inner ear of viral, bacterial, or 
autoimmune origin), sudden sensorineural hearing 
loss, first onset of Meniere’s disease, or any other 
inner ear disorder that can cause vertigo.

Symptoms

Localization site Comment

Inner ear Unaffected, in the classical case

Cranial nerves Inflammation of the vestibular division 
of the VIII nerve

Central nervous system The central nervous system (CNS) is not 
affected

Secondary Complications: Patients are at risk of injury 
from falling. Patients with prolonged imbalance 
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may be disabled from physically demanding 
work.

Treatment Complications: Treatment is supportive  – 
fluids, antiemetics, and benzodiazepines or 
meclizine. Persistent imbalance may be treated 
with vestibular physical therapy after the acute 
phase resolves.

Dehydration can result from intractable vomit-
ing. Vestibular suppressants may cause drowsiness 
and anticholinergic effects. Benzodiazepines may 
cause drowsiness and drug dependency.
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Viral Myelitis
Epidemiology and Demographics: Incidence is between 1 

and 8 new cases per million people per year.
Disorder Description: Viral myelitis is defined as an infec-

tion or the inflammation of the white matter or gray 
matter of the spinal cord. The following viruses can 
be responsible for the myelitis:
Retrovirus (HIV, HTLV) can cause chronic 

myelitis.
Poliomyelitis (polio virus, enterovirus, echovirus, 

and coxsackievirus A and B).
Flavivirus (West Nile, Japanese encephalitis, tick- 

borne encephalitis).
Transverse myelitis or leukomyelitis can be caused 

by herpes viruses and influenza viruses.

Symptoms

Localization site Comment

Cerebral hemisphere Headache, fever, and meningeal signs

Spinal cord Flaccid weakness of one or more 
extremities, bowel or bladder dysfunction

Root involvement Pain and objective sensory loss in perianal 
region with hyporeflexia or areflexia 
associated with paresthesias

Secondary Complications: Up to 20% will have recurrent 
inflammatory episodes within the spinal cord.
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Viral Myositis
Epidemiology and Demographics: Viral myositis is com-

mon, especially milder forms. There is no sex pre-
dominance. It can occur at any age. There is no 
specific geographic distribution.

Disorder Description: Viral myositis is primarily a sequela 
of extant viral infection. In adults it is typically mild, 
but it can progress to rhabdomyolysis, a more seri-
ous condition given risk of renal failure. Children 
have the same severity spectrum, but can present 
with an intermediate form wherein there is marked 
pain and tenderness, particularly in the calves, caus-
ing the child to refuse to walk at times and refuse 
even passive dorsiflexion due to pain.

It is thought that viral myositis may be a result 
of virus- induced myotoxic cytokines acting upon 
muscle tissue, rather than direct viral invasion 
(there is little evidence to actively support viral inva-
sion, though it may occur). Self- immune products 
may play a component as well. Any viral illness can 
cause viral myositis, but progression to rhabdomy-
olysis is more common with the following viruses: 
influenza A and B including H1N1 virus, coxsack-
ievirus, Epstein–Barr virus (EBV), herpes simplex 
virus (HSV), parainfluenza, adenovirus, echovirus, 
cytomegalovirus, measles, varicella- zoster, human 
immunodeficiency virus, dengue. In children, 
influenza A and B have a predilection to cause the 
intermediate form, especially occurring as the acute 
illness subsides, usually 24 to 48 hours after the res-
olution of the initial symptoms. Chronic myositis 
may result from echovirus and HIV.

Lab tests may not be overtly abnormal in the case 
of mild viral myositis. In children experiencing the 
intermediate form, muscle enzymes may be elevated 
up to 20 to 30 times normal without rhabdomyoly-
sis or renal failure. In severe viral myositis, there can 
be progression to rhabdomyolysis (severely elevated 
creatine [CK]) and ultimately renal failure (increased 
creatinine, decreased glomerular filtration rate 
[GFR]). In general, CK can range from <10,000 to 
in excess of 500,000 IU/L. Myoglobin may or may 
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not be present in urine. Symptoms of systemic viral 
infection, including increased inflammatory mark-
ers or liver function test abnormalities, are possible. 
Muscle biopsy may be normal, or show inflamma-
tory myopathy in the case of chronic myositis.

Symptoms

Localization site Comment

Muscle Myalgias, especially back and proximal 
extremities. May not have weakness. 
Tenderness, erythema

Outside CNS Fever, GI symptoms

Secondary Complications: Secondary complications can 
include severe myositis to the point it transitions to 
rhabdomyolysis, which can lead to renal failure.

Treatment Complications: Treatment is largely support-
ive and to treat the underlying viral infection in 
milder cases. Advanced cases with rhabdomyolysis 
would require IV fluids to reduce risk of progression 
to renal failure. In chronic viral myositis, IV gam-
maglobulin may improve clinical outcome.

Intravenous immunoglobulin can cause mild 
coagulopathy. Otherwise there are no specific com-
plications of treatment except fluid overload from 
IV fluids.
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Vitamin A Deficiency
Epidemiology and Demographics: Vitamin A deficiency is 

rarely seen in the United States and other developed 
countries. However, it is still the third most com-
mon cause of nutritional deficiency in the world.1 
Vitamin A is a fat- soluble vitamin. In developed 
countries vitamin A deficiency is usually seen in 
patients with fat malabsorption disorders such as 
cystic fibrosis, celiac disease, cholestatic liver dis-
ease such as primary biliary cholangitis, small bowel 
Crohn’s disease, and pancreatic insufficiency.

Disorder Description: Vitamin A is very important for the 
mucous membranes as it is needed for production of 
mucopolysaccharides, which help to protect against 

infections. If vitamin A is deficient, the wetness of 
the mucous membranes will decrease and the mem-
branes will become dry. This can be seen in the eyes 
as xerophthalmia. Vitamin A is used in the rods for 
phototransduction. Patients with vitamin A defi-
ciency are not able to see in low light intensity and 
develop night blindness.

Vitamin A deficiency also causes nonspecific skin 
problems, such as hyperkeratosis, phrynoderma 
(follicular hyperkeratosis), destruction of hair fol-
licles and their replacement with mucus- secreting 
glands and poor bone growth.1

Impairment of the humoral and cell- mediated 
immune system via direct and indirect effects on the 
phagocytes and T cells has been noted with vitamin 
A deficiency.1

Secondary Complications: Vitamin A plays an important role 
in maintaining immunity. Vitamin A treatment appears 
to reduce complications of measles and mortality in 
children in developing countries. Supplementation 
with vitamin A is recommended in developing coun-
tries by the World Health Organization.1–3

Treatment Complications: Excessive dietary vitamin A 
intake has been a long- known cause of idiopathic 
intracranial hypertension.4 Other retinoids used 
in the treatment of acne and cancer therapy, all-
trans-retinoic acid, retinol, isotretinoin, etretinate, 
and tretinoin, have also been reported to be asso-
ciated with idiopathic intracranial hypertension.4,5 
Ingestion of large quantities of bear liver by hunt-
ers is another source of vitamin A intoxication and 
underlying idiopathic intracranial hypertension.

Reports have suggested a role for vitamin A in 
the pathogenesis of idiopathic intracranial hyper-
tension.4 Elevated serum vitamin A, retinol, and 
retinol binding protein levels have been reported in 
some patients with idiopathic intracranial hyper-
tension.6,7 Patients with idiopathic intracranial 
hypertension have been found to have higher CSF 
vitamin A, retinol, and retinol binding protein levels 
compared with controls.8,9 The significance of these 
findings remains unknown. A hypothesis suggests 
that excess retinol or retinol binding protein in the 
CSF interferes with CSF resorption.

Vitamin A deficiency affects photoreceptors 
(rods) in the retina and causes night blindness.

Retinoic acid has been known to be very terato-
genic in pregnancy, particularly in the first trimester, 
leading to spontaneous abortions and fetal malforma-
tions such as microcephaly and cardiac anomalies.10
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Acute toxicity occurs in adults when an exces-
sive amount of vitamin A is ingested as single dose. 
Symptoms include nausea, vomiting, vertigo, and 
blurry vision.11 In very high doses, drowsiness, 
malaise, and recurrent vomiting can follow the ini-
tial symptoms listed above.

Chronic toxicity causes nonspecific symptoms 
such as dry skin, nausea, headache, fatigue, irritability, 
hepatomegaly, alopecia, hyperostosis. Cirrhosis and 
veno- occlusive disease have been described also.12
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Vitamin B12 – Cobalamin Deficiency
Epidemiology and Demographics: Common causes of 

vitamin B12 deficiency include poor absorption 
from the stomach or intestines, decreased intake, 
and increased requirements.1,2

Pernicious anemia is the most common cause of 
cobalamin deficiency: selective impaired absorption 
of vitamin B12 due to intrinsic factor deficiency. This 
may be caused by either loss of gastric parietal cells in 
chronic atrophic gastritis or may result from surgical 
resection of stomach or from rare hereditary causes 
of impaired synthesis of intrinsic factor. Cobalamin 
deficiency in pernicious anemia is thought to result 
directly from an autoimmune attack on gastric 
intrinsic factor (IF).1 There are two types of anti- IF 
antibodies: one that blocks the attachment of cobala-
min to IF and the other that blocks attachment of the 
cobalamin–intrinsic factor complex to ileal recep-
tors.1,2 The net result of these anti- IF antibodies is to 
prevent absorption of dietary cobalamin, leading to 
cobalamin deficiency.
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Vegans and vegetarians are also at risk for B12 
deficiency due to inadequate dietary intake of B12. 
Vitamin B12 occurs mainly in animal products 
(eggs, meat, milk). Alcoholics and patients with 
malnutrition are at high risk for the development of 
folate and/or vitamin B12 deficiency.

Vitamin B12 gets absorbed from the small bowel, 
mainly the terminal ileum. Surgical removal of the 
small bowel (e.g., in Crohn’s disease), inflammatory 
bowel disease, or bacterial overgrowth can interfere 
with vitamin B12 absorption and lead to deficiency.

Hydrochloric acid is needed to split B12 from 
food proteins and salivary binding proteins. Forms 
of achlorhydria (including that artificially induced 
by drugs such as proton pump inhibitors and hista-
mine 2 receptor antagonists) can cause B12 malab-
sorption from foods.

Metformin also interferes with vitamin B12 
absorption.3

Nitrous oxide (N2O) inactivates vitamin B12 
and its use in anesthesia may precipitate rapid 
neuropsychiatric deterioration in vitamin B12- 
deficient individuals.4,5 Patients contemplating 
N2O anesthesia should be checked for vitamin 
B12 deficiency and treated prior to such expo-
sure. Similarly, inhalant abuse of N2O may cause 
neuropsychiatric problems, even in vitamin B12- 
sufficient subjects.

Vitamin B12 and folate deficiency often coexist 
and are not easily differentiated on a clinical basis. 
Patients with megaloblastic anemia should be eval-
uated for both deficiencies.

Disorder Description: Vitamin B12 (cobalamin) defi-
ciency usually affects brain, spinal cord, peripheral 
nerves, and optic nerves. The spinal cord is usually 
affected first and often exclusively. The term suba-
cute combined degeneration (SCD) is reserved for 
myelopathy associated with vitamin B12 deficiency, 
and it distinguishes it from other types of spinal 
cord diseases that also involve the posterior and 
lateral columns. Peripheral neuropathy is also seen 
commonly with vitamin B12 deficiency. Whether 
peripheral neuropathy is primarily related to nerve 
damage or results from damage to the posterior root 
fibers at entry to the dorsal cord has been debated, 
but the available pathologic evidence favors spinal 
cord involvement.1,2

Early in the course of the illness, the only symp-
tom is paresthesia. Complaints of numb hands 

typically appear before or with lower extremity 
paresthesia.1,2 Later, the patient develops signs of 
involvement of the posterior and lateral columns of 
the spinal cord. Loss of vibration and position sense 
is seen mostly and it is more pronounced in the feet 
and legs than in the hands and arms, and frequently 
involves the trunk. The motor signs include mild 
symmetric loss of strength in proximal limb mus-
cles, spasticity, enhanced tendon reflexes, clonus, 
and extensor plantar responses from lateral col-
umn involvement. Initially the patellar and Achilles 
reflexes are diminished but with development of 
myelopathy they are increased.

Neuropsychiatric symptoms range from irrita-
bility, apathy, somnolence, suspiciousness, emo-
tional instability, to confusional state, depression, 
and psychosis. Lindenbaum and coworkers have 
reported cases in which neuropsychiatric symptoms 
were present without spinal cord or peripheral nerve 
abnormalities.2,6 Vitamin B12 deficiency is one of 
the reversible causes of dementia, and it is routinely 
checked as a part of dementia workup.

Vitamin B12 deficiency causes optic atrophy 
and vision loss. That visually evoked potentials 
may be abnormal in vitamin B12- deficient patients 
without clinical signs of visual impairment sug-
gests that the visual pathways are affected more 
often than is evident from the neurologic exami-
nation alone.1

Vitamin B12 is measured in blood by radio-
assay. Serum B12 level below 100 pg/mL is usually 
associated with neurologic signs and symptoms. 
Serum B12 levels of 200 to 300 pg/mL may still be 
associated with vitamin B12 deficiency in about 
5–10% of cases. High serum concentrations of 
methylmalonic acid and homocysteine (cobala-
min metabolites) are additional reliable indicators 
of vitamin B12 deficiency and should be used to 
corroborate the diagnosis in cases of low- to mid- 
range B12 levels.2,7

Electrophysiologic studies reveal distal sensory 
motor axonal peripheral neuropathy and abnor-
mal somatosensory and visual evoked potential 
latencies. Anemia and macrocytosis are absent in 
about 40% of patients with vitamin B12 deficiency.6 
Intrinsic factor antibodies are present in approx-
imately 60% and antiparietal cell antibodies are 
present in about 90% of patients with pernicious 
anemia.1
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Symptoms

Localization site Comment

Cerebral hemispheres Dementia

Mental status and psychiatric 
aspects/complications

Irritability
Apathy
Somnolence
Suspiciousness
Emotional instability
Marked confusional state
Depression
Psychosis

Cranial nerves Optic atrophy

Peripheral neuropathy Sensory motor axonal 
neuropathy

Autonomic system Urinary sphincter symptoms

Impotence

Spinal cord (posterior and lateral 
column involvement)

Myelopathy

Treatment Complications: One treatment regimen for 
pernicious anemia patients consists of 1000 μg cya-
nocobalamin intramuscular injection weekly for 1 
month and monthly thereafter. Patients with mal-
absorption syndrome can absorb free cobalamin 
and therefore can be treated with oral cobalamin 
supplementation. About 50% of patients who have 
been treated for cobalamin deficiency exhibit some 
permanent neurologic deficit.1

A common mistake by clinicians is to treat meg-
aloblastic anemia by giving folic acid; this corrects 
the anemia but may worsen or even evoke the spi-
nal cord lesions due to underlying vitamin B12 
deficiency.
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Vitamin D Deficiency
Epidemiology and Demographics: Vitamin D deficiency 

has been reported with increasing frequency in 
children in the United States and several other 
developed nations since the mid 1980s.1–4. The 
prevalence of vitamin D deficiency or insufficiency 
(25- hydroxyvitamin D [25(OH)D] <20 ng/mL  
[50 nmol/L]) in the pediatric population in the 
United States is about 15%.5–7

Vitamin D insufficiency appears to be common 
amongst several other populations8–11 including 
those who are dark skinned, obese, taking medica-
tions that accelerate the metabolism of vitamin D 
(such as phenytoin), hospitalized on a general med-
ical ward, or pregnant, and those who have limited 
effective sun exposure due to protective clothing or 
consistent use of sun screens, osteoporosis, malab-
sorption (including inflammatory bowel disease 
and celiac disease), chronic kidney disease, or coex-
isting primary hyperparathyroidism.
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Disorder Description: Patients with moderate to mild vita-
min D deficiency (serum 25(OH)D between 15 and 
20 ng/mL) are mostly asymptomatic. Severe vitamin 
D deficiency leads to reduced intestinal absorption 
of calcium and phosphorus, which leads to the state 
of hypocalcemia. Hypocalcemia causes secondary 
hyperparathyroidism and finally demineralization 
of bones. Vitamin D deficiency manifests most com-
monly as rickets in children and osteomalacia in adults.

Vitamin D may act like a neurosteroid hormone 
during cerebral development and may play a role 
in the areas of neurotransmission, neuroprotec-
tion, and neuroimmunomodulation. Vitamin D 
deficiency has been associated with neurologic and 
psychiatric disorders. Vitamin D deficiency has 
been associated with neuromuscular disorders and 
dementia in adults.12

Myopathy is commonly seen in osteomalacia. 
Proximal muscle weakness is the initial symptom 
in about 30% of cases with vitamin D deficiency. 
Patients complain of proximal limb pain, which 
may be partly myopathic and partly of bone origin.

Symptoms

Localization site Comment

Cerebral hemispheres Seizure13–14

Dementia15

Multiple sclerosis16–18

Mental status and psychiatric 
aspects/complications

Schizophrenia19

Anxiety20

Depression20

Peripheral neuropathy Sensory motor neuropathy21

Muscle Proximal myopathy 30%21

Secondary Complications: Prenatal vitamin D deficiency 
could be a risk factor for schizophrenia according 
to a neurodevelopmental hypothesis. McGrath 
et al. have described a decreased incident risk of 
long- term schizophrenic psychosis in 9114 sub-
jects supplemented with vitamin D over the first 
year of life.19 Clinical trials support the hypothe-
sis of the efficacy of vitamin D supplementation in 
mood disorders.20

In rachitic children seizures are observed with 
low levels of calcium and vitamin D. Long- term 
vitamin D supplementation led to a reduced 

incidence of these symptoms. Vitamin D deficiency 
is seen with the use of antiepileptic medications. 
This could be partly explained by the observation 
that antiepileptic medications induce cytochrome 
P450 enzyme, which leads to an increase in the 
catabolism of 25(OH)D2 to the inactive metabolite 
24,25-dihydroxyvitamin.22

Epidemiological data suggest that low serum 
25(OH)D2 concentrations are associated with a 
high incidence of multiple sclerosis.16,18

Epidemiological data revealed that low serum 
25(OH)D2 concentrations are seen in subjects with 
Alzheimer’s disease.

Elderly patients are at heightened risk for vitamin 
D deficiency, which may lead to secondary hyper-
parathyroidism and bone mineralization defects.

Treatment Complications: Symptoms of acute vitamin D 
intoxication are due to hypercalcemia and include 
confusion, polyuria, polydipsia, anorexia, vomit-
ing, and muscle weakness. Chronic intoxication 
may cause renal stones, bone demineralization, and 
pain.
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Vitamin E Deficiency
Epidemiology and Demographics: Vitamin E deficiency is 

rarely seen in healthy adults. Vitamin E deficiency 
occurs mainly in two circumstances: either a defect 
in intestinal absorption of vitamin E or inherent 
hepatic enzyme deficiency that blocks incorpo-
ration of vitamin E into lipoprotein. Populations 
with increased risk of developing vitamin E defi-
ciency include those with cirrhosis, cholestatic liver 
disease, cystic fibrosis, small bowel bacterial over-
growth, pancreatic insufficiency, celiac disease, and 
Crohn’s disease. Certain hereditary disorders are 
also associated with vitamin E deficiency.1–2

Disorder Description: Ataxia with vitamin E deficiency 
(AVED) is an autosomal recessive disease caused by 
mutations in the alpha tocopherol transfer protein 
gene on chromosome 8q13.1. Impairment of func-
tion of alpha tocopherol transport protein results in 
inability to retain and use dietary vitamin E.3–5 It usu-
ally presents as a slowly progressive ataxia and neu-
ropathy.6–7 Treatment is usually high doses of vitamin 
E, though complete recovery from  neurologic symp-
toms is uncommon.8 The absence of dysarthria and 
skeletal or cardiac muscle involvement helps to 
 differentiate it from Friedreich ataxia.

Abetalipoproteinemia (Bassen–Kornzweig dis-
ease) is another autosomal recessive disorder, caused 
by mutations in microsomal triglyceride transfer 
protein (MTTP).9–12 This protein is essential for 
the formation and secretion of beta- lipoproteins. 
Beta- lipoproteins are essential for absorption of 
fat and fat- soluble vitamins A, D, E, and K. Early in 
life, vitamin E deficiency presents as diarrhea, ste-
atorrhea, and failure to thrive. Neurologic symp-
toms are mainly related to vitamin E deficiency and 
present as progressive ataxia. Patients also develop 
retinitis pigmentosa due to concurrent vitamin A 
deficiency. Characteristic acanthocytes (spiculated 
red blood cells) are seen on peripheral blood smears. 
Neuropathologic changes affect posterior columns 
and spinocerebellar tracts.12

Some studies suggest that there may be some 
association between development of Alzheimer’s 
disease and vitamin E deficiency.13 In randomized 
trials, vitamin E supplementation does not affect the 
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risk of cognitive impairment or dementia,14 but may 
possibly slow the progression of Alzheimer’s disease.

There are some suggestions that vitamin E supple-
mentation may protect against worsening of tardive 
dyskinesia but does not improve symptoms.15–16

Symptoms

Localization site Comment

Cerebral hemispheres ? Alzheimer’s dementia

Cerebellum Ataxia

Dysarthria
Tremors

Cranial nerves Ophthalmoplegia

Pigmented retinopathy
Night blindness

Basal ganglia ? Tardive dyskinesia

Spinal cord Myelopathy

Peripheral neuropathy Large fiber axonal neuropathy

Muscle Myopathy

Secondary Complications: Vitamin E deficiency reduces 
the lifespan of red blood cells. Hemolytic anemia 
is seen in premature infants with vitamin E defi-
ciency.17 Thalassemia, sickle cell anemia, and other 
chronic hemolytic anemias may be associated with 
low vitamin E plasma levels. Oral therapy with vita-
min E supplementation may be beneficial.18–20

Treatment Complications: No syndrome of acute vitamin 
E toxicity has been described. In premature infants, 
high- dose vitamin E may increase the risk for sepsis. 
Chronic intake of an excessive amount of vitamin E 
has been associated with increased risk of mortality.21
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Vitamin K Deficiency
Epidemiology and Demographics: Vitamin K deficiency is 

rarely seen in healthy adults. Newborns are at high 
risk of developing vitamin K deficiency because 
of low fat stores, low levels of vitamin K in breast 
milk, sterile intestinal tract, immature liver, and 
poor placental transport of vitamin K.1 In adults, 
vitamin K deficiency may be seen in patients with 
chronic small- intestinal disease (e.g., celiac disease, 
Crohn’s disease) or obstructed biliary tracts, or after 
small- bowel resection. Broad- spectrum antibiotic 
treatment can precipitate vitamin K deficiency by 
reducing numbers of gut bacteria, which synthesize 
vitamin K, and by inhibiting the metabolism of vita-
min K.1,2 Warfarin inhibits conversion of vitamin K 
to its active form.1–2 Antiepileptic drugs also inter-
fere with vitamin K metabolism and cause vitamin 
K deficiency.1–2

Disorder Description: Vitamin K is required for carbox-
ylation of glutamic acid, which is necessary for 
calcium binding to γ- carboxylated proteins such 
as prothrombin, factors VII, IX and X, protein C, 
and protein S. Warfarin inhibits γ- carboxylation by 
preventing the conversion of vitamin K to its active 
form.1

Symptoms: In adults the second most common cause 
of cerebral hemorrhage after hypertension is use 

of anticoagulant treatment. The hemorrhages are 
mainly located in the lobes of the brain. Cerebral 
hemorrhage, which is precipitated by warfarin ther-
apy, is treated with fresh- frozen plasma and vitamin 
K, and sometimes with prothrombin complex con-
centrate, which contains clotting factors.2

If a newborn with vitamin K deficiency is not 
treated urgently, they are at risk for vitamin K defi-
cient bleeding (VKDB), previously known as hem-
orrhagic disease of the newborn. Classic VKDB 
develops within the first week of life and is charac-
terized by bleeding from gastrointestinal, umbilical, 
and circumcision sites or cutaneous bleeding. Early- 
onset VKDB develops within the first 24 hours of 
life and is likely associated with maternal vitamin 
K deficiency (such as in anticonvulsant medication 
use). About 25% of newborns develop intracranial 
hemorrhage.3 Late- onset VKDB typically develops 
between 3 weeks and 8 months of age and also has 
a high frequency of intracranial hemorrhage. Late- 
onset VKDB and associated intracranial hemor-
rhage appear to be increasing in the United States as 
a result of parental refusal of vitamin K prophylaxis 
at birth and with exclusive breast feeding.4,5

Antiepileptic medications (phenytoin) interfere 
with vitamin K metabolism. For that reason, preg-
nant women taking phenytoin (and some other 
antiepileptic drugs) should be given vitamin K 
before delivery, and the newborn infant also should 
receive vitamin K to prevent bleeding.2

Spinal extramedullary hematomas are seen in 
patients with anticoagulant therapy. Vitamin K 
should be considered in patients who present with 
acute spinal cord and cauda equina compression 
without trauma.6,7

Secondary Complications: Clinical signs and symptoms 
of vitamin K deficiency include easy bruisability, 
mucosal bleeding, splinter hemorrhages, melena, 
and hematuria. In severe cases, hemorrhagic shock 
and death can occur.

Treatment Complications: Toxicity from dietary vitamin K  
use has not been described. High doses of vitamin K 
can impair the actions of oral anticoagulants.8
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Vitreous Hemorrhage (Sudden ICP Elevation)
Epidemiology and Demographics: The annual incidence 

of acute onset vitreous hemorrhage (VH) is about 
7/100,000. Common causes of vitreous hemorrhage 
include proliferative diabetic retinopathy, trauma, 
retinal break, proliferative retinopathy after retinal 
vein occlusion, posterior vitrous detachment with-
out retinal tear, and neovascular age- related macu-
lar degeneration. It can be spontaneous. In a study 
of 169 eyes with vitreous hemorrhage of unknown 
etiology prior to vitrectomy surgery, patients tended 
to be 50–70 years old without sex predilection. 
Hypertension was a frequently associated risk factor.

Terson’s syndrome is a rare cause of vitreous hem-
orrhage associated with intracranial hemorrhage. 
The incidence of vitreous hemorrhage in subarach-
noid hemorrhage varies widely from 8% to 44%. It is 
thought to be underreported as patients with more 
severe intracranial hemorrhage are at increased risk 
of intraocular hemorrhage, and highest risk patients 
are unlikely to complain of visual symptoms.

Disorder Description: Vitreous hemorrhage occurs when 
there is extravasation of blood into the poten-
tial spaces within and around the vitreous body. 
Vitreous hemorrhage associated with intracranial, 
subdural, and subarachnoid hemorrhage is termed 
Terson’s Syndrome. The mechanism of the intraoc-
ular bleeding is unclear, but the prevailing theory 
is that the sudden rise in intracranial pressure is 
transmitted down the optic nerve sheath leading 
to venous hypertension and bleeding in the retinal 
vessels. Another proposed mechanism is that there 
is direct extension of blood into the subarachnoid 
space within the optic nerve sheath through small 
perivascular subarachnoid channels to the retina. 
Incidence of intraocular hemorrhage in intracra-
nial hemorrhage reported in the literature varies 
widely.

Symptoms

Localization site Comment

Varying 
localization

Subarachnoid hemorrhage refers to 
blood in the subarachnoid space between 
the pia and arachnoid membranes. Head 
trauma is a common cause, but spontaneous 
subarachnoid hemorrhage most commonly 
occurs after rupture of a cerebral aneurysm 
followed by arteriovenous malformation. 
As described above, Terson’s syndrome is a 
potentially underreported complication
Visual symptoms include acute visual 
disturbance with descriptions of hazy vision, 
floaters, smoke signals, cobwebs, and shadows

Secondary Complications: Epiretinal membrane is 
the most common intraocular complication 
of vitreous hemorrhage in Terson’s syndrome. 
Proliferative vitreoretinopathy, retinal folds, 
retinal detachment, and amblyopia in younger 
patients are other reported complications. 
Ghost cell glaucoma, a condition in which de- 
hemoglobinized red blood cells block the aque-
ous outflow structures of the eye, is also a concern 
in Terson’s syndrome. Elevated intracranial 
pressure leading to papilledema can lead to per-
manent vision loss. Neurologic complications 
of subarachnoid hemorrhage include rebleed, 
hydrocephalus, vasospasm, and seizures.

Permanent vision loss is possible, particularly 
when seen as part of diabetic retinopathy.
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Treatment Complications: In most patients, vitreous 
hemorrhage resolves within 12 months but vitrec-
tomy surgery can expedite this process, especially 
in cases of non- clearing hemorrhage. In a report of 
36 patients treated with vitrectomy, most patients 
experienced visual recovery after removal of vitre-
ous hemorrhage. Younger patients and shorter time 
to surgery were predictors of better visual recovery. 
Four patients in the study developed late compli-
cation of proliferative vitreoretinopathy associated 
retinal detachment.
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Vogt–Koyanagi–Harada Syndrome
Epidemiology and Demographics: Predominant age of 

presentation is 3–89 years, with the maximum 
frequency in persons in their 30s. Females are 
more commonly affected than males; the female-
to-male ratio in most large series is 2:1. Seen in 
Eastern and Southeastern Asian, Middle Eastern, 
Hispanic, and Native American populations. The 
disorder is extremely uncommon in Caucasians 
and Africans. Exact incidence and prevalence are 
not known.

Disorder Description: This condition is an autoimmune 
disease that affects melanin- containing tissues. 
Although this is a multisystem disease, the most 
prominent manifestation causes bilateral, diffuse 
uveitis with pain, redness, and blurring of vision. 
Auditory manifestations can lead patient to have 

tinnitus, hyperacusis, and vertigo. Neurologic 
involvement of the meninges causes patients to have 
stiffness of neck and back. Patients also develop cra-
nial nerve palsies, hemiparesis, transverse myelitis, 
and ciliary ganglionitis. Dermatologic manifesta-
tions cause alopecia and vitiligo. Vitiligo is most 
prominent in the sacral region.

This condition occurs in four phases:
Prodromal phase: No symptoms to mild flu- like 

symptoms. Symptoms include fever, headache, 
nausea, neck stiffness, discomfort from loud 
noises, tinnitus and/or vertigo, orbital pain, 
light sensitivity, and tearing from eyes. Patient 
may complain of touch sensitivity to skin and 
hair. Some patients have also presented with 
optic neuritis and cranial nerve palsies.

Acute uveitic phase: This phase typically lasts a 
couple of weeks. Patients present with bilateral 
panuveitis resulting in blurred vision. Patient 
can demonstrate optic nerve hyperemia 
and papillitis on funduscopic exam. Patient 
can also present with bullous serous retinal 
detachments.

Convalescent phase: Patients demonstrate 
gradual tissue depigmentation and 
alopecia. Funduscopic exam demonstrates 
depigmentation resulting in orange– red 
discoloration and clumping of the retinal 
pigment epithelium.

Chronic recurrent phase: Patient has repeated bouts 
of uveitis that are associated with cataracts, 
glaucoma, and ocular hypertension.

Potential causes include:
Viral infection or skin or eye trauma.
Abnormal T-cell-mediated immune response 

directed against self- antigens, located on 
melanocytes.

Risk factors include:
Females between 20 and 50 years of age.
Asian, Latino, Middle Eastern, American Indian, 

or Mexican Mestizo origin.
HLA-DR4 and DRB1/DQA1 allele; HLA-

DRB1*0405 plays a large role in susceptibility.

Secondary Complications

• Vision loss
•	 Optic	atrophy
•	 Cataracts
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•	 Glaucoma
•	 Permanent	skin	changes

Treatment Complications

Steroids: Methylprednisolone and prednisone are 
commonly used to treat this condition. The use 
of methylprednisolone causes an increased risk 
of infection, hyperglycemia, avascular necrosis 
of the hip, psychosis, Cushing’s disease, and 
osteoporosis.

Immunomodulators: Cyclosporine, tacrolimus, 
mycophenolate mofetil, azathioprine, 
cyclophosphamide, or chlorambucil are also 
utilized when patients do not respond to systemic 
steroids. Cyclophosphamide has been known 
to cause hemorrhagic cystitis, neutropenia or 
lymphoma, premature menopause, infertility 
in men and women. Cyclophosphamide is 
carcinogenic and therefore increases the risk for 
developing lymphomas, leukemia, skin cancer, 
transitional cell carcinoma of the bladder, and 
multiple myeloma. Furthermore, azathioprine is 
teratogenic and careful avoidance of such drugs 
during pregnancy is advised. Azathioprine can 
cause patients to develop progressive multifocal 
leukoencephalopathy, lymphoma, and other 
possible malignancies. Cyclosporine can lead to the 
development of pancreatitis, enlargement of gums, 
convulsions, nephrotoxicity, and hepatotoxicity. 
It is nephrotoxic, neurotoxic, increases the risk of 
squamous cell carcinoma and infections, and often 
causes hypertension due to renal vasoconstriction 
and increased sodium reabsorption. Most 
immunomodulators carry an increased risk of 
cancer.
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Voltage-Gated Potassium Channel Antibody 
Syndrome (Limbic Encephalitis)
Epidemiology and Demographics: Mean age of presenta-

tion is about 60 years (range 30–80 years). Group 

of patients with anti- LGI1 antibody associated 
limbic encephalitis have a male predominance. No 
race predilection is known. The incidence of this 
condition worldwide is not known. In Denmark, 
the incidence has been reported to be 1.1 cases per 
million.

Disorder Description: Limbic encephalitis is a rare 
neurologic disorder characterized by amnesia, 
seizures, and psychiatric disturbances, associ-
ated with anti- neuronal antibodies that can tar-
get either intracellular or neuronal cell surface 
antigens such as voltage- gated potassium chan-
nels (VGKCs). Limbic encephalitis is the second 
most common non- prion diagnostic of rapidly 
progressive dementia. VGKC is a complex linked 
to the neuronal cell surface. Syndromes asso-
ciated with antibodies against VGKC are typi-
cal limbic encephalitis and Morvan’s syndrome, 
defined by the association of psychiatric symp-
toms, hallucinations, peripheral nerve hyperex-
citability, hyperhidrosis, and other symptoms 
of autonomic dysfunction. This condition has 
been associated with blood disorders such as 
Hodgkin’s and non- Hodgkin’s lymphomas and 
acute myeloid leukemia. This condition is also 
associated with Charcot–Marie–Tooth disease. 
It is now acknowledged that most VGKC anti-
bodies are instead directed towards associated/
complexed proteins. The VGKC, like other ion 
channels, belong to a multiprotein complex. 
Some of the proteins that associate to the chan-
nel directly/indirectly include, but are not limited 
to, LGI1, CASPR2, Contactin2, DPPX, ADAM22, 
and ADAM23. The majority of patients improve 
with immunosuppressant treatment but recovery 
is often incomplete, and most are left with mild 
disability. Death occurs in less than 10%, but up 
to 20% go on to develop relapses.

Exact cause of this condition is unknown though 
there is some association with tumors: history of 
thymoma and history of tumor.

Risk factors include:
	 •	 Male
	 •	 Age	between	30	and	80	years
	 •	 Thymoma	or	history	of	other	kind	of	a	tumor

No particular geographic proclivity is known.
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Symptoms

Localization site Comment

Brain: mesial 
temporal lobes

Signs and symptoms vary based on the type of 
receptor affected:
– Initial symptoms include forgetfulness, 

drowsiness, and withdrawal from activities. 
Patient may also develop depression, 
bizarre thoughts and/or behaviors

– Anti-LGl-1 encephalitis manifestations: 
Amnesia/confusion, hallucinations, 
myoclonus/dyskinesia, sleep disorders 
such as REM sleep behavior disorder, 
hypersomnia or insomnia and ataxia. 
Tonic seizures, with movements of the leg, 
arm or face, refractory to treatment with 
antiepileptic drugs

– Anti- CASPR2 nervous system manifestations: 
Patients with anti- CASPIR2 antibodies 
develop symptoms from the central 
nervous system and/or the peripheral 
nervous system. The classic presentation is 
with Morvan’s syndrome, a disease with the 
features of neuromyotonia (i.e., peripheral 
hyperexcitability) and limbic encephalitis. 
Other patients present with isolated 
neuromyotonia or limbic encephalitis

MRI brain demonstrates that the patient has T2 
signal hyperintensity in the mesial temporal 
lobes (insular cortex and hippocampus)

EEG usually shows interictal foci of epileptiform 
activity or slowing over antero- temporal 
or mid- temporal (sometimes also frontal) 
regions and ictal activity in the same areas

Secondary Complications

Seizures
Memory problems/difficulty with concentration
Behavioral and psychiatric/psychologic conditions
Inability to live or function independently or without 

supervision

Treatment Complications

Corticosteroids: Increased risk of infection, 
hyperglycemia, avascular necrosis of the hip, 
psychosis, Cushing’s disease.

Intravenous immunoglobulin (IVIG): IVIG can induce 
reactions in patients with IgA deficiency. This occurs 
in 1/500–1000 patients. Serious anaphylactoid 
reactions occur soon after the administration of 
IVIG. Anaphylaxis associated with sensitization 
to IgA in patients with IgA deficiency can be 
prevented by using IgA- depleted immunoglobulin. 
The presence of IgG anti- IgA antibodies is not 

always associated with severe adverse reactions 
to IVIG. As IVIG can lead to thrombosis, IVIG 
has also been known to cause stroke and acute 
myocardial infarction. Nephrotoxicity has also 
been linked to the use of IVIG. IVIG therapy can 
result in postinfusion hyperproteinemia, increased 
serum viscosity, and pseudohyponatremia. Aseptic 
meningitis is also a rare but well- recognized 
complication of IVIG therapy.

Plasmapheresis: Hypocalcemia/hypomagnesemia 
before or after treatment, hypothermia during 
treatment, transfusion- related reactions are also 
likely, hypotension may occur in patients taking 
angiotensin- converting enzyme (ACE) inhibitors, 
in particular while undergoing column- 
based plasmapheresis. Thrombocytopenia 
and hypofibrinogenemia may occur after 
plasmapheresis (especially if albumin is being 
used as a replacement product) and patient 
should be monitored for signs of bleeding.

Immunosuppressants: Rituximab and 
cyclophosphamide are commonly used to treat this 
condition. Rituximab is a monoclonal antibody 
medication that carries the risk of cardiac arrest, 
tumor lysis syndrome, progressive multifocal 
leukoencephalopathy (PML), immunotoxicity, 
cytokine release syndrome, pulmonary toxicity, 
and bowel obstruction/perforation. It has also 
been known to reactivate hepatitis B infection 
and other viral infections. Cyclophosphamide 
has been known to cause hemorrhagic cystitis, 
neutropenia or lymphoma, premature menopause, 
infertility in men and women. Cyclophosphamide 
is carcinogenic and therefore increases the risk for 
developing lymphomas, leukemia, skin cancer, 
transitional cell carcinoma of the bladder, and 
multiple myeloma.
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Volume Depletion
Epidemiology and Demographics: Volume depletion is 

one cause of orthostatic hypotension. Orthostatic 
hypotension is the second most common cause of 
syncope and has a prevalence of 5% under age 50 
and 30% over age 70, although most of those cases 
are due to other causes such as cardiac disease, anti-
hypertensive use, and autonomic disease.

Disorder Description: A drop in total blood volume due 
to hemorrhage, diarrhea, vomiting, or dehydration 
will lead to a drop in blood pressure. This hypoten-
sion is exacerbated by standing.

Symptoms

Localization site Comment

Cerebral hemispheres Lightheadedness, dizziness, visual 
blurring, syncope

Brainstem Lightheadedness, dizziness, visual 
blurring, syncope

Secondary Complications: May be due to failure to drink 
enough water but is usually seen in combination 
with systemic bleeding, diarrhea, or emesis.

Treatment Complications: None for water repletion in the 
setting of diarrhea or emesis. If the volume deple-
tion is due to bleeding, then a transfusion may be 
needed, carrying the risk of blood- borne pathogen 
infection and transfusion reaction.
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von Hippel–Lindau Disease
Epidemiology and Demographics: Incidence of 1/36,000 

births worldwide. Equal incidence in males and 
females of all ethnicities. Most commonly presents 
in third decade but can present at any age.

Disorder Description: Autosomal dominant syndrome 
characterized by tumors in the nervous system, kid-
ney, pancreas, adrenal glands, and adnexal organs. 

Uncontrolled angiogenesis is the result of a mutation 
in the VHL gene, which encodes a protein that in 
normal conditions regulates hypoxia inducible fac-
tor. Hemangioblastomas can grow anywhere in the 
nervous system with predilection for the posterior 
fossa and posterior spinal cord. They are the most 
common lesions associated with VHL disease. The 
inner ear is subject to the locally invasive endolym-
phatic sac tumor (ELST). Other tumor types include 
retinal angioma, clear cell renal cell carcinoma, 
pheochromocytoma, serous cystadenoma and neu-
roendocrine tumors of the pancreas, and papillary 
cystadenoma of the epididymis and broad ligament. 
Families with VHL disease have been divided into 
two types based upon the likelihood of developing 
pheochromocytoma (type 2 is high risk).

Symptoms

Localization site Comment

Mental status Anxiety and behavioral changes, 
particularly short- temperedness, 
can result from associated 
pheochromocytoma

Brainstem Brainstem involvement of 
hemangioblastoma is common and 
presents with numbness, gait ataxia, 
and dysphagia

Cerebellum The cerebellum is the most common 
location of hemangioblastoma. Most 
common symptoms are headache and 
ataxia. Dysmetria and hydrocephalus 
are regularly seen

Vestibular system (and 
non specific dizziness)

Tinnitus and hearing loss are the most 
common symptoms of endolymphatic 
sac tumors, which are often bilateral

Cranial nerves Facial paralysis can result from 
endolymphatic sac tumor. Cranial 
nerve hemangioblastoma is rare

Spinal cord Spinal hemangioblastoma can lead 
to numbness, weakness, gait ataxia, 
hyperreflexia, and pain. The cervical 
and thoracic cord are common 
locations for hemangioblastoma

Anterior horn cells Hemangioblastomas less frequently 
involve the anterior cord

Dorsal root ganglia Radiculopathy from 
hemangioblastoma is common

Conus medullaris Hemangioblastoma can infrequently 
cause symptoms of conus medullaris
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Treatment Complications: Primary treatment for both 
hemangioblastoma and ELST is resection. For 
hemangioblastomas that appear in clusters or are 
not amenable to surgery, radiation therapy can halt 
growth but does not decrease their size. Cochlear 
implantation is a consideration for deafness after 
resection of ELST.
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Localization site Comment

Cauda equina Hemangioblastoma can rarely cause 
cauda equina syndrome

Specific spinal roots Cervical and thoracic spinal nerve 
roots are commonly affected by 
hemangioblastoma

Plexus Rare location for hemangioblastoma

Peripheral neuropathy Rare location for hemangioblastoma

Secondary Complications: Renal cell carcinoma pre-
sents with hematuria and is the leading cause 
of mortality. Hemorrhagic hemangioblastoma 
is another common cause of mortality. Visual 
loss from optic hemangioblastoma is common. 
Untreated endolymphatic sac tumors can lead to 
drop metastasis. Pheochromocytoma can lead to 
episodic hypertension.
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Waldenström’s Macroglobulinemia 
(Lymphoplasmacytic Lymphoma)
Epidemiology and Demographics: Median age of onset 

of Waldenström’s macroglobulinemia (WM) is 
between 60 and 65 years, with some cases occur-
ring in late teens. Male predominance (60%). In 
the United States this condition is more common 
among Caucasians, with people of African descent 
representing only 5% of all patients. In the United 
Kingdom, the annual incidence of the disease is 10.3 
per million. Rare condition with 1400 to 1600 cases 
annually in the United States.

Disorder Description: WM is a chronic, indolent B- cell 
lymphoproliferative disorder that has features that 
are similar to non- Hodgkin’s lymphomas. It is char-
acterized by the presence of a high level of a mac-
roglobulin (immunoglobulin M [IgM]), elevated 
serum viscosity, and the presence of a lymphoplas-
macytic infiltrate in the bone marrow. The clinical 
presentation is similar to that of multiple myeloma 
except that organomegaly is common in WM and 
is uncommon in multiple myeloma, and lytic bony 
disease and renal disease are uncommon in WM 
but are common in multiple myeloma. Peripheral 
neuropathy occurs in nearly half of patients with 
this condition, and hyperviscosity- related nervous 
system disorders are encountered in up to a third. 
Other neurologic complications, such as enceph-
alopathy or myelopathy caused by direct tumor 
infiltration, paraprotein deposition or autoimmune 
phenomena, are rare. WM can present with central 
nervous system (CNS) symptoms, either as a result 
of serum hyperviscosity or direct tumor infiltration 
of CNS. The latter phenomenon is known as Bing–
Neel syndrome (BNS). BNS is usually suspected 
in patients with WM who exhibit CNS symptoms 
and abnormal brain magnetic resonance imaging 
(MRI), which can be further confirmed with cere-
brospinal fluid (CSF) analysis and/or biopsy.
 Potential causes include:

Mutation of the MYD88 gene (90% of patients)
Mutation of the CXCR4 gene (27% of patients)
Chromosomal abnormalities: deletions of 6q23 and 

13q14, and gains of 3q13–q28, 6p and 18q

W
Overexpression of Src tyrosine kinase and FGFR3

Risk factors include:
First-degree relative with WM
Male gender
Personal history of autoimmune disease with 

autoantibodies
History of liver inflammation
History of HIV
History of rickettsiosis
Exposure to farming
Pesticide exposure
Wood dust exposure
Organic solvent exposure

No specific areas in the world are thought to have 
higher proclivity.

Symptoms
Localization site Comment

Brain –  Confusion, slurred speech, headache, 
fatigue, ataxia, memory problems, nausea, 
vomiting, diplopia, nystagmus, and extremity 
numbness (Bing–Neel syndrome)

–  Dizziness, headache, hearing and visual 
problems (hyperviscosity syndrome)

–  Cranial nerve palsies (CN II, CN VII, and CN VIII)
– Stroke
– Seizures

Peripheral 
nervous system

– Discomfort and sensory loss in the legs 
– Diminished vibratory sense 
– Loss of pinprick sensation 
–  EMG/nerve conduction studies can 

demonstrate sensory or sensorimotor  
axonal loss

–  Gait abnormalities secondary to sensory loss 
in lower extremities

Secondary Complications

•	 Cardiac failure
•	 Hyperviscosity syndrome
•	 Visual disturbances secondary to hyperviscosity 

syndrome
•	 Increased incidence of lymphomas, myelodyspla-

sia, and leukemias
•	 Amyloidosis of the heart, lungs, liver, kidney, and 

joints
•	 Diarrhea and malabsorption secondary to gastro-

intestinal (GI) involvement
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•	 Bleeding dyscrasias secondary to platelet 
dysfunction

•	 Coagulation factor and fibrinogen abnormalities 
due to interaction with plasma IgM

•	 Raynaud phenomenon secondary to 
cryoglobulinemia

•	 Increased predisposition to infection due to B- cell 
dysfunction

•	 Increased incidence of lymphomas, myelodyspla-
sia, and leukemias

•	 Renal disease (less common)

Treatment Complications

•	 Nucleoside analogs: T- cell dysfunction.
•	 Plasmapheresis (for hyperviscosity syndrome): 

Hypocalcemia/hypomagnesemia before or after  
treatment, hypothermia during treatment, 
transfusion- related reactions are also likely, hypo-
tension may occur in patients taking angiotensin- 
converting enzyme (ACE) inhibitors, in particular 
while undergoing column- based plasmapheresis. 
Thrombocytopenia and hypofibrinogenemia may 
occur after plasmapheresis (especially if albu-
min is being used as a replacement product) and 
patient should be monitored for signs of bleeding.

•	 Immunosuppressants: Rituximab and cyclo-
phosphamide are commonly used to treat this 
condition. Rituximab is a monoclonal antibody 
medication that carries the risk of cardiac arrest, 
tumor lysis syndrome, progressive multifocal 
leukoencephalopathy (PML), immunotoxicity, 
cytokine release syndrome, pulmonary toxicity, 
and bowel obstruction/perforation. It has also 
been known to reactivate hepatitis B infection 
and other viral infections. Cyclophosphamide 
has been known to cause hemorrhagic cys-
titis, neutropenia or lymphoma, premature 
menopause, infertility in men and women. 
Cyclophosphamide is carcinogenic and therefore 
increases the risk for developing lymphomas, 
leukemia, skin cancer, transitional cell carci-
noma of the bladder, and multiple myeloma.

•	 Nitrogen mustards: Bendamustine is commonly 
used in combination with the immunosuppres-
sants. Usage of this medication can cause nausea, 
fatigue, vomiting, diarrhea, fever, constipation, 
loss of appetite, cough, headache, unintentional 
weight loss, difficulty breathing, rashes, and 

stomatitis, as well as immunosuppression, ane-
mia, and low platelet counts.

•	 Proteasome inhibitor: Bortemozib is also known to 
be effective in treating this condition. Bortezomib 
is associated with peripheral neuropathy, which in 
some cases can be painful. Patients suffering from 
pre- existing peripheral neuropathy may experi-
ence an exacerbation of their symptoms. This med-
ication is also associated with the development of 
shingles, which can be mitigated with prophylactic 
acyclovir. Acute interstitial nephritis has also been 
reported.

•	 Steroids: Dexamethasone is commonly used con-
currently with chemotherapy to counteract the 
side effects of antitumor treatments. The use of 
dexamethasone causes an increased risk of infec-
tion, hyperglycemia, avascular necrosis of the hip, 
psychosis, Cushing’s disease.
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Wernicke’s Disease (Component of 
Wernicke–Korsakoff Syndrome)
Epidemiology and Demographics: In the United States, 

Wernicke’s disease is most commonly seen in alco-
holics though patients with malnutrition due to 
hyperemesis, starvation, renal dialysis, cancer, 
AIDS, or gastric surgery are also at risk.1,2 Alcohol 
interferes with the absorption of thiamine and 
also increases urinary excretion. Patients receiving 
chronic diuretic therapy are also at risk of thiamine 
deficiency due to increased loss of urinary thia-
mine. Autopsy studies reveal a higher incidence of 
Wernicke’s disease than that predicted by clinical 
studies.3,4 While cases of Wernicke’s disease in men 
outnumber those in women, women appear to be 
more susceptible to developing disease than men.3,4

Disorder Description: Wernicke’s disease is due to acute 
deficiency of thiamine. Thiamine is a cofactor of 
several enzymes, including transketolase, pyruvate 
dehydrogenase, and α- ketoglutarate dehydroge-
nase. Thiamine deficiency produces diffuse cerebral 
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glucose utilization, mitochondrial damage, and 
glutamate excitotoxicity. Carl Wernicke described 
this syndrome as a triad of ophthalmoplegia, ataxia, 
and global confusion. But only one- third of patients 
with Wernicke’s disease present with the classic clin-
ical triad.5

Acute cases of Wernicke’s disease reveal periven-
tricular lesions surrounding the third ventricle, 
aqueduct, and fourth ventricle, with petechial hem-
orrhages on pathology.3,6

Chronic cases reveal atrophy of the mammillary 
bodies.3,7,8

Amnestic defect is due to lesions in the dorsal 
medial nuclei of the thalamus.6

Differential Diagnosis. Etiologies of acute delirium or acute 
ataxia, structural diseases in the medial thalami, 
hippocampi or inferior medial temporal lobes such 
as top-of-the-basilar stroke, hypoxic– ischemic 
encephalopathy, herpes simplex encephalitis, and 
third ventricular tumors, etc.2

Symptoms

Localization site Comment

Mental status and psychiatric 
aspects/complications

Disorientation 
Delirium related to ethanol 
withdrawal 
If the disease is not treated, stupor, 
coma, and death may ensue

Cerebellum (anterior and 
superior vermis)

Ataxia

Vestibular system (and non- 
specific dizziness)

Ataxia

Cranial nerves Horizontal nystagmus on lateral 
gaze 
Lateral rectus palsy (usually 
bilateral) 
Conjugate gaze palsies 
Rarely amblyopia 
Rarely ptosis and miosis

Peripheral neuropathy Sensory motor peripheral 
neuropathy
Autonomic neuropathy

Secondary Complications: Tachycardia and postural 
hypotension may be related to impaired function 
of the autonomic nervous system or to the coexist-
ence of cardiovascular beriberi.1 As the symptoms 
recede, an amnestic state with impairment in recent 

memory and learning may become more apparent, 
known as Korsakoff ’s syndrome.

Treatment Complications: Immediate administration of 
a high dose of thiamine is used. The dose should 
be given prior to treatment with intravenous glu-
cose solutions. Glucose infusions may precipitate 
Wernicke’s disease by depleting thiamine stores in a 
previously unaffected patient or cause a rapid wors-
ening of an early form of the disease. For this reason, 
thiamine should be administered to all alcoholic 
patients requiring parenteral glucose.9–10 Thiamine 
toxicity syndrome has not been described.
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Whipple’s Disease
Epidemiology and Demographics: Whipple’s disease 

is a rare disorder with an estimated incidence of 
1/1,000,000. There is a male predominance with a 
male-to-female ratio of 3 to 1. Whipple’s disease is 
more common in Caucasians with an average age of 
onset of 50 years.

Disorder Description: Whipple’s disease is a malabsorp-
tion syndrome caused by Tropheryma whippelii 
infection, which is a weakly gram- positive actino-
mycete. Whipple’s disease is a multisystem infection 
with the GI tract being the most affected site, caus-
ing steatorrhea, diarrhea, weight loss, and abdom-
inal pain. Fever, arthralgia, and lymphadenopathy 
are among other presentations. Neurologic symp-
toms occur in 4–11% of the patients.

Symptoms

Localization site Comment

Cerebral hemispheres Dementia

Seizure
Parkinsonism
Supranuclear ocular palsy
Conjugate gaze paresis
Oculomasticatory myorhythmia and 
oculofacial– skeletal myorhythmia

Mental status and 
psychiatric aspects

Dementia 
Confusion
Personality changes

Brainstem Polydipsia 
Hyperphagia 
Hypersomnolence

Cerebellum Cerebellar ataxia

Cranial nerves Optic neuritis

Spinal cord Myelopathy

Peripheral neuropathy Axonal polyneuropathy

Muscle Myopathy

Secondary Complications: Malabsorption can lead to 
deficiency of vitamins and essential micronutrients. 
Confusion, memory changes, numbness, weak-
ness, and gait ataxia can occur as a result of malab-
sorption in addition to the Whipple’s disease itself. 
Neuropathy, myelopathy, and optic neuropathy can 
occur with other nutritional deficiencies such as 
vitamin B12.
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X-Linked Dystonia–Parkinsonism
Epidemiology and Demographics: X- linked dystonia– 

parkinsonism (XDP), also known as Lubag syn-
drome, is a rare genetic syndrome found worldwide 
(due to immigration), and particularly affects those 
from the Philippines. Even in the Philippines, over-
all, incidence is at most 0.31/100,000. However, on 
the island of Panay, from which it is thought to origi-
nate, the incidence is 5.74/100,000; more specifically 
the province of Capiz has the highest frequency at  
more than 23/100,000. Males are overwhelmingly 
affected, with the most recent male-to-female ratio 
at 100:1, and affected females having affected male 
siblings. XDP typically manifests in a broad range of 
ages, most commonly at middle age (late 30s to early 
40s), though the range of ages has spanned from 12 
to mid- 60s. Typically, disease progresses on average 
for 16 years, and the average patient dies in their 50s.

Disorder Description: XDP is an X- linked progressive 
neurodegenerative disease affecting mainly male 
Filipinos. Presentation usually starts with focal dys-
tonia that generalizes and can be accompanied by 
parkinsonism.

XDP is an X- linked disorder, with DYT3 and 
TAF1 as the causative genes, resulting in caudate/
putaminal atrophy/degeneration, though underly-
ing mechanisms are still unknown.

Diagnosis is primarily based on clinical features, 
but is confirmed through cytogenetic testing to find 
aforementioned genetic deficits. Monitoring of 
development, feeding, growth, hearing, and vision, 
as well as for cardiac, renal, and dental anomalies, 
especially in the first year of life, is most helpful 
since prenatal growth can be normal.

X
Symptoms

Localization site Comment

Cerebral hemispheres Caudate and/or putaminal atrophy, 
resulting in focal dystonia (mostly lower 
extremities and craniofacial), generalizes 
to parkinsonism (micrographia, slow 
periodic resting tremor, hypomimia, 
shuffling gait, bradykinesia)

Mental status and 
psychiatric aspects/
complications

Depression, anxiety, sleep dysfunction

Outside CNS Variable, but distinctive, facial features: 
arched brows, down slanted palpebral 
fissures, low hanging columella, high 
palate, grimacing smile, and talon 
cusps. Also, coloboma and cataracts are 
possible
Broad and often angulated thumbs and 
great toes, short stature, and weight gain
Congenital heart defects, urinary 
and renal abnormalities, as well as 
cryptorchidism

Secondary Complications: Secondary complications are 
primarily related to the aforementioned extra- CNS 
symptoms.

Treatment Complications: Data are sparse, but the only 
effective treatment so far has been zolpidem and 
there is only partial response to dopaminergic ther-
apy, similar to use in Parkinson disease. Levodopa/
carbidopa as well as haloperidol have shown only 
partial response, and only in the minority of cases. 
Zolpidem has been more effective in reducing par-
kinsonian symptoms in these cases, but data are not 
comprehensive.

Complications of treatment are largely limited to 
lack of efficacy, or side effects of medications, such 
as hallucinations, impulsivity, arrhythmias, psycho-
motor symptoms for dopaminergic drugs, as well as 
sedation for zolpidem.
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Zika Virus
Epidemiology and Demographics: As of May 2017, 48 

countries and territories in the Caribbean and 
North, Central, and South Americas had con-
firmed mosquito- born transmission of Zika virus. 
Five countries have reported sexually transmitted 
Zika cases. In the United States, mosquito- borne 
transmission had occurred in Florida and Texas; 
however, none in 2017. Other infection has been 
reported in travelers in other cities.1

Disorder Description: Zika is a single- stranded RNA 
arthropod- borne flavivirus that is primarily trans-
mitted by infected Aedes mosquitoes, which is the 
most common mode; however, other modes include 
sexual transmission, maternal–fetal transmission, 
and laboratory acquisition. Other potential modes 
of transmission include breastfeeding and blood 
transfusions.

Clinical manifestations occur in 20–25% of 
infected individuals, and may include flu- like 
symptoms such as fever, rash, headache, joint pain, 
and myalgias. Most patients recover in 5–7 days. 
Infection during pregnancy may be teratogenic and 
may cause certain birth defects.

Serum and urine may be sent for PCR testing.

Symptoms

Z

Secondary Complications: Guillain–Barré syndrome 
has been reported. Myocarditis, thrombocyto-
penic purpura, and thrombocytopenia have been 
reported.

Treatment Complications: There is no vaccine or med-
ication for Zika virus. Supportive care is recom-
mended. NSAIDs should be avoided until dengue 
has been ruled out.

References
 1. World Health Organization. Regional Zika 

Epidemiological update (Americas). Available 
from w ww .p ah o. or g/ hq /i nd ex .p hp ?o pt io n= co m_ 
content&view=article&id=11599&Itemid=4169
1&lang=en. Accessed May 27, 2 01 7 .

 2. De Fatima Vasco Aragao M, van der Linden V, 
Brainer-Lima AM, et al. Clinical features and 
neuroimaging (CT and MRI) findings in presumed 
Zika virus related congenital infection and 
microcephaly: retrospective case series study. BMJ. 
2016;353:i1901. DOI:10.1136/bmj.i1901.

Zinc Deficiency
Epidemiology and Demographics: Inadequate dietary 

intake of zinc is an important cause of zinc deficiency 
in children in developing countries.1 Breast milk 
and the complementary foods (high in phytates, 
which reduce zinc absorption) provided to children 
in developing countries are a poor source of zinc 
supplement.2 Alcoholics and pregnant patients are 
also at risk for developing zinc deficiency.3

Patients receiving chronic total parenteral nutri-
tion solutions lacking adequate zinc supplementation 
or with conditions causing zinc losses, such as diar-
rhea and inflammatory bowel disease, are also at risk 
of developing zinc deficiency.4

Chronic diseases such as malnutrition, malab-
sorption syndromes, necrotizing enterocolitis in 
preterm infants, and gastric bypass also affect zinc 
absorption and increase risk of deficiency.5–6

Localization site Comment

Cerebral hemispheres Malformations of cortical 
development2

Meningoencephalitis2

Microcephaly2

Intracranial calcifications2

Ventriculomegaly2

Mental status and psychiatric 
aspects/complications

Encephalopathy

Brainstem Hypoplasia2

Cerebellum Hypoplasia2

Base of skull Enlargement of cisterna magna2

Cranial nerves Miller–Fisher syndrome

Sensorineural hearing loss

Localization site Comment

Spinal cord Myelitis

Specific spinal roots Guillain–Barré syndrome

Peripheral neuropathy Sensory polyneuropathy

Unclear localization Ophthalmologic abnormalities
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Diabetes increases the risk of zinc deficiency by 
increasing urinary loss.7 Medications such as thi-
azides, loop diuretics, and angiotensin receptor 
blockers increase urinary loss of zinc and increase 
the risk of zinc deficiency, particularly in patients 
with poor intake.

Acrodermatitis enteropathica is an autosomal 
recessive inherited disorder resulting from muta-
tions in the SLC39A4 gene on chromosome 8q24.3, 
which encodes a protein that appears to be involved 
in zinc transportation. Partial defect in intestinal 
zinc absorption results in zinc deficiency.8–9

Zinc depletion in sickle cell patients appears to 
be related to increased urinary excretion caused by a 
renal tubular defect and perhaps chronic hemolysis 
or impaired absorption.10–11

Wilson’s disease, also known as hepatolenticular 
degeneration, is a genetic disorder that occurs in 
approximately 1/33,000 individuals. Characterized 
by complications of excessive copper accumula-
tion in the liver, brain, and other organs, it is due 
to a genetic mutation leading to abnormal copper 
transport from the gastrointestinal tract. Diverse 
neurologic presentations especially with assorted 
movement abnormalities as well as psychiatric 
symptoms such as psychosis are common. It is 
associated with a classic triad of a low ceruloplas-
min, high levels of urinary copper, and the Kayser–
Fleischer ring. Zinc deficiency may also occur since 
copper and zinc are competitively absorbed from 
the gastrointestinal tract, and because a treatment 
for Wilson’s disease (penicillamine) may itself lead 
to zinc deficiency.1

Disorder Description: Mild chronic zinc deficiency can 
cause impaired growth in children, delayed sexual 
maturation, decreased taste sensation, hair loss, and 
impaired immune function. Severe chronic zinc 
deficiency causes hypogonadism, oligospermia, 
growth retardation, hypopigmented hair, hair loss, 
and poor immunity.

Clinical features of acrodermatitis enteropathica 
include diarrhea, alopecia, muscle wasting, depres-
sion, irritability, and a characteristic rash involving 
the extremities and around the orifices. The rash is 
vesicular and pustular crusting with scaling and ery-
thema. Thymic hypoplasia has also been described.

A serum zinc level <12 μmol/L is diagnostic of 
zinc deficiency.1

Zinc deficiency appears to contribute to the risk 
of developing diarrhea and pneumonia in children 

in developing countries. Zinc (20 mg/day until 
recovery) supplementation may be an effective 
adjunctive therapy for diarrhea and pneumonia in 
children ≥6 months of age.1

Intestinal absorption of copper is inhibited by 
zinc. Thus, chronic excessive intake of zinc may 
be associated with copper deficiency. Copper defi-
ciency can present as fragile, abnormally formed 
hair, depigmentation of the skin, edema, anemia 
and hepatosplenomegaly, and osteoporosis. The 
neurologic manifestations include ataxia, neurop-
athy, myelopathy, and cognitive deficits that can 
mimic vitamin B12 deficiency.12–13 Intranasal zinc 
preparations may lead to irreversible damage to the 
nasal mucosa and anosmia.

Acute zinc toxicity (inhalation of fumes from 
welding or after oral ingestion) causes nausea, vom-
iting, fever, respiratory distress, excessive salivation, 
sweating, and headache.
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Cardiovascular and Renal Medications
Jeff Freund, PharmD, BCACP Froedtert Health

Heather LaRue, PharmD UW Health University Hospital

Greta Nemergut, PharmD, BCCCP UW Health University Hospital

Angiotensin-Converting Enzyme (ACE) 
Inhibitors
Class Members: benazepril (Lotension®), captopril, 
enalapril (Vasotec®), fosinopril, lisinopril (Prinivil®, 
Zestril®), moexipril (Univasc®), perindopril (Aceon®), 
quinapril (Accupril®), ramipril (Altace®), trandolapril 
(Mavik®)

Typical Uses: hypertension, heart failure, kidney disease

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile of angiotensin- 
converting enzyme (ACE) inhibitors is similar among 
agents used to treat hypertension in this class. The 
most common neurologic adverse effect (>10%) is diz-
ziness, which is due to blood pressure lowering effect. 
Common adverse effects (1–10%) include depression, 
headache, somnolence, and insomnia/sleep distur-
bances. As a medication class, ACE inhibitors are gen-
erally well tolerated, with neurologic and psychiatric 
adverse effects usually being mild and transient.

Further Reading
DiPiro JT. Pharmacotherapy: a pathophysiologic 

approach. New York: McGraw- Hill Medical; 2008.
Enalapril. In DRUGDEX® System (electronic version). 

Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 10, 2015.

Zestril (lisinopril) package insert. Wilmington, DE: 
AstraZeneca Pharmaceuticals LP; Jun 2014.

Angiotensin Receptor Blockers (ARBs)
Class Members: azilsartan (Edarbi®), candesar-
tan (Atacand®), eprosartan (Teveten®), irbesartan 
(Avapro®), losartan (Cozaar®), olmesartan (Benicar®), 
telmisartan (Micardis®), valsartan (Diovan®)

Typical Uses: hypertension, heart failure, diabetic 
nephropathy

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile of angiotensin recep-
tor blockers (ARBs) is similar among agents used to 
treat hypertension in this class. The most common 
neurologic adverse effect (>10%) is dizziness, which 
is dose related and due to the blood pressure lowering 
effect of the medications. Dizziness was reported with 
higher frequencies (17%) in short- term heart failure 
trials, and it is recommended to start ARBs at lower 
doses in patients with heart failure to reduce dizziness. 
Other neurologic effects found in postmarketing stud-
ies include headache and asthenia.

Further Reading
Candesartan. In DRUGDEX® System (electronic 

version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 10, 2015.

Cozaar (losartan potassium) package insert. 
Whitehouse Station, NJ: Merck & Co; Jan 2014.

DiPiro JT. Pharmacotherapy: a pathophysiologic 
approach. New York: McGraw-Hill Medical; 2008.

Antiarrhythmics
Amiodarone
Class Members: amiodarone (Cordarone®), dronedar-
one (Multaq®)

Typical Uses: atrial fibrillation, ventricular arrhythmia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Common neurologic effects of amiodarone 
include gait problems, tremor, involuntary movements, 
and peripheral neuropathy. Less frequent neurologic 
effects observed with amiodarone therapy include 
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headache, insomnia, fatigue, dizziness, proximal mus-
cle weakness, paresthesia, and altered sense of smell. 
Visual impairment, even blindness, as a result of optic 
neuritis and optic neuropathy have been rarely reported. 
Thyroid toxicity can occur in the form of either hyper-
thyroidism or hypothyroidism. Hyperthyroidism may 
present with personality changes, including psychosis, 
agitation, and depression, as well as cognitive impair-
ment or confusion. Hypothyroidism presentation can 
range from fatigue to myxedema coma. Angioedema 
and anaphylaxis have been rarely reported. Teratogenic 
effects may occur, including both neurodevelopmental 
(e.g., speech and motor delays) and neurologic (e.g., 
ataxia) effects. The majority of the neurologic effects 
observed with amiodarone are not seen with drone-
darone; however, altered taste and asthenia have been 
rarely reported with dronedarone use.

Further Reading
Amiodarone. In DRUGDEX® System (electronic 

version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed on Dec 20, 2015.

Ross DS. Overview of the clinical manifestations of 
hyperthyroidism in adults. In Cooper DS, ed. 
UpToDate. Waltham, MA: UpToDate. www 
.uptodate.com/contents/overview-of-the-
clinical-manifestations-of-hyperthyroidism-in-
adults. Accessed Dec 20, 2015.

Sampson KJ, Kass RS. Anti-arrhythmic drugs. In 
Brunton LL, Chabner BA, Knollmann BC, eds. 
Goodman & Gilman’s the pharmacological basis  
of therapeutics. 12th ed. New York, NY:  
McGraw-Hill; 2011. Chapter 29.

Digoxin (Lanoxin®)
Typical Uses: atrial fibrillation, heart failure

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Neurologic adverse effects are frequently 
reported with digoxin; these include weakness, con-
fusion, dizziness, headache, anxiety, and depres-
sion. Encephalopathy, seizures, hallucinations, and 
nightmares have been reported with supratherapeu-
tic digoxin concentrations. Nausea is a frequently 
reported adverse effect. Visual effects, such as blurred 
vision, halos around bright objects, and disturbed 
color vision, can occur at therapeutic concentrations, 
with increased likelihood at toxic concentrations. 

Disturbed color vision can present as either reduced 
color discrimination or yellow vision.

Further Reading
Digoxin. In DRUGDEX® System (electronic version). 

Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 20, 2015.

Sampson KJ, Kass RS. Anti-arrhythmic drugs. In 
Brunton LL, Chabner BA, Knollmann BC, eds. 
Goodman & Gilman’s the pharmacological basis 
of therapeutics. 12th ed. New York, NY: McGraw-
Hill; 2011. Chapter 29.

Procainamide (Pronestyl®)
Typical Uses: ventricular arrhythmias, atrial arrhythmias

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Procainamide can commonly cause nau-
sea, which is typically a dose- related side effect. 
Musculoskeletal effects of procainamide have been 
reported rarely, including muscle weakness, myasthe-
nia gravis, and myopathy. Ataxia, dizziness, tremor, 
neuropathy, mania, and psychosis have also been rarely 
reported. Hypersensitivity may occur after administra-
tion. Systemic lupus erythematosus has been reported 
in patients on long- term procainamide, with series 
reports ranging from 0.2% up to 30%.

Further Reading
Procainamide. In DRUGDEX® System (electronic 

version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 20, 2015.

Sampson KJ, Kass RS. Anti-arrhythmic drugs. In 
Brunton LL, Chabner BA, Knollmann BC, eds. 
Goodman & Gilman’s the pharmacological basis 
of therapeutics, 12th ed. New York, NY: McGraw-
Hill; 2011. Chapter 29.

Other Antiarrhythmics
Class Members: dofetilide (Tikosyn®), sotalol (Betapace®), 
lidocaine (Xylocaine®)

Typical Uses: atrial fibrillation, ventricular arrhyth-
mia, other dysrhythmias, anesthesia, and pain control 
(lidocaine)
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Potential Neurologic or Psychiatric Medication Adverse 
Effects: Syncope, lightheadedness, and dizziness are 
commonly reported with antiarrhythmic use; however, 
these adverse effects are typically equally seen in pla-
cebo groups and may be a result of arrhythmias rather 
than a medication adverse effect. Headache is also 
commonly seen in antiarrhythmic trials, although no 
more commonly than in the placebo groups. Adverse 
effects commonly reported with sotalol include nau-
sea, asthenia, sleep problems, paresthesias, anxiety 
or depression, reduced libido, and very commonly 
fatigue. Central nervous system effects of lidocaine 
typically represent toxicity, including anxiety, dizzi-
ness, tinnitus, tremors, blurred vision, nystagmus, 
dysarthria, and drowsiness. This may lead to worsen-
ing toxicity such as seizures, loss of consciousness, and 
respiratory arrest. Toxicity is rarely seen with lidocaine 
topical application, although case reports of anxiety 
and dizziness have occurred with the lidocaine patch.

Further Reading
Lidocaine. In DRUGDEX® System [Internet database]. 

Greenwood Village, CO: Thomson Micromedex. 
Updated periodically.

Sampson KJ, Kass RS. Anti-arrhythmic drugs. In 
Brunton LL, Chabner BA, Knollmann BC, eds. 
Goodman & Gilman’s the pharmacological basis 
of therapeutics, 12th ed. New York, NY: McGraw-
Hill; 2011. Chapter 29.

Sotalol. In DRUGDEX® System (electronic version). 
Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 20, 2015.

Anticoagulants
Class Members: warfarin (Coumadin®), dabigatran 
(Pradaxa®), rivaroxaban (Xarelto®), apixaban (Eliquis®), 
edoxaban (Savaysa®)

Typical Uses: atrial fibrillation, thromboembolism treat-
ment and prevention

Potential Neurologic or Psychiatric Medication Adverse Effects: 
Increased risk of bleeding is seen with all oral anticoagu-
lants and can result in neurologic symptoms depending 
on the location of the bleeding (e.g., intracranial, epi-
dural, spinal, subdural). Hypersensitivity (angioedema, 
flushing) has been reported rarely. Drug interactions can 
lead to elevated levels of all oral anticoagulants, which 

may increase risk of bleeding. Anticoagulant effects 
of warfarin are increased by antibiotics, in particular  
sulfamethoxazole–trimethoprim may lead to significant 
INR elevation. Levels of dabigatran, rivaroxaban, and 
apixaban are all increased by p- glycoprotein inhibitors 
such as amiodarone and ketoconazole; rivaroxaban and 
apixaban levels are also increased by CYP3A4 inhibitors 
such as the azole antifungals, protease inhibitors (e.g., 
ritonavir), and non- dihydropyridine calcium channel 
blockers (e.g., diltiazem).

Further Reading
Apixaban. In DRUGDEX® System (electronic version). 

Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 20, 2015.

Dabigatran. In DRUGDEX® System (electronic 
version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 20, 2015.

Rivaroxaban. In DRUGDEX® System (electronic 
version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 20, 2015.

Warfarin. In DRUGDEX® System (electronic version). 
Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 20, 2015.

Antiplatelets
Class Members: aspirin (Aspergum®, Norwich®, Bayer®, 
St. Joseph®, Ecotrin®, Halfprin®, Genacote®, Easprin®, 
Zorprin®), clopidogrel (Plavix®), prasugrel (Effient®), 
ticagrelor (Brilinta®)

Typical Uses: coronary artery disease, myocardial infarc-
tion prevention and treatment, peripheral artery dis-
ease, stroke prevention. Aspirin may also be used for 
atrial fibrillation, headache, fever, and pain.

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Increased risk of bleeding is seen with all of the 
antiplatelet agents and can result in neurologic symp-
toms depending on location (e.g., intracranial, intraoc-
ular, epidural). This risk is increased in certain patient 
populations, including those on concomitant anti-
coagulants or nonsteroidal anti- inflammatory drugs 
(NSAIDs), the elderly, and those with a history of 
bleeding. Hypersensitivity (angioedema, flushing) and 
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serum sickness (fever, arthralgias, myalgias) can also 
occur. Aspirin hypersensitivity is more common in 
patients with history of asthma, atopic dermatitis, and/
or rhinitis. High doses of aspirin can lead to salicylism; 
presenting symptoms include headaches, confusion, 
and tinnitus. Rare side effects of clopidogrel have been 
reported including taste disorder and confusion.

Further Reading
Aspirin. In DRUGDEX® System (electronic version). 

Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 20, 2015.

Clopidogrel. In DRUGDEX® System (electronic 
version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 20, 2015.

Ticagrelor. In DRUGDEX® System (electronic 
version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 20, 2015.

Beta-Blockers
Class Members: acebutolol (Sectral®), atenolol 
(Tenormin®), betaxolol (Kerlone®), bisoprolol 
(Zebeta®), carteolol (Ocupress®), carvedilol (Coreg®), 
esmolol (Brevibloc®), labetalol (Trandate®),  metoprolol 
(Lopressor®, Toprol- XL®), nadolol (Corgard®), nebiv-
olol (Bystolic®), penbutolol (Levatol®), pindolol 
(Visken®), propranolol (Inderal®), sotalol (Betapace®), 
timolol (Betimol®)

Typical Uses: hypertension, angina, myocardial infarc-
tion, atrial fibrillation, congestive heart failure, 
migraine prophylaxis (propranolol)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile of beta- blockers is 
similar among agents used to treat hypertension in this 
class. The most common neurologic and psychiatric 
adverse effects (>10%) include dizziness, fatigue, and 
asthenia. These effects are usually temporary, occur-
ring at the onset of therapy and then diminishing over 
time. Beta- blockers have been associated with head-
ache, insomnia, confusion, and short- term memory 
loss during controlled trials, but at low rates (1–10%). 
Lastly, abrupt cessation of beta- blockers may precip-
itate withdrawal symptoms, which can include neu-
rologic adverse effects of headache and diaphoresis. 

When discontinuing beta- blockers, it is important to 
taper gradually and/or use prolonged administration 
of small doses prior to completely stopping to avoid 
withdrawal symptoms.

Further Reading
COREG (carvedilol) package insert. Research 

Triangle Park, NC: GlaxoSmithKline; Oct 2015.
DiPiro JT. Pharmacotherapy: a pathophysiologic 

approach. New York: McGraw-Hill Medical; 2008.
Toprol-XL (metoprolol succinate) package insert. 

Wilmington, DE: AstraZeneca Pharmaceuticals 
LP; May 2014.

Calcium Channel Blockers
Dihydropyridines
Class Members: amlodipine (Norvasc®), felodip-
ine (Plendil®), isradipine (DynaCirc®), nicardipine 
(Cardene®), nifedipine (Procardia®, Adalat®), nisoldip-
ine (Sular®)

Typical Uses: hypertension, angina, coronary artery dis-
ease, Raynaud’s phenomenon

Potential Neurologic or Psychiatric Medication Adverse  
Effects: The adverse effect profile of non- dihydropyridine 
calcium channel blockers is similar among agents used 
to treat hypertension in this class. From a neurologic and 
psychiatric adverse effect standpoint, the dihydropyri-
dine calcium channel blockers are well tolerated. The 
most common adverse effects (>10%) include dizziness, 
headache, and lightheadedness. Dizziness is due to the 
lowering of blood pressure and is more common when 
initiating therapy. Starting the medication with lower 
initial doses may reduce dizziness. Common adverse 
effects (1–10%) include asthenia, parasthesias, and 
fatigue. These effects are usually temporary, occurring 
at the onset of therapy and then diminishing over time.

Further Reading
DiPiro JT. Pharmacotherapy: a pathophysiologic 

approach. New York: McGraw-Hill Medical; 2008.
Nifedipine. In DRUGDEX® System (electronic version). 

Greenwood Village, CO: Truven Health Analytics, 
Inc. www.micromedexsolutions.com/. Accessed 
Dec 10, 2015.

Norvasc (amlodipine) package insert. New York, NY: 
Pfizer Labs; Mar 2015.
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Nondihydropyridines
Class Members: verapamil (Calan®), diltiazem 
(Cardizem®, Taztia®, Tiazac®)

Typical uses: hypertension, angina, atrial fibrillation, 
supraventricular tachycardia, migraine prophylaxis 
(verapamil), pulmonary hypertension (diltiazem)

Potential Neurologic or Psychiatric Medication 
Adverse Effects: The adverse effect profile of non- 
dihydropyridine calcium channel blockers is similar 
among agents used to treat hypertension in this class. 
The most common adverse effects (>10%) include 
dizziness and headache. Dizziness is due to peripheral 
vasodilation and resulting blood pressure lowering. 
Common adverse effects (1–10%) include headache 
and asthenia and are more common with diltiazem 
than verapamil. Less frequent (<1%) neurologic and 
psychiatric adverse effects include abnormal dreams, 
amnesia, fatigue, nervousness, drowsiness, depres-
sion, personality change, insomnia, tinnitus, tremor, 
hallucinations, paresthesias, gait abnormalities, and 
confusion.

Further Reading
Calan (verapamil tablets) package insert. New York, 

NY: GD Searle LLC; Oct 2013.
Cardizem CD (diltiazem) package insert. Bridgewater, 

NJ: Biovail Corporation; Nov 2010.
DiPiro JT. Pharmacotherapy: a pathophysiologic 

approach. New York: McGraw-Hill Medical; 2008.

Diuretics
Loop Diuretics
Class Members: bumetanide (Bumex®), ethacrynic 
acid (Edecrin®), furosemide (Lasix®), torsemide 
(Demedex®)

Typical Uses: congestive heart failure, edema, 
hypertension

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile of loop diuretics is 
similar among agents used to treat hypertension in 
this class. The most common neurologic adverse effect 
(>10%) is dizziness, which is due to the blood pres-
sure lowering effect of these medications. Dizziness is 
more common during initiation of therapy, and elderly 
patients may be more sensitive to the adverse effects. 

Thus, it is important to start at a lower dose when initi-
ating loop diuretics for geriatric patients. Additionally, 
because their mechanism of action relies on the inhi-
bition of sodium and chloride reabsorption in the 
ascending loop of Henle in the kidneys, loop diuretics 
can cause significant hyponatremia, hypokalemia, and 
hypochloremia. These electrolyte imbalances can lead 
to adverse effects including mental confusion, fatigue, 
faintness, muscle cramps, headache, paresthesia, thirst, 
anorexia, nausea, and vomiting.

Further Reading
Bumetanide In DRUGDEX® System (electronic 

version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed 12 Oct, 2015.

DiPiro JT. Pharmacotherapy: a pathophysiologic 
approach. New York: McGraw-Hill Medical; 2008.

Lasix (furosemide) package insert. Bridgewater, NJ: 
Aventis Pharmaceuticals; Mar 2012.

Potassium-Sparing Diuretics
Class Members: amiloride, triamterene (Dyrenium®), 
eplerenone (Inspra®), spironolactone (Aldactone®)

Typical Uses: hypertension, heart failure, edema

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Potassium- sparing diuretics are well tolerated, 
with few neurologic or psychiatric adverse effects asso-
ciated with them. The adverse effect profile is similar 
among agents used to treat hypertension in this class. 
The most common neurologic adverse effect is dizzi-
ness (1–3%). This is usually dose related and due to the 
blood pressure lowering effect of the medications. Less 
common adverse effects of potassium- sparing diuret-
ics include headache, dizziness, drowsiness, lethargy, 
ataxia, and mental confusion. Additionally, because 
their mechanism of action may lead to increased 
potassium, muscle weakness and confusion may be 
due to drug- induced hyperkalemia. If hyperkalemia 
is suspected or confirmed, the medication should be 
discontinued.

Further Reading
Aldactone (spironolactone) package insert. New York, 

NY: G.D. Searle LLC Division of Pfizer Inc; Jun 
2013.
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DiPiro JT. Pharmacotherapy: a pathophysiologic 
approach. New York: McGraw-Hill Medical; 2008.

Eplerenone. In DRUGDEX® System (electronic 
version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 10, 2015.

Thiazide and Thiazide- Like Diuretics
Class Members: chlorthalidone (Thalitone®), hydrochlo-
rothiazide, metolazone (Zaroxolyn®)

Typical Uses: hypertension, edema

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile of thiazide diuretics 
is similar among agents used to treat hypertension in 
this class. The most common neurologic adverse effect 
(>10%) is dizziness, which is due to the blood pres-
sure lowering effect. Common adverse effects (1–10%) 
include headache, parasthesias, and restlessness. 
Additionally, because the mechanism of action relies 
on blocking the reabsorption of sodium and chloride 
in the distal tubule of the kidneys, thiazide diuretics 
can cause significant hyponatremia, hypokalemia, and 
hypochloremia. These electrolyte imbalances can lead 
to adverse effects including mental confusion, fatigue, 
faintness, muscle cramps, headache, paresthesia, thirst, 
anorexia, nausea, or vomiting.

Further Reading
Chlorthalidone. In DRUGDEX® System (electronic 

version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Dec 10, 2015.

DiPiro JT. Pharmacotherapy: a pathophysiologic 
approach. New York: McGraw-Hill Medical; 2008.

Hydrochlorothiazide tablet package insert. Cranberry, 
NJ: Aurobindo Pharma USA, Inc; Oct 2011.

Lipid Lowering
Bile Acid Sequestrants
Class Members: cholestyramine (Prevalite®, Questran®, 
Questran Light®), colesevelam (Welchol®), colestipol 
(Colestid®)

Typical Uses: primary hypercholesterolemia, pruritus, 
diarrhea due to bile acids or Clostridium difficile, het-
erozygous familial hypertriglyceridemia and type 2 

diabetes (colesevelam only), digitalis toxicity, general-
ized atherosclerosis

Potential Neurologic or Psychiatric Medication Adverse 
Events: The adverse effect profile is similar among 
bile acid sequestrant agents. Common adverse effects 
(1–10%) include headache, fatigue, and asthenia. Other 
adverse effects include anxiety, dizziness, drowsiness, 
neuralgia, paresthesia, vertigo, insomnia, anorexia, 
and light- headedness. Cholestyramine and colestipol 
can bind to many other medications and reduce their 
efficacy and should be dosed 4 to 6 hours before or 1 
hour after other medications.

Further Reading
Bile acid sequestrants. Drug Facts and Comparisons. 

Facts & Comparisons [database online]. St. Louis, 
MO: Wolters Kluwer Health, Inc; 2015. 

Cholestyramine, colesevelam, colestipol. In Lexi-
Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed Dec 
20, 2015.

Drug comparison (cholestyramine, colesevelam, 
colestipol). In Micromedex 2.0. Greenwood 
Village, CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Dec 20, 2015.

Ezetimibe (Zetia®)
Typical Uses: hyperlipidemia, homozygous familial 
hypercholesterolemia, homozygous sitosterolemia, 
carotid atherosclerosis, cardiac prophylaxis after acute 
coronary syndrome

Potential Neurologic or Psychiatric Medication Adverse 
Events: Common adverse effects (1–10%) include head-
ache and fatigue. Postmarketing adverse effects include 
depression, dizziness, headache, and parasthesia.

Further Reading
Ezetimibe. Drug Facts and Comparisons. Facts & 

Comparisons [database online]. St. Louis, MO: 
Wolters Kluwer Health, Inc; 2015. 

Ezetimibe. In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Dec 1, 2015.

Ezetimibe. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Dec 1, 2015.
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Fibric Acid Derivatives
Class Members: fenofibrate (Fenoglide®, Lipofen®, 
Lofibra®, Tricor®, Triglide®), fenofibrate (micronized) 
(Antara®, Lofibra®), fenofibric acid (Fibricor®), choline 
fenofibrate (Trilipix®), gemfibrozil (Lopid®)

Typical Uses: hypertriglyceridemia, hypercholester-
olemia, dyslipidemia, prevention of cardiovascular 
disease (gemfibrozil)

Potential Neurologic or Psychiatric Medication Adverse 
Events: The adverse effect profile is similar among most 
fibric acid derivative products. Headache is a very com-
mon adverse effect (>10%) in patients taking fenofibric 
acid and choline fenofibrate. Common adverse effects 
(1–10%) include dizziness, fatigue, vertigo, insomnia, 
pain, and headache (for fenofibrate and fenofibrate 
micronized). Other adverse effects for gemfibro-
zil include decreased libido, impotence, depression, 
hypesthesia, paresthesia, peripheral neuritis, somno-
lence, confusion, intracranial hemorrhage, seizure, 
and syncope. Other adverse effects for other fibric acid 
derivatives include asthenia, mood disorders, cogni-
tive disorders, sleep disorders, perception disorders, 
lethargy, malaise, somnolence, and tiredness.

Further Reading
Drug comparison (fenofibrate, fenofibrate micronized, 

fenofibric acid, choline fenofibrate, gemfibrozil) In 
Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed Dec 20, 2015.

Fenofibrate, fenofibrate micronized, fenofibric acid, 
choline fenofibrate, gemfibrozil. In Lexi-Drugs. 
Lexicomp. Hudson, OH: Wolters Kluwer Health, 
Inc. http://online.lexi.com. Accessed Dec 20, 2015.

Fibric acid derivatives. Drug Facts and Comparisons. 
Facts & Comparisons [database online]. St. Louis, 
MO: Wolters Kluwer Health, Inc; 2015.

HMG CoA Reductase Inhibitors (Statins)
Class Members: atorvastatin (Lipitor®); fluvastatin 
(Lescol®, Lescol XL®); lovastatin (Mevacor®); pitavas-
tatin (Livalo®); pravastatin (Pravachol®); rosuvastatin 
(Crestor®); simvastatin (Zocor®)

Typical Uses: primary prevention of cardiovascu-
lar disease in high- risk patients including reduc-
tion in risk of: angina, myocardial infarction, stroke, 

revascularization procedures, and cardiovascular 
mortality; secondary prevention of cardiovascular 
event in patients with coronary heart disease includ-
ing reduction in risk of: myocardial infarction, stroke, 
revascularization procedures, hospitalization for con-
gestive heart failure, angina, progression of coronary 
atherosclerosis, coronary death; hypercholesterolemia 
including primary (heterozygous familial and nonfa-
milial), homozygous familial hypercholesterolemia, 
mixed dyslipidemia, hypertriglyceridemia, primary 
dysbetalipoproteinemia

Potential Neurologic or Psychiatric Medication Adverse 
Events: Reports of side effects of statins varies, with 
pitavastatin having the lowest reported adverse effects. 
Very common adverse effects (>10%) include head-
ache (atorvastatin only). Common adverse effects 
(1–10%) include asthenia, depression, dizziness, 
headache, insomnia, parasthesia, vertigo, fatigue, and 
hemorrhagic cerebral infarction (atorvastatin only). 
Irritability, dream disorder, dysphasia, neuropathy, 
sexual dysfunction, and cognitive impairment, includ-
ing memory loss, forgetfulness and memory impair-
ment, have been reported with use of statins. Amnesia 
has been reported with the use of atorvastatin, simvas-
tatin, and pravastatin. Other adverse effects are drug 
specific. Facial paralysis, hyperkinesia, hypertonia, 
hypesthesia, incoordination, somnolence, and tor-
ticollis were seen with atorvastatin. Additional side 
effects with fluvastatin and lovastatin include attention 
and motor control disorder, anxiety, dysfunction of 
cranial nerves, peripheral nerve palsy, and psychic dis-
turbances. Tremor was seen with the use of fluvastatin, 
lovastatin, and pravastatin. Atorvastatin may increase 
the effects of intravenous midazolam and patients 
should be monitored for respiratory depression and 
prolonged sedation.

Further Reading
Blood cholesterol management. In Lexi-Drugs. 

Lexicomp. Hudson, OH: Wolters Kluwer Health, 
Inc. http://online.lexi.com. Accessed Dec 20, 
2015.

Class comparison (statins). In Micromedex 2.0. 
Greenwood Village, CO: Truven Health 
Analytics, Inc. http://micromedexsolutions.com. 
Accessed Dec 20, 2015.

Drug comparison (atorvastatin, fluvastatin, 
lovastatin, pitavastatin, pravastatin, rosuvastatin, 
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simvastatin). In Micromedex 2.0. Greenwood 
Village, CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Dec 20, 2015.

HMG-CoA reductase inhibitors. Drug Facts and 
Comparisons. Facts & Comparisons [database 
online]. St. Louis, MO: Wolters Kluwer Health, 
Inc; 2015. 

Niacin ER (Niaspan®), Niacin (Niacor®)
Typical Uses: slow progression of atherosclerotic disease, 
dyslipidemia, hypertriglyceridemia, secondary pre-
vention of myocardial infarction, pellagra

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
headache; however, this side effect varied and only 
reached >10% incidence in patients taking 1500 mg 
of niacin ER daily. Common adverse effects (1–10%) 
include headache at all other doses of niacin ER stud-
ied. When starting treatment with niacin products, 
headache is often associated with flushing, itching, 
and tingling, which is transient. Other adverse events 
reported with niacin products are dizziness, insomnia, 
migraine, chills, nervousness, and pain.

Further Reading
Niacin. Drug Facts and Comparisons. Facts & 

Comparisons [database online]. St. Louis, MO: 
Wolters Kluwer Health, Inc; 2015. 

Niacin. In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Dec 20, 
2015.

Niacin. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Dec 20, 2015.

Methyldopa (Aldomet®)
Typical Uses: hypertension

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The neurologic and psychiatric adverse effect 
profile for methyldopa is significant. Drowsiness is 
the most common adverse effect (15%), which occurs 
within the first 48–72 hours of initiation or dose 
increase and is usually transient. If a dose increase is 
warranted, it is recommended to increase the evening 

dose first to take advantage of the adverse effect. 
Dizziness due to orthostatic hypotension is also a very 
common side effect (>10%). Additionally, larger doses 
(> 1 gram per day) of methyldopa have been shown 
to impair concentration and decrease mental acuity. 
Lastly, common side effects (1–10%) include night-
mares, mild psychosis, vertigo, headache, parasthesias, 
and asthenia. These side effects are more common at 
larger doses and are usually temporary, occurring at 
the onset of therapy and then diminishing over time.

Further Reading
Aldomet (methyldopa) package insert. West Point, 

PA: Merck & Co., Inc.; Jul 1998.
Methyldopa In DRUGDEX® System (electronic 

version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Oct 12, 2015.

Orlistat (Xenical®)
Typical Uses: obesity management, including weight loss 
and weight management, in patients with a BMI of at 
least 30 kg/m2 or 27 kg/m2 and other risk factors (e.g., 
hypertension, diabetes, dyslipidemia)

Potential Neurologic or Psychiatric Medication Adverse 
Events: Headache is the only very common adverse 
effect (>10%). Common adverse effects (1–10%) 
include fatigue, sleep disorder, dizziness, anxiety, 
and depression. Depression did not occur in the first 
year of treatment; it only began in year 2 of treatment. 
Headache and dizziness occurred in the first year of 
treatment, but were not present in the second year of 
treatment. Concomitant use with antiepileptic medi-
cations can reduce the efficacy of the antiepileptic and 
result in increased frequency or severity of seizures.

Further Reading
Orlistat. Drug Facts and Comparisons. Facts & 

Comparisons [database online]. St. Louis, MO: 
Wolters Kluwer Health, Inc; 2015. 

Orlistat. In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Dec 1, 2015.

Orlistat. In RxList®. WebMD, LLC. www.rxlist.com. 
Accessed Dec 1, 2015.
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Reserpine
Typical Uses: hypertension

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The psychiatric adverse effect profile of reser-
pine is significant. The most common adverse effect 
is severe depression (6–30%), and is more com-
mon when used in higher doses (>0.25 mg/day). 
Depression is often severe enough to require hospi-
talization or result in suicide attempts and can last for 
several months following discontinuation. Reserpine 
should be used with caution in patients with a history 
of depression and should be discontinued if signs of 
depression occur. Additional neurologic side effects 
include dizziness, headache, paradoxical anxiety, 
nervousness, nightmares, pseudoparkinsonism, and 
drowsiness.

Further Reading
Reserpine tablets package insert. Princeton, NJ: 

Sandoz Inc.; Mar 2010.

Vasodilators
Endothelin Receptor Antagonists and Prostanoids
Class Members: endothelin receptor antagonists: ambris-
entan (Letairis®); bosentan (Tracleer®); macitentan 
(Opsumit®); prostanoids: epoprostenol (Flolan®); tre-
prostinil (Orenitram®, Remodulin®, Tyvaso®); iloprost 
(Ventavis®)

Typical Uses: pulmonary arterial hypertension, acute 
vasodilator testing for pulmonary arterial hyperten-
sion (epoprostenol), prevention of digital ulcers and 
Raynaud’s phenomenon (bosentan)

Potential Neurologic or Psychiatric Medication Adverse 
Events: Epoprostenol has the highest rate of adverse 
effects, which is likely related to its use in more severe 
stages of pulmonary hypertension. Very common 
adverse effects (>10%) include headache. Other very 
common adverse effects include agitation, anxiety, 
chills, dizziness, hyperesthesia, hypoesthesia, nerv-
ousness, pain, paresthesia, and tremor (epoprostenol 
only). Common adverse effects (1–10%) include syn-
cope, insomnia, and dizziness. Other reported adverse 
effects that occurred less frequently include asthenia, 
fatigue, and restlessness.

Further Reading
Ambrisentan, bosentan, macitentan, epoprostenol, 

treprostinil, iloprost. In Lexi-Drugs. Lexicomp. 
Hudson, OH: Wolters Kluwer Health, Inc. http://
online.lexi.com. Accessed Dec 22, 2015.

Drug comparison (ambrisentan, bosentan, 
macitentan, epoprostenol, treprostinil, iloprost). 
In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Dec 22, 
2015.

Vasodilators. Drug Facts and Comparisons. Facts & 
Comparisons [database online]. St. Louis, MO: 
Wolters Kluwer Health, Inc; 2015. 

Nitrates and Peripheral Vasodilators
Class Members: nitrates: isosorbide dinitrate IR and ER 
(Isordil®, Dilatrate SR®, IsoDitrate ER®), isosorbide 
mononitrate IR and ER (Imdur®, Monoket®), nitroglyc-
erin: oral (Nitrostat®, Nitrolingual®, NitroMist®), topi-
cal ointment (Nitro- Bid®), topical patch (Nitro- Dur®, 
Minitran®), rectal (Rectiv®), intravenous (Nitronal®); 
peripheral vasodilators: hydralazine 

Typical Uses: nitrates: angina, heart failure, Raynaud’s 
phenomenon, anal fissure (topical application only), 
prevention or treatment of gastrointestinal varices, 
osteoporosis, erectile dysfunction, prinzmetal angina, 
acute myocardial infarction (nitroglycerin only), intra- 
and perioperative hypertension, and cocaine- induced 
coronary syndrome (intravenous nitroglycerin only); 
hydralazine: hypertension, heart failure, severe aortic 
insufficiency after valve replacement

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse effects (>10%) include 
headache, with incidences of >50% for nitrates. The 
headache can be severe and occur with each dose. 
Common adverse effects (1–10%) include dizziness, 
lightheadedness, syncope, fatigue, emotional lability, 
and parasthesia. Other reported adverse effects occur-
ring less frequently include: neuritis, anxiety, tremor, 
and weakness. Depression, disorientation, chills, and 
psychotic reaction were reported with hydralazine. 
Isosorbide mononitrate was associated with addi-
tional adverse effects including hypothesia, migraine, 
paresis, ptosis, impaired concentration, confusion, 
decreased libido, impotence, insomnia, nervousness, 
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Isosorbide dinitrate, isosorbide mononitrate, 
nitroglycerin, hydralazine. In Lexi-Drugs. 
Lexicomp. Hudson, OH: Wolters Kluwer Health, 
Inc. http://online.lexi.com. Accessed Dec 22, 
2015.

Vasodilators. Drug Facts and Comparisons. Facts & 
Comparisons [database online]. St. Louis, MO: 
Wolters Kluwer Health, Inc; 2015. 

paroniria, somnolence, asthenia, malaise, depression, 
nightmares, restlessness, and vertigo, all reported 
at 5% or less. Use of intravenous nitroglycerin and 
hydralazine has been associated with increased intra-
cranial pressure.

Further Reading
Drug comparison (isosorbide dinitrate, isosorbide 

mononitrate, nitroglycerin, hydralazine). In 
Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed Dec 22, 2015.
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Medications to Treat Diabetes
Curtis L. Triplitt, PharmD, CDE Texas Diabetes Institute, Department of Medicine, Division of Diabetes, University of Texas Health Science 
Center at San Antonio

Alpha-Glucosidase Inhibitors (AGIs)
Class Members: acarbose (Precose®), miglitol (Glyset®)

Typical Uses: type 2 diabetes mellitus, type 1 diabetes 
mellitus, prevention of diabetes mellitus

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Neurologic and psychiatric adverse effects have 
not been observed. AGIs have mostly gastrointesti-
nal side effects, including gas, bloating, urgency, and 
diarrhea. Drug interactions are rare, although there is 
a case report of a 10-year-old patient who had a 40% 
reduction in valproate levels upon initiation of acar-
bose. Rechallenge resulted in recurrence.

Further Reading
Serrano JS, et al. May acarbose impair valproate 

bioavailability? Meth Find Exp Clin Pharmacol. 
1996;18(Suppl C):98.

Amylinomimetics
Class Members: pramlintide (Symlin®)

Typical Uses: type 1 or 2 diabetes mellitus in conjunction 
with prandial insulin

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Nausea and vomiting are common side 
effects with rates of 28–48% and vomiting rates of 
6–11% versus placebo. Patients with type 1 diabetes 
mellitus experience more side effects versus type 2 
diabetes mellitus. Anorexia/weight loss may occur 
as pramlintide is an analog of the hormone amylin, 
which decreases food intake via a central nervous 
system mechanism. In addition fatigue (3% ver-
sus placebo) and dizziness (1–2% versus placebo) 
may occur. Black box warnings include an early in 

therapy risk of severe hypoglycemia. Prandial insu-
lin should be reduced by 30–50% upon initiation. 
Delayed gastric emptying via vagal afferent nerve 
pathways is possible and anticholinergic medica-
tions may worsen this effect.

Further Reading
Lee NJ, Norris SL, Thakurta S. Efficacy and harms of 

the hypoglycemic agent pramlintide in diabetes 
mellitus. Ann Fam Med. 2010;8:542–9.

Mietlicki Baase EG, Hayes MR. Amylin activates 
distributed CNS nuclei to control energy balance. 
Physiol Behav. 2014;136:39–46.

Biguanides
Class Members: metformin (Glucophage®, Riomet®), 
metformin extended release (Glucophage XR®, 
Glumetza®, Fortamet®)

Typical Uses: type 2 diabetes mellitus, gestational dia-
betes, polycystic ovary syndrome, prevention of type 
2 diabetes mellitus

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Worsening peripheral neuropathy may 
occur secondary to metformin- induced intestinal 
malabsorption of vitamin B12. Worsening diabetic 
peripheral neuropathy has been noted in some 
patients. Oral or subcutaneous supplementation of 
vitamin B12 may overcome the malabsorption. A 
black box warning for lactic acidosis is present for all 
products. OCT2 renal tubular excretion inhibitors 
such as lamotrigine or bupropion may increase met-
formin concentrations. Topiramate may decrease 
bicarbonate concentrations, which could complicate 
the clinical picture if lactic acidosis is suspected with 
metformin.
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Further Reading
Contrave (naltrexone HCl/buproprion HCl) package 

insert. Deerfield, IL/La Jolla, CA: Takeda 
Pharmaceuticals American, Inc./Orexigen 
Therapeutics, Inc.; 2014.

Wile DJ, Toth C. Association of metformin, elevated 
homocysteine, and emthylmalonic acid levels 
and clinically worsened diabetic peripheral 
neuropathy. Diabet Care. 2010;33:156–61.

Dipeptidyl Peptidase- 4 Inhibitors (DPP- 4 
inhibitors)
Class Members: sitagliptin (Januvia®), saxaglip-
tin (Onglyza®), linagliptin (Tradjenta®), alogliptin 
(Nesina®), vildagliptin

Typical Uses: type 2 diabetes mellitus, type 1 diabetes 
mellitus

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Alogliptin is the only DPP- 4 inhibitor that had a 
higher incidence of headache than placebo in controlled 
trials (alogliptin 4.2% vs placebo 2.5%, sitagliptin 5.8% 
vs placebo 5.5%, saxagliptin 6.5% vs placebo 5.9%, lin-
agliptin 3.1% vs placebo 3.3% in placebo- controlled 
trials). No dose– response or other characteristics that 
predispose were reported. Drug–drug interactions 
have been reported with saxagliptin and conivaptan 
when used for hyponatremia from syndrome of inap-
propriate antidiuretic hormone (SIADH). Saxagliptin 
levels will be higher, but no known adverse effects from 
higher levels have been documented. Sitagliptin, lina-
gliptin, and alogliptin have no significant drug interac-
tions with neurologic or psychiatric medications.

Further Reading
Lehrke M, Marx N, Patel S, et al. Safety and tolerability 

of linagliptin in patients with type 2 diabetes: a 
comprehensive pooled analysis of 22 placebo- 
controlled studies. Clin Ther. 2014;36:1130–46.

Richard KR, Shelburne JS, Kirk JK. Tolerability of 
dipeptidyl peptidase- 4 inhibitors: a review. Clin 
Ther. 2011;33:1609–29.

Willams-Herman D, Engel SS, Round E, et al. Safety 
and tolerability of sitagliptin in clinical studies: a 
pooled analysis of data from 10,246 patients with 
type 2 diabetes. BMC Endocr Disord. 2010;10:7.

Glucagon-Like Peptide- 1 Receptor Agonists 
(GLP-1RA)
Class Members: exenatide (Byetta®, Bydureon®), liraglu-
tide (Victoza®, Saxsenda®), albiglutide (Tanzeum®), 
dulaglutide (Trulicity®), lixisenetide (Lyxumia®)

Typical Uses: type 2 diabetes mellitus, weight loss 
(liraglutide)

Potential Neurologic or Psychiatric Medication Adverse Effects: 
Nausea/vomiting is a class effect (exenatide 25–35%, 
exenatide weekly 10–25%, liraglutide 20–30% at doses 
up to 1.8 mg daily, albiglutide 10%, dulaglutide 16–28%). 
Mechanisms involve delayed gastric emptying and may 
also involve vagal afferent nerve pathways. Anorexia and 
weight loss as class effects may also occur. GLP- 1RAs 
decrease food intake and food- reward central nervous 
system (CNS) responses when compared with placebo. 
Albiglutide and possibly dulaglutide may not penetrate 
CNS as well due to molecular size, which may result in 
less weight loss. There is a black box warning for thyroid 
C- cell tumors for long- acting medications (does not 
include exenatide [Byetta] or lixisenatide). Do not use in 
patients with a history of medullary thyroid carcinoma 
(MTC) or with a history of multiple endocrine neoplasia 
type 2 (MEN 2). Rodents, at GLP- 1 stimulation levels con-
sidered attainable in humans, had higher rates of MTC. 
Significance is unknown in humans. Humans have very 
few, if any, GLP- 1 receptors on the C- cells located on the 
thyroid, but when MTC is surgically removed, approxi-
mately a third of tissue samples may express GLP- 1 recep-
tors. To date, no increased incidence has been reported.

Further Reading
Smits MM, van Raalte DH, Tonneijck L, et al. 

GLP-1 based therapies: clinical implications for 
gastroenterologists. Gut. 2016;65:702–11.

Trujillo JM, Nuffer W, Ellis SL. GLP-1 receptor 
agonists: a review of head-to-head clinical trials. 
Adv Endocrinol Metab. 2015;6:19–28.

Van Bloemendall L, IJzerman RG, Ten Kulve JS, et al. 
GLP-1 receptor activation modulates appetite and 
reward- related brain areas in humans. Diabetes. 
2014;63:4186–96.

Waser B, Blank A, Karamitopoulou E, Perren A, Reubi 
JI. Glucagon-like-peptide-1 receptor expression 
in normal and diseased human thyroid and 
pancreas. Mod Pathol. 2015;28:391–402.
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Sodium Glucose Cotransporter- 2 Inhibitors 
(SGLT2 Inhibitors)
Class Members: canagliflozin (Invokana®), dapagliflozin 
(Farxiga®), empagliflozin (Jardiance®)

Typical Uses: type 2 diabetes mellitus

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Orthostatic dizziness/hypotension/syncope 
(1–2%) from intravascular volume depletion/lowering 
of blood pressure may be seen. This is a class effect and 
more common in the elderly, with concomitant loop 
diuretic use, and estimated glomerular filtration rate 
(eGFR) <60 mL/minute/1.73 m2. A positive urine glu-
cose test will always be present due to the mechanism of 
SGLT2 inhibitors. Canagliflozin levels may be reduced 
by strong inducers of glucuronidation (e.g., carbamaz-
epine, phenobarbital, St. John’s wort); consider the  
300 mg dose.

Further Reading
Invokana package insert. Titusville, NJ: Janssen 

Pharmaceuticals, 2013.

Sulfonylureas and Other Secretagogues 
(Meglitinides)
Class Members: sulfonylureas: glipizide (Glucotrol®, 
Glucotrol XL®), glyburide (Micronase®, Diabeta®), 
glimepiride (Amaryl®), chlorpropamide (Diabinese®), 
acetohexamide, tolbutamide, glicazide, gliquidone; 
meglitinides: repaglinide (Prandin®), nateglinide 
(Starlix®)

Typical Uses: type 2 diabetes mellitus

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Central nervous system side effects are 
thought to be directly related to hypoglycemia or 
the glucose- lowering effect, which has been shown 
to result in adrenergic symptoms of hypoglycemia 
in some patients. Drug–drug interactions include: 
(1) naltrexone Cmax and AUC increased by 2- fold by 
glyburide, significance unknown; (2) inducers of 
CYP2C9 (e.g., carbamazepine, St. John’s wort) may 
decrease efficacy of sulfonylureas; and (3) strong 
inhibitors or inducers of CYP2C8 may alter rep-
aglinide levels; gemfibrozil has documented cases of 
severe hypoglycemia.

Further Reading
Contrave® package insert. Deerfield, IL/La Jolla, 

CA: Takeda Pharmaceuticals American, Inc./
Orexigen Therapeutics, Inc.; 2014.

Niemi M, Backman JT, Neuvonen M, et al. Effects of 
gemfibrozil, itraconazole, and their combination 
on the pharmacokinetics and pharmacodynamics 
of repaglinide: potentially hazardous interaction 
between gemfibrozil and repaglinide. 
Diabetologia. 2003;46:347–51.

Xu H, Williams KM, Liauw WS, et al. Effects of 
St John’s wort and CYP2C9 genotype on the 
pharmacokinetics and pharmacodynamics of 
gliclazide. Br J Pharmacol. 2008;153:1579–86.

Thiazolidinediones (TZDs)
Class Members: pioglitazone (Actos®), rosiglitazone 
(Avandia®)

Typical Uses: type 2 diabetes mellitus, non- alcoholic 
fatty liver disease/non-alcoholic steatohepatitis, reste-
nosis reduction after cardiac stent placement, preven-
tion of stroke, prevention of type 2 diabetes mellitus

Potential Neurologic or Psychiatric Medication Adverse Effects: 
Weight gain (2–4 kg) is a class effect that is dose and time 
dependent. Half of weight gain is due to excess fluid reten-
tion, and the other half is due to true weight gain. Black box 
warning states that TZDs may cause or exacerbate conges-
tive heart failure as they increase plasma volume. Monitor 
for signs and symptoms of heart failure and weight. Use 
cautiously in any heart failure patient. Consider alterna-
tive therapy in patients with New York Heart Association 
class III or IV heart failure. Gabapentin, pregabalin, pram-
ipexole, and/or dihydropyridine calcium channel block-
ers may contribute to TZD- induced peripheral edema. 
Strong inducers of CYP2C8 (e.g., carbamazepine) may 
decrease pioglitazone or possibly rosiglitazone efficacy.

Further Reading
Horita S, Makamura M, Satoh N et al. 

Thiazolidinediones and edema: recent advances 
in the pathogenesis of thiazolidinediones- 
induced renal sodium retention. PPAR Res. 
2015;2015: Article ID 646423.

Triplitt C, Cersosimo E, DeFronzo R. Pioglitazone and 
alogliptin combination therapy in type 2 diabetes. 
A pathophysiologically sound treatment. Vasc 
Health Risk Manag. 2010;6:671–90.
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Hormones and Medications to Treat Endocrine and 
Bone Disorders
Emily Zimmerman, PharmD, BCPS UW Health University Hospital
Casey Gallimore, PharmD, MS University of Wisconsin- Madison School of Pharmacy

Alpha Receptor Blockers
Class Members: alpha- 1 selective antagonist: prazosin 
(Minipress®), doxazosin (Cardura®), terazosin (Hytrin®), 
alfuzosin (Uroxatral®); alpha-1A and alpha-1D selective 
antagonist: tamsulosin (Flomax®), silodosin (Rapaflo®) 

Typical Uses: benign prostatic hyperplasia, hyper-
tension, urinary tract symptoms, sleep quality and 
reduced nightmares (prazosin only)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile is similar among 
agents within the class. Very common adverse effects 
(>10%) include dizziness and headache. Common 
adverse effects (1–10%) include somnolence, lethargy, 
and asthenia. Prazosin is the only alpha antagonist that 
has been demonstrated to improve sleep quality in 
patients with posttraumatic stress disorder who report 
nightmares.

Further Reading
Ahmadpanah M, Sabzeiee P, Hosseini SM,  

et al. Comparing the effect of prazosin and 
hydroxyzine on sleep quality in patients 
suffering from posttraumatic stress disorder. 
Neuropsychobiology. 2014;69:235–42.

Prazosin hydrochloride. In Micromedex 2.0. 
Greenwood Village, CO: Truven Health 
Analytics, Inc. http://micromedexsolutions.com. 
Accessed Jan 2, 2016.

Westfall TC, Westfall DP. Adrenergic agonists 
and antagonists. In Brunton LL, Chabner BA, 
Knollmann BC, eds. Goodman & Gilman’s the 
pharmacological basis of therapeutics, 12th ed. 
New York, NY: McGraw-Hill; 2011. Chapter 12.

Androgenic Anabolic Steroids
Class Members: testosterone (Androderm®, AndroGel®, 
AndroGel Pump®, Aveed®, Axiron®, Depo- Testosterone®, 
First- Testosterone®, First- Testosterone MC®, Fortesta®, 
Natesto®, Striant®, Testim®, Testopel®, Vogelxo®, 
Vogelxo Pump®), danazol (Danocrine®), fluoxyme-
sterone (Androxy®), methyltestosterone (Android®, 
Methitest®, Testred®), oxandrolone (Oxandrin®), 
oxymetholone (Anadrol®)

Typical Uses: testosterone, fluoxymesterone (delayed 
puberty, hypogonadism, replacement therapy, met-
astatic breast cancer), danazol (endometriosis, 
fibrocystic breast disease, hereditary angioedema), 
oxandrolone (adjunct for weight loss), oxymetholone 
(anemias secondary to deficient red cell production)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most common adverse effects of androgenic 
steroids are endocrine effects including hirsutism, 
voice changes, weight gain, edema, flushing, sweating, 
nervousness, emotional lability, and libido changes. 
The specific frequency of adverse effects has not been 
defined for danazol, fluoxymesterone, methyltestoster-
one, oxandrolone, and oxymetholone; however, poten-
tial psychiatric and neurologic effects include anxiety 
and depression. In addition headache and paresthesia 
are possible with fluoxymesterone and methyltestos-
terone, and excitation and insomnia with oxandrolone 
and oxymetholone. Common adverse effects (1–10%) 
of testosterone include aggressiveness, irritability, 
mood swings, headache, fatigue, insomnia, taste dis-
order, arthralgia, back pain, joint pain and swelling, 
paresthesia, tremor, and weakness. Oxandrolone and 
oxymetholone have black box warnings for peliosis 
hepatitis, liver cell tumors, and blood lipid changes 
such as decreased high- density lipoprotein (HDL) 
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and increased low- density lipoprotein (LDL). Black 
box warnings for danazol include increased risk 
of thromboembolic events, peliosis hepatitis and 
hepatic adenoma, and intracranial hypertension. Use 
of androgenic anabolic steroids is contraindicated in 
pregnancy.

Further Reading
Androgens. In AHFS Drug Information STAT!Ref 

Online Electronic Medical Library. Bethesda, MD: 
American Society of Health- System Pharmacists. 
http://online.statref.com/document.aspx? 
fxid=1&docid=497. Accessed Jan 18, 2016.

Testosterone, danazol, fluoxymesterone, 
methyltestosterone, oxandrolone, oxymetholone. 
In Lexi-Drugs. Lexicomp. Hudson, OH: Wolters 
Kluwer Health, Inc. http://online.lexi.com. 
Accessed Jan 18, 2016.

Bisphosphonates
Class Members: alendronate sodium (Fosamax®), 
 etidronate disodium (Didronel®), ibandronate sodium 
(Boniva®), pamidronate disodium (Aredia®), rise-
dronate sodium (Actonel®, Actonel® with Calcium), 
 zoledronic acid (Zometa®, Reclast®)

Typical Uses: treatment and prevention of osteoporo-
sis, treatment of Paget disease of the bone, treatment 
of moderate or severe hypercalcemia associated with 
malignancy (pamidronate, zoledronic acid), treatment 
of osteolytic bone metastases of breast cancer or solid 
tumors and osteolytic lesions of multiple myeloma 
(pamidronate, zolendronic acid), prevention and 
treatment of heterotopic ossification due to spinal cord 
injury or after total hip replacement (etidronate)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Flu- like symptoms are common with intrave-
nous bisphosphonate use. They typically occur within 
24–72 hours after the infusion and may manifest as a 
low- grade fever, myalgias, and arthralgias. Additional 
very common (>10%) or common (1–10%) adverse 
neurologic and psychiatric effects of intravenous 
bisphosphonates include headache, weakness, back 
pain, and bone pain. Common adverse effects of oral 
bisphosphonates include headache, musculoskeletal 
pain, and muscle cramps or spasms. Rarely patients 
experience severe musculoskeletal pain (bone, joint, 

and/or muscle pain) that requires discontinuation of 
the bisphosphonate. Such pain can develop within days 
to years (mean onset about 3 months) after starting a 
bisphosphonate.

Further Reading
Alendronate, etidronate, ibandronate, pamidronate, 

risedronate, zoledronic acid In: Lexi-Drugs. 
Lexicomp. Hudson, OH: Wolters Kluwer Health, 
Inc. http://online.lexi.com. Accessed Jun 28, 2016.

Bone resorption inhibitors. In: AHFS Drug 
Information STAT!Ref Online Electronic Medical 
Library. Bethesda, MD: American Society of 
Health- System Pharmacists. http://online.statref 
.com/document.aspx?fxid=1&docid=497. 
Accessed Jun 28, 2016.

Calcitonin (Miacalcin®, Fortical®)
Typical Uses: adjunctive therapy for hypercalcemia, 
treatment of symptomatic Paget disease of bone, treat-
ment of osteoporosis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Calcitonin is generally well tolerated with 
only mild and infrequent adverse effects. Reports of 
adverse effects are more common with the parenteral 
preparation compared with the nasal spray formula-
tion. Transient nausea occurring within 30 minutes 
of administration is the most common adverse effect 
(10%) related to parenteral calcitonin. Nausea with 
intranasal calcitonin is less frequent (1–3%). Common 
(1–10%) neurologic and psychiatric effects reported 
with intranasal calcitonin use include depression 
(1–3%), dizziness (1–3%), paresthesia (1–3%), back 
pain (5%), and myalgia (1–3%).

Further Reading
Calcitonin. In Lexi-Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jun 29, 2016.

Calcitonin. In AHFS Drug Information STAT!Ref 
Online Electronic Medical Library. Bethesda, MD: 
American Society of Health- System Pharmacists. 
http://online.statref.com/document.aspx? 
fxid=1&docid=497. Accessed Jun 29, 2016.
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Cinacalcet (Sensipar®)
Typical Uses: treatment of primary hyperparathy-
roidism, treatment of secondary hyperparathyroidism 
with chronic kidney disease (CKD) on dialysis, treat-
ment of hypercalcemia with parathyroid carcinoma

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Cinacalcet reduces serum calcium concen-
trations, which places patients at increased risk of 
hypocalcemia and associated symptoms including 
paresthesias, myalgias, cramping, tetany, and seizures 
due to a decreased seizure threshold. It is important to 
monitor serum calcium concentrations during treat-
ment with cinacalcet and if it drops below 8.4 mg/dL, 
cinacalcet should be discontinued and appropriate 
measures taken to increase the serum calcium concen-
tration. Across all indications for cinacalcet use, the 
most common adverse effects experienced by patients 
are nausea (30–66%) and vomiting (26–52%). Among 
dialysis patients, adverse neurologic and psychiat-
ric effects reported with cinacalcet use in at least 5% 
of patients and at a higher rate compared to placebo- 
treated patients included dizziness, weakness, non- 
cardiac chest pain, and myalgia.

Further Reading
Cinacalcet. In Lexi-Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jun 29, 2016.

Cinacalcet. In AHFS Drug Information STAT!Ref 
Online Electronic Medical Library. Bethesda, MD: 
American Society of Health- System Pharmacists. 
http://online.statref.com/document.aspx? 
fxid=1&docid=497. Accessed Jun 29, 2016.

Hormonal Contraceptives
Class Members: estrogen–progestin combinations: dros-
pirenone and ethinyl estradiol, levonorgestrel and 
ethinyl estradiol, norethindrone and ethinyl estradiol, 
desogestrel and ethinyl estradiol, norgestrel and ethi-
nyl estradiol, ethynodiol diacetate and ethinyl estra-
diol, norgestimate and ethinyl estradiol, cyproterone 
ethinyl estradiol, ethynodiol diacetate and ethinyl 
estradiol, norethindrone and mestranol, dienogest 
and estradiol valerate, norelgestromin and ethinyl 
 estradiol, etonogestrel and ethinyl estradiol; progestin- 
only: norethindrone

Typical Uses: contraception, acne vulgaris, premenstrual 
dysphoric disorder, endometriosis, dysfunctional 
uterine bleeding

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Hormonal contraceptives are available as estro-
gen–progestin combinations and progestin- only prod-
ucts. Available routes of administration include oral, 
intravaginal, and transdermal. The adverse effect pro-
file is similar across hormonal contraceptive agents, 
but exact frequency may vary depending on hormonal 
dose and route of administration. Potential neurologic 
and psychiatric adverse effects include mood changes 
and depression. Occurrence of depression appears to 
be more frequent in patients with a history of depres-
sion. Additional adverse effects that have been reported 
with hormonal contraceptive use include dizziness, 
fatigue, insomnia, anxiety or nervousness, aggressive-
ness, emotional lability, irritability, changes in libido, 
and premenstrual syndrome. If recurrent, persistent or 
severe headache or migraine headache occurs, hormo-
nal contraception should be discontinued. Estrogen–
progestin combinations have a black box warning for 
increased risk of cardiovascular events with concurrent 
cigarette smoking, especially in women over the age of 
35. In addition, the transdermal contraceptive patch 
has a warning for increased risk of venous thrombo-
embolism compared to oral and transvaginal products.

Further Reading
Contraceptives. In AHFS Drug Information STAT!Ref 

Online Electronic Medical Library. Bethesda, MD: 
American Society of Health- System Pharmacists. 
http://online.statref.com/document.aspx? 
fxid=1&docid=497. Accessed Jan 27, 2016.

Martin KA, Douglas PS. Risks and side effects 
associated with estrogen- progestin 
contraceptives. In Post TW, ed. UpToDate. 
Waltham, MA: UpToDate; 2016.

Hormone Replacement Therapy (HRT)
Class Members: estradiol, esterified estrogen, estro-
pipate, conjugated equine estrogen, conjugated syn-
thetic estrogen, conjugated equine estrogen and 
medroxyprogesterone, estradiol and norgestimate, 
estradiol and norethindrone acetate, ethinyl estradiol 
and norethindrone, estradiol and drospirenone.
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Typical Uses: vasomotor symptoms associated with 
menopause, vulvar and vaginal atrophy associated 
with menopause, osteoporosis prevention (estrogen–
progestin preparations only), acne vulgaris (ethinyl 
estradiol and norethindrone)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Hormone therapy for management of vasomo-
tor symptoms can be separated into estrogen prepa-
rations and estrogen–progestin combinations, and is 
available in multiple forms (oral, transdermal, topical 
gels and lotions, intravaginal creams and tablets, and 
vaginal rings). Potential adverse effects are similar 
across most agents. The hormonal changes of meno-
pause may complicate ability to distinguish between 
adverse effects of HRT and underlying menopausal 
symptoms. Exact frequency of adverse effects varies 
across agents, but in general very common adverse 
effects (>10%) observed with HRT include headache, 
breast pain and back pain, and potentially common 
adverse effects (1–10%) include depression, anxiety, 
emotional lability, dizziness, migraine, arthralgia, 
weakness, myalgia, leg cramps, and dysmenorrhea. 
Hormone replacement therapies have a black box 
warning for increased risk of endometrial cancer, 
breast cancer, cardiovascular disease, and dementia.

Further Reading
Estrogens and estrogen angonist–antagonists. 

In: AHFS Drug Information STAT!Ref Online 
Electronic Medical Library. Bethesda, MD: 
American Society of Health- System Pharmacists. 
http://online.statref.com/document.aspx? 
fxid=1&docid=497. Accessed Jan 27, 2016.

Martin KA, Barbieri RL. Preparations for menopausal 
hormone therapy. In Post TW, ed. UpToDate. 
Waltham, MA: UpToDate; 2016.

Parathyroid Hormone
Class Members: teriparatide (Forteo®)

Typical Uses: osteoporosis (postmenopausal women, 
men, glucocorticoid induced)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: A very common adverse effect (>10%) of par-
athyroid hormone is transient hypercalcemia 4 to 6 
hours post dose; however, rarely <1% of patients have 
sustained hypercalcemia values greater than 13 mg/dL. 
The package insert for Forteo® does note that a higher 

percentage of patients experienced depression while 
on teriparatide therapy compared to placebo (4.1% vs 
2.7%). Other psychiatric side effects are minimal and 
not reported in the literature.

Further Reading
Forteo (teriparatide) package insert. Indianapolis, IN: 

Eli Lilly & Co; 2011.
Teriparatide. In Lexi-Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jan 2, 2016.

Phosphodiesterase-5 (PDE- 5) Inhibitors
Class Members: sildenafil (Viagra®, Revatio®), varde-
nafil (Levitra®), tadalafil (Cialis®, Adcirca®), avanafil 
(Stendra®)

Typical Uses: erectile dysfunction (ED), benign pros-
tatic hyperplasia (Cialis®), pulmonary hypertension 
(Revatio®, Adcirca®)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profiles for the PDE- 5 inhib-
itors are similar except for sildenafil, in which visual 
disturbances have been reported. The most common 
adverse effect (>10%) is headache, which is likely 
related to vasodilatory properties of these medica-
tions, and is dose related. Common (1–10%) adverse 
effects include insomnia and dizziness. In patients with 
antidepressant- related ED, these medications may 
be an effective strategy for treatment. Patients with 
depression and concurrent ED had improvement in 
those depression symptoms when receiving treatment 
for ED.

Further Reading
McCabe MP, Althof SE. A systematic review of 

the psychosocial outcomes associated with 
erectile dysfunction: does the impact of erectile 
dysfunction extend beyond a man’s inability to 
have sex? J Sex Med. 2014;11:347–63.

Sildenafil. In DRUGDEX® System (electronic version). 
Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Jan 2, 2016.

Taylor MJ. Strategies for managing antidepressant- 
induced sexual dysfunction: a review. Curr 
Psychiatry Rep. 2006;8:431–6.
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Thyroid Supplement
Class Members: levothyroxine (Synthroid®, Levoxyl®, 
Levothroid®), liothyronine (Cytomel®) T3, liotrix 
(Thyrolar®), desiccated thyroid (Armour Thyroid®).

Typical Uses: hypothyroidism

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Imbalances in endogenous or exogenous thy-
roid hormone can present as psychologic disturbances. 
An overabundance of thyroid hormone can cause 
restlessness, insomnia, anxiety, decreased appetite, 
and weight loss. A lack of thyroid hormone can pres-
ent as fatigue, lethargy, depression, and psychomotor 
retardation. Most clinicians recommend monitoring 
thyroid- stimulating hormone (TSH) and T4 when 

patients present with symptoms of either imbalance. It 
is recommended to monitor TSH at least 4 weeks after 
initiation and any change in dose. The adverse effect 
profile of thyroid supplements is due to the in vivo 
imbalance of thyroid hormone, which supports the 
need for monitoring.

Further Reading
Garber JR, Cobin RH, Gharib H, et al. Clinical 

practice guidelines for hypothyroidism in adults: 
cosponsored by the American Association of 
Clinical Endocrinologists and the American 
Thyroid Association. Endocr Pract. 2012;18: 
988–1028.
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Christi Ann Albert, PharmD, BCPS UW Health University Hospital
Casey Gallimore, PharmD, MS University of Wisconsin- Madison School of Pharmacy

Antacids
Class Members: calcium carbonate (Mylanta® Children’s 
Upset Stomach Relief, Titralac® Regular, Tums® Antacid/
Calcium Supplement, Titralac® Extra Strength, Tums® 
E- X Antacid/Calcium Supplement, Alka-Mints®, 
Maalox® Quick Dissolve® Chewables, Maalox® Quick 
Dissolve® Chewables Maximum Strength), alumi-
num hydroxide (Alu-Cap®, Amphojel®, ALternaGEL®, 
Amphojel®, Alu-Tab®), magnesium hydroxide (Milk of 
Magnesia, Phillips’® Milk of Magnesia, Phillips’® Milk 
of Magnesia Concentrate), magnesium oxide (Uro-
Mag®, Magnesium Oxide Tablets, Mag-Ox® 400)

Typical Uses: adjunct treatment of peptic ulcers; relief 
of esophageal reflux, acid indigestion, heartburn, dys-
pepsia, and sour stomach; prevention of stress ulcera-
tion and GI bleeding; reduce the risk associated with 
gastric aspiration; management of hyperphosphatemia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Gastrointestinal adverse effects such as con-
stipation and diarrhea are the main concern with the 
use of antacids, while adverse neurologic and psychi-
atric effects tend to be less problematic. Headache is 
a common adverse effect (1–10%) of calcium car-
bonate. Aluminum and magnesium accumulation are 
rare, but can occur in patients with certain risk factors 
for reduced excretion, and may result in neurologic/
psychiatric effects. Aluminum and magnesium may 
accumulate in the bones, lungs, and nerve tissue of 
patients with severe chronic kidney disease (glomer-
ular filtration rate [GFR] <30 mL/minute per 1.73 m2) 
due to a decreased renal excretion. Aluminum toxic-
ity may manifest as bone and muscle pain, proximal 
muscle weakness, osteomalacia, iron- resistant micro-
cytic anemia, hypercalcemia, and slowly progressive 
dementia. Symptoms of aluminum- related demen-
tia include dysarthria, myoclonus, mental changes, 

hallucinations, and seizures. The clinical manifesta-
tions of hypermagnesemia are predictable based on the 
plasma magnesium concentration, and involve neuro-
muscular and cardiovascular effects, and hypocalce-
mia. Neuromuscular effects at a plasma concentration 
of 4–6 meq/L are headache, lethargy, drowsiness, and 
diminished deep tendon reflexes; at 6–10 meq/L symp-
toms progress to somnolence and absent deep tendon 
reflexes; and at concentrations over 10 meq/L, muscle 
paralysis may occur.

Further Reading
Antacids and adsorbents. In AHFS Drug Information 

STAT!Ref Online Electronic Medical Library. 
Bethesda, MD: American Society of Health- 
System Pharmacists. http://online.statref.com/
document.aspx?fxid=1&docid=497. Accessed 
Jun 27, 2016.

Calcium carbonate, aluminum hydroxide, magnesium 
hydroxide, magnesium oxide. In Lexi-Drugs. 
Lexicomp. Hudson, OH: Wolters Kluwer Health, 
Inc. http://online.lexi.com. Accessed Jun 27,  
2016.

H2 Antagonists
Class Members: cimetidine (Tagamet®), famotidine 
(Pepcid®), nizatidine (Axid®), ranitidine (Zantac®)

Typical Uses: anaphylaxis adjunct therapy, dyspepsia, 
duodenal ulcer, erosive esophagitis, esophagitis, gas-
tric ulcer, gastroesophageal reflux disease, heartburn, 
Helicobacter pylori eradication, hypersecretory con-
ditions, indigestion, stress ulcer prophylaxis in ICU 
patients, systemic mast cell disease, nonsteroidal anti- 
inflammatory drug (NSAID)-induced ulcer prophy-
laxis, Zollinger–Ellison syndrome
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Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most common neurologic adverse effect of 
H2 antagonists is headache, reported at an incidence 
ranging from 2 to 16%. Other common adverse effects 
(1–10%) include agitation, anxiety, dizziness, diso-
rientation, delirium, drowsiness, confusion, halluci-
nations, insomnia, irritability, malaise, somnolence, 
and vertigo, all of which are more common in elderly 
and debilitated patients, and/or patients with poor 
renal or liver function. Adverse neurologic effects are 
more likely with cimetidine than other agents due to its 
metabolite, cimetidine sulfoxide. There have been case 
reports of cimetidine dosed inappropriately in renal 
disease having rarely caused psychosis, depression, 
and seizures. There have been case reports of aseptic 
meningitis at typical doses, and unresponsiveness, 
central nervous system depression, and death at toxic 
dosages of cimetidine.

Further Reading
Drug Facts and Comparisons. Facts & Comparisons 

[database online]. St. Louis, MO: Wolters Kluwer 
Health, Inc; Mar 2005. 

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed Jan 
10, 2016.

Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed Jan 10, 2016.

Metoclopramide (Reglan®)
Typical Uses: gastroparesis, gastroesophageal reflux, 
nausea and vomiting prevention for chemotherapy, 
post- operative nausea and vomiting, paralytic ileus, 
post- pyloric feeding tube placement, increase lactation 
in breast feeding mothers, acute migraine

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Central nervous system (CNS) toxicities are 
a dose- limiting factor in metoclopramide therapy. 
Very common adverse effects (>10%) include asthe-
nia, restlessness, drowsiness, and fatigue. Incidence 
of acute reversible extrapyramidal symptoms can vary 
from 2 to 30% and can include bradykinesia, dyspha-
gia, dystonias, facial spasms, opisthotonos, torticollis, 
trismus, and other tetanus- like reactions and are dose 
related. Acute extrapyramidal symptoms, particularly 
acute dystonias, can be reversed with benztropine or 

intravenous diphenhydramine. Rarely, acute dystonias 
can be fatal if not treated. Common adverse effects 
(1–10%) include dizziness, headache, lassitude, and 
sedation. Depression and suicidal ideation have been 
reported with and without a prior history of depres-
sion. While not common, metoclopramide carries 
a boxed warning for irreversible tardive dyskinesias 
with prolonged or high exposures. Rare, but poten-
tially fatal cases of neuroleptic malignant syndrome 
have been reported. Pediatric, elderly, and patients 
with severe renal disease are more sensitive to the CNS 
toxicities of metoclopramide. Parkinson disease can 
be exacerbated by metoclopramide and parkinsonian- 
like symptoms have been reported in patients without 
underlying Parkinson disease. Metoclopramide can 
reduce the seizure threshold and should be used cau-
tiously in epilepsy. A discontinuation syndrome may 
occur with abrupt cessation of metoclopramide; symp-
toms include dizziness, nervousness, and/or headache.

Further Reading
Metoclopramide. In Drug Facts and Comparisons. 

Facts & Comparisons [database online]. St. Louis, 
MO: Wolters Kluwer Health, Inc; Mar 2005. 

Metoclopramide. In Lexi-Drugs. Lexicomp. Hudson, 
OH: Wolters Kluwer Health, Inc. http://online 
.lexi.com. Accessed Jan 10, 2016.

Metoclopramide. In Micromedex 2.0. Greenwood 
Village, CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 10, 
2016.

Proton Pump Inhibitors (PPIs)
Class Members: lansoprazole (Prevacid®, Prevacid 
Solutab®), dexlansoprazole (Dexilant®, Kapidex®), pan-
toprazole (Protonix®), omeprazole (Prilosec®, Zegerid®), 
esomeprazole (Nexium®), rabeprazole (Aciphex®)

Typical Uses: Barrett’s esophagitis, duodenal ulcer dis-
ease, dyspepsia, erosive esophagitis, heartburn, eso-
phageal stricture, gastric ulcers, gastroesophageal 
reflux disease, Helicobacter pylori gastrointestinal 
infection, NSAID- induced ulcer prophylaxis, peptic 
ulcer disease, stress ulcer prophylaxis in ICU patients, 
Zollinger–Ellison syndrome

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile is similar among agents 
within the PPI class. Headache is the most commonly 
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reported neuropsychiatric adverse effect with a reported 
incidence of 2–12%. Other common adverse effects 
(1–10%) include dizziness and fatigue, and less com-
monly reported asthenia and somnolence. Paresthesias 
and seizures have rarely occurred in the setting of 
hypocalcemia or hypomagnesemia as the result of long- 
term PPI exposure (generally >1 year). Use of PPIs for  
>3 years can also rarely result in cyanocobalamin 
deficiency secondary to hypo- or achlorhydria, which 
can manifest with the following symptoms: dementia, 
depression, acute psychosis, paresthesias, numbness, 
weakness, and autonomic neuropathies.

Further Reading
Drug Facts and Comparisons. Facts & Comparisons 

[database online]. St. Louis, MO: Wolters Kluwer 
Health, Inc; March 2005.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed Jan 
10, 2016.

Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed Jan 10, 2016.

Scopolamine (Transderm Scop®)
Typical Uses: prevention of post- operative nausea and 
vomiting, prevention of nausea and vomiting associ-
ated with motion sickness, decrease intestinal motility, 
mydriasis induction

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Adverse effects are more profound with oral, 
IV, IM, or SQ administration in comparison to trans-
dermal. Although systemic exposure is low when 
administered ophthalmically, systemic adverse effects 
have been reported. Very common adverse effects 

(>10%) include dry mouth, dizziness, and drowsiness. 
Common adverse effects (1–10%) include agitation, 
blurred vision, confusion, mydriasis, restlessness, 
somnolence, and urinary retention. The following 
idiosyncratic reactions have been reported: acute 
toxic psychosis, agitation, speech disorder, halluci-
nations, paranoia, and delusions. A discontinuation 
syndrome may occur if prolonged use of scopola-
mine is stopped abruptly. Symptoms include abdom-
inal cramping, bradycardia, dizziness, disturbances of 
equilibrium, headache, hypotension, mental confu-
sion, muscle weakness, nausea, sweating, and vomit-
ing. Scopolamine should be used cautiously in patients 
with underlying renal or hepatic disease or elderly 
patients because they are more sensitive to its central 
nervous system toxicities.

Further Reading
Scopolamine. In Drug Facts and Comparisons. Facts & 

Comparisons [database online]. St. Louis, MO: 
Wolters Kluwer Health, Inc; Mar 2005.

Scopolamine. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jan 10, 2016.

Scopolamine. In Micromedex 2.0. Greenwood 
Village, CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 10, 
2016.
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Vitamins and Minerals
Chris Hulstein, PharmD UW Health University Hospital
Casey Gallimore, PharmD, MS University of Wisconsin- Madison School of Pharmacy

Iron Preparations
Class Members: ferric carboxymaltose (Injectafer®), 
ferumoxytol (Feraheme®), iron dextran (Dexferrum®, 
INFeD®), iron sucrose (Venofer®), sodium ferric 
gluconate (Ferrlecit®), ferrous fumarate (Ircon®, 
Hemocyte®, Nephro- Fer®, Feostat®), ferrous gluco-
nate (Fergon®), ferrous sulfate (Fer-Gen-Sol® Drops, 
Mol- Iron®, Feratab®, Feosol®, Slow FE®), carbonyl iron 
(Icar® Pediatric, Feosol® Caplets), and polysaccharide–
iron complex (Ferrex®- 150, Fe- Tinic® 150, Hytinic®, 
Niferex®- 150, Niferex® Elixir, Niferex®)

Typical Uses: treatment and prevention of iron defi-
ciency anemia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Iron is available in oral and intravenous prepa-
rations. Neurologic or psychiatric adverse effects are 
rare with oral iron preparations. In contrast, gastroin-
testinal effects such as stomach cramping, constipation, 
nausea, vomiting, dark stools, gastrointestinal irrita-
tion, and epigastric pain are very common. Among 
intravenous agents, headache with iron sucrose, and 
dizziness and cramps with sodium ferric gluconate 
are very commonly (>10%) occurring adverse neuro-
logic and psychiatric effects. Common adverse effects 
(1–10%) of individual intravenous agents include iron 
sucrose: dizziness (1–7%), limb pain (3–6%), arthral-
gia (1–4%), myalgia (≤4%), weakness (1–3%), back 
pain (1–2%); sodium ferric gluconate: headache (7%), 
pain (10%), fatigue (6%), leg cramps (10%), weakness 
(7%), paresthesias (6%), arm pain, arthralgia, back 
pain, myalgia, agitation, chills, decreased conscious-
ness, lightheadedness, malaise, rigors, and somno-
lence; ferric carboxymaltose: nausea, hypertension, 
dizziness, and headache; and ferumoxytol: dizziness. 
Frequency of adverse effects with iron dextran has not 
been defined, but possible neurologic and psychiatric 

adverse effects include chills, disorientation, dizziness, 
headache, malaise, seizure, unconsciousness, unre-
sponsiveness, arthralgia, arthritis/arthritis exacerba-
tion, back pain, myalgia, paresthesia, and weakness. 
Additionally, a delayed reaction manifesting with 
arthralgia, backache, myalgia, adenopathy, moderate 
to high fever, backache, chills, dizziness, headache, 
malaise, nausea, and/or vomiting may onset within 
24–48 hours after administration of iron dextran. 
Generally delayed reactions subside within 3–7 days. 
Patients with rheumatoid arthritis or other inflamma-
tory diseases and patients receiving large doses are at 
increased risk for delayed reactions. Serious hyper-
sensitivity reactions are rare (0.2–3% for iron dextran, 
<1% all other agents), but possible with all intravenous 
agents. Such reactions commonly occur within 30 
minutes after completion of infusion, and may mani-
fest as shock, clinically important hypotension, loss of 
consciousness, and/or collapse.

Further Reading
Iron preparations. In AHFS Drug Information 

STAT!Ref Online Electronic Medical Library. 
Bethesda, MD: American Society of Health- 
System Pharmacists. http://online.statref.com/
document.aspx?fxid=1&docid=497. Accessed 
Jun 27, 2016.

Isotretinoin (Absorica®, Accutane®, 
Amnesteem®, Claravis®, Myorisan®, Sotret®, 
Zenatane®)
Typical Uses: isotretinoin is FDA- labeled for severe recalci-
trant nodular acne. Off- label uses include moderate acne, 
psoriasis neuroblastoma, cutaneous T- cell lymphoma 
(mycosis fungoides and Sézary syndrome), squamous cell 
skin cancers, and prevention of acne in high- risk patients
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Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most commonly reported psychiatric 
adverse effect is depression. Some have reported that 
depression subsided with discontinuation of therapy 
and recurred with reinstitution of therapy. Psychosis 
may also occur (incidence undefined). Sad mood, 
hopelessness, feelings of guilt, worthlessness or help-
lessness, loss of pleasure or interest in activities, diffi-
culty concentrating, changes in sleep patterns, changes 
in weight or appetite, restlessness, or acting on dan-
gerous impulses may also be related to treatment with 
isotretinoin. Rare side effects include suicidal ideation, 
suicide attempts, suicide, aggressive and/or violent 
behavior, pseudotumor cerebri, dizziness, drowsiness, 
headache, insomnia, lethargy, malaise, nervousness, 
paresthesias, seizures, stroke, syncope, weakness, and 
emotional instability. A brochure titled Recognizing 
Psychiatric Disorders in Adolescents and Young Adults: 
A Guide for Prescribers of Isotretinoin is available from 
the manufacturer detailing the recognition of the 
above psychiatric- related side effects. Visual distur-
bances such as blurred vision, tunnel vision, tempo-
rary loss of vision, double vision, photophobia, color 
vision disorders, and difficulty seeing have also been 
reported. Hearing impairment and tinnitus have been 
noted in patients taking isotretinoin though causality 
has not yet been determined. It should be noted that 
isotretinoin is part of a Risk Evaluation and Mitigation 
Strategy (REMS) program due to potential adverse 
effects relating to a developing fetus.

Further Reading
Isotretinoin package insert. Nutley, NJ: Roche; Jan 

2010.
Isotretinoin. In DRUGDEX® System (electronic 

version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Jan 29, 2016.

Vitamin A
Class Members: retinol, retinal, retinoic acid, beta-carotene

Typical Uses: The only FDA- labeled indication for 
vitamin A is vitamin A deficiency. Off- label use of 
vitamin A is extensive including supplementation 
in patients at high risk for deficiency (such as those 
living in populations where vitamin A deficiency 
is a public health concern), macular degeneration, 

erythropoietic protoporphyria, infection, dermato-
logic maladies, cardiovascular disease, and cancer, 
to name a few.

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Side effects resulting from long- term use may 
include irritability, drowsiness, dizziness, delirium, 
coma, headache, swelling of the optic disk, bulg-
ing eyeballs, visual disturbances, fatigue, malaise, 
lethargy, and psychiatric changes mimicking severe 
depression or schizophrenic disorder. Acute toxicity 
may cause headache, increased cerebrospinal fluid 
pressure, vertigo, blurred vision, muscular incoor-
dination, and a bulging fontanelle in infants. These 
effects typically resolve and are more common in 
young children. Some dosage forms may contain 
benzyl alcohol, which, at large amounts (99 mg/kg/
day or more), has been associated with a potentially 
fatal toxicity known as gasping syndrome in neo-
nates. Gasping syndrome may cause convulsions or 
intracranial hemorrhage. Vitamin A may cause a 
number of fetal defects, which may include central 
nervous system malformations such as cranial neural 
crest defects following high doses of vitamin A in the  
pregnant female.

Further Reading
Vitamin A. In DRUGDEX® System (electronic 

version). Greenwood Village, CO: Truven Health 
Analytics, Inc. www.micromedexsolutions.com/. 
Accessed Jan 29, 2016.

Vitamin A. In Natural Medicines Comprehensive 
Database. Stockton, CA: Therapeutic  
Research Faculty. http://naturaldatabase 
.therapeuticresearch.com/. Accessed Jan 29,  
2016.

Vitamin A. In AHFS Drug Information STAT!Ref 
Online Electronic Medical Library. Bethesda,  
MD: American Society of Health- System  
Pharmacists. http://online.statref.com/document 
.aspx?fxid=1&docid=497. Accessed Dec 15, 
2015).

Vitamin B Complex
Class Members: folic acid, pyridoxine hydrochloride 
(vitamin B6), riboflavin (vitamin B2), thiamine hydro-
chloride (vitamin B1), cyanocobalamin and hydroxo-
cobalamin (vitamin B12)
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Typical Uses: dietary supplementation, treatment of 
vitamin B deficiencies

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The vitamin B complexes are generally con-
sidered non- toxic and well tolerated; however, the 
specific frequency of adverse effects has not been 
defined. Reported psychiatric and neurologic effects 
vary slightly by agent, dosage, and duration of use. 
Administration of large dosages of pyridoxine  
(>2 grams per day) for an extended period (≥2 months) 
can cause peripheral neuropathy or neuronopathy 
syndromes that may manifest as an impaired sense of 
position and vibration of the distal limbs, gradual and 
progressive sensory ataxia, and diminished or absent 
deep tendon reflexes. Altered sleep patterns, difficulty 
concentrating, irritability, overactivity, excitement, 
mental depression, confusion, impaired judgment, and 
general malaise have been reported rarely in patients 
receiving 15 mg of folic acid daily for at least 1 month. 
Parenteral administration of single, large doses (100–
500 mg) of thiamine is usually non- toxic; however, 
adverse effects, including psychiatric and neurologic 
effects such as feelings of warmth, tingling, pain, weak-
ness, sweating, and restlessness, have been occasionally 
reported following repeat intravenous administration 
of the drug. Vitamin B12 is also usually nontoxic even 
in large doses; however, abnormal gait, anxiety, ataxia, 
dizziness, headache, hypoesthesia, nervousness, pain, 
paresthesia, arthritis, back pain, myalgia, and weak-
ness have been reported with its use. No toxic effects 
have been reported with riboflavin use.

Further Reading
Vitamin B complex. In AHFS Drug Information 

STAT!Ref Online Electronic Medical Library. 
Bethesda, MD: American Society of Health- 
System Pharmacists. http://online.statref.com/
document.aspx?fxid=1&docid=497. Accessed 
Jun 28, 2016.

Vitamin D
Class Members: doxercalciferol (Hectorol®), ergocalcif-
erol (Drisdol®, Calciferol® Drops, Calciferol®, Calcidol), 
paricalcitol (Zemplar®), calcitriol (Rocaltrol®, 
Calcijex®), dihydrotachysterol (Hytakerol®, DHT® 
Intensol, DHT®)

Typical Uses: prevention or treatment of rickets or osteo-
malacia, management of hypocalcemia associated with 
hypoparathyroidism or pseudohypoparathyroidism

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) of dox-
ercalciferol include headache (28%), malaise (28%), 
and dizziness (12%). Common adverse effects (1–10%) 
of individual agents include doxercalciferol: sleep 
disorder (3%) and arthralgia (5%); paricalcitol: pain 
(4% to 8%), dizziness (5% to 7%), chills (5%), insomnia 
(5%), vertigo (5%), headache (3% to 5%), anxiety (3%), 
depression (3%), fatigue (3%), malaise (3%), arthralgia 
(5%), arthritis (5%), weakness (3% to 5%), leg cramps 
(3%), and muscle spasm (3%); calcitriol: headache. 
Frequencies of adverse neurologic and psychiatric 
effects of dihydrotachysterol and ergocalciferol have 
not been defined. Rarely, vitamin D analogs can pre-
cipitate hypercalcemia, which may manifest in central 
nervous system (CNS) toxicity. Early neurologic and 
psychiatric manifestations of such toxicity include 
weakness, headache, somnolence, muscle or bone pain, 
and metallic taste. Late manifestations include photo-
phobia, decreased libido, and rarely overt psychosis.

Further Reading
Vitamin D. In AHFS Drug Information STAT!Ref 

Online Electronic Medical Library. Bethesda,  
MD: American Society of Health- System  
Pharmacists. http://online.statref.com/document 
.aspx?fxid=1&docid=497. Accessed Jun 27, 2016.

Vitamin E
Typical Uses: Vitamin E is primarily used as a dietary 
supplement to treat vitamin E deficiency, one that may 
lead to peripheral neuropathy. The list of indications 
other than primary vitamin E deficiency is extensive, 
but most lack significant evidence to support its use. 
Vitamin E has been utilized in the treatment and pre-
vention of cardiovascular disease and cancer; however, 
its use as a preventative agent in these settings is not 
recommended. Relating to the skin, vitamin E may be 
used for aging skin, sunburn, and dermatitis. Though 
data are lacking, vitamin E has been utilized in the 
setting of Alzheimer’s disease and other dementias, 
night cramps, restless leg syndrome, fatigue, chronic 
fatigue syndrome, tardive dyskinesia, neuromuscular 
disorders, Huntington’s disease, chronic progressive 
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hereditary chorea, myotonic dystrophy, prevention of 
intraventricular hemorrhage in premature neonates, 
postherpetic neuralgia (use is not supported), retini-
tis pigmentosa, and as an adjunct in the treatment of 
epilepsy.

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Vitamin E may cause fatigue, headache, weak-
ness, blurred vision, emotional disturbances, and may 
increase the risk of hemorrhagic stroke, though data 
are conflicting.

Further Reading
Vitamin E. In Natural Medicines Comprehensive 

Database. Stockton, CA: Therapeutic  
Research Faculty. http://naturaldatabase 
.therapeuticresearch.com/. Accessed Jan 29, 2016.

Vitamin E. In AHFS Drug Information STAT!Ref 
Online Electronic Medical Library. Bethesda,  
MD: American Society of Health- System  
Pharmacists. http://online.statref.com/document 
.aspx?fxid=1&docid=497. Accessed Dec 15, 2015.

Zinc
Typical Uses: Zinc is most often used as a supplement 
when taken systemically or as a protectant to pro-
mote healing when applied topically to chapped or 
irritated skin, and is FDA labeled for Wilson’s disease. 
Commonly, zinc is also taken to reduce symptom 
severity and duration of the common cold and other 
respiratory infections. Though this practice was sup-
ported by a recent Cochrane review, the review was 
withdrawn in April of 2015 due to potential errors 
in data analysis. Zinc may improve wound healing  
in those who are zinc deficient and is commonly found 

in diaper rash creams. Ophthalmic preparations con-
taining zinc are used as astringents for ocular irri-
tation and angular conjunctivitis. Zinc may shorten 
the duration of acute diarrhea by approximately 1 day 
in pediatric patients with a zinc deficiency. In men, 
zinc has been used in the setting of benign prostatic 
hyperplasia, male infertility, impotence, and to boost 
athletic performance. It should be noted that zinc is 
co- formulated in many lotions, creams, multivitamins, 
and pharmaceuticals including certain preparations of 
insulin and total parenteral nutrition.

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Dizziness, headache, lethargy, fatigue, and neu-
ropathy have all been reported. Intranasal formulations 
may cause a partial or complete loss of smell that may be 
permanent. Case reports have linked zinc- containing 
denture adhesives to sensory disturbances, numbness, 
tingling, limb weakness, and difficulty walking if the 
denture adhesive was applied multiple times daily for 
several years. Fatigue is a potential symptom of metal 
fume fever, an occupational hazard for those working 
with or around zinc oxide fumes.

Further Reading
Singh M, Das RR. Zinc for the common cold. 

Cochrane Database Syst Rev. 2013;6:CD001364.
Zinc. In Micromedex 2.0. Greenwood Village, 

CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 29, 
2016.

Zinc. In Natural Medicines Comprehensive Database. 
Stockton, CA: Therapeutic Research Faculty. 
http://naturaldatabase.therapeuticresearch.com/. 
Accessed Jan 29, 2016.
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Medications to Treat Asthma and Allergies
Megan Bauer,  PharmD  2500 Overlook Terrace, Madison WI
Christi Ann Albert,  PharmD, BCPS  UW Health University Hospital

Anticholinergic Bronchodilators
Class Members: aclidinium (Tudorza® Pressair®), ipra-
tropium (Atrovent® HFA), tiotropium (Spiriva® 
HandiHaler®)

Typical Uses: asthma/bronchospasm, asthma exacerba-
tion, chronic obstructive pulmonary disease (COPD), 
exercise- induced bronchospasm

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Common side effects include headache (4–7%), 
dizziness (<1–3%), and falling (1%). Depression and 
insomnia have been reported with tiotropium use 
(≤4%).

Further Reading
Antimuscarinics/antispasmodics. In AHFS Drug 

Information STAT!Ref Online Electronic Medical 
Library. Bethesda, MD: American Society of 
Health- System Pharmacists. http://online 
.statref.com/document.aspx?fxid=1&docid=497. 
Accessed Jan 16, 2016.

DRUGDEX® System (electronic version). Greenwood 
Village, CO: Truven Health Analytics, Inc. www 
.micromedexsolutions.com/. Accessed Jan 16, 2016.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed Jan 
16, 2016.

Antihistamines
Class Members: 1st generation antihistamines: chlor-
pheniramine (ChlorTrimeton®), cyproheptadine 
(Periactin®), diphenhydramine (Benadryl®, Unisom®), 
dimenhydrinate (Dramamine®), doxylamine 
(Unisom®), hydroxyzine (Vistaril®); 2nd generation 
antihistamines: loratadine (Claritin®), deslorata-
dine (Clarinex®), cetirizine (Zyrtec®), levocetirizine 

(Xyzal®), fexofenadine (Allegra®); topical antihista-
mines: azelastine (Astelin®), olopatadine (Patanol®, 
Pataday®), ketotifen (Zaditor®, Alaway®)

Typical Uses: allergic asthma, allergic conjunctivitis, 
anaphylaxis adjunct therapy, hypersensitivity reac-
tions, insomnia, motion sickness, parkinsonism, 
pregnancy- related nausea and vomiting, pruritus,  
rhinitis, urticaria

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Systemic neuropsychiatric adverse effects with 
ophthalmically or nasally applied antihistamines are 
not common. Adverse effects are more prevalent and 
profound with 1st generation, in comparison to 2nd 
generation, antihistamines. The incidence of drowsi-
ness/sedation/somnolence and malaise with 1st gen-
eration antihistamines is >10%, whereas it is 1–10% 
for 2nd generation antihistamines. Of all the anti-
histamines, diphenhydramine is the most sedating. 
Headaches are also very common for both 1st and 2nd 
generation antihistamines. Other common adverse 
effects (1–10%) include asthenia, disturbed coordi-
nation, dizziness, fatigue, impaired reaction time and 
performance, and lassitude. Young children may com-
monly, more rarely in adults, experience paradoxical 
reactions including confusion, excitation, emotional 
lability, euphoria, hallucinations, hyperactive behav-
ior, insomnia, irritability, nervousness, restlessness, 
and tremor. Overdosages have been reported that 
result in psychotic symptoms including agitation, 
ataxia, confusion, delirium, hallucinations, hysteria, 
inattentiveness, and restlessness.

Further Reading
Drug Facts and Comparisons. Facts & Comparisons 

[database online]. St. Louis, MO: Wolters Kluwer 
Health, Inc; Mar 2005.
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Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed Jan 
10, 2016.

Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed Jan 10, 2016.

Decongestants 
Class Members: pseudoephedrine (Sudafed®), phenyle-
phrine (Neo- Synephrine®), oxymetolazine (Afrin®), 
naphazoline (Naphcon-A®)

Typical Uses: nasal decongestant

Potential Neurologic or Psychiatric Medication Adverse 
Effects: These agents are sympathomimetics and 
act as agonists of the sympathetic nervous system. 
Frequency of adverse effects is not consistently 
defined. Topical agents (oxymetazoline and naphazo-
line) can be absorbed systemically and cause headache, 
nervousness, nausea, dizziness, insomnia, and weak-
ness. Common side effects of systemic agents (pseu-
doephedrine and phenylephrine) include insomnia, 
restlessness, tremor, anxiety, hallucinations, seizures, 
fear, nervousness, excitability, dizziness, weakness, 
headache, drowsiness, euphoria, dysphoria, and par-
esthesia. Large doses may cause lightheadedness, 
nausea, and/or vomiting. Hyperactivity reports range 
from 6.9% to 12.8%. Geriatric patients may be more 
sensitive to sympathomimetic agents. A case report of 
myoclonic jerking and bizarre behavior was reported 
in a dialysis patient taking 60 mg of pseudoephedrine 
four times daily. Pseudoephedrine and phenylephrine 
have been reported to induce mania. They are also 
contraindicated with monoamine oxidase inhibitor 
(MAOI) therapy due to risk of hypertensive crisis. Sales 
of pseudoephedrine are monitored in the United States 
because it can be used for synthesis of methampheta-
mine and methcathinone, which have a great potential 
for abuse and habituation. These medications can yield 
a false positive on a urine drug screen.

Further Reading
DRUGDEX® System (electronic version). Greenwood 

Village, CO: Truven Health Analytics, Inc. www 
.micromedexsolutions.com/. Accessed Jan 16, 2016.

Goodman LS, et al. Goodman & Gilman’s the 
pharmacological basis of therapeutics. 12th ed. 
New York: McGraw-Hill Medical; 2011.

Katzung BG, Masters SB, Trevor AJ. Basic and clinical 
pharmacology. 12th ed. New York, NY: McGraw-
Hill Companies Inc.; 2010.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed Jan 
16, 2016.

Vasoconstrictors. In AHFS Drug Information STAT!Ref 
Online Electronic Medical Library. Bethesda,  
MD: American Society of Health- System  
Pharmacists. http://online.statref.com/document 
.aspx?fxid=1&docid=497. Accessed Jan 16, 2016.

Leukotriene Antagonists
Class Members: montelukast (Singulair®), zafirlukast 
(Accolate®)

Typical Uses: allergic rhinitis, asthma, exercise- induced 
bronchoconstriction; off- label: urticaria

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile is similar between 
montelukast and zafirlukast. A very common adverse 
effect (>10% incidence) is headache (18% with mon-
telukast and 13% with zafirlukast). Common adverse 
effects (1–10%) include dizziness and asthenia/fatigue. 
Concerns for neuropsychiatric events have occurred in 
the post marketing period and include depression, anx-
iety, agitation, aggressive behavior, irritability, dream 
abnormalities, hallucinations, depression, disorien-
tation, insomnia, restlessness, attention and memory 
impairment, somnambulism, tremor, suicidal ideation 
and behavior, and prompted the FDA to perform a safety 
review. This revealed a 0.01% incidence of suicidal ide-
ation, which may be drug- induced. Clinicians should 
counsel patients to report any of these side effects. Rare 
reports of peripheral neuropathy have been reported 
and diagnosed as Churg–Strauss syndrome and is likely 
explained as an underlying eosinophilic infiltrative dis-
order prior to initiating a leukotriene antagonist. Post 
marketing reports of hypoesthesia and seizures have 
also been reported.

Further Reading
DRUGDEX® System (electronic version). Greenwood 

Village, CO: Truven Health Analytics, Inc. www 
.micromedexsolutions.com/. Accessed Jan 16, 2016.

Goodman LS, et al. Goodman & Gilman’s the 
pharmacological basis of therapeutics. 12th ed. 
New York: McGraw-Hill Medical, 2011.
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Katzung BG, Masters SB, Trevor AJ. Basic and clinical 
pharmacology. 12th ed. New York, NY: McGraw-
Hill Companies Inc.; 2010.

Leukotriene modifiers. In AHFS Drug Information  
STAT!Ref Online Electronic Medical Library.  
Bethesda, MD: American Society of Health- 
System Pharmacists. http://online.statref.com 
/document.aspx?fxid=1&docid=497. Accessed 
Jan 16, 2016.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed Jan 
16, 2016.

Long-Acting Beta Agonists (LABA)
Class Members: arformoterol (Brovana®), formoterol 
(Foradil® Aerolizer® Inhaler), salmeterol (Serevent® 
Diskus®)

Typical Uses: asthma/bronchospasm, asthma exacerba-
tion, chronic obstructive pulmonary disease (COPD), 
exercise- induced bronchospasm

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Side effects among different long- acting beta 
agonists are similar, the most common (>10%) being 
headache and neuromuscular pain. Common adverse 
effects include dizziness (4%), sleep disturbances, par-
esthesia, anxiety, and migraine (all ranging from 1% 
to 3%). Rare side effects (<1%) include restlessness, 
depression, vertigo, agitation, and aggression. Tremor 
(1.9–8.6%) and insomnia (1.5–2.4%) have been 
reported with formoterol. Nonspecific pain (8%), back 
pain (6%), paralysis and paresthesia (<2%) have been 
reported with arformoterol.

Further Reading
DRUGDEX® System (electronic version). Greenwood 

Village, CO: Truven Health Analytics, Inc. www 
.micromedexsolutions.com/. Accessed Jan 16, 
2016.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed Jan 
16, 2016.

Selective β2- adrenergic agonists. In AHFS Drug 
Information STAT!Ref Online Electronic Medical 
Library. Bethesda, MD: American Society of 
Health- System Pharmacists. http://online 
.statref.com/document.aspx?fxid=1&docid=497. 
Accessed Jan 16, 2016.

Methylxanthines
Class Members: theophylline (Theo- 24®, Elixophyllin®, 
Theolair®, Quibron®, Theochron®, Uniphyl®, Unicontin®), 
aminophylline (Aminophylline DF®)

Typical Uses: asthma/bronchospasm, asthma exacerba-
tion, chronic obstructive pulmonary disease (COPD), 
exercise- induced bronchospasm

Potential Neurologic or Psychiatric Medication Adverse Effects: 
Many adverse effects can occur with this drug class at 
therapeutic doses, but frequencies are not defined. Side 
effects include headache, insomnia, tremor, irritability, 
restlessness, seizure. Rapid IV administration of ami-
nophylline may cause dizziness. Theophylline- induced 
nonconvulsive status epilepticus has been reported 
and should be considered in patients with CNS 
abnormalities.

Further Reading
DRUGDEX® System (electronic version). Greenwood 

Village, CO: Truven Health Analytics, Inc. www 
.micromedexsolutions.com/. Accessed Jan 16, 
2016.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed Jan 
16, 2016.

Respiratory smooth muscle relaxants. In AHFS Drug 
Information STAT!Ref Online Electronic Medical  
Library. Bethesda, MD: American Society of  
Health- System Pharmacists. http://online 
.statref.com/document.aspx?fxid=1&docid=497. 
Accessed Jan 16, 2016.

Short-Acting Beta Agonists (SABA)
Class Members: albuterol (VoSpire® ER, ProAir® HFA, 
Ventolin® HFA, AccuNeb®), levalbuterol (Xopenex®)

Typical Uses: asthma/bronchospasm, asthma exacerba-
tion, chronic obstructive pulmonary disease (COPD), 
exercise- induced bronchospasm

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Agents in this class exhibit characteristics of 
sympathomimetic agents and their effects are typi-
cally dose related. Emotional hypersensitivity has been 
reported in up to 20% of patients. Common adverse 
effects include nervousness (7%), tremor and headache 
(5–7%), dizziness (2–7%), insomnia and weakness (2%).  
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/document.aspx?fxid=1&docid=497. Accessed 
Jan 16, 2016.

DRUGDEX® System (electronic version). Greenwood 
Village, CO: Truven Health Analytics, Inc. www 
.micromedexsolutions.com/. Accessed Jan 16, 
2016.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed Jan 
16, 2016.

These medications are often associated with anxiety; 
however, a specific incidence has not been reported.

Further Reading
Albuterol sulfate, levalbuterol hydrochloride, 

levalbuterol tartrate. In: AHFS Drug Information 
STAT!Ref Online Electronic Medical Library. 
Bethesda, MD: American Society of Health- 
System Pharmacists. http://online.statref.com 
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Antimicrobial Medications
Susanne G. Barnett, PharmD, BCPS University of Wisconsin- Madison School of Pharmacy
Jennifer C. Dela-Pena, PharmD, BCPS Advocate Health Care
Tyler Liebenstein, PharmD, BCPS- AQ ID UW Health University Hospital
Eileen Shannon, PharmD UW Health University Hospital

Aminoglycosides
Class Members: amikacin, gentamicin, tobramycin, 
streptomycin

Typical Uses: bone and joint infections, respiratory tract 
infections, endocarditis, intra- abdominal infections, 
urinary tract infections

Potential Neurologic or Psychiatric Medication Adverse Effects: 
Aminoglycosides have a black box warning for neu-
rotoxicities, which include ototoxicity, optic nerve 
dysfunction, peripheral neuritis, arachnoiditis, and 
encephalopathy. These effects are more pronounced 
in patients with renal dysfunction, advanced age, and 
concomitant use of nephrotoxic and neurotoxic agents. 
Ototoxicity is irreversible and is associated with higher 
dosing and prolonged therapy. Additionally, aminoglyco-
sides have a black box warning for causing neuromuscu-
lar blockade and respiratory paralysis when administered 
soon after anesthesia or muscle relaxants.

Further Reading
Amikacin. In Lexi- Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Dec 7, 2015.

Gentamicin. In In- Depth Answers. Ann Arbor, MI: 
Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Dec 7, 2015.

Tobramycin package insert. Lake Forest, IL: Hospira, 
Inc.; 2008.

Amphotericin B – multiple formulations 
(conventional amphotericin B, AmBisome®, 
Abelcet®)
Typical Uses: candidiasis, aspergillosis, histoplasmosis, 
blastomycosis, cryptococcosis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Rates of neurologic adverse effects are similar 
among amphotericin formulations. Very common 
adverse effects (>10%) include headache. Common 
adverse effects (1–10%) include anxiety, confusion, 
insomnia, and paresthesia. All amphotericin formu-
lations are associated with infusion reactions (fever, 
chills) although these are less frequent with the lipid 
formulations (AmBisome®, Abelcet®) than conven-
tional amphotericin B.

Further Reading
Abelcet® (amphotericin B) package insert. 

Gaithersburg, MD: Sigma-Tau Pharmaceuticals, 
Inc; 2013.

AmBisome® (amphotericin B) package insert. 
Northbrook, IL: Astellas Pharmac US, Inc; 2012.

Lexicomp Online®. Hudson, OH: Lexi-Comp, Inc. 
http://online.lexi.com/. Accessed Jan 5, 2016. 

Micromedex 2.0. Greenwood Village, CO: 
Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 5, 2016.

Antivirals
Class Members: acyclovir (Zovirax®, Sitavig®), valacy-
clovir (Valtrex®), famciclovir (Famvir®), ganciclovir 
(Cytovene®, Zirgan®), valgancyclovir (Valcyte®)

Typical Uses: treatment of herpes- viruses type 1 (HSV- 
1), type 2 (HSV- 2), varicella- zoster virus (VZV) 
(acyclovir only), cytomegalovirus (CMV), and HSV 
(ganciclovir only)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Adverse reactions associated with all antiviral 
medications include headache (very common, >10%), 
and fatigue, dizziness (common, >1%). Common 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.033
https://www.cambridge.org/core


Antimicrobial Medications

739

(>1%) adverse effects of acyclovir include tremors, 
myoclonus, extrapyramidal signs, confusion, halluci-
nations, agitation, autonomic instability, seizure, coma. 
Rare but serious include aggressive behavior, encepha-
lopathy, and psychosis. Common (>1%) adverse effects 
of valacyclovir include depression and arthralgia. Rare 
but serious include seizures, encephalopathy, aggres-
sive behavior, coma, decreased consciousness, mania, 
psychosis, and aseptic meningitis. A common (>1%) 
adverse effect of famciclovir use is paresthesia; a rare 
but serious side effect is hallucinations. Very common 
(>10%) adverse effects associated with ganciclovir 
include anorexia, neuropathy, behavioral changes, con-
vulsions, and coma. Rare but serious include abnormal 
dreams, anxiety, depression, seizures, abnormal think-
ing, encephalopathy, hallucinations, extrapyramidal  
reactions, stroke, and intracranial hypertension. Very 
common (>10%) adverse reactions associated with 
valganciclovir include insomnia, tremor, peripheral 
neuropathy, and paresthesia. Common (>1%) include 
anorexia, behavioral changes, agitation, confusion, 
depression, hallucinations, psychosis, and seizure. 
Rare but serious include convulsion and coma.

Further Reading
Acyclovir. In In- Depth Answers. Ann Arbor, MI: 

Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Nov 5, 2015.

Acyclovir package insert. Greenville, NC: 
GlaxoSmithKline; 2003.

Aoki FY. Antiviral drugs (other than antiretrovirals). 
In Mandell GL, Bennett JE, Dolin R, eds. Mandell, 
Douglas, and Bennett’s principles and practice of 
infectious diseases. 7th ed. Philadelphia: Churchill 
Livingstone Elsevier; 2010. pp. 569–84.

Azole Antifungals
Class Members: fluconazole (Diflucan®), itraconazole 
(Sporanox®), voriconazole (Vfend®), posaconazole 
(Noxafil®), isavuconazonium sulfate (Cresemba®)

Typical Uses: candidiasis, histoplasmosis, blastomyco-
sis, aspergillosis, mucormycosis, cryptococcosis, inva-
sive mold prophylaxis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
headache. Common adverse effects (1–10%) include 
dizziness, fatigue, tremor, somnolence, confusion, 

insomnia, and peripheral neuropathy. Voriconazole has 
a unique adverse effect among the azoles of visual distur-
bances, manifested as altered visual perception, blurred 
vision, color vision changes, and/or photophobia. These 
visual disturbances may occur irrespective of voricona-
zole serum concentration. Voriconazole is also associ-
ated with hallucinations and encephalopathy, which 
are more common with supratherapeutic voriconazole 
serum concentrations (>5.5 mg/L), as well as concomi-
tant CYP2C19 inhibitors such as omeprazole.

Further Reading
Andes D, Pascual A, Marchetti O. Antifungal 

therapeutic drug monitoring: established 
and emerging indications. Antimicrob Agents 
Chemother. 2009;53:24–34.

Cresemba® package insert. Northbrook, IL: Astellas 
Pharma US, Inc.; 2015.

Diflucan® (fluconazole) package insert. New York, NY: 
Pfizer Inc.; 2014.

Lexicomp Online®. Hudson, OH: Lexi-Comp, Inc. 
http://online.lexi.com/. Accessed: Jan 5, 2016. 

Micromedex® 2.0 (electronic version). Greenwood 
Village, CO: Truven Health Analytics, Inc. www 
.micromedexsolutions.com/. Accessed Jan 5, 2016.

Noxafil® (posaconazole) package insert. Whitehouse 
Station, NJ: Merck & Co. Inc.; 2014.

Sporanox® (itraconazole) package insert. Titusville, 
NJ: Janssen Pharmaceuticals, Inc.; 2014.

Vfend® (voriconazole) package insert. New York, NY: 
Pfizer Inc.; 2015.

Aztreonam (Azactam®, Cayston®)
Typical Uses: gram negative infections, including 
Pseudomonas aeruginosa, generally safe in patients with 
a history of beta- lactam allergy (exception: ceftazi dime)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Aztreonem is generally well tolerated. The most 
frequently encountered adverse events include seizure 
(<1%) and fever (<1%).

Further Reading
Azactam® (aztreonam) package insert. Princeton, NJ: 

Bristol-Myers Squibb; 2013.
Aztreonam. In In- Depth Answers. Ann Arbor, MI: 

Truven Health Analytics; 2016. www 
.micromedexsolutions.com. Accessed Sep 22, 2015.
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Chambers HF. Carbapenems and monobactams. In 
Mandell GL, Bennett JE, Dolin R, eds. Mandell, 
Douglas, and Bennett’s principles and practice of 
infectious diseases. 7th ed. Philadelphia: Churchill 
Livingstone Elsevier; 2010. pp. 341–5.

Beta-Lactam/Beta-Lactamase Inhibitors
Class Members: amoxicillin/clavulanate (Augmentin®), 
ampicillin/sulbactam (Unasyn®), ceftazidime/avibac-
tam (Avycaz®), ceftolozane/tazobactam (Zerbaxa®), 
piperacillin/tazobactam (Zosyn®), ticarcillin/clavula-
nate (Timentin®)

Typical Uses: amoxicillin/clavulanate, ampicillin/sul-
bactam: lower respiratory tract infections, oitis media, 
sinusitis, skin and skin structure infections; ceftazi-
dime/avibactam, ceftolozane/tazobactam: compli-
cated urinary tract infections including pyelonephritis, 
complicated intra- abdominal infections (in combina-
tion with metronidazole); piperacillin/tazobactam, 
ticarcillin/clavulanate: intra- abdominal infections, 
complicated and uncomplicated skin and skin struc-
ture infections, bone and joint infections, complicated 
urinary tract infections including pyelonephritis, 
endometritis or pelvic inflammatory disease, nosoco-
mial infections including pneumonia, and sepsis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: In general, the beta-lactam/beta-lactamase 
inhibitors are well tolerated. Amoxicillin/clavulanate, 
ampicillin/sulbactam, and ticarcillin/clavulanate do not 
commonly cause neurologic and psychiatric adverse 
effects. Ceftazidime/avibactam, however, is very com-
monly (>10%) associated with anxiety and dizziness. 
Ceftolozane/tazobactam is commonly (1–10%) asso-
ciated with headache. Pipercillin/tazobactam has been 
reported to commonly (1–10%) cause headache, insom-
nia, dizziness, fever, agitation, pain, and anxiety.

Further Reading
Amoxicillin/clavulanate potassium. In In- Depth 

Answers. Ann Arbor, MI: Truven Health 
Analytics. www.micromedexsolutions.com. 
Accessed Oct 12, 2015.

Augmentin® (amoxicillin/clavulanate) package insert. 
Bridgewater, NJ: Dr. Reddy’s Laboratories Inc.; 
2013.

Chambers HF. Penicillins and β- lactam inhibitors. In 
Mandell GL, Bennett JE, Dolin R, eds. Mandell, 

Douglas, and Bennett’s principles and practice of 
infectious diseases. 7th ed. Philadelphia: Churchill 
Livingstone Elsevier; 2010. pp. 309–22.

Carbapenems
Class Members: doripenem (Doribax®), ertapenem 
(Invanz®), imipenem/cilastatin (Primaxin®), merope-
nem (Merrem®)

Typical Uses: mixed aerobic/anaerobic infections, intra- 
abdominal infections, infections caused by extended- 
spectrum beta- lactamase (ESBL)-producing organisms; 
doripenem, imipenem/cilastatin, and meropenem 
(excluding ertapenem): nosocomial infections includ-
ing those caused by Pseudomonas aeruginosa 

Potential Neurologic or Psychiatric Medication Adverse Effects: 
The adverse effect profile is similar among carbapenem 
agents. Common adverse effects (1–10%) include head-
ache and nausea. Seizures is a common (1–10%) adverse 
effect in neonates and infants <3 months of age associated 
with meropenem and imipenem/cilastatin administra-
tion. Altered mental status is a common (1–10%) adverse 
effect associated with ertapenem. Although rare in adults 
(<1%), all carbapenems have been associated with sei-
zures, with imipenem having the highest epileptogenic 
potential. Seizures occur most often in individuals with 
pre- existing contributing factors (brain lesions, history of 
seizures or strokes, concomitant administration of medi-
cations that decrease the seizure threshold, bacterial men-
ingitis, or decreased renal function). Dose adjustment is 
recommended in patients with decreased renal function 
in order to avoid medication accumulation and increased 
risk of seizures. Co- administration of carbapenems 
with valproic acid or divalproex sodium will result in 
decreased valproic acid serum concentrations and a pos-
sible increased risk of breakthrough seizures. Alternative 
antimicrobials should be considered in a patient whose 
seizures are well controlled on valproic acid or divalproex 
sodium. Probenecid interferes with active tubular secre-
tion of carbapenems and concomitant administration 
can result in increased antibiotic concentrations.

Further Reading
Chambers HF. Carbapenems and monobactams. In 

Mandell GL, Bennett JE, Dolin R, eds. Mandell, 
Douglas, and Bennett’s principles and practice of 
infectious diseases. 7th ed. Philadelphia: Churchill 
Livingstone Elsevier; 2010. pp. 341–5.
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Meropenem. In In- Depth Answers. Ann Arbor, MI: 
Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Oct 28, 2015.

Merrem® (meropenem) package insert. Wilmington, 
DE: AstraZeneca Pharmaceuticals LP; 2006.

Cephalosporins
Class Members: first generation: cefazolin (Ancef®, 
Kefzol®), cephalexin (Keflex®), cephapirin (Cefadyl®), 
cephradine (Anspor®, Velosef®), cefadroxil (Duricef®); 
second generation: cefaclor (Ceclor®), cefuroxime 
(Ceftin®, Zinacef®), cefoxitin (Mefoxin®), cefonicid 
(Monocid®), cefprozil (Cefzil®), cefotetan (Cefotan®); 
third generation: ceftriaxone (Rocephin®), ceftazi-
dime (Fortaz®, Tazicef®), cefpodoxime (Vantin®), 
ceftibuten (Cedax®), cefditoren (Spectracef®), cef-
dinir (Omnicef®), cefixime (Suprax®), cefotaxime 
(Claforan®), cefoperazone (Cefobid®), ceftizoxime 
(Cefizox®); fourth generation: cefepime (Maxipime®); 
fifth generation: ceftaroline (Teflaro®)

Typical Uses: first generation: endocarditis, skin and soft 
tissue infection, otitis media, streptococcal pharyn-
gitis, respiratory tract infections, urinary tract infec-
tions, bone and joint infections; second generation: 
intra- abdominal infections, pelvic inflammatory dis-
ease, respiratory tract infections, bone and joint infec-
tions, urinary tract infections; third generation: acute 
otitis media, bacteremia secondary to gram- negative 
species (extended- spectrum beta- lactamase nega-
tive), meningitis, endocarditis, skin and soft tissue 
infections, intra- abdominal infections, Lyme’s disease, 
pelvic inflammatory disease, gonorrhea, urinary tract 
infections; fourth generation: nosocomial infections 
due to Pseudomonas aeruginosa, febrile neutropenia, 
endocarditis, respiratory tract infections, skin and soft 
tissue infections, urinary tract infections; fifth genera-
tion: community- acquired respiratory tract infection, 
skin and soft tissue infection

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Seizures (<1%) have been associated with 
cephalosporins, especially in patients with renal fail-
ure. Drug therapy should be discontinued if seizure is 
suspected secondary to cephalosporin administration 
and an anticonvulsant may be used if clinically indi-
cated. Common (1–10%) adverse effects include con-
fusion, headache, insomnia, and fever. Ceftriaxone is 
associated with kernicterus in neonates and should be 
avoided in this patient population.

Further Reading
Cefazolin. In Lexi- Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Dec 7, 2015.

Cefepime. In In- Depth Answers. Ann Arbor, MI: 
Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Dec 7, 2015.

Rocephin® (ceftriaxone) package insert. South San 
Francisco, CA: Genentech USA, Inc.; 2015.

Clindamycin (Cleocin®)
Typical Uses: bone and joint infections, lower res-
piratory tract infections, gynecologic infections, 
intra- abdominal infections, skin and skin structure 
infections

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Clindamycin is not associated with common 
neurotoxicity and psychiatric adverse events. Although 
rare, cases of polyarthritis have been reported.

Further Reading
Clindamycin. In In- Depth Answers. Ann Arbor, MI: 

Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Dec 7, 2015.

Clindamycin. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Dec 7, 2015.

Clindamycin package insert. Lake Forest, IL: Akorn, 
Inc.; 2012.

Daptomycin (Cubicin®)
Typical Uses: complicated skin and skin structure infec-
tions, bacteremia secondary to vascular access and 
endocarditis, septic arthritis, osteomyelitis, severe 
infections due to methicillin- resistant Staphylococcus 
aureus and vancomycin- resistant Enterococcus

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Daptomycin is commonly (1–10%) associated 
with creatinine kinase (CPK) elevation and the devel-
opment of myopathy, especially in renal failure and with 
concomitant use of HMG- CoA reductase inhibitors. 
CPK should be monitored weekly or more frequently if 
patients are at increased risk of myopathy. Daptomycin 
should be discontinued if patients develop signs 
and symptoms of myopathy with CPK greater than  
1000 U/L or in asymptomatic patients with CPK greater 
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than 2000 U/L. Other common adverse events include 
insomnia, dizziness, headache, and anxiety.

Further Reading
Cubicin® (daptomycin) package insert. Lexington, 

MA: Cubist Pharmaceuticals, Inc.; 2003.
Daptomycin. In In- Depth Answers. Ann Arbor, MI: 

Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Dec 7, 2015.

Daptomycin. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Dec 7, 2015.

Echinocandins
Class Members: micafungin (Mycamine®), caspofungin 
(Cancidas®), anidulafungin (Eraxis®)

Typical Uses: candidemia, aspergillosis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile is similar among 
agents within the echinocandin class. Very common 
adverse effects (>10%) include headache, insom-
nia, anxiety, and dizziness. Common adverse effects 
(1–10%) include fatigue, rigors, depression, confusion, 
intracranial hemorrhage, delirium, and seizure.

Further Reading
Cancidas® (caspofungin) package insert. Northbrook, 

IL: Astellas Pharma US, Inc.; 2013.
Eraxis® (anidulafungin) package insert. New York, 

NY: Pfizer Inc.; 2013.
Lexicomp Online®. Hudson, OH: Lexi-Comp, Inc. 

http://online.lexi.com/. Accessed: Jan 2, 2016.
Micromedex 2.0. Greenwood Village, CO: 

Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 2, 2016.

Mycamine® (micafungin) package insert. Whitehouse 
Station, NJ: Merck & Co, Inc.; 2015.

Ethambutol (Myambutol®)
Typical Uses: tuberculosis, Mycobacterium avium 
infection

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Common adverse effects (1–10%) include 
confusion, disorientation, dizziness, hallucinations, 

mania, headache, and peripheral neuritis. Ethambutol 
may cause decreases in visual acuity due to optic neuri-
tis. Symptoms may include decreased acuity, scotoma, 
color blindness, and visual defects. These effects may 
be related to dose and duration of treatment. Optic 
neuritis is generally reversible upon discontinuation of 
ethambutol, although irreversible blindness has been 
reported. Testing of visual acuity should be performed 
before initiating ethambutol therapy and periodically 
during drug administration.

Further Reading
Ethambutol. Micromedex 2.0. Greenwood Village, 

CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 2, 2016.

Ethambutol. Lexicomp Online®. Hudson, OH: Lexi-
Comp, Inc. http://online.lexi.com/. Accessed Jan 
2, 2016.

Myambutol® (ethambutol) package insert. Toronto, 
Ontario, Canada: Patheon Inc.; 2007.

Fidaxomicin (Dificid®)
Typical uses: Clostridium difficile infections

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Due to minimal systemic absorption, fidax-
omicin is not associated with common neurologic or 
psychiatric adverse effects.

Further Reading
DificidTM (fidaxomicin) package insert. San Diego, 

CA: Optimer Pharmaceuticals, Inc.; 2011.
Fidaxomicin. In In- Depth Answers. Ann Arbor, MI: 

Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Oct 12, 2015.

Fluoroquinolones
Class Members: ciprofloxacin (Cipro®), delafloxacin 
(Baxdela®), gemifloxacin (Factive®), levofloxacin 
(Levaquin®), moxifloxacin (Avelox®)

Typical Uses: bone and joint infections, respiratory tract 
infections, intra- abdominal infections, urinary tract 
infections, acute bacterial skin and skin structure infec-
tions including those caused by methicillin- resistant 
Staphylococcus aureus and Pseudomonas aeruginosa 
(delafloxacin)
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Potential Neurologic or Psychiatric Medication Adverse Effects: 
Fluoroquinolones have black box warnings for ten-
don rupture and myasthenia gravis. Risk of tendinitis 
is increased with concomitant use of corticosteroids, 
advanced age, and in lung, heart and kidney transplant 
patients. Exacerbation of myasthenia gravis is associated 
with fluoroquinolones and it is recommended to avoid 
their use in patients with known history of myasthenia 
gravis. Common (1–10%) adverse effects include head-
ache (≤4%), dizziness (3%), insomnia (2%), nervousness 
(<2%), and somnolence (<2%). Other common adverse 
effects for delafloxacin include nausea. Concomitant use 
of fluoroquinolones with anticonvulsants (phenytoin), 
antipsychotics (aripiprazole, clozapine, haloperidol, ilop-
eridone, olanzapine, paliperidone, quetiapine, risperi-
done, thioridazine), and antidepressants (escitalopram, 
imipramine, nortriptyline, paroxetine, sertraline, venla-
faxine) can increase the risk of QT prolongation and close 
monitoring is warranted. Delafloxacin does not appear to 
increase the risk of QT prolongation when used alone or 
in combination with other QT prolonging medications.

Further Reading
Baxdela® (delafloxacin) package insert. Lincolnshire, 

IL: Melinta Therapeutics, Inc.; 2017.
Cipro® (ciprofloxacin) package insert. Wayne, NJ: 

Bayer HealthCare Pharmaceuticals Inc.; 2009.
Levofloxacin. In In- Depth Answers. Ann Arbor, MI: 

Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Dec 7, 2015.

Moxifloxacin. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Dec 7, 2015.

Fosfomycin (Monurol®)
Typical Uses: treatment of uncomplicated urinary tract 
infections, specifically those caused by susceptible 
strains of Escherichia coli and Enterococcus faecalis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: A very common (>10%) adverse effect associ-
ated with fosfomycin use is headache. Common (>1%) 
adverse effects include asthenia, dizziness, and pain.

Further Reading
Amsden GW. Tables of Antimicrobial Agent 

Pharmacology. In Mandell GL, Bennett JE, 
Dolin R, eds. Mandell, Douglas, and Bennett’s 

principles and practice of infectious diseases. 7th 
ed. Philadelphia: Churchill Livingstone Elsevier; 
2010. pp. 706–9.

Fosfomycin. In In- Depth Answers. Ann Arbor, MI: 
Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Nov 5, 2015.

Fosfomycin tromethamine package insert. 
Cadempino, Switzerland: Zambon Switzerland 
Ltd.; 2011.

Glycopeptides
Class Members: dalbavancin (Dalvance®), oritavancin 
(Orbactiv®), telavancin (Vibativ®), vancomycin 
(Vancocin®)

Typical Uses: acute bacterial skin and skin structure 
infections

Potential Neurologic or Psychiatric Medication Adverse Effects: 
Common (1–10%) adverse effects associated with the 
glycopeptides class include headache and dizziness. 
Very common (>10%) adverse effects associated with 
telavancin include insomnia and psychiatric distur-
bances. Common (1–10%) oritavancin adverse effects 
include myalgia and tenosynovitis. Paresthesia and 
rigors have been reported as common (1–10%) adverse 
effects associated with dalbavancin. Vancomycin is com-
monly associated with ototoxicity especially in patients 
with renal dysfunction, underlying hearing loss, and 
concomitant use of ototoxic agents such as aminogly-
cosides. Serum trough monitoring is recommended to 
minimize vancomycin- induced ototoxicity.

Further Reading
Dalbavancin. In Lexi- Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Dec 7, 2015.

Oritavancin. In In- Depth Answers. Ann Arbor, MI: 
Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Dec 7, 2015.

Vancomycin package insert. Princeton, NJ: Sandoz 
Inc.; 2015.

Isoniazid (Nydrazid®)
Typical Uses: tuberculosis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
peripheral neuropathy. Peripheral neuropathy is 
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dose- related, occurs most commonly in the mal-
nourished and in those predisposed to neuritis (e.g., 
alcoholics and diabetics), and is usually preceded 
by paresthesias of the feet and hands. Concomitant 
pyridoxine therapy is recommended for those with 
risk factors for neuropathy. Common adverse effects 
(1–10%) include convulsions, dizziness, lethargy, 
memory impairment, and toxic psychosis. Isoniazid 
carries a black box warning for hepatotoxicity, which 
in severe cases may present with encephalopathy. 
The risk of hepatotoxicity is higher in patients con-
comitantly receiving other anti- tubercular agents 
associated with hepatotoxicity, such as rifampin and 
pyrazinamide.

Further Reading
Isoniazid. In Micromedex 2.0. Greenwood Village, 

CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 2, 2016.

Isoniazid. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jan 2, 2016.

Isoniazid package insert. Eatontown, NJ: West-Ward 
Pharmaceutical Corp.; 2015.

Macrolides
Class Member: azithromycin (Zithromax®), eryth-
romycin (Eryc®, PCE®, Ery- Tab®, E.E.S.®, Eryped®, 
Pediamycin®, Erythrocin®), clarithromycin (BIaxin®)

Typical Uses: upper and lower respiratory tract infec-
tions, Chlamydial trachomatis, atypical mycobacterial 
infections, traveler’s diarrhea (azithromycin)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Macrolides have few associated neurologic 
or psychiatric adverse effects. Common (1–10%) 
azithromycin adverse effects include dizziness and 
headache. Common (1–10%) clarithromycin adverse 
effects include headache, insomnia, and vertigo. Few 
neurologic or psychiatric adverse effects have been 
reported for erythromycin. Caution should be used 
when administering macrolides with other medica-
tions known to prolong the QT interval (examples 
include amitriptyline, escitalopram, and trazodone) 
due to a potential for additive QT interval effects and 
increased risk of serious cardiovascular adverse effects. 
Consideration of QT interval monitoring may be clin-
ically warranted.

Further Reading
Azithromycin. In In- Depth Answers. Ann Arbor, MI: 

Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Oct 28, 
2015.

Sivapalasingam S, Steigbigel NH. Macrolides, 
clindamycin, and ketolides. In Mandell GL, 
Bennett JE, Dolin R, eds. Mandell, Douglas, and 
Bennett’s principles and practice of infectious 
diseases. 7th ed. Philadelphia: Churchill 
Livingstone Elsevier; 2010. pp. 427–48.

Zithromaz® (azithromycin) package insert. New York, 
NY: Pfizer Labs; 2013.

Metronidazole (Flagyl®)
Typical Uses: treatment or prevention of infections 
caused by anaerobic bacteria, treatment of parasitic 
infections

Potential Neurologic or Psychiatric Medication Adverse 
Effects: A very common (>10%) adverse effect associ-
ated with metronidazole use is headache. Dizziness is 
a common (>1%) adverse effect. The following neuro-
logic side effects are rare but serious: central nervous 
system (CNS) lesions seen on MRI (reversible), asep-
tic meningitis, cerebellar toxicity, encephalopathy, 
 seizure, depression, psychosis, and behavior changes. 

CNS adverse effects are generally reversible within 
days to weeks upon discontinuation of metronidazole. 
Metronidazole should be used with caution in patients 
with a history of seizure or other central nervous sys-
tem disorders. Dose-related, reversible peripheral 
neuropathy is another rare but significant neurologic 
side effect. Peripheral neuropathy occurs when high 
doses are used for long periods (e.g., patients taking 
1.5 grams daily or more for >30 days). Plasma levels 
of lithium may be increased with concomitant met-
ronidazole use and plasma lithium concentrations, 
serum creatinine, and serum electrolytes should be 
monitored. Phenytoin may cause increased elimina-
tion of metronidazole resulting in reduced plasma 
levels and possible reduced effectiveness of the antibi-
otic. Alcoholic beverages and drugs containing alco-
hol should be avoided during therapy and for at least 
1 day after the last dose of metronidazole due to the 
possibility of a disulfiram- like reaction (flushing, vom-
iting, and tachycardia). Use of oral metronidazole has 
been associated with psychotic reactions in alcoholic 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.033
https://www.cambridge.org/core


Antimicrobial Medications

745

patients concurrently using disulfiram. Avoid metro-
nidazole use in patients who have taken disulfiram in 
the last 2 weeks.

Further Reading
Metronidazole. In In- Depth Answers. Ann Arbor, MI: 

Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Nov 5, 2015.

Metronidazole package insert. New York (NY): Pfizer 
Labs., 2015.

Salvatore M. Metronidazole. In Mandell GL, Bennett 
JE, Dolin R, eds. Mandell, Douglas, and Bennett’s 
principles and practice of infectious diseases. 7th 
ed. Philadelphia: Churchill Livingstone Elsevier; 
2010. pp. 419–26.

Neuraminidase Inhibitors
Class Members: oseltamivir (Tamiflu®), zanamivir 
(Relenza®)

Typical Uses: influenza (Type A and B) prophylaxis and 
treatment

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Common adverse effects (1–10%) associated 
with zanamivir therapy are arthralgia, rheumatic 
arthritis, dizziness, and fever. Rare adverse effects for 
the neuraminidase inhibitor class from post- marketing 
surveillance reports include agitation, confusion, anxi-
ety, delirium, hallucinations, and seizures.

Further Reading
Oseltamivir. In In- Depth Answers. Ann Arbor, MI: 

Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Dec 7, 2015.

Tamiflu® (oseltamivir) package insert. South San 
Francisco, CA: Genentech, Inc.; 2014.

Zanamivir. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Dec 7, 2015.

Nitrofurantoin (Furadantin®, Macrobid®, 
Macrodantin®)
Typical Uses: treatment and prophylaxis of uncompli-
cated cystitis in patients with adequate renal function

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Although rare (<1%), peripheral neuropathies 

associated with numbness, weakness, paresthe-
sias, dysesthesia, and muscular atrophy have been 
reported. Neuropathies may be severe and/or irrevers-
ible. Increased risk occurs with impaired renal func-
tion, high- dose therapy, anemia, diabetes, electrolyte 
imbalances, vitamin B deficiency, and/or debilitating 
diseases. Concomitant administration of uricosuric 
drugs, such as probenecid, can inhibit renal tubular 
secretion resulting in increased serum levels, increased 
toxicities, and decreased efficacy. 

Further Reading
Hooper DC. Urinary tract agents: nitrofurantoin 

and methenamine. In Mandell GL, Bennett JE, 
Dolin R, eds. Mandell, Douglas, and Bennett’s 
principles and practice of infectious diseases. 7th 
ed. Philadelphia: Churchill Livingstone Elsevier; 
2010. pp. 515–20.

Macrobid® (nitrofurantoin) package insert. North 
Norwich, NY: Norwich Pharmaceuticals, Inc.; 
2009.

Nitrofurantoin. In In- Depth Answers. Ann Arbor, MI: 
Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Sep 22, 
2015.

Oxazolidinones
Class Members: linezolid (Zyvox®), tedizolid (Sivextro®)

Typical Uses: skin and skin structure infections, pneu-
monia, meningitis, osteomyelitis, vancomycin- 
resistant Enterococcus faecium infections

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile is similar among 
agents within the oxazolidinone class. Common 
adverse effects (1–10%) include headache, dizziness, 
facial paralysis, hypoesthesia, insomnia, and pares-
thesia. Linezolid is a weak monoamine oxidase inhib-
itor (MAOI). Caution should be exercised in patients 
taking medications with serotonergic properties (e.g., 
many antidepressants) due to the risk of serotonin syn-
drome. Linezolid is contraindicated in patients taking 
other MAOIs or within 2 weeks of taking an MAOI. 
Tedizolid does not carry this same warning because it 
is not an MAOI. In rare cases, linezolid has been asso-
ciated with peripheral and optic neuropathy (<2%). 
This has primarily been reported in patients treated for 
longer than 28 days. Tedizolid has also been associated 
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with peripheral and optic neuropathy in clinical trials. 
However, tedizolid has only been studied for 6 days’ 
duration and no data are available beyond 6 days.

Further Reading
Lexicomp Online®. Hudson, OH: Lexi-Comp, Inc. 

http://online.lexi.com/. Accessed Jan 5, 2016.
Micromedex 2.0. Greenwood Village, CO: 

Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 5, 2016.

Sivextro® (tedizolid) package insert. Whitehouse 
Station, NJ: Merck & Co., Inc.; 2015.

Zyvox® (linezolid) package insert. New York, NY: 
Pfizer Inc.; 2015.

Penicillins
Class Members: natural: penicillin G (Bicillin®, Permapen®, 
Pfizerpen®), penicillin V; aminopenicillins: amoxicil-
lin (Amoxil ®, Larotid ®, Moxatag ®), ampicillin; anti-
staphylococcal: dicloxacillin, nafcillin, oxacillin

Typical Uses: natural: Streptococcus pyogenes (strep 
throat), Treponema pallidum (syphilis and neurosyph-
ilis); aminopencillins: Streptococcus pyogenes (strep  
throat), otitis media; antistaphylococcal: methicillin- 
susceptible staphylococcal infections including skin and 
skin structure and wound infections, cellulitis, osteomy-
elitis, and pneumonia; penicillin- susceptible streptococci 
strains including Streptococcus pneumoniae

Potential Neurologic or Psychiatric Medication Adverse 
Effects: All penicillins are associated with rash, hyper-
sensitivity reactions, and anaphylaxis. Although rare 
(<1%), agitation, anxiety, confusion, dizziness, head-
ache, insomnia, and seizures have been reported. 
Neurotoxicity, including seizures, is associated with 
administration of high doses and in patients with renal 
dysfunction. Caution should be used when adminis-
tering penicillins with other medications that substan-
tially decrease the seizure threshold (e.g., bupropion). 
Phenytoin levels should be monitored closely in 
patients concomitantly receiving dicloxacillin (an 
antistaphylococcal penicillin) as co- administration 
may lead to a reduction in phenytoin levels. Theoretical 
drug interactions exist between nafcillin (an antistaph-
ylococcal penicillin) and clozapine, mirtazapine, and 
selegiline, which may result in decreased neurologic/
psychiatric medication exposure and efficacy.

Further Reading
Chambers HF. Penicillins and beta- lactam inhibitors. 

In Mandell GL, Bennett JE, Dolin R, eds. Mandell, 
Douglas, and Bennett’s principles and practice of 
infectious diseases. 7th ed. Philadelphia: Churchill 
Livingstone Elsevier; 2010. pp. 309–22.

Penicillin. In In- Depth Answers. Ann Arbor, MI: 
Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Oct 12, 
2015.

Penicillin G Sodium package insert. Kundl, Austria: 
Teva Pharmaceutical Industries Ltd.; 2008.

Pyrazinamide
Typical Uses: tuberculosis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Common adverse effects (1–10%) include fever, 
photosensitivity, and porphyria. Pyrazinamide may 
cause hepatotoxicity, which in severe cases may pres-
ent with encephalopathy. The risk of hepatotoxicity is 
higher in patients concomitantly receiving other anti- 
tubercular agents associated with hepatotoxicity, such 
as rifampin and isoniazid. Pyrazinamide is also associ-
ated with arthralgia, which is most commonly due to 
hyperuricemia, rather than neurologic causes. Serum 
uric acid levels typically return to normal upon cessa-
tion of pyrazinamide.

Further Reading
Pyrazinamide. In: Micromedex 2.0. Greenwood 

Village, CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 2, 2016.

Pyrazinamide. In Lexicomp Online®. Hudson, OH: 
Lexi-Comp, Inc. http://online.lexi.com/. Accessed 
Jan 2, 2016.

Pyrazinamide package insert. Atlanta, GA: Mikart, 
Inc.; 2012.

Rifampin (Rifadin®)
Typical Uses: tuberculosis, prosthetic joint infections

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Common adverse effects (1–10%) include 
headache, confusion, dizziness, somnolence, 
visual changes, behavioral changes, and psychosis. 
Rifampin is associated with hepatotoxicity, which 
in severe cases may present with encephalopathy. 
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The risk of hepatotoxicity is higher in patients con-
comitantly receiving other anti- tubercular agents 
associated with hepatotoxicity, such as isoniazid and 
pyrazinamide.

Further Reading
Rifampin. In Micromedex 2.0. Greenwood Village, 

CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 2, 2016.

Rifampin. In Lexicomp Online®. Hudson, OH: Lexi-
Comp, Inc. http://online.lexi.com/. Accessed Jan 
2, 2016.

Rifadin® (rifampin) package insert. Bridgewater, NJ: 
Sanofi-aventis US LLC; 2013.

Sulfamethoxazole–Trimethoprim (Bactrim®, 
Septra®)
Typical Uses: urinary tract infections, skin and skin 
structure infections, pneumocystis pneumonia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Common adverse effects (1–10%) include 
headache, fatigue, insomnia, peripheral neuritis, and 
aseptic meningitis.

Further Reading
Bactrim® (sulfamethoxazole- trimethoprim) package 

insert. Philadelphia, PA: AR Scientific; 2005.
Sulfamethoxazole-trimethoprim. In Micromedex 

2.0. Greenwood Village, CO: Truven Health 
Analytics, Inc. http://micromedexsolutions.com. 
Accessed Jan 5, 2016.

Sulfamethoxazole-trimethoprim. In Lexicomp 
Online®. Hudson, OH: Lexi-Comp, Inc. http://
online.lexi.com/. Accessed Jan 5, 2016.

Tetracyclines
Class Members: tetracycline (Doryx®, Oracea®, 
Achromycin®, Sumycin®), minocycline (Minocin®, 
Solodyn®, Arestin®, Dynacin®), doxycycline (Monodox®, 
Oracea®, Vibramycin®, Atridox®, Doryx®, Doxteric®, 
Aticlate®)

Typical Uses: susceptible respiratory infections, atyp-
ical organisms, Rickettsia, spirochetes (including 
Helicobacter pylori), and Plasmodium species

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Two rare but serious adverse effects associated 
with the use of all three tetracycline agents are intra-
cranial hypertension (known as IH or pseudotumor 
cerebri) and bulging fontanelle (in infants). Symptoms 
of IH include severe headache, blurred vision, diplopia, 
and vision loss. Women of childbearing age who are 
overweight or have a history of IH are at a greater risk 
for developing tetracycline- associated IH. Risk of IH 
increases with concomitant use of tetracyclines with 
isotretinoin. Tetracycline common (>1%) adverse 
effects include headache, dizziness, and blurry vision. 
Rare but serious side effects include neuromuscu-
lar blockade and neuritis (with topical formulation). 
Tetracycline is renally cleared; use with caution in 
patients with renal dysfunction. A minocycline- 
associated very common (>10%) adverse effect is head-
ache. Common (>1%) adverse effects of minocycline 
use include malaise, fatigue, and drowsiness. Vertigo is 
a common side effect unique to minocycline. Vertigo 
typically begins on the second or third day of therapy 
and has been reported more frequently in women than 
in men. Concomitant use of ergot alkaloids and min-
ocycline increases risk of ergotism. Doxycycline com-
mon (>1%) adverse effects include headache, anxiety, 
and insomnia. Chronic ethanol ingestion, carbamaze-
pine, phenytoin, and barbiturates decrease the half- life 
of doxycycline and worsen side effects.

Further Reading
Doxycycline. In In- Depth Answers. Ann Arbor, MI: 

Truven Health Analytics. www 
.micromedexsolutions.com. Accessed Nov 5, 2015.

Doxycycline package insert. Salisbury South, South 
Australia: FH Faulding & Co. Ltd.; 2005.

Salvatore M. Tetracyclines and chloramphenicol. In 
Mandell GL, Bennett JE, Dolin R, eds. Mandell, 
Douglas, and Bennett’s principles and practice of 
infectious diseases. 7th ed. Philadelphia: Churchill 
Livingstone Elsevier; 2010. pp. 385–94.
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Antiretroviral Medications
Anthony T. Podany, PharmD Antiviral Pharmacology Laboratory, University of Nebraska Medical Center
Caroline Jamison, PharmD Antiviral Pharmacology Laboratory, University of Nebraska Medical Center
Uriel Sandkovsky, MD MS, FIDSA North Infectious Diseases Consultants

Entry Inhibitors (Chemokine Receptor 
Inhibitors and Fusion Inhibitors)
Class Members: enfuvirtide (Fuzeon®), maraviroc 
(Selzentry®)

Typical Uses: HIV treatment (experienced patients)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Enfuvirtide and maraviroc do not exhibit a large 
degree of neuropsychiatric adverse effects. In phase 
III clinical trials peripheral neuropathy was associ-
ated with enfuvirtide use (RR 1.2 versus placebo). 
Maraviroc use is associated with dizziness (8.2%) as 
well as disturbances in initiating and maintaining sleep 
(7%). Depressive symptoms were reported in 3.5% of 
patients randomized to receive maraviroc treatment in 
phase III clinical trials.

Further Reading
Abers MS, Shandera WX, Kass JS. Neurological and 

psychiatric adverse effects of antiretroviral drugs. 
CNS Drugs. 2014;28:131–45.

Integrase Strand Transfer Inhibitors
Class Members: raltegravir (Isentress®), elvitegravir 
(Vitekta®), dolutegravir (Tivicay®), fixed dose combi-
nation products (Stribild®, Genvoya®, Triumeq®)

Typical Uses: HIV; HIV post- exposure prophylaxis

Potential Neurologic or Psychiatric Adverse Effects: The 
integrase strand transfer inhibitor class of antiretro-
viral agents seldom cause neuropsychiatric manifes-
tations on their own. However, agents in this class are 
often, if not always, given in combination with other 
antiretroviral drugs, often as a fixed dose combination 
(FDC) tablet. The FDC products contain nucleoside 

reverse transcriptase inhibitors, which have been 
associated with a mild to moderate amount of neu-
ropsychiatric adverse effects. Adverse effects of the 
nucleoside reverse transcriptase inhibitors are covered 
in a separate monograph within this chapter. Large 
phase III clinical trails have demonstrated a low risk 
for neuropsychiatric adverse effects with raltegravir 
dosed at 400 mg twice daily in adults. Reported adverse 
events included headache (4%), dizziness (2%), and 
insomnia (4%). A recent meta- analysis of raltegravir 
use reported similar rates, with the addition of vertigo 
(3%) and abnormal dreams (2.5%), as well as depres-
sion and suicidality (up to 2.5%). Clinical trials involv-
ing the use of elvitegravir (in combination with two 
nucleoside reverse transcriptase inhibitors) in over 
350 patients have reported a 4% rate of nausea and 
3% rate of headache. Of note, elvitegravir is concomi-
tantly dosed with a pharmacokinetic booster (typically 
cobicistat) in the treatment of HIV. Pharmacokinetic 
boosters are potent inhibitors of cytochrome P450 
enzymes and may greatly increase plasma drug con-
centrations of other concomitantly administered med-
ications. Numerous case reports have been published 
detailing off target inhibition of metabolism of con-
comitantly dosed drugs, leading to increased adverse 
effects associated with these drugs. Dolutegravir use 
has been associated with minimal rates of neuropsy-
chiatric adverse effects. In clinical trials of dolute-
gravir (in combination with two nucleoside reverse 
transcriptase inhibitors) insomnia (3–7%), depression 
(1%), abnormal dreams (<1%), dizziness (<1%), and 
headache (2%) have all been reported.

Further Reading
Rockstroh JK, DeJesus E, Lennox JL, et al. Durable 

efficacy and safety of raltegravir versus efavirenz 
when combined with tenofovir/emtricitabine in 
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treatment- naive HIV- 1–infected patients: final 
5- year results from STARTMRK. J Acquir Immune 
Defic Syndr. 2013;63:77–85.

Teppler H, Brown DD, Leavitt RY, et al. Long-term 
safety from the raltegravir clinical development 
program. Curr HIV Res. 2011;9:40–53.

Non-Nucleotide Reverse Transcriptase 
Inhibitors (NNRTIs)
Class Members: efavirenz (Sustiva®), nevirapine 
(Viramune®), etravirine (Intelence®), delavirdine 
(Rescriptor®), rilpivirine (Edurant®), fixed dose combi-
nation products (Atripla®, Complera®)

Typical Uses: HIV; HIV post- exposure prophylaxis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Common class adverse effects include head-
ache, fatigue, dizziness, and anxiety, with incidence 
ranging from 1% to 20%, depending on the medica-
tion. Depression has been reported with efavirenz 
(≤19%), delavirdine (10–15%), rilpivirine (5–9%), 
and nevirapine (3%). Neuropsychiatric events are very 
common with efavirenz use, in up to 68% of patients, 
and often lead to treatment interruption or discontin-
uation. Dizziness, lightheadedness, sleep disturbances, 
vivid dreams, nervousness, and irritability can be seen 
within the first month of efavirenz therapy and usu-
ally resolve within 6–8 weeks. Several reports have 
described headache, decreased concentration, and 
mood changes months to years after efavirenz ther-
apy initiation. Efavirenz may worsen neurocognitive 
impairment and has been associated with less improve-
ment in HIV- associated neurocognitive impairment 
than other antiretrovirals. In a study of over 3000 
patients on efavirenz- based antiretroviral therapy, ini-
tial treatment with an efavirenz- based HIV regimen 
was associated with a 2- fold increase in suicidality 
compared with patients receiving non-efavirenz-based 
HIV therapy. Case reports have described similar 
neuropsychiatric adverse effects with nevirapine use, 
including visual hallucinations, persecutory delu-
sions, mood changes, nightmares, and vivid dreams, 
although to a lesser extent than efavirenz. Abnormal 
dreams, nightmares, and insomnia were reported in 
clinical trials associated with rilpivirine use.

Further Reading
Abers MS, Shandera WX, Kass JS. Neurological and 

psychiatric adverse effects of antiretroviral drugs. 
CNS Drugs. 2014;28:131–45.

Mollan KR, Smurzynski M, Eron JJ, et al. Association 
between efavirenz as initial therapy for HIV- 1 
infection and increased risk for suicidal ideation 
or attempted or completed suicide: an analysis of 
trial data. Ann Intern Med. 2014;161:1–10.

Nucleoside Reverse Transcriptase Inhibitors 
(NRTIs)
Class Members: abacavir (Ziagen®), tenofovir (Viread®), 
emtricitabine (Emtriva®), lamivudine (Epivir®), stavu-
dine (Zerit®), zidovudine (Retrovir®), didanosine 
(Videx®) Note: These drugs are often in fixed dose combi-
nation products with different trade names

Typical Uses: HIV; HIV post- exposure prophylaxis; ten-
ofovir/emtricitabine (Truvada) is also approved for 
pre- exposure prophylaxis for prevention of HIV infec-
tion in uninfected high- risk individuals

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most common class adverse effect of 
nucleoside reverse transcriptase inhibitors (NRTIs) 
is headache, with incidence of greater than 10% for 
all medications with the exception of didanosine; 
zidovudine and stavudine reported incidence greater 
than 40%. Other neuropsychiatric side effects associ-
ated with several NRTIs include depression, anxiety, 
insomnia, dizziness, fatigue, and weakness, with inci-
dence varying greatly among medications and adverse 
reactions (<1% to >20%). Peripheral neuropathy is 
also common, particularly with stavudine (15–30%) 
and didanosine (15–25%). Neuropathy is also seen 
with tenofovir (1–5%), emtricitabine (4%), zidovudine 
(≥5%), and lamivudine (<1%). Compared with HIV- 
induced peripheral neuropathy, NRTI- induced neu-
ropathy tends to present more abruptly and will resolve 
with therapy discontinuation. NRTI- induced neurop-
athy typically occurs within the first 3 months of ther-
apy initiation and is described as distal and symmetric, 
with the lower extremities typically involved first. 
There have been multiple case reports of headache, 
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paresthesias, confusion, irritability, and insom-
nia in patients who switched from lamivudine- to 
emtricitabine- based therapy. Depression, nightmares, 
hallucinations, mood changes, mania, anxiety, and psy-
chosis have been reported with abacavir use. Hearing 
loss associated with NRTI use has been reported in the 
literature. Case reports and post- marketing data report 
several neuropsychiatric adverse effects with zidovu-
dine, including confusion, loss of mental acuity, mania, 
paresthesia, photophobia, seizures, somnolence, syn-
cope, taste perversion, and tremor. Several case reports 
have linked NRTI therapy with the unmasking of 
Leber’s hereditary optic neuropathy in patients with a 
genetic predisposition to the disease.

Further Reading
Abers MS, Shandera WX, Kass JS. Neurological and 

psychiatric adverse effects of antiretroviral drugs. 
CNS Drugs. 2014;28:131–45.

Protease Inhibitors
Class Members: darunavir (Prezista®), ritonavir (Norvir®), 
lopinavir, atazanavir (Reyataz ®), fixed dose combina-
tion products (Prezcobix®, Kaletra®, Evotaz®); older 
non- widely used agents: amprenavir, indinavir, tipra-
navir (Aptivus®), fosamprenavir (Lexiva®), nelfinavir 
(Viracept ®)

Typical Uses: HIV; HIV post- exposure prophylaxis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Protease inhibitors may cause central nerv-
ous system (CNS) toxicity on their own as well as 
potentiate the neurotoxicity of other antiretroviral 
agents. Metabolic abnormalities and atherogene-
sis are both class effects of protease inhibitors. With 
long- term use of protease inhibitors patients may be 
at an increased risk for stroke and other cardiovascular 
adverse effects. Protease inhibitors as a class strongly 

inhibit cytochrome P450 activity; by doing so, protease 
inhibitors have the ability to potentiate the metabo-
lism of concomitantly used medications that undergo 
cytochrome P450 metabolism. Clinicians must care-
fully evaluate the effect of concomitant protease inhib-
itor therapy in individuals receiving medications in 
addition to antiretrovirals. The newest member of the 
protease inhibitor class, darunavir, appears to be asso-
ciated with the lowest occurrence of neuropsychiatric 
adverse effects among the class. In clinical trials evalu-
ating darunavir efficacy in HIV treatment naïve indi-
viduals, headaches (7%) and abnormal dreams (<2%) 
were both reported. In evaluation of darunavir in HIV 
treatment experienced adults, rates of headache asso-
ciated with darunavir use dropped to 3%. Ritonavir, a 
protease inhibitor strictly used as a pharmacokinetic 
boosting agent, is one of the biggest culprits of CNS 
adverse effects within the class. Ritonavir neuropsychi-
atric effects typically occur early in treatment (within 
first month) and include such things as circumoral 
paresthesias (25%), peripheral paresthesias (7%), and 
taste alterations (12%). CNS adverse effects of ritonavir  
appear to occur less often at the lower pharmacoki-
netic boosting dose than when ritonavir was used 
at a higher dose in treatment of HIV; nonetheless its 
adverse effects may still present when used as part of a 
multidrug regimen for HIV. Adverse effects related to 
ritonavir typically resolve completely upon discontin-
uation of use. Tipranavir, an older protease inhibitor 
not widely used in current practice, carries a black box 
warning for increased risk of intracranial hemorrhage.

Further Reading
Abers MS, Shandera WX, Kass JS. Neurological and 

psychiatric adverse effects of antiretroviral drugs. 
CNS Drugs. 2014;28:131–45.
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Immunosuppressive Medications
Heather J. Johnson, PharmD, BCPS University of Pittsburgh School of Pharmacy

Alemtuzumab (Campath®, Lemtrada®)
Typical Uses: prevention or treatment of solid organ 
transplant rejection, B- cell chronic lymphocytic 
leukemia, relapsing–remitting multiple sclerosis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
anxiety, headache, insomnia, and fatigue. Common 
adverse effects (1–10%) include anxiety, asthenia, som-
nolence, and paresthesias. Rare adverse effects (<1%) 
include depression, memory impairment, migraine, 
suicidal ideation. Progressive multifocal leukoen-
cephalopathy (PML) is a rare adverse event related to 
the immunosuppressive activity of alemtuzumab. It is 
characterized by apathy, ataxia, cognitive deficiency, 
confusion, and hemiparesis.

Further Reading
Campath® (alemtuzumab) package insert. Cambridge, 

MA: Genzyme Corporation; 2009.
Lemtrada ® (alemtuzumab) package insert. 

Cambridge, MA: Genzyme Corporation; 2014.

Antithymocyte Globulin
Class Members: antithymocyte globulin (rabbit) (rATG) 
(Thymoglobulin®), antithymocyte globulin (equine) 
(eATG) (ATGAM®)

Typical Uses: treatment of acute allograft rejection 
(kidney, heart, liver), prevention of acute allograft 
rejection

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
asthenia, headache, and malaise. Common adverse 
effects include dizziness.

Further Reading
Micromedex 2.0. Greenwood Village, CO: 

Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 15, 
2016.

Azathioprine (Imuran®)
Typical Uses: prevention of solid organ transplant 
rejection, treatment of rheumatoid arthritis, Crohn’s 
disease, dermatomyositis, chronic refractory immune 
thrombocytopenia, ulcerative colitis, autoimmune 
hepatitis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Neurologic or psychiatric adverse effects have 
not been reported with azathioprine. However, like any 
long- term immunosuppressive agent, azathioprine has 
been associated with rare cases of progressive multifo-
cal leukoencephalopathy (PML), a rare adverse event 
characterized by apathy, ataxia, cognitive deficiency, 
confusion, and hemiparesis.

Further Reading
Azathioprine. In Micromedex 2.0. Greenwood 

Village, CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 15, 2016.

Basiliximab (Simulect®)
Typical Uses: prevention of acute allograft rejection 
(heart, kidney, liver transplantation), treatment of 
refractory acute graft-versus-host disease

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
headache, tremor, and insomnia. Common adverse 
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effects (1–10%) include agitation, anxiety, depression, 
dizziness, fatigue, hypoesthesia, and malaise. It should 
be noted that these adverse effects were similar in 
patients receiving placebo and that all patients received 
a calcineurin inhibitor and corticosteroid sometimes 
in combination with azathioprine or mycophenolate 
mofetil.

Further Reading
Simulect® (basiliximab) package insert. East Hanover, 

NJ: Novartis Pharmaceuticals Corporation; 2016.

Calcineurin Inhibitors
Class Members: cyclosporine (Sandimmun®, Neoral®, 
Gengraf®), tacrolimus (Prograf®, Astagraf®, Envarsus®)

Typical Uses: prevention of allograft rejection, treatment 
of psoriasis, rheumatoid arthritis, prevention of acute 
graft-versus-host disease, treatment of focal segmental 
glomerulosclerosis, interstitial cystitis, nephrotic syn-
drome, lupus nephritis, ulcerative colitis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
headache, tremors, and paresthesias. While these 
occur with both cyclosporine and tacrolimus, the fre-
quency is higher with tacrolimus. Common adverse 
effects (1–10%) include seizures, dizziness, depres-
sion, insomnia, nervousness, anxiety, confusion, neu-
ropathy, malaise, paranoia, and migraine. Rare adverse 
events: abnormal dreams, amnesia, flaccid paralysis, 
nightmares, quadriparesis, impaired writing, neural-
gia, and mutism. A rare, but serious manifestation of 
calcineurin neurotoxicity is PRES (posterior revers-
ible encephalopathy syndrome), which can occur 
any time after transplantation, but often presents in 
the first months. Calcineurin inhibitor blood levels 
do not necessarily correlate with the development of 
PRES, but are often elevated. Hypertension, hypo-
magnesemia, hypocholesterolemia, and concomitant 
steroids have been implicated as risk factors. Clinical 
symptoms of PRES include seizures, acute enceph-
alopathy, headache, and visual disturbances. Both 
cyclosporine and tacrolimus are medications with a 
narrow therapeutic range, and elevated concentrations 
may result in increased likelihood of adverse effects. 
Both are subject to numerous drug–drug interactions 
that may precipitate increased exposure. As substrates 
of cytochrome P450, increased calcineurin inhibitor 

concentrations may result with concomitant adminis-
tration of azole antifungals, macrolide antibiotics, as 
well as non- dihydropyridine calcium channel block-
ers. Additionally, the proliferation signal inhibitors 
sirolimus and everolimus also compete for the same 
metabolizing enzymes and concentrations of both may 
increase.

Further Reading
Chen S, Hu J, Xu L et al. Posterior reversible 

encephalopathy syndrome after transplantation: a 
review. Mol Neurobiol. 2016;53:6897–9.

Heinrich TW, Marcangelo M. Psychiatric issues in 
solid organ transplantation. Har Rev Psychiatry. 
2009;17:398–406.

Micromedex 2.0. Greenwood Village, CO: 
Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 15, 
2016.

Corticosteroids
Class Members: prednisone (Deltasone®), methylpredni-
solone (Solu-Medrol®)

Typical Uses: allergic states, dermatologic diseases, 
endocrine disorders, gastrointestinal diseases, 
hematologic disorders, neoplastic diseases, nervous 
system, ophthalmic diseases, renal diseases, respira-
tory diseases, rheumatic disorders

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Reported adverse effects include dementia, 
extrapyramidal symptoms, meningitis, neuropathy, 
paralytic syndrome, pseudotumor cerebri, seizures, 
mood disturbances, psychosis, acute myopathy, 
depression, euphoria, insomnia, mood swings, person-
ality changes, emotional instability, headache, psychic 
derangements, seizure, and vertigo. The frequency with 
which these occur is not classified. Psychosis and mood 
disturbances may be more prevalent with high doses 
even of short duration, whereas other adverse effects 
may develop over long- term use of corticosteroids.

Further Reading
Micromedex 2.0. Greenwood Village, CO: 

Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 15, 
2016.
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Mycophenolic Acid Derivatives
Class Members: mycophenolate mofetil (CellCept®), 
mycophenolate sodium (Myfortic®)

Typical Uses: prevention of organ transplant rejection, 
treatment of autoimmune hepatitis, lupus nephritis, 
myasthenia gravis, and psoriasis

Potential Neurologic or Psychiatric Medication Adverse Effects: 
Very common adverse effects (>10%) include asthenia, 
headache, tremor, insomnia, dizziness, anxiety, and pares-
thesias. Common side effects (1–10%) include agitation, 
confusion, delirium, depression, emotional lability, hallu-
cinations, malaise, nervousness, psychosis, seizure, som-
nolence, and abnormal thinking. It is important to keep 
in mind that the above- mentioned adverse effects were 
reported with mycophenolic acid derivatives adminis-
tered against a background of other immunosuppressive 
medications including corticosteroids and calcineurin 
inhibitors. The rates of these adverse effects were not 
different between the mycophenolate and azathioprine 
arms. Very rarely progressive multifocal leukoencepha-
lopathy (PML) has been associated with mycophenolic 
acid derivatives. It is characterized by apathy, ataxia, cog-
nitive deficiency, confusion, and hemiparesis.

Further Reading
CellCept® (mycophenolate mofetil) package insert. 

South San Francisco, CA: Genentech USA, Inc; 
2015.

Mycophenolate. In Lexi-Drugs. Lexicomp. Hudson, 
OH: Wolters Kluwer Health, Inc. http://online 
.lexi.com. Accessed Jan 31, 2016.

Myfortic® (mycophenolate sodium) package insert. 
East Hanover, NJ: Novartis Pharmaceuticals 
Corporation; 2013.

Proliferation Signal Inhibitors (Mammalian 
Target of Rapamycin Inhibitors)
Class Members: everolimus (Zortress®, Affinitor®), siroli-
mus (Rapamune®)

Typical Uses: prophylaxis of solid organ transplant 
rejection, treatment of pulmonary lymphangioleio-
myomatosis, angiomyolipoma of kidney, breast can-
cer, neuroendocrine tumor of pancreas, renal cell 
carcinoma, subependymal giant cell astrocytoma, 
Waldenstrom macroglobulinemia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
headache, and insomnia. Common adverse effects 
(1–10%) and include dizziness, somnolence, agita-
tion, anxiety, depression, migraine, hallucination, sei-
zure, and tremor. Rare adverse events include PRES 
(posterior reversible encephalopathy syndrome), 
characterized by seizures, acute encephalopathy, and 
visual disturbances, and progressive multifocal leu-
koencephalopathy (PML). Progressive multifocal 
leukoencephalopathy is a rare adverse event related 
to the immunosuppression. It is characterized by 
apathy, ataxia, cognitive deficiency, confusion, and 
hemiparesis.

Further Reading
Everolimus. In Lexi-Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jan 31, 2016.

Sirolimus. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jan 31, 2016.
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Blinatumomab (Blincyto®)
Typical Uses: acute lymphoblastic leukemia (ALL)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Blinatumomab, a bispecific T- cell engager 
that binds to CD19 and CD3, has been associated 
with severe neurologic toxicities that can be life- 
threatening or fatal. Neurotoxicity has occurred in half 
of all patients receiving blinatumomab in clinical trials. 
Neurotoxicity was severe (grade 3 or higher) in about 
15% of these patients. Patients may experience loss of 
consciousness, syncope, aphasia, confusion, coordina-
tion disorders, encephalopathy, and/or seizures while 
receiving therapy. Psychiatric disorders have also been 
reported in clinical trials. Therapy should be withheld 
for severe neurotoxicity and discontinued for seizure 
disorders or delayed resolution (more than 7 days) of 
severe neurotoxicity after holding therapy. Current 
prescribing information has a black box warning for 
monitoring neurologic toxicities while on therapy with 
blinatumomab.

Further Reading
Blincyto® (blinatumomab) package insert. Thousand 

Oaks, CA: Amgen Inc.; 2014.
Topp MS, Gökbuget N, Zugmaier G et al. Phase II 

trial of the anti- CD19 bispecific T cell- engager 
blinatumomab shows hematologic and molecular 
remissions in patients with relapsed or refractory 
B- precursor acute lymphoblastic leukemia. J Clin 
Oncol. 2014;32:4134.

Topp MS, Gökbuget N, Stein AS, et al. Safety and 
activity of blinatumomab for adult patients 
with relapsed or refractory B- precursor acute 
lymphoblastic leukaemia: a multicentre, single- 
arm, phase 2 study. Lancet Oncol. 2015;16:57–66.

Cytarabine (Ara- C) (Intravenous) (Cytosar-U®)
Typical Uses: acute myeloid leukemia (AML), acute lym-
phocytic leukemia (ALL), chronic myeloid leukemia 
(CML), meningeal leukemia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Cytarabine therapy may result in neurotoxic-
ity that is primarily cerebellar and occurs at high doses  
(≥3 grams/m2 IV every 12 hours). Standard, lower doses 
(~100 mg/m2) rarely cause neurotoxicity. Neurotoxicity 
primarily occurs within 3 to 8 days of therapy, and in 
some cases may be permanent. Clinical signs of cerebel-
lar toxicity include nystagmus, ataxia, dysarthria, dys-
diadochokinesia, and/or dysmetria. Cerebral toxicity 
may also occur following therapy, potentially resulting 
in seizures, somnolence, confusion, memory loss, cog-
nitive dysfunction, and/or coma. The overall incidence 
of neurologic toxicity with high- dose cytarabine is 8% 
to 25%. Patients with renal impairment are especially at 
risk with the incidence reported as high as 55%. Other 
risk factors include patient age greater than 50 years, 
total dose greater than or equal to 20 grams/m2, and 
abnormal pretreatment liver function. Patients with any 
signs of cerebral or cerebellar dysfunction should have 
cytarabine discontinued immediately.

Further Reading
Cytarabine injection package insert. Rockford, IL: 

Mylan Institutional LLC; 2014.
Herzig RH, Hines JD, Herzig GP, et al. Cerebellar 

toxicity with high- dose cytosine arabinoside.  
J Clin Oncol. 1987;5:927–32.

Jolson HM, Bosco L, Bufton MG, et al. Clustering of 
adverse drug events: analysis of risk factors for 
cerebellar toxicity with high- dose cytarabine.  
J Natl Cancer Inst. 1992;84:500.
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Smith GA, Damon LE, Rugo HS, Ries CA, Linker CA. 
High-dose cytarabine dose modification reduces 
the incidence of neurotoxicity in patients with 
renal insufficiency. J Clin Oncol. 1997;15:833.

Erythropoiesis-Stimulating Agents
Class Members: darbepoetin alfa (Aranesp®), epoetin 
alfa (Epogen®, Procrit®)

Typical Uses: treatment of anemia associated with 
chronic kidney disease (CKD), treatment of 
chemotherapy- induced anemia in patients with non-
myeloid malignancies, treatment of anemia associated 
with zidovudine therapy in patients with HIV infec-
tion (epoetin alfa), perioperatively to reduce the need 
for allogeneic red blood cell transfusions in anemic 
patients (epoetin alfa)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Adverse effects reported with erythropoiesis- 
stimulating agent (ESA) use are thought to be mainly 
attributed to the correction of the underlying anemia 
or to the patient’s disease rather than to the medica-
tion itself. Seizures have been reported in patients with 
CKD receiving an ESA. It is believed that seizures in 
this setting are the result of an overly rapid correction 
of hematocrit that subsequently causes an elevation 
in blood pressure, or the increased risk of seizures in 
the CKD population. Headache has also been reported 
with ESAs, and once again is thought to be attributable 
to an increase in blood pressure with use. The greatest 
risk with ESA use is an increased risk of death and seri-
ous and life- threatening cardiovascular events (myo-
cardial infarction, stroke, venous thromboembolism, 
vascular access thrombis) observed in clinical trials 
when ESAs were administered to target hemoglobin 
levels >11 g/dL. A flu- like syndrome presenting with 
diaphoresis, chills, shivering, malaise, feeling of cold 
or warmth, myalgia, bone pain and arthralgia of the 
limbs and pelvis, generalized aches and pains, fever, 
paresthesias, and/or abdominal pain/cramps has been 
reported within 90–120 minutes of initiating an epoe-
tin alfa intravenous infusion. Symptoms are transient 
and generally resolve within 2–12 hours.

Further Reading
Darbepoetin alfa. In Lexi-Drugs. Lexicomp. Hudson, 

OH: Wolters Kluwer Health, Inc. http://online 
.lexi.com. Accessed Jun 28, 2016.

Epoetin alfa. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jun 28, 2016.

Hematopoietic agents. In AHFS Drug Information 
STAT!Ref Online Electronic Medical Library. 
Bethesda, MD: American Society of Health- 
System Pharmacists. http://online.statref.com/
document.aspx?fxid=1&docid=497. Accessed 
Jun 28, 2016.

Fluoropyrimidine Antimetabolites
Class Members: fluorouracil (Adrucil®); capecitabine 
(Xeloda®)

Typical Uses: breast cancer, colon cancer, rectal cancer, 
pancreatic cancer, gastric cancer

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Neurologic side effects are relatively rare with 
fluoropyrimidine therapy. However, both fluoro-
uracil and capecitabine (an oral prodrug of fluoro-
uracil) can cause cerebellar toxicity manifesting as 
ataxia, nystagmus, and/or dysmetria. Symptoms can 
be delayed (weeks after therapy initiation) and most 
often resolve after discontinuation of the agent. Both 
agents can also rarely cause encephalopathy resulting 
in confusion, agitation, seizure, nausea, headaches, 
and/or memory loss. Encephalopathy has been cor-
related with hyperammonemia, particularly with 
high- dose fluorouracil therapy. Other neurologic 
effects including peripheral neuropathy have also 
been reported. Patients should be monitored for 
neurologic effects during and following therapy with 
fluoropyrimidines.

Further Reading
Pirzada NA, Imram IA, Dafer RM. Fluorouracil 

induced neurotoxicity. Ann Pharmacother. 
2000;34:35–8.

Renoir D, Gill S. Capecitabine-induced cerebellar 
toxicity. Clin Colorectal Cancer. 2006; 
6:70.

Said MW, Wood TE, McGee PJ, et al. Peripheral 
neuropathy associated with capecitabine.  
Anti-Cancer Drugs. 2004;15:767–71.

Videnovic A, Semenov I, Chua-Adajar R, 
et al. Capecitabine-induced multifocal 
leukoencephalopthy: a report of five cases. 
Neurology. 2005;65:1792.
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Yeh KH, Cheng AL. High-dose 5- fluorouracil 
infusional therapy is associated with 
hyperammonemia, lactic acidosis and 
encephalopathy. Br J Cancer. 1997;75:464–5.

Granulocyte Colony- Stimulating Factors  
(G- CSF) and Granulocyte–Macrophage 
Colony- Stimulating Factors (GM-CSF)
Class Members: filgrastim (Neupogen®), Tbo- filgrastim 
(Granix®), filgrastim- sndz (Zarxio®), pegfilgrastim 
(Neulasta®), sargramostim (Leukine®)

Typical Uses: decrease the duration of severe neutro-
penia and incidence of infection in patients receiv-
ing myelosuppressive treatment; increase survival in 
patients acutely exposed to myelosuppressive doses 
of radiation; mobilization of autologous hemato-
poietic progenitor cells into the peripheral blood 
for apheresis collection; reduce the incidence and 
duration of neutropenic complications in sympto-
matic patients with congenital, cyclic, or idiopathic 
neutropenia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The granulocyte colony- stimulating fac-
tor (G- CSF) and granulocyte–macrophage colony- 
stimulating factor (GM- CSF) agents are generally 
well tolerated. Mild to moderate medullary bone 
pain is the adverse effect most commonly reported 
across these agents (filgrastim 5–33%, pegfilgrastim 
31%, sargramostim 21%). The frequency of bone pain 
appears to be dependent on the dose and/or route of 
administration. While other adverse neurologic and 
psychiatric effects have been reported at a fairly high 
frequency with G- CSF and GM- CSF agents, a causal 
relationship between these agents and these adverse 
effects is not clear for several reasons. First, these 
agents are used to treat patients with serious underly-
ing disease, and second, adverse effects that have been 
reported in patients receiving these medications have 
also occurred in patients not receiving the medica-
tion. Very common adverse effects (>10%) reported in 
patients receiving pegfilgrastim or filgrastim include 
fatigue, anorexia, skeletal pain, headache, myalgia, 
abdominal pain, arthralgia, generalized weakness, 
and dizziness. However, these adverse effects gener-
ally were attributed to the underlying malignancy or to 
concomitant cytotoxic chemotherapy. Similarly, very 
common (>10%) adverse effects reported with sargra-
mostim use include malaise (57%), headache (26%), 

chills (25%), anxiety (11%), insomnia (11%), weakness 
(66%), arthralgia (11–21%), and myalgia (18%).

Further Reading
Filgrastim. In Lexi-Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jun 28, 2016.

Hematopoietic Agents. In AHFS Drug Information 
STAT!Ref Online Electronic Medical Library. 
Bethesda, MD: American Society of Health- 
System Pharmacists. http://online.statref.com/
document.aspx?fxid=1&docid=497. Accessed 
Jun 28, 2016.

Pegfilgrastim. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jun 28, 2016.

Sargramostim. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online 
.lexi.com. Accessed Jun 28, 2016.

Interferon
Class Members: interferon alpha- 2b (Intron® A), pegin-
terferon alfa- 2b (Sylatron®)

Typical Uses: melanoma (interferon alpha- 2b, pegin-
terferon alfa- 2b); interferon alpha- 2b has also been 
used in AIDS- related Kaposi’s sarcoma, follicular  
lymphoma, hairy cell leukemia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile is similar between 
both interferon agents. Black box warnings of life- 
threatening neuropsychiatric disorders exist for both 
formulations. Severe or worsening symptoms warrant 
permanent discontinuation. Depressed mood and 
impaired cognitive dysfunction is considered to be a 
chronic and common toxicity of high- dose interferon 
therapy. A previous history of depression or other psy-
chiatric disorders is considered a risk factor. Patients 
may display anxiety, mood changes, and episodes of 
mania. Psychiatric disorders are dose- and duration- 
related. Selective serotonin reuptake inhibitors (SSRIs) 
have been studied prophylactically to reduce the devel-
opment of depression. Additional studies are needed to 
prophylactically prescribe an SSRI prior to the start of 
treatment. Impaired cognitive dysfunction presents as 
short- term memory, psychomotor slowing, poor coor-
dination and performance. This toxicity appears to be 
reversible when therapy is discontinued.

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.036
https://www.cambridge.org/core


Oncology and Hematology Medications

757

Further Reading
Intron® A (interferon alpha- 2b injection, solution) 

package insert. Whitehouse Station, NJ: Merck & 
Co., Inc.; Feb 2016.

Kirkwood JM, Bender C, Agarwala S. Mechanisms 
and management of toxicities associated with 
high- dose interferon alfa- 2b therapy. J Clin Oncol. 
2002;20:3703–18.

Sylatron® (peginterferon alpha- 2b injection, powder, 
lyophilized, for solution) package insert. Whitehouse 
Station, NJ: Merck & Co., Inc.; Feb 2016.

Intrathecal Chemotherapy
Class Members (common): methotrexate, cytarabine 
(Ara- C), liposomal cytarabine (DepoCyt®)

Typical Uses: lymphomatis meningitis, meningeal 
leukemia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Direct instillation of chemotherapy into the 
intrathecal space can result in severe neurologic side 
effects. Though most common with methotrexate, all 
agents have the potential to cause chemical arachnoiditis 
when given intrathecally. Patients can present with symp-
toms such as headache, back pain, nuchal rigidity, and 
fever. Liposomal cytarabine, a formulation of cytarabine 
that results in prolonged cerebrospinal concentrations of 
the medication, has recommendations to give glucocor-
ticoids for 5 days beginning on the day of administration 
to minimize these effects. More severe reactions, such 
as transverse myelopathy, have also occurred with these 
agents, resulting in sensory loss and/or paraplegia due 
to spinal cord dysfunction. Patients should also be mon-
itored for the incidence of leukoencephalopathy man-
ifesting as confusion, irritability, somnolence, ataxia, 
dementia, seizures, and/or coma. Neurotoxicity from 
these agents can be progressive and even fatal. Patients 
should be monitored closely for early signs of neurotox-
icity (headache, nausea, fever) and dose reductions and/
or discontinuation should be considered.

Further Reading
Cytarabine injection package insert. Rockford, IL: 

Mylan Institutional LLC; Sep 2014.
DepoCyt® (cytarabine injection, lipid complex) 

package insert. Gaithersburg, MD: Sigma-Tau 
Pharmaceuticals, Inc.; Dec 2014.

Dunton SF, Nitschke R, Spruce WE, et al. Progressive 
ascending paralysis following administration of 
intrathecal and intravenous cytosine arabinoside. 
A Pediatric Oncology Group study. Cancer. 
1986;57:1083.

Methotrexate sodium injection, solution package insert. 
Rockford IL: Mylan Institutional LLC; Sep 2014.

Ipilimumab (Yervoy®)
Typical Uses: melanoma

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Ipilimumub, an antibody that binds CTLA- 4, 
has been associated with rare severe neuropathy that 
is immune mediated. Neuropathy may occur within 
months or be delayed as long as 2 years after initiation 
of treatment. Severe (grade 3 or worse) neuropathy 
occurs in 1% to 2% of patients and may present as weak-
ness, paresthesias, or other sensory complications. 
Peripheral motor neuropathy as well as enteric and cen-
tral neuropathy (encephalitis) have also been reported. 
Due to the severity of these symptoms and the reported 
incidence of fatal Guillain–Barré syndrome in clinical 
trials, the current prescribing information includes a 
black box warning for immune- mediated neuropa-
thies. Therapy should be withheld and/or discontin-
ued for moderate to severe neurotoxicity. Initiation of 
systemic corticosteroids should also be considered in 
order to reverse immune- mediated effects.

Further Reading
Bhatia S, Huber BR, Upton MP, et al. Inflammatory 

enteric neuropathy with severe constipation after 
ipilimumab treatment for melanoma: A case 
report. J Immunother. 2009;32:203–5.

Wilgenhof S, Neyns B. Anti-CTLA-4 antibody- 
induced Guillain- Barré syndrome in a melanoma 
patient. Ann Oncol. 2011;22:991–3

Yervoy® (ipilimumab injection) package insert. 
Princeton, NJ: E.R. Squibb & Sons, LLC; Mar 2017.

Ixabepilone (Ixempra®)
Typical Uses: breast cancer

Potential Neurologic or Psychiatric Medication Adverse 
Effects: One of the most common side effects of ixabepi-
lone is neurotoxicity, which presents as peripheral neu-
ropathy. The incidence for severe neuropathy ranges 
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from 1% to 40% in breast cancer patients depending 
on whether patients were untreated versus heavily 
pretreated. This toxicity manifests as a sensory neu-
ropathy; however, motor neuropathy has also been 
reported at a lower rate. The neurotoxicity is dose- 
dependent, cumulative, and reversible. Dose reduc-
tions are an acceptable method of managing the 
symptoms. Patients start to experience this side effect 
after 3–4 cycles of ixabepilone administration. Studies 
have shown that the median onset to improvement 
of symptoms may range from 4 to 6 weeks in patients 
experiencing severe toxicity. The common symptoms 
are paresthesias, muscle weakness, and numbness in 
extremities. One study showed an increased incidence 
of neurotoxicity was correlated with a higher response 
rate in non- curative breast cancer patients. 

Further Reading
Durando X, Dalenc F, Abrial C, et al. Neurotoxicity 

as a prognostic factor in patients with metastatic 
breast cancer treated with ixabepilone as a first- 
line therapy. Oncology. 2015;88:180–8.

Kushlaf HA. Emerging toxic neuropathies and 
myopathies. Neurol Clin. 2011;29:679–87.

Vahdat LT, Roche HH, Hortobagyi GN, et al. 
Ixabepilone-associated peripheral neuropathy: 
data from across the phase II and III clinical trials. 
Support Care Cancer. 2012;20:2661–8.

Nelarabine (Arranon®)
Typical Uses: T- cell acute lymphoblastic leukemia, T- cell 
acute lymphoblastic lymphoma

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Nelarabine has been associated with neurotox-
icity in clinical trials and currently has a black box warn-
ing for severe neurologic adverse events. Neurotoxicity 
is dose limiting and may manifest as peripheral neu-
ropathy, seizures, loss of consciousness, ataxia, and/
or paralysis. Severe neurotoxicity may be similar in 
presentation to Guillain–Barré syndrome (status 
epilepticus, craniospinal demyelination, ascending 
neuropathy). Those receiving concurrent intrathecal 
therapy, or those with previous craniospinal irradia-
tion may have increased risk for neurotoxicity. Current 
prescribing information recommends discontinu-
ing nelarabine for any incidence of grade 2 or greater 
neurologic toxicity. However, toxicity may not always 
resolve following discontinuation of therapy.

Further Reading
Arranon® (nelarabine injection) package insert. 

Research Triangle Park, NC: GlaxoSmithKline 
LLC; Dec 2014.

Cooper TM. Role of nelarabine in the treatment of 
T- cell acute lymphoblastic leukemia and T- cell 
lymphoblastic lymphoma. Ther Clin Risk Manag. 
2007;3:1135–41.

DeAngelo DJ, Yu D, Johnson JL, et al. Nelarabine 
induces complete remissions in adults 
with relapsed or refractory T- lineage acute 
lymphoblastic leukemia or lymphoblastic 
lymphoma: Cancer and Leukemia Group B study 
19801. Blood. 2007;109:5136.

Nitrosoureas
Class Members: carmustine (BiCNU®; Gliadel® Wafer), 
lomustine (Gleostine®)

Typical Uses: brain tumors, non- Hodgkin’s lymphoma, 
Hodgkin’s lymphoma, multiple myeloma

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Nitrosoureas have been shown to cause multi-
ple neurologic effects. Lomustine, which is only avail-
able in an oral formulation, has been shown to cause 
disorientation, dysarthria, visual disturbances (includ-
ing blindness), lethargy, and ataxia. Though it is often 
difficult to determine an association with the medi-
cation for these effects, patients should be monitored 
closely and considered for discontinuation if causality 
is determined. Carmustine can produce similar effects, 
particularly when given at high doses to facilitate 
hematopoietic stem cell transplantation. Neurologic 
toxicity in this setting can present as altered mental 
status, seizures, quadriparesis, confusion, ocular toxic-
ity, and/or ataxia. Intracarotid administration has also 
been shown to cause similar effects. Patients receiving 
the Gliadel® Wafer implant have been shown to have 
increased risk of seizures. Patients should be moni-
tored closely for seizures, and anti- seizure medications 
should be considered for initiation prior to surgery.

Further Reading
BiCNU® (carmustine) package insert. Eatontown, NJ: 

Heritage Pharmaceuticals Inc.; Mar 2017.
Burger PC, Kamenar E, Schold SC, et al. 

Encephalomyelopathy following high- dose 
BCNU therapy. Cancer. 1980;48:1318.
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Gleostine® (lomustine, capsule gel coated) package 
insert. Miami, FL: NextSource Biotechnology, 
LLC; Jan 2016.

Gliadel® (carmustine wafer) package insert. Atlanta, 
GA: Arbor Pharmaceuticals, LLC; Nov 2014.

Mahaley MS Jr, Whaley RA, Blue M, Bertsch L. 
Central neurotoxicity following intracarotid 
BCNU chemotherapy for malignant gliomas.  
J Neurooncol. 1986;3:297–314.

Oxazaphosphorines
Class Members: ifosfamide (Ifex®), cyclophosphamide 
(Cytoxan®)

Typical Uses: gynecologic cancers (ifosfamide), 
germ cell tumors of the ovaries and testis (ifos-
famide), lymphomas (ifosfamide), osteosarcoma 
(ifosfamide), neuroblastoma (ifosfamide, cyclo-
phosphamide), multiple myeloma (ifosfamide, 
cyclophosphamide), testicular cancer (ifosfamide), 
breast cancer (cyclophosphamide), leukemias 
(cyclophosphamide), lymphomas (cyclophospha-
mide), ovarian cancer (cyclophosphamide), retino-
blastoma (cyclophosphamide)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Neurotoxicity is more commonly seen with 
ifosfamide than its structurally similar alkylating 
agent, cyclophosphamide. However, neurotoxicity 
can manifest with the administration of high- dose IV 
cyclophosphamide. Neurotoxicity is listed as a black 
box warning for ifosfamide. These signs and symptoms 
can range from confusion and dizziness to encepha-
lopathy and coma. High single doses of ifosfamide can 
contribute to the neurotoxicity seen with this agent. 
The incidence of ifosfamide neurotoxicity is 10–40% 
of patients. Reported signs and symptoms are ataxia, 
delirium, visual disturbances, hallucinations, enceph-
alopathy, and coma. The incidence of encephalopathy 
is broad and ranges between 5% and 60% of patients 
receiving ifosfamide. Neurotoxicity is more common 
when given as a large bolus dose or continuous infu-
sion. Risk factors for developing ifosfamide- induced 
neurotoxicity include low serum albumin, presence of 
pelvic disease, and elevated serum creatinine. Patients 
that display these risk factors should receive ifosfamide 
at fractionated schedules. The use of methylene blue 
for the treatment of ifosfamide- induced neurotoxicity 
has been extensively studied. Peripheral neuropathy 
has a low incidence of occurrence.

Further Reading
Fleming RA. An overview of cyclophosphamide and 

ifosfamide pharmacology. Pharmacotherapy. 
1997;17:146S–54S.

Ifosfamide injection, solution package insert. 
Deerfield IL: Baxter Healthcare Corporation; Aug 
2014.

Klastersky J. Side effects of ifosfamide. Oncology. 
2003;65(Suppl 2):7–10.

Patel PN. Methylene blue for management of 
ifosfamide- induced encephalopathy. Ann 
Pharmacother. 2006;40:299–303.

Platinum Analogs
Class Members: cisplatin (Platinol- AQ®), carboplatin 
(Paraplatin®), oxaliplatin (Eloxatin®)

Typical Uses: esophageal cancer (cisplatin), anal cancer 
(cisplatin), cancer of unknown origin (cisplatin), cervi-
cal cancer (cisplatin), cervical cancer (cisplatin), gastric  
cancer (cisplatin), ovarian cancer (cisplatin, carbo-
platin), head and neck cancer (cisplatin), testicular 
cancer (cisplatin, carboplatin), non- Hodgkin’s lym-
phoma (cisplatin, carboplatin), lung cancer (cisplatin, 
carboplatin), retinoblastoma (cisplatin), bladder can-
cer (cisplatin), sarcoma (cisplatin), colorectal cancer 
(oxaliplatin), stomach cancer (oxaliplatin), pancreatic 
cancer (oxaliplatin)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Neurotoxicity is prevalent with the platinum 
analogs and can be dose- limiting. Cisplatin and oxali-
platin are more commonly associated with these com-
plications. However, such toxicities can occur with 
high doses of carboplatin used in hematopoietic cell 
transplantation. At standard doses, peripheral neurop-
athy can develop with both cisplatin and oxaliplatin. 
This typical presentation of neuropathy occurs after 
cumulative doses have been reached. There are two 
types of neuropathy that can occur with oxaliplatin 
administration. Acute neuropathy occurs in 85–95% of 
patients treated. The symptoms include cold-induced 
paresthesias and dysesthesias as well as jaw stiffness. 
These symptoms can be infusion- rate related, occur 
hours post administration, and continue for a few days. 
Delayed neuropathy occurs later and presents as sensory 
neuropathy after cumulative doses. Cisplatin ototoxic-
ity can occur in roughly 30% of patients. Ototoxicity 
can present as hearing loss and tinnitus. Less common  
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toxicities associated with the platinum agents are vesti-
bulopathy and encephalopathy.

Further Reading
Amptoulach S, Tsavaris N. Neurotoxicity caused 

by the treatment with platinum analogues. 
Chemother Res Pract. 2011;2011:843019.

Avan A, Postma TJ, Ceresa C, et al. Platinum-induced 
neurotoxicity and preventive strategies: past, 
present, and future. Oncologist. 2015;20:411–32.

Miltenburg NC, Boogerd W. Chemotherapy-induced 
neuropathy: a comprehensive survey. Cancer 
Treat Rev. 2014;40:872–82.

Proteasome Inhibitors
Class Members: bortezomib (Velcade®), carfilzomib 
(Kyprolis®), ixazomib (Ninlaro®)

Typical Uses: multiple myeloma, mantle cell lymphoma

Potential Neurologic or Psychiatric Medication Adverse 
Effects: All three available proteasome inhibitors 
have been reported to cause peripheral neuropathy. 
Neurotoxicity seems to be most common with borte-
zomib, resulting in grade 3 or worse neuropathy 
occurring in 16% of patients receiving twice weekly 
intravenous therapy. The incidence may be reduced 
to 6% when bortezomib is given subcutaneously 
instead of intravenously. Bortezomib has also been 
known to cause motor neuropathy (weakness in lower 
extremeties) and autonomic neuropathy (constipation 
or diarrhea) in some patients. Carfilzomib and ixaz-
omib seem to cause less peripheral neuropathy than 
bortezomib. Grade 3 or worse peripheral neuropathy 
has been reported in 1% or less of patients receiving 
intravenous carfilzomib and in about 2% of patients 
receiving the novel oral proteasome inhibitor ixaz-
omib. Therapy with proteasome inhibitors may need 
to be discontinued for neurotoxicity, and toxicity may 
resolve in a majority of patients. Dose adjustments for 
ixazomib and bortezomib are available in the prescrib-
ing information if peripheral neuropathy occurs.

Further Reading
Kyprolis® (carfilzomib injection, powder, lyophilized, 

for solution) package insert. Thousand Oaks, CA: 
Onyx Pharmaceuticals, Inc.; May 2017.

Moreau P, Pylypenko H, Grosicki S, et al. 
Subcutaneous versus intravenous administration 
of bortezomib in patients with relapsed multiple 
myeloma: a randomised, phase 3, non- inferiority 
study. Lancet Oncol. 2011;12:431.

Ninlaro® (ixazomib citrate capsule) package insert. 
Cambridge, MA: Millennium Pharmaceuticals, 
Inc.; Nov 2015.

Velcade® (bortezomib injection, powder, lyophilized, 
for solution) package insert. Cambridge, MA: 
Millennium Pharmaceuticals, Inc.; Sep 2015.

Vij R, Wang M, Kaufman JL, et al. An open- label, 
single- arm, phase 2 (PX-171-004) study of 
single- agent carfilzomib in bortezomib- naive 
patients with relapsed and/or refractory multiple 
myeloma. Blood. 2012;119:5661.

Selective Serotonin Receptor Modulators
Class Members: tamoxifen (Nolvadex®), raloxifene 
(Evista®)

Typical Uses: breast cancer (tamoxifen, raloxifene), endo-
metrial cancer (tamoxifen), osteoporosis (raloxifene)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The incidence of tamoxifen- related depression 
ranges from 1% to 15% in various studies. It is consid-
ered dose- dependent. A past history of mood disorders 
may be a risk factor for developing tamoxifen- induced 
depression. Symptoms of depression include abrupt 
mood changes, loss of interest, insomnia, hypersom-
nia, and changes in activities of daily life. Loss of appe-
tite, increases in appetite, weight gain, and weight loss 
are also possible side effects. Patients have reported 
suicidal ideations. Studies have shown these depres-
sive symptoms perhaps have led to non- adherence 
and discontinuation of hormonal therapy. There also 
could be neuropsychologic side effects that present 
with cognitive changes such as inability to concen-
trate. Treatment includes the use of selective serotonin 
receptor inhibitors (SSRIs). There is the concern of 
significant drug–drug interactions between tamoxifen 
and many of the SSRIs, which can result in decreased 
exposure of tamoxifen metabolites. This may lead 
to lower cure rates in patients diagnosed with breast 
cancer. Venlafaxine has also been studied for the treat-
ment of tamoxifen- induced depression. Trials looking 
at raloxifene and its effects on depression, cognitive 
symptoms, and sexual dysfunction are inconclusive. 
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Some studies show that raloxifene may improve symp-
toms of depression and sexual function.

Further Reading
Bourque A, Karama S, Looper K, et al. Acute 

tamoxifen- induced depression and its prevention 
with venlafaxine. Psychosomatics. 2009;50: 
162–5.

Thompson DS, Spanier CA, Vogel VG. The 
relationship between tamoxifen, estrogen, and 
depressive symptoms. Breast J. 1999;5:375–82.

Yang ZD, Yu J, Zhang Q. Effects of raloxifene on 
cognition, mental health, sleep, and sexual 
function in menopausal women. Maturitas. 
2013;75:341–8.

Taxanes
Class Members: paclitaxel (Taxol®), paclitaxel protein- 
bound (Abraxane®), docetaxel (Taxotere®), cabazitaxel 
(Jevtana®)

Typical Uses: breast cancer (paclitaxel, packitaxel 
protein- bound, docetaxel), cancer of unknown origin 
(paclitaxel), bladder cancer (paclitaxel), gastric cancer 
(paclitaxel, docetaxel), head and neck cancer (pacl-
itaxel, docetaxel), lung cancer (paclitaxel, paclitaxel 
protein- bound, docetaxel), ovarian cancer (paclitaxel, 
paclitaxel protein- bound, docetaxel), testicular can-
cer (paclitaxel), pancreatic cancer (paclitaxel protein- 
bound), prostate (docetaxel, cabazitaxel)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Neurotoxicity presents primarily as sensory 
axonal neuropathy when higher and cumulative 
doses have been administered. It is considered a dose- 
limiting toxicity for all class agents. All taxanes can 
cause paresthesias and dysesthesias in the extremities. 
The paclitaxel solvent, Cremophor®, has been thought 
to increase the neurotoxicity potential. Paclitaxel- 
induced neuropathy occurs in roughly 30% of patients. 
It is unclear from the clinical trials if the incidence of 
neuropathy is similar with the use of nab- paclitaxel as 
compared with solvent- based paclitaxel. Neuropathy is 
seen less with the use of docetaxel. Cabazitaxel, which 
is approved for the treatment of hormone- refractory 
metastatic prostate cancer, has also been shown to 
cause peripheral neuropathy in 13% of patients treated. 
Grades 3 and 4 neuropathy had an incidence of less 
than 1%.

Further Reading
Abraxane® (paclitaxel injection, powder, lyophilized, 

for suspension) package insert. Summit, NJ: 
Abraxis BioScience, LLC; Jul 2015.

Gorenstein E, Schwarz TL. The paradox of paclitaxel 
neurotoxicity: mechanisms and unanswered 
questions. Neuropharmacology. 2014;76:175–83.

Jevtana® (cabazitaxel injection, solution) package 
insert. Bridgewater, NJ: Sanofi-aventis US LLC; 
May 2017.

Kudlowitz D, Muggia F. Nanoparticle albumin- 
bound paclitaxel (nab- paclitaxel): extending its 
indications. Expert Opin Drug Metab Toxicol. 
2014;13:681–5.

Thalidomide Analogs
Class Members: thalidomide (Thalomid®), lenalidomide 
(Revlimid®), pomalidomide (Pomalyst®)

Typical Uses: multiple myeloma, myelodysplastic syn-
drome, mantle cell lymphoma, erythema nodosum 
leprosum

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Neurotoxicity from thalidomide analogs most 
often presents as peripheral neuropathy, but also som-
nolence and dizziness have been reported. The repre-
sentative agent in this class, thalidomide, has the highest 
potential of all agents with an incidence of peripheral 
neuropathy that is over 50%. Patients on thalidomide 
should be monitored monthly during treatment for at 
least 3 months, then periodically. Practitioners should 
also consider measuring the sensory nerve action 
potential (SNAP) amplitudes at baseline and every 6 
months according to prescribing information. For any 
incidence of peripheral neuropathy, therapy should be 
discontinued. Lenalidomide and pomalidomide seem 
to cause significantly less peripheral neuropathy than 
thalidomide. Lenalidomide treatment causes neuropa-
thy in about 5% of patients (depending on indication), 
with less than 1% of patients having severe symptoms 
in those treated for multiple myeloma. Pomalidomide, 
which is currently approved for relapsed or refractory 
multiple myeloma, also seems to have a lower incidence 
of neurotoxicity. When given in combination with low- 
dose dexamethasone, only 15% of patients on poma-
lidomide have any incidence of peripheral neuropathy, 
with only about 1% being severe (grade 3 or higher). 
Due to toxicity risk (including embryo–fetal toxicity), 
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all three agents currently have Risk Evaluation and 
Mitigation Strategy (REMS) programs for preventing 
and reporting adverse effects.

Further Reading
Dimopoulos MA, Chen C, Spencer A, et al. Long-term 

follow- up on overall survival from the MM- 009 
and MM- 010 phase III trials of lenalidomide 
plus dexamethasone in patients with relapsed 
or refractory multiple myeloma. Leukemia. 
2009;23:2147.

Pomalyst® (pomalidomide capsule) package insert. 
Summit, NJ: Celgene Corporation; Jun 2016.

Revlimid® (lenalidomide capsule) package insert. 
Summit, NJ: Celgene Corporation; Jan 2017.

San Miguel J, Weisel K, Moreau P, et al. Pomalidomide 
plus low- dose dexamethasone versus high- dose 
dexamethasone alone for patients with relapsed 
and refractory multiple myeloma (MM- 003): 
a randomised, open- label, phase 3 trial. Lancet 
Oncol. 2013;14:1055.

Thalomid® (thalidomide capsule) package insert. 
Summit, NJ: Celgene Corporation; Jan 2017.

Vascular Endothelial Growth Factor (VEGF) 
Signaling Inhibitors
Class Members: bevacizumab (Avastin®), ramucirumab 
(Cyramza®), ziv- Aflibercept (Zaltrap®)

Typical Uses: colorectal cancer (bevacizumab, ramu-
cirumab, ziv- aflibercept), non- small cell lung can-
cer (bevacizumab, ramucirumab), gastric cancer 
(ramucirumab), glioblastoma (bevacizumab), 
cervical cancer (bevacizumab), ovarian cancer 
(bevacizumab)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Intravenous anti- VEGF inhibitors are not com-
monly neurotoxic, but careful monitoring for serious 
neurologic effects should be performed throughout 
therapy. As a class, these agents may all cause revers-
ible posterior leukoencephalopathy syndrome (RPLS) 
manifesting in symptoms such as confusion, seizures, 
fatigue/lethargy, headache, visual changes (includ-
ing blindness), and other neurologic disturbances. 
These effects are reported in less than 1% of patients 
in clinical trials but may result in death or long- term 
impairment. Discontinue these agents for any of the 
above neurologic effects and confirm with magnetic 

resonance imaging (MRI). Symptoms typically resolve 
within days of discontinuation.

Further Reading
Cyramza® (ramucirumab solution) package insert. 

Indianapolis, IN: Eli Lilly and Company; Mar 
2017.

Avastin® (bevacizumab injection, solution) package 
insert. South San Francisco, CA: Genentech, Inc.; 
Dec 2016.

Ozcan C, Wong SJ, Hari P. Reversible posterior 
leukoencephalopathy syndrome and 
bevacizumab. N Engl J Med. 2006;354:980–2.

Zaltrap® (ziv- aflibercept solution) package insert. 
Bridgewater, NJ: Sanofi-aventis US LLC; Jun 2016.

Vinca Alkaloids
Class Members: vincristine (Oncovin®), vinorel-
bine (Navelbine®), vinblastine (Velban®), vindesine 
(Eldisine®)

Typical Uses: leukemias (vincristine), lymphomas (vin-
cristine, vinblastine), neuroblastoma (vincristine), 
breast cancer (vinorelbine, vinblastine), cervical can-
cer (vinorelbine), lung cancer (vinorelbine, vinblas-
tine), ovarian cancer (vinorelbine), bladder cancer 
(vinblastine), prostate cancer (vinblastine), germ cell 
tumors (vinblastine), melanoma (vinblastine), renal 
cancer (vinblastine)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Neurotoxicity is a dose- limiting toxicity for all 
the vinca alkaloids. As a class, neuropathy typically pre-
sents in the extremities. However, neuropathies occur 
at a higher incidence with vincristine. Neuropathy 
can occur with increased single doses, with threshold 
doses of >2–6 mg/m2. For this reason, doses are usu-
ally capped at 2 mg regardless of the patient’s height 
and weight. Vincristine can cause both sensory (35% to 
45%) and motor neuropathies. This can further present 
as autonomic and cranial neuropathies. Autonomic 
neuropathies can manifest as gastrointestinal side 
effects such as constipation and abdominal pain. For 
this reason, patients receiving vincristine infusions 
should be initiated on a bowel regimen. In addition, 
as azole- based therapy can exacerbate these toxicities, 
it is recommended that they not be co- administered 
with vincristine. Symptoms of cranial neuropathy 
are characterized as vision loss and facial weakness. 
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Neurotoxicity can be seen with vinorelbine, vinblas-
tine, and vindesine; however, at a lower incidence than 
vincristine. The neuropathies experienced with vinca 
alkaloids are reported as highly reversible.

Further Reading
Magge R, DeAngelis LM. The double- edged sword: 

neurotoxicity of chemotherapy. Blood Rev. 
2015;29:93–100.

Park SB, Goldstein D, Krishnan AV, et al. 
Chemotherapy-induced peripheral neurotoxicity: 

a critical analysis. CA Cancer J Clin. 2013;63: 
419–37.

Vinblastine sulfate injection, solution package insert. 
Lake Zurich, IL: Fresenius Kabi USA, LLC; Jan 
2017.

Vincristine sulfate injection, solution package insert. 
Lake Forest, IL: Hospira, Inc.; Jan 2017.

Vinorelbine injection, solution package insert. 
Parsippany, NJ: Actavis Pharma, Inc.; May 2015.
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Disease-Modifying Antirheumatic  
Medications (DMARDs)
Daniel J. Langenburg, PharmD Portland VA Medical Center
Rebecca R. Fiore, PharmD Rockford VA Community Based Outpatient Clinic

Abatacept (Orencia®)
Typical Uses: FDA- labeled indications include treatment 
of rheumatoid arthritis (RA) and juvenile idiopathic 
arthritis; off- label uses include uveitis for children or 
adolescents

Potential Neurologic or Psychiatric Medication Adverse 
Effects: A frequent central nervous system side effect 
(>10%) seen in patients is headache. Less than 10% of 
patients experience dizziness. From the controlled tri-
als that were submitted to the FDA, the most common 
central nervous system effects from abatacept use also 
include dizziness and headache. There may be drug 
interactions associated with this medication that require 
specific dose adjustments. Many of these interactions 
are associated with the increased risk of infection and 
malignancy (as the manufacturer does not recommend 
use with anakinra or TNF- inhibitors); however, caution 
should be taken when initiating a new medication when 
a patient is using abatacept as certain medications may 
increase the risk of adverse reactions. There are no black 
box warnings associated with this medication.

Further Reading
Orencia® (abatacept) package insert. Princeton, NJ: 

Bristol-Myers Squibb; Jun 2015.
Sweet B. Abatacept. Am J Health- Syst Pharm. 

2006;63:2065–77.

Hydroxychloroquine (Plaquenil®)
Typical Uses: rheumatoid arthritis, acute malaria, 
systemic lupus erythematosus (SLE), Q fever (non- 
FDA approved)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The frequency of adverse effects with long- term 
use is not well defined between hydroxychloroquine 

and other 4- aminoquinoline anti- malarial medi-
cations (amodiaquine and chloroquine). Possible 
adverse effects include irritability, nervousness, emo-
tional changes, nightmares, psychosis, headache, diz-
ziness, vertigo, tinnitus, nystagmus, nerve deafness, 
convulsions, and ataxia. Potentially irreversible visual 
changes and retinal damage can occur with hydroxy-
chloroquine use. This can present as blurred vision, 
photophobia, halos around light, visual field defects, 
reading difficulty, and flashing lights. The risk of ret-
inal toxicity is typically small at low hydroxychloro-
quine doses and increases when the daily dose exceeds  
6.5 mg/kg of ideal body weight. Eye examinations should 
be performed prior to starting hydroxychloroquine and 
annually thereafter to monitor for changes in vision. 
Hydroxychloroquine should be discontinued if visual 
disturbances occur and the patient should be closely 
monitored. Note that these changes may progress even 
after hydroxychloroquine has been discontinued.

Further Reading
Hydroxychloroquine In Lexi-Drugs. Lexicomp. 

Hudson, OH: Wolters Kluwer Health, Inc. http://
online.lexi.com. Accessed Oct 2, 2016.

Plaquenil® (hydroxychloroquine) package insert. 
Bridgewater, NJ: Sanofi-aventis US LLC; Apr 2012.

IL-1 Inhibitors
Class Members: anakinra (Kineret®), canakinumab 
(Ilaris®)

Typical Uses: anakinra is FDA approved for neonatal- 
onset multisystem inflammatory disease and rheuma-
toid arthritis, off- label uses include juvenile idiopathic 
arthritis and recurrent pericarditis; canakinumab is 
FDA approved for cryopyrin- associated periodic syn-
dromes and systemic juvenile idiopathic arthritis
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Potential Neurologic or Psychiatric Medication Adverse Effects: 
The side effect profile for both IL- 1 inhibitors is similar. 
The most frequent central nervous system effects for this 
class include headache (<15%); canakinumab also has an 
adverse drug event of vertigo. There are drug interactions 
associated with this medication that require specific dose 
adjustments, including those that may increase the risk 
of general adverse drug reactions, as well as an increased 
risk of infection and malignancy. A literature review 
was also completed in 2012, which reviewed the effect 
of immunologic influences on schizophrenia. There has 
been evidence that indicates at least some cases of schizo-
phrenia have an immunologic component. Anakinra has 
been studied in this context, which has shown conflict-
ing results. There is no black box warning associated with 
anakinra or canakinumab use.

Further Reading
Ilaris® (canakinumab) package insert. East Hanover, 

NJ: Novartis Pharmaceuticals; Jul 2016.
Kineret® (anakinra) package insert. Stockholm, Sweden: 

Swedish Orphan Biovitrum AB; May 2016.
Richard M, et al. Schizophrenia and the immune system: 

Pathophysiology, prevention and treatment. Am J 
Health Syst Pharm. 2012;69:757–66.

Leflunomide (Arava®)
Typical Uses: rheumatoid arthritis, cytomegalovirus 
treatment in transplant patients resistant to standard 
antivirals (non- FDA approved), prevention of solid 
organ transplant rejection (non- FDA approved)

Potential Neurologic or Psychiatric Medication Adverse Effects: 
Common adverse effects (1–10%) include headache, diz-
ziness, pain, anxiety, depression, fever, insomnia, malaise, 
migraine, sleep disorders, vertigo, weakness, and pares-
thesia. Leflunomide is considered teratogenic and known 
to cause embryo lethality. All sexually active male and 
female patients taking leflunomide should use appropri-
ate contraception to prevent pregnancy. If a female patient 
becomes pregnant during use, accelerated drug elimina-
tion should occur until the plasma teriflunomide (active 
metabolite of leflunomide) level is <0.02 mg/L.

Further Reading
Arava® (leflunomide) package insert. Bridgewater, NJ: 

Sanofi-aventis US LLC; Feb 2016.

Leflunomide. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Oct 2, 2016.

Methotrexate (Otrexup®, Rasuvo ®, 
Rheumatrex®, Trexall®)
Typical Uses: nononcology uses include treatment of 
psoriasis and rheumatoid arthritis; off- label uses 
include Crohn’s disease, acute graft-versus-host dis-
ease (prophylaxis), dermatomyositis/polymyositis, 
multiple sclerosis, systemic lupus erythematosus, and 
adult uveitis

Potential Neurologic or Psychiatric Medication Adverse 
Effects: There are several different types of effects this 
medication can have on the central nervous system. No 
specific incidence of side effects was disclosed; how-
ever, pertinent effects include cognitive dysfunction, 
drowsiness, fatigue, mood changes, and neurologic 
 symptoms (at high doses, including confusion,  transient 
 blindness, seizures, and coma). Due to  methotrexate 
being a substrate of p- glycoprotein, medications that 
affect the metabolism of p- glycoprotein may affect 
methotrexate levels in a patient, and increase the risk 
of side effects. Methotrexate has been reported to cause 
fetal death and/or congenital anomalies and should be 
avoided for women of childbearing age. There is cur-
rently a black box warning for central nervous system 
effects with methotrexate use in pregnancy, so it should 
only be used if the benefit of use clearly outweighs the 
risk. In addition, methotrexate has been found to have 
higher rates of toxicity in children with Down syn-
drome, and in patients treated for acute lymphoblas-
tic leukemia. It should also be used with caution and 
monitored closely in the elderly due to increased risk of 
toxicity. Methotrexate may cause neurotoxicity related 
to leukoencephalopathy, which may be progressive 
and fatal. In one case report a patient started on meth-
otrexate for rheumatoid arthritis developed increased 
intracranial pressure. The patient presented with  
psychosis, including auditory and visual hallucina-
tions, as well as disturbed sleep. These symptoms 
resolved after discontinuation.

Further Reading
Buitenkamp TD, Mathôt RA, de Haas V, Pieters R, 

Zwaan CM. Methotrexate-induced side effects 
are not due to differences in pharmacokinetics 
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in children with Down syndrome and acute 
lymphoblastic leukemia. Hematologica. 
2010;95:1106–13.

Methotrexate tablet package insert. Morgantown, 
WV: Mylan Pharmaceuticals; May 2013.

Sur S, Chauhan A. Methotrexate-induced 
pseudotumor cerebri and psychosis in a case 
of rheumatoid arthritis. J Neuropsychiatry Clin 
Neurosci. 2012;24:E18.

Sulfasalazine (Azulfidine®)
Typical Uses: FDA- labeled indications for rheumatoid 
arthritis and ulcerative colitis; off- label uses include 
Crohn’s disease, psoriasis, ankylosing spondylitis, and 
psoriatic arthritis

Potential Neurologic or Psychiatric Medication Adverse  
Effects: The most frequent central nervous system effect 
seen in patients taking this medication is headache 
(<10%). Less frequent neurologic effects from sulfasala-
zine (<1%) include depression, drowsiness, hallucina-
tion, peripheral neuropathy, and seizures. No specific 
drug interactions were noted that would increase the 
risks of psychiatric medication adverse effects, and there 
is no black box warning associated with this medica-
tion. However, there is a precaution for central nervous 
 system effects, due to death from irreversible neuromus-
cular and central nervous system changes. There is no 
clear risk of psychoses for patients being treated with 
sulfasalazine. There are cases of patients experiencing 
mood disturbances and psychoses when sulfasalazine 
is combined with chloroquine, but none found to be 
related to sulfasalazine only.

Further Reading
Azulfidine® (sulfasalazine) package insert. 

Kalamazoo, MI: Pharmacia & Upjohn; Feb 2014.
Jajić Z, Jajić I. Acute psychoses in patients with 

psoriatic arthritis during treatment with 
sulfasalazine. Reumatizam. 1998;46:43–4.

Tumor Necrosis Factor- Alpha (TNF- α) Inhibitors
Class Members: adalimumab (Humira®), certolizumab 
pegol (Cimzia®), etanercept (Enbrel®), golimumab 
(Simponi®), infliximab (Remicade®)

Typical Uses: rheumatoid arthritis, ankylosing spondy-
litis, psoriatic arthritis, plaque psoriasis (adalimumab, 
etanercept, infliximab), Crohn’s disease (adalimumab, 
certolizumab pegol, infliximab), ulcerative colitis 
(adalimumab, golimumab, infliximab), hidradenitis 
suppurativa (adalimumab), uveitis (adalimumab)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Non- CNS adverse effect profiles of TNF- α 
inhibitors are similar among class members. Very 
common neurologic adverse effects (>10%) include 
headache (adalimumab, infliximab). Common 
adverse effects (1–10%) include paresthesia (adal-
imumab, golimumab), headache (certolizumab 
pegol, etanercept), confusion (adalimumab), fatigue/
weakness (certolizumab pegol, etanercept, inflixi-
mab), pain (adalimumab, infliximab), myasthenia 
(adalimumab), tremor (adalimumab), anxiety (cer-
tolizumab), bipolar mood disorder (certolizumab), 
suicidal tendencies (certolizumab), dizziness (goli-
mumab), and chills (infliximab). Post- marketing 
surveillance has revealed the potential for new onset 
or worsening demyelinating central nervous  system 
 diseases with TNF- α inhibitor use. These include 
optic neuritis, multiple sclerosis, systemic vasculitis, 
and Guillain–Barré syndrome. Any patient develop-
ing these neurologic side effects with a TNF- α inhibi-
tor should discontinue therapy and consider use of an 
alternative agent.

Further Reading
Adalimumab. In Lexi-Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Oct 3, 2016.

Certolizumab. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Oct 3, 2016.

Etanercept. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Oct 3, 2016.

Golimumab. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Oct 3, 2016.

Infliximab. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Oct 3, 2016.
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Medications to Treat Neurodegenerative Diseases
Angela M. Hill, PharmD, BCPP, CPh University of South Florida Byrd Alzheimer’s Institute
Jasmine B. R. Cutler, PharmD, CPh University of South Florida Byrd Alzheimer’s Institute
Kristin Robinson, PharmD Florida A&M University College of Pharmacy and Pharmaceutical Sciences

Amantadine (Symmetrel®)
Typical Uses: idiopathic Parkinson’s disease, posten-
cephalitic parkinsonism, symptomatic parkinsonism 
(due to carbon monoxide intoxication), drug- induced 
extrapyramidal reactions, influenza A prophylaxis 
and treatment, Parkinson’s disease dementia, chorea 
of Huntington’s disease, multiple sclerosis- related 
fatigue, restless legs syndrome, traumatic brain injury, 
Lewy body dementia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most frequent adverse effects associated 
with amantadine (1–10%) include headache, diz-
ziness, drowsiness, fatigue, confusion, abnormal 
dreams, agitation, irritability, anxiety, nervousness, 
insomnia, ataxia (uncontrolled body movements), 
delirium, hallucinations, and depression. Additional 
adverse effects include xerostomia (dry mouth), gas-
tric distress (e.g., nausea), anorexia, constipation, and 
diarrhea. Patients should not operate heavy machin-
ery or perform tasks that require mental alertness until 
they know how amantadine affects their physical and 
mental capabilities. Amantadine should be used with 
caution in patients with a history of psychosis, seizure 
disorder, cardiovascular disease, and hepatic and renal 
impairment. Patients with untreated angle closure 
glaucoma should avoid the use of amantadine due to 
its anticholinergic- like side effects. Doses of amanta-
dine should be divided and administered twice daily 
to elderly patients to decrease the risk of central nerv-
ous system effects. Prescribers should monitor behav-
iors associated with impulse control disorders such as 
pathologic gambling, hypersexuality, and/or binge eat-
ing. Benefits from amantadine therapy in Parkinson’s 
disease decrease over time (e.g., several months); 
however, abrupt discontinuation of amantadine is 
strongly discouraged to avoid neuroleptic malignant 
syndrome (NMS). NMS is characterized by fever or 

hyperthermia, muscle rigidity, altered consciousness, 
involuntary movements, altered mental status, tachy-
cardia, and hyper- or hypotension. Additional labora-
tory findings may indicate NMS such as leukocytosis 
and CPK elevation. Prescribers are advised to slowly 
taper doses with caution to avoid agitation, delirium, 
hallucinations, paranoia, parkinsonian crisis, slurred 
speech, or stupor. Prescribers are also advised to mon-
itor for potential drug–drug interactions that may 
decrease the therapeutic effect of amantadine, increase 
the risk of anticholinergic effects, or increase the risk of 
QTc-prolongation.

Further Reading
Amantadine. Clinical Pharmacology [Internet]. 

Tampa, FL: Elsevier. 2017. Available from  
www.clinicalpharmacology.com. Accessed Aug 
14, 2017.

Chen JJ, Dashtipour K. Parkinson disease. In DiPiro JT, 
Talbert RL, Yee GC, et al., eds. Pharmacotherapy: a 
pathophysiologic approach. 10th ed. New York, NY: 
McGraw-Hill; 2017: p. 895. http://accesspharmacy 
.mhmedical.com.ezproxy.hsc.usf.edu/content 
.aspx?bookid=1861&sectionid=134127873. 
Accessed Aug 14, 2017.

Lexicomp Online, Lexi- Drugs Online. Hudson, OH: 
Wolters Kluwer Clinical Drug Information, Inc.; 
Aug 14, 2017.

Spritzer SD, Kinney CL, Condie J, et al. Amantadine 
for patients with severe traumatic brain 
injury: a critically appraised topic. Neurologist. 
2015;19:61–4.

Stinton C, McKeith I, Taylor JP, et al. Pharmacological 
management of Lewy body dementia: a 
systematic review and meta-analysis.  
Am J Psychiatry. 2015;172:731–42.
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Symmetrel® (amantadine hydrochloride) package 
insert. Chadds Ford, PA. Endo Pharmaceuticals 
Inc.; Jan 2009.

Anticholinergics
Class Members: atropine, benztropine (Cogentin®), 
trihexyphenidyl (Artane®), oxybutynin (Ditropan®, 
Gelnique®, Oxytrol®), tolterodine (Detrol®), darifena-
cin (Enablex®), solifenacin (Vesicare®), tiotropium 
(Spiriva®), ipratropium (Atrovent®), meclizine, pro-
methazine (Phenergan®), cyproheptadine, diphenhy-
dramine (Benadryl®)

Typical Uses: Parkinson’s disease, drug- induced extra-
pyramidal disorders, overactive bladder, hypersen-
sitivity reactions, allergic rhinitis, asthma, chronic 
obstructive pulmonary disease (COPD), nausea and 
vomiting, motion sickness, insomnia, benign prostatic 
hyperplasia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile is similar among 
agents within the anticholinergic class, yet various 
agents possess differing degrees of anticholinergic 
properties. The most frequently encountered adverse 
effects (>10%) include dry mouth, dry skin, dental 
problems, constipation, blurred vision, hyperpyrexia 
(overheating), confusion, sedation, and dementia- 
like symptoms (especially with long- term use). These 
adverse effects are dose dependent, and concomitant 
use of multiple agents with anticholinergic properties 
simultaneously increases the overall anticholinergic 
burden scale and adverse side effects. Anticholinergic 
side effects are more pronounced in the elderly popula-
tion, and may increase the risk for falls and injury. This 
occurs because clearance of medications is reduced in 
advanced age, and tolerance develops when anticho-
linergics are used for insomnia. The use of medications 
with strong anticholinergic effects increases the cumu-
lative risk of cognitive impairment and mortality, espe-
cially in the elderly. Darifenacin and solifenacin are 
uroselective agents and are preferred in patients who 
are intolerant to anticholinergic adverse effects. Use of 
transdermals, like Gelnique, or extended release for-
mulations may also lower incidence of anticholinergic 
adverse effects. Other less common but noteworthy 
adverse effects include nervousness, exacerbation of 
preexisting psychotic symptoms, increased anxiety, 
disorientation, depression, visual hallucinations, 
numbness of fingers, dysphonia (difficulty in speaking), 

mydriasis (dilation of the pupil), cycloplegia (paralysis 
of accommodation), tachycardia, cardiac arrhythmias, 
rapid, shallow breathing, nausea, increased intraocular 
pressure, and urinary retention.

Further Reading
American Geriatrics Society. Updated Beers criteria 

for potentially inappropriate medication use in 
older adults. J Am Geriatr Soc. 2015;63:2227–46.

Cai X, Campbell N, Khan B, et al. Long-term 
anticholinergic use and the aging brain. 
Alzheimers Dement. 2013;9:377–85.

Fox C, Richardson K, Maidment ID, et al. 
Anticholinergic medication use and cognitive 
impairment in the older population: the Medical 
Research Council Cognitive Function and Aging 
Study. J Am Geriatr Soc. 2011;59:1477–83.

Haft S, Farquhar D, Carey R, Mirza N. Anticholinergic 
use is a major risk factor for dysphonia. Ann Otol 
Rhinol Laryngol. 2015;124:797–802.

Kara Ő, Arik G, Kizilarslanoglu MC, et al. Potentially 
inappropriate prescribing according to the 
STOPP/START criteria for older adults. Aging 
Clin Exp Res. 2016;28:761–8.

Mintzer J, Burns A. Anticholinergic side- effects of 
drugs in elderly people. J R Soc Med. 2000;93: 
457–462.

Salahudeen MS, Duffull SB, Nishtala PS. 
Anticholinergic burden quantified by 
anticholinergic risk scales and adverse outcomes 
in older people: a systematic review. BMC Geriatr. 
2015;15:31.

Catechol-O-Methyl Transferase (COMT) 
Inhibitors
Class Members: entacapone (Comtan®), tolcapone 
(Tasmar®)

Typical Uses: Parkinson’s disease

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Hallucinations, confusion, tremors, muscle 
pain, dizziness, drowsiness, insomnia, or dreaming 
more than usual can occur. The most common side 
effects with this class of medications include diarrhea, 
elevated liver transaminases, discoloration of urine, 
and rhabdomyolysis. Because of the risk of liver dis-
ease, treatment with tolcapone should be discontinued 
within 3 weeks of initiation if no clinical benefit is seen. 
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Tolcapone should be discontinued if individual liver 
transaminases (SGOT or SGPT) exceed two times the 
upper limit of normal or if clinical signs and symptoms 
suggest the onset of hepatic dysfunction (i.e., nausea, 
fatigue, lethargy, anorexia, jaundice, dark urine, pru-
ritus, and/or right upper quadrant tenderness). When 
these agents are used with levodopa/carbidopa, dyski-
nesias may occur.

Further Reading
Burn D. Parkinson’s disease: treatment. The 

Pharmaceutical Journal. 2000;264:476–9.
Chen JJ, Swope D. Parkinson’s disease. In DiPiro JT, 

Talbert RL, Yee GC, et al., eds. Pharmacotherapy: 
a pathophysiologic approach. 9th ed. New 
York: McGraw-Hill Education/Medical; 2014: 
Chapter 43.

Entacopone. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Feb 26, 2016.

Jankovic J, Aguillar L. Current approaches to the 
treatment of Parkinson’s disease. Neuropsychiatr 
Dis Treat. 2008;4:743–57.

Müller T. Catechol-O-methyltransferase inhibitors in 
Parkinson’s disease. Drugs. 2015;75:157–74.

Tolcapone. In Lexi-Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Feb 26, 2016.

Cholinesterase Inhibitors
Class Members: donepezil (Aricept®), memantine/done-
pezil (Namzaric®), rivastigmine (Exelon®), galantam-
ine (Razadyne®, Reminyl®)

Typical Uses: Alzheimer’s disease and other dementias, 
rivastigmine is FDA- approved for Parkinson’s disease 
dementia

Potential Neurologic or Psychiatric Medication Adverse 
Events: The adverse effect profile is similar among the 
agents within the cholinesterase inhibitor class. Very 
common adverse effects (>10%) include nausea, vom-
iting, diarrhea, loss of appetite, tired feeling, or sleep 
problems. Muscle cramps, vivid dreams, or nightmares 
are commonly seen with donepezil. Stevens–Johnson 
syndrome and acute generalized exanthematous pus-
tulosis have been reported in patients taking galan-
tamine. Patients taking cholinesterase inhibitors are 
at risk for seizures and impaired cardiac conduction.  

Allergic dermatitis may occur with the rivastigmine 
transdermal patch. Clinicians are encouraged to 
inform patients to administer this class with food to 
minimize gastric distress, and to protect the sleep qual-
ity by administering the once-a-day products in the 
morning with meals.

Further Reading
Agboton C, Mahdavian S, Singh A, Ghazvini P, 

Hill A, et al. Impact of nighttime donepezil 
administration on sleep in the older adult 
population: a retrospective study. Mental Health 
Clinician. 2014;4:95.

Alzheimer’s Disease. Pharmacotherapy. A 
Pathophysiologic Approach. 2014. McGraw Hill 
Companies.

Birks J. Cholinesterase inhibitors for Alzheimer’s disease. 
Cochrane Database Syst Rev. 2006;25:CD005593.

Chitnis S, Rao J. Rivastigmine in Parkinson’s disease 
dementia. Expert Opin Drug Metab Toxicol. 
2009;5:941–55.

Dwolatzky T, Clarfield A. Cholinesterase inhibitors 
and memantine in more advanced Alzheimer’s 
disease. The debate continues. Aging Health. 
2012;8:233–7.

Emre M, Aarsland D, Albanese A, et al. Rivastigmine 
for dementia associated with Parkinson’s disease. 
N Engl J Med. 2004;351:2509–18.

Howard R, McShane R, Lindesay J, et al. Donepezil and 
memantine for moderate-to-severe Alzheimer’s 
disease. N Engl J Med. 2012;366:893–903.

Lockhart I, Mitchell S, Kelly S. Safety and tolerability 
of donepezil, rivastigmine and galantamine for 
patients with Alzheimer’s disease: systemic review 
of the “real- world” evidence. Dement Geriatr 
Cogn Disord. 2009;28:389–403.

Dopamine Agonists
Class Members: bromocriptine (Parlodel®), carber-
goline (Dostinex®), pergolide (Permax®), pra mipex-
ole (Mirapex®), ropinorole (Requip®), apomorphone 
(Apokyn®), rotigitine (Neupro®), quinagolide 
(Norprolac®)

Typical Uses: Parkinson’s disease, restless leg syndrome, 
hyperprolactinemia, acromegaly

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Potential neuropsychiatric adverse effects 
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include hallucinations, headache, confusion, light-
headedness, seizures, exacerbation of dyskinesias 
(twitching, twisting, uncontrolled repetitive move-
ments of the tongue, lips, face, arms, or legs), dizziness, 
mood or mental changes, and sudden drowsiness. 
Other side effects that can occur include postural 
hypotension, chest pain, discomfort, or pressure, 
chills, cold sweats, and swelling. Pleuropulmonary 
fibrosis can occur with the ergoline derivatives (i.e., 
bromocriptine, cabergoline, pergolide). Application 
site reactions (i.e., burning, itching, redness, skin rash, 
swelling, or soreness) can occur with rotigitine. Some 
patients experience new or unusual or increased urges 
while taking bromocriptine.

Further Reading
Burn D. Parkinson’s disease: treatment. Pharm J. 

2000;264:476–9.
Chen JJ, Swope D. Parkinson’s disease. In DiPiro JT, 

Talbert RL, Yee GC, et al., eds. Pharmacotherapy: 
a pathophysiologic approach. 9th ed. New 
York: McGraw-Hill Education/Medical; 2014. 
Chapter 43.

Jankovic J, Aguillar L. Current approaches to the 
treatment of Parkinson’s disease. Neuropsychiatr 
Dis Treat. 2008;4:743–57.

Moore T, Glenmullen J, Mattison D. Reports of 
pathological gambling, hypersexuality, and 
compulsive shopping associated with dopamine 
receptor agonist drugs. JAMA Intern Med. 
2014;174:1930–3.

Pérez-Pérez J, Pagonabarraga J, Martínez-Horta 
S, et al. Head-to-head comparison of the 
neuropsychiatric effect of dopamine agonists in 
Parkinson’s disease: a prospective, cross- sectional 
study in non- demented patients. Drugs Aging. 
2015;32(5):401–7.

Weiss H, Pontone G. Dopamine receptor agonist 
drugs and impulse control disorders. JAMA 
Intern Med. 2014;174(12):1935–7.

Dopamine Precursors
Class Members: levodopa/carbidopa (Sinemet®, Sinemet 
CR®, Duopa®, Rytary®), levodopa/carbidopa/entaca-
pone (Stalevo®)

Typical Uses: Idiopathic Parkinson’s disease, posten-
cephalitic parkinsonism associated with cerebral 
arteriosclerosis, symptomatic parkinsonism (due to 

carbon monoxide intoxication and/or manganese 
intoxication), restless leg syndrome (RLS), amblyopia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Patients diagnosed with Parkinson’s disease 
can be prescribed levodopa (or other affiliated for-
mulations) as the disease progresses. Doses should be 
started low and slowly titrated according to symptom 
control and patient tolerability. The most frequent 
adverse effects associated with dopamine precursors 
(>10%) include dyskinesias (on–off episodes) and 
involuntary movements, orthostatic hypotension, syn-
cope, hypotension, dizziness, headache, gastric distress, 
depression with suicidal ideations, insomnia, anxiety, 
confusion, abnormal dreams and nightmares, and poly-
neuropathy. Additional adverse effects (1–10%) include 
hallucinations, agitation, somnolence, hypersexuality, 
and impulse behaviors (e.g., pathologic gambling). 
Motor fluctuations or “on–off “episodes develop over 
time with an estimated risk of 10% per year of levodopa 
use; however, motor fluctuations may develop within 5 
to 6 months of therapy. Abrupt discontinuation of all 
levodopa- containing agents is strongly discouraged to 
avoid neuroleptic malignant syndrome (NMS). NMS is 
characterized by fever or hyperthermia, muscle rigidity, 
altered consciousness, involuntary movements, altered 
mental status, tachycardia, and hyper- or hypotension. 
Additional laboratory findings may indicate NMS such 
as leukocytosis and CPK elevation. Prescribers are 
advised to slowly taper doses with caution to avoid agita-
tion, delirium, hallucinations, paranoia, parkinsonian 
crisis, slurred speech or stupor. Levodopa- containing 
agents should be used with caution in patients with a 
history of psychosis, seizure disorder, cardiovascular 
disease, and hepatic and renal impairment.

Further Reading
Chen JJ, Dashtipour K. Parkinson disease. In DiPiro JT, 

Talbert RL, Yee GC, et al. eds. Pharmacotherapy: a 
pathophysiologic approach. 10th ed. New York, NY: 
McGraw-Hill; 2017: p. 895. http://accesspharmacy 
.mhmedical.com.ezproxy.hsc.usf.edu/content 
.aspx?bookid=1861&sectionid=134127873. 
Accessed Aug 14, 2017.

Jankovic J, Aguillar L. Current approaches to the 
treatment of Parkinson’s disease. Neuropsychiatr 
Dis Treat. 2008;4:743–57.

Lexicomp Online, Lexi- Drugs Online. Hudson, OH: 
Wolters Kluwer Clinical Drug Information, Inc. 
Accessed Aug 14, 2017.
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Sinemet® (carbidopa levodopa tablets) package insert. 
Morgantown, WV: Mylan Pharmaceuticals Inc.; 
Jul 2014.

Stalevo® (carbidopa, levodopa and entacapone 
tablets) package insert. East Hanover, New Jersey. 
Novartis Pharmaceuticals Inc.; Feb 2016.

Thanvi B, Lo N, Robinson T. Levodopa-induced 
dyskinesia in Parkinson’s disease: clinical features, 
pathogenesis, prevention and treatment. Postgrad 
Med J. 2007;83:384–8.

Memantine (Namenda®, Namenda XR®), 
Memantine/Donepezil (Namzaric®)
Typical Uses: Alzheimer’s disease, mild to moderate vas-
cular dementia, depression, schizophrenia, obsessive- 
compulsive disorder, substance abuse, pervasive 
development disorders, bipolar disorder, acquired 
pendular nystagmus, and binge eating disorder

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most frequent adverse effects (>5%) 
include dizziness, headache, confusion, constipation, 
agitation, somnolence, amnesia, anxiety, sedation, 
insomnia, hyperactivity, and increased sexual interest 
and arousal. Additional adverse effects (<5%) include 
depression, hallucinations, hypertension, influenza- 
like symptoms/upper respiratory infections, and 
peripheral edema. Administration with a morning 
meal to avoid insomnia and gastric distress is advised. 
Memantine should be used with caution in patients 
with existing cardiovascular disease (e.g., angina, 
bradycardia), renal and hepatic impairment, and sei-
zure disorders. Should be used with extreme caution 
in patients who report a hypersensitivity to memantine 
or an allergy to any of its derivatives (e.g., amantadine).

Further Reading
Albrecht H, Dieterich M, Pöllmann W, Starck M, 

Straube A. Drug therapy for acquired pendular 
nystagmus in multiple sclerosis. J Neurol. 
1996;244:9–16.

Lexicomp Online, Lexi- Drugs Online. Hudson, Ohio: 
Wolters Kluwer Clinical Drug Information, Inc.; 
Aug 14, 2017.

Matsunaga S, Kishi T, Iwata N. Memantine 
monotherapy for Alzheimer’s disease: a 
systematic review and meta-analysis. PloS One. 
2015;10:e0123289.

Memantine. Clinical Pharmacology [Internet]. Tampa, 
FL: Elsevier; 2017. Available from: www 
.clinicalpharmacology.com. Accessed Aug 14, 201.

Namenda (memantine hydrochloride) extended 
release capsule package insert. New York City, 
NY: Forest Pharmaceuticals, Inc.; Jun 2016.

Robinson DM, Keating GM. Memantine: a review 
of its use in Alzheimer’s disease. Drugs. 
2006;66:1515–34.

Shi X, Lin X, Hu R, Sun N, Hao J, Gao C. Toxicological 
differences between NMDA receptor antagonists 
and cholinesterase inhibitors. Am J Alzheimers 
Dis Other Demen. 2016;31:405–12.

Zdanys K, Tampi RR. A systematic review of off- label 
uses of memantine for psychiatric disorders. 
Prog Neuropsychopharmacol Biol Psychiatry. 
2008;32:1362–74.

Natalizumab (Tysabri®)
Typical Uses: multiple sclerosis, Crohn’s disease

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most frequent adverse effects associated 
with natalizumab (>10%) include headache, fatigue, 
depression, neuromuscular effects (e.g., arthralgia, 
extremity pain, and back pain), rash, infusion- related 
reactions, influenza or flu- like syndrome, nausea, 
gastroenteritis, abdominal discomfort, and respira-
tory and urinary tract infections. Additional adverse 
effects (1–10%) include vertigo, dysesthesia (impair-
ment of sensitivity  – touch), syncope, somnolence, 
muscle cramps, tremors, rigors, joint swelling, night 
sweats, peripheral edema, and menstrual irregu-
larities. Natalizumab, a monoclonal antibody, is an 
immunosuppressive agent, which may increase the 
risk of opportunistic and severe herpes infections. 
Natalizumab is also associated with hepatotoxicity 
and a rare, yet severe inflammatory response, due to 
immune system recovery, known as immune recon-
stitution inflammatory syndrome (IRIS). All potential 
candidates should receive a full workup and be assessed 
for human immunodeficiency virus (HIV), treponema, 
hepatitis B and C, cytomegalovirus (CMV), and tuber-
culosis prior to initiating therapy. Tysabri® has a boxed 
warning for progressive multifocal leukoencephalopa-
thy (PML), a disabling and potentially fatal opportun-
istic viral infection of the brain. Signs and symptoms 
associated with PML include cognitive impairment, 
visual deficits, apraxia (inability to execute movements 
although one is physically capable of executing them), 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.038
https://www.cambridge.org/core


Section 2 Medication Adverse Effects

772

and seizures. Risk factors for PML include prolonged 
used of natalizumab (>2 years), history of immuno-
suppressive therapy, and anti- JC virus antibodies. 
The risk of developing PML ranges from <1/1000 in 
patients who are anti- JCV antibody- negative, have no 
history of immunosuppressive therapy, and treatment 
with natalizumab less than 24 months to up to 13/1000 
in patients who are anti- JCV antibody- positive, have a 
history of immunosuppressive therapy, and treatment 
with natalizumab greater than 24 months. There are 
currently no interventions that may prevent or treat 
PML. Although discontinuation of natalizumab in the 
presence of PML is advised, PML has been reported fol-
lowing the discontinuation of Tysabri®. Routine mon-
itoring of lab tests (e.g., liver function, CBC, ELISA, 
CSF), imaging (e.g., MRI), and signs and symptoms of 
PML for at least 6 months is strongly advised. Tysabri® 
is only available through the TOUCH® Prescribing 
Program to registered patients, prescribers, and select 
pharmacies and infusion centers.

Further Reading
Coles A. Newer therapies for multiple sclerosis. Ann 

Indian Acad Neurol. 2015;18(Suppl 1):S30–34.
Fabis-Pedrini MJ, Xu W, Burton J, et al. Asymptomatic 

progressive multifocal leukoencephalopathy 
during natalizumab therapy with treatment. J Clin 
Neurosci. 2016;25:145–7.

Lexicomp Online, Lexi- Drugs Online. Hudson, Ohio: 
Wolters Kluwer Clinical Drug Information, Inc.; 
Aug 14, 2017.

Natalizumab. Clinical Pharmacology [Internet]. Tampa, 
FL: Elsevier; 2017. www.clinicalpharmacology 
.com. Accessed Aug 14, 2017.

Plavina T, Subramanyam M, Bloomgren G, et al. 
Anti-JC virus antibody levels in serum or plasma 
further define risk of natalizumab- associated 
progressive multifocal leukoencephalopathy. Ann 
Neurol. 2014;76:802–12.

Rommer PS, Dudesek A, Stuve O, et al. Monoclonal 
antibodies in treatment of multiple sclerosis. Clin 
Exp Immunol. 2014;175:373–84.

Tysabri® (natalizumab) injection package insert. 
Cambridge, MA: Biogen, Idec Inc.; May 2016.

Riluzole (Rilutek®)
Typical Uses: Riluzole is FDA- approved for amyotrophic 
lateral sclerosis (ALS); however, there are case reports 

and off- label use of riluzole in refractory depression, 
obsessive- compulsive disorder, generalized anxiety 
disorder, and chorea of Huntington’s disease.

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects include asthe-
nia (abnormal physical weakness or lack of energy), 
vertigo, somnolence, dizziness, malaise, anorexia, 
and circumoral paresthesias (abnormal sensation 
around the mouth). Asthenia, circumoral paresthe-
sia, anorexia, dizziness, somnolence, and vertigo 
are thought to be dose- related. Additional common 
adverse effects include nausea, abdominal pain, vom-
iting, and constipation. Other less common adverse 
effects include agitation, hostility, and tremor (at least 
1%). Dizziness occurs more often in women (11%) 
than men (4%).

Further Reading
Armstrong MJ, Miyasaki JM. Evidence-based 

guideline: pharmacologic treatment of chorea 
in Huntington disease: report of the guideline 
development subcommittee of the American 
Academy of Neurology. Neurology. 2012;79: 
597–603.

Coric V, Taskiran S, Pittenger C, et al. Riluzole 
augmentation in treatment- resistant obsessive–
compulsive disorder: an open- label trial. Biol 
Psych. 2005;58:424–8.

Miller R, Jackson C, Kasarskis E, et al. Practice 
parameter update: the care of the patient with 
amyotrophic lateral sclerosis: drug, nutritional, 
and respiratory therapies (an evidence- based 
review). Report of the quality standards 
subcommittee of the American Academy of 
Neurology. Neurology. 2009:73:1218–26.

Phuken J, Hardiman O. The management of 
amyotrophic lateral sclerosis. J Neurol. 
2009;256:176–86.

Pollack M. Refractory generalized anxiety disorder.  
J Clin Psych. 2009;70(Suppl 2):32–8.

Rilutek (riluzole) tablet [product information]. Laval, 
Quebec: Sanofi-aventis Canada, Inc; May 2010.

Rilutek. In RxList®. WebMD, LLC. www.rxlist.com. 
Accessed Jan 28, 2016.

Sanacora G, Kendell S, Levin Y, et al. Preliminary 
evidence of riluzole efficacy in antidepressant- 
treated patients with residual depressive 
symptoms. Biol Psychiatry. 2007;61:822–5.

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.038
https://www.cambridge.org/core


Medications to Treat Neurodegenerative Diseases

773

Tetrabenazine (Xenazine®)
Typical Uses: tetrabenazine is FDA- approved for chorea 
associated with Huntington disease; however, there 
are case reports of off- label use of tetrabenazine in the 
treatment of tardive dyskinesia, and to a lesser extent 
in the treatment of tics associated with Tourette’s syn-
drome, dystonia, and myoclonus

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most frequently encountered adverse 
effects (>10%) include sedation/somnolence, depres-
sion, anxiety, insomnia, akathisia (agitation and rest-
lessness), fatigue, and nausea. Other less common 
adverse effects include parkinsonism, bradykinesia 
(slowness of movement), extrapyramidal disorder, 
hypertonia (abnormal increase in muscle tension), bal-
ance difficulty, falls, and dysphagia (difficulty swallow-
ing). All these side effects appear to be dose related and 
have higher incidence when used concomitantly with 
selective serotonin reuptake inhibitors (SSRIs), mood- 
stabilizing antiepileptic drugs, or antipsychotics. If 
combined with an SSRI, fluoxetine and paroxetine 
should be avoided. Other potential side effects asso-
ciated with tetrabenazine include prolongation of the 
QT interval, orthostatic hypotension, and neuroleptic 
malignant syndrome (NMS). Adverse reactions such 
as QT interval prolongation, NMS, and extrapyramidal 

disorders may be increased with concomitant use of 
dopamine antagonists. Several post- marketing adverse 
events reported include tremors, confusion, and wors-
ening aggression. Tetrabenazine possesses a black box 
warning for increasing the risk compared with placebo 
of suicidal thinking and depression in patients with 
Huntington’s disease.

Further Reading
DiPiro JT. Pharmacotherapy: a pathophysiologic 

approach. 9th ed. New York: McGraw-Hill 
Medical; 2014.

Kertesz DP, Swartz MV, Tadger S, et al. Tetrabenazine 
for tardive tremor in elderly adults: a prospective 
follow- up study. Clin Neuropharmacol. 
2015;38:23–5.

Margolis RL. Tetrabenazine, depression and suicide: 
good news. J Huntingtons Dis. 2014;3:137–8.

Mehanna R, Hunter C, Davidson A, et al. Analysis of 
CYP2D6 genotype and response to tetrabenazine. 
Mov Disord. 2013;28:210–15.

Xenazine® (tetrabenazine tablets) package insert. 
Washington, DC: Prestwick Pharmaceuticals; 
May 2008.

Xenazine. In RxList®. WebMD, LLC. www.rxlist.com. 
Accessed Feb 3, 2016.
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Brivaracetam (Briviact®)
Typical Uses: adjunctive treatment for focal seizures for 
patients 16 years of age and older

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
dizziness, somnolence, and sedation. Common 
adverse events (1–10%) include fatigue, gait distur-
bance, balance disorder, and irritability. Only somno-
lence and sedation were determined to be dose- related 
adverse reactions. Suicidal behavior and ideation is 
a warning for all antiseizure medications. Patients 
should be monitored regularly for changes in mood 
and suicidal thoughts. Hypersensitivity reactions 
have been reported including bronchospasm and 
angioedema. Brivaracetam is secondarily metabolized 
by CYP 2C19 and poor metabolizers may require lower 
doses. Brivaracetam did not provide any additional 
therapeutic benefit when added to levetiracetam treat-
ment. Slow titration is recommended particularly with 
elderly patients.

Further Reading
Briviact (brivaracetam) package insert. Smyrna, GA: 

UCB, Inc.; Mar 2016.

Carbamazepine (and Related Agents Like 
Oxcarbazepine, Eslicarbazepine)
Class Members: carbamazepine (Tegretol®, Tegretol 
XR®, Carbatrol®, Equetro®), oxcarbazepine (Trileptal®, 
Oxtellar XR®), eslicarbazepine acetate (Aptiom®)

Typical Uses: trigeminal neuralgia, bipolar 1 acute manic 
or mixed episodes, focal onset seizures with or without 
secondary generalization.

Potential Neurologic or Psychiatric Medication Adverse Events: 
Very common adverse events (>10%) include ataxia, 
dizziness, somnolence, nystagmus, and headache. 
Common adverse events (1–10%) include asthenia, 
trouble with speech, paresthesia, tremor, vertigo, impair-
ment of balance, insomnia, anxiety, and mood swings. 
Specific to carbamazepine and its tricyclic structure, 
monoamine oxidase inhibitor (MAOI) medications 
should be avoided within 14 days of taking carbamaze-
pine and caution with concomitant tricyclic antidepres-
sants is warranted. Patients of Asian descent should be 
considered for testing for the HLA-B*1502 allele, which 
has been found to be associated with a higher risk of toxic 
epidermal necrolysis and Stevens–Johnson syndrome. 
Additionally, the HLA-A*3101 allele is associated 
with an increased risk of serious rash in patients with 
European, Korean, and Japanese ancestry. Drug reac-
tion with eosinophilia and systemic symptoms (DRESS) 
including Stevens–Johnson syndrome and toxic epi-
dermal necrolysis has been reported. Rashes should be 
examined and discontinuation of the medication should 
be considered. The presence of a fever, elevated liver 
function tests, and eosinophilia should be evaluated for 
suspected DRESS. Suicidal behavior and ideation is a 
warning for all antiseizure medications. Patients should 
be monitored regularly for changes in mood and suicidal 
thoughts. Hyponatremia can occur during the use of 
any of these medications and may present with lethargy, 
confusion, malaise, or obtundation. Cross- sensitivity 
can occur between carbamazepine and oxcarbazepine/
eslicarbazepine requiring close patient monitoring for 
signs of hypersensitivity. Carbamazepine causes signif-
icant liver enzyme induction resulting in the potential 
for numerous drug–drug interactions. Special attention 
should be paid to patients’ concomitant medications 
when carbamazepine is added to or removed from a 
patient’s medication regimen.
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Further Reading
Aptiom (eslicarbazepine acetate) package insert. 

Marlborough, MA: Sunovion Pharmaceuticals 
Inc.; Sep 2016.

Tegretol (carbamazepine) package insert. East 
Hanover, NJ: Novartis Pharmaceuticals 
Corporation; Jan 2014.

Trileptal (oxcarbazepine) package insert. East 
Hanover, NJ: Novartis Pharmaceuticals 
Corporation; April 2017.

Ethosuximide (Zarontin®)
Typical Uses: absence seizures

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse effects (>10%) include 
fatigue and headache. Common adverse effects (1–10%) 
include hyperactivity, attention problems, hostility, 
decreased concentration, personality changes, sleep 
problems, depression, memory problems, dizziness, 
and apathy. Drug reaction with eosinophilia and sys-
temic symptoms (DRESS) including Stevens–Johnson 
syndrome and toxic epidermal necrolysis has been 
reported. Rashes should be examined and discon-
tinuation of the medication should be considered. 
The presence of a fever, elevated liver function tests, 
and eosinophilia should be evaluated for suspected 
DRESS. Suicidal behavior and ideation is a warning 
for all antiseizure medications. Patients should be 
monitored regularly for changes in mood and suicidal  
thoughts.

Further Reading
Glauser TA, Cnaan A, Shinnar S, et al. Ethosuximide, 

valproic acid, and lamotrigine in childhood 
absence epilepsy: Initial monotherapy outcomes 
at 12 months. Epilepsia. 2013;51:141–55.

Zarontin (ethosuximide capsule) package insert. New 
York, NY: Parke-Davis Div of Pfizer Inc.; May 
2016.

Felbamate (Felbatol®)
Typical Uses: refractory patients with seizures where 
the potential benefits of treatment outweigh the risk of 
aplastic anemia or liver failure; focal onset seizures in 
adults as monotherapy and adjunctive treatment and 
in children with Lennox–Gaustaut

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse effects (>10%) include 
headache, somnolence, dizziness, and insomnia. 
Common adverse effects (1–10%) include anxiety, 
tremor, depression, paresthesia, ataxia, nervousness, 
emotional lability, and agitation. Felbamate should 
be reserved for refractory patients due to the risk of 
aplastic anemia and liver failure. Patients who have 
elevated liver enzyme tests should not take felbamate. 
The optimal method for patient monitoring is unclear 
because of the low number of reports of aplastic ane-
mia and hepatic failure. However, at baseline and fre-
quently during treatment, complete blood counts with 
a differential and serum transaminase levels should be 
monitored. Suicidal behavior and ideation is a warn-
ing for all antiseizure medications. Patients should be 
monitored regularly for changes in mood and suicidal 
thoughts.

Further Reading
Felbatol (felbamate tablet) package insert. Somerset, 

NJ: Meda Pharmaceuticals Inc.; July 2011.
Pellock JM, Faught E, Leppik IE, Shinnar S, Zupanc 

ML. Felbamate: Consensus of current clinical 
experience. Epilepsy Res. 2006;71:89–101.

Gabapentin (Neurontin®, Gralise®), 
Gabapentin Enacarbil (Horizant®)
Typical Uses: restless leg syndrome, postherpetic neural-
gia, adjunctive treatment of focal seizures, neuropathic 
pain

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
dizziness, somnolence, sedation, headache, and ataxia. 
Common adverse events (1–10%) include nystagmus, 
tremor, depression, dysarthria, abnormal thinking, 
incoordination, asthenia, hostility, and emotional 
lability. Gabapentin is completely eliminated via 
the kidney and has very minimal drug interactions 
making it a desirable choice for patients on multiple 
medications. Patients may abuse gabapentin and with-
drawal symptoms, including anxiety, insomnia, nau-
sea, pain, and sweating, upon abrupt discontinuation 
have been reported. Drug reaction with eosinophilia 
and systemic symptoms (DRESS) including Stevens–
Johnson syndrome and toxic epidermal necrolysis 
has been reported. Rashes should be examined and 
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discontinuation of the medication should be con-
sidered. The presence of a fever, elevated liver func-
tion tests, and eosinophilia should be evaluated for 
suspected DRESS. Suicidal behavior and ideation is 
a warning for all antiseizure medications. Patients 
should be monitored regularly for changes in mood 
and suicidal thoughts.

Further Reading
Horizant (gabapentin enacarbil tablet, extended 

release) package insert. Atlanta, GA: Arbor 
Pharmaceuticals; Oct 2016.

Neurontin (gabapentin capsule) package insert. New 
York, NY: Parke- Davis Div of Pfizer Inc; Mar 2017

Lacosamide (Vimpat®)
Typical Uses: adjunctive and monotherapy treatment for 
focal seizures for patients 17 years of age and older

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
dizziness and headache. Common adverse events 
(1–10%) include fatigue, gait disturbance, asthenia, 
ataxia, somnolence, tremor, nystagmus, balance dis-
order, memory impairment, and depression. The 
risk for dizziness and ataxia increases above doses of  
400 mg per day and they are most likely to occur dur-
ing titration. Concomitant use of other sodium chan-
nel blockers, including carbamazepine, oxcarbazepine, 
lamotrigine, and phenytoin, increases the risk of side 
effects as the dose increases. Suicidal behavior and 
ideation is a warning for all antiseizure medications. 
Patients should be monitored regularly for changes 
in mood and suicidal thoughts. Drug reaction with 
eosinophilia and systemic symptoms (DRESS) includ-
ing Stevens–Johnson syndrome and toxic epidermal 
necrolysis has been reported. Rashes should be exam-
ined and discontinuation of the medication should 
be considered. The presence of a fever, elevated liver 
function tests, and eosinophilia should be evaluated 
for suspected DRESS. Lacosamide is relatively free of 
drug–drug interactions, but slow titration is recom-
mended particularly with elderly patients.

Further Reading
Vimpat (lacosamide) package insert. Smyrna, GA: 

UCB, Inc.; Mar 2017.

Lamotrigine (Lamictal®, Lamictal® XR)
Typical Uses: adjunctive and monotherapy for focal 
seizures, primarily generalized seizures, and juvenile 
myoclonic epilepsy. Maintenance treatment of bipolar 
disorder

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
dizziness, ataxia, somnolence, diplopia, and blurred 
vision. Common adverse events (1–10%) include head-
ache, incoordination, insomnia, tremor, depression, 
anxiety, irritability, and trouble with concentration. 
Rash is one of the greatest concerns when prescrib-
ing lamotrigine. Cautious, conservative dosing when 
concomitant valproate is being used is recommended. 
Valproate reduces the clearance of lamotrigine result-
ing in a doubling of half- life, and a much smaller dose 
of lamotrigine will be required. Drug reaction with 
eosinophilia and systemic symptoms (DRESS) includ-
ing Stevens–Johnson syndrome and toxic epidermal 
necrolysis has been reported. Rashes should be exam-
ined and discontinuation of the medication should 
be considered. The presence of a fever, elevated liver 
function tests, and eosinophilia should be evaluated 
for suspected DRESS. Suicidal behavior and ideation 
is a warning for all antiseizure medications. Patients 
should be monitored regularly for changes in mood and 
 suicidal thoughts. Cases of aseptic meningitis have been 
reported. Patients presenting with meningitis symp-
toms require evaluation of other causes for meningitis 
to ensure appropriate treatment. Upon rechallenge of 
lamotrigine, aseptic meningitis may quickly recur.

Further Reading
Lamictal (lamotrigine tablet) package insert. Research 

Triangle Park, NC: GlaxoSmithKline LLC; May 
2016.

Levetiracetam (Keppra®, Keppra XR®)
Typical Uses: FDA approved for adjunctive treatment of 
focal seizures (for patients 1 month of age and older), 
primary generalized seizures (for patients 6 years of 
age and older), and juvenile myoclonic epilepsy (for 
patients 12 years of age and older); there is evidence 
that for focal seizures monotherapy is also appropriate

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
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asthenia, somnolence, and headache. Common 
adverse events (1–10%) include dizziness, depression, 
ataxia, vertigo, anxiety, emotional lability, hostility, 
aggressiveness, and paresthesia. Interestingly, there 
does not appear to be a relationship between dose 
and the rates of somnolence, fatigue, irritability, and 
dizziness. Somnolence and asthenia most frequently 
occur within the first 4 weeks of treatment. Behavioral 
abnormalities including aggression, agitation, anger, 
anxiety, and depression are possible and may require 
treatment discontinuation for symptom resolution. 
Psychotic symptoms including paranoia may occur 
and treatment discontinuation may be necessary. 
Suicidal behavior and ideation is a warning for all anti-
seizure medications. Patients should be monitored 
regularly for changes in mood and suicidal thoughts. 
Levetiracetam is virtually devoid of drug–drug interac-
tions making it a first choice in medically complicated 
patients on high- risk medications such as warfarin and 
immunosuppressants.

Further Reading
Keppra (levetiracetam tablet) package insert. Smyrna, 

GA: UCB Farchim SA; April 2010.
Verrotti A, Prezioso G, Di Sabatino F, et al. The 

adverse event profile of levetiracetam: A 
meta- analysis on children and adults. Seizure. 
2015;31:49–55.

Perampanel (Fycompa®)
Typical Uses: adjunctive treatment of focal and general-
ized seizures for patients aged 12 years and older

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
dizziness, somnolence, headache, and irritability. 
Common adverse events (1–10%) include fatigue, falls, 
ataxia, vertigo, dysarthria, anxiety, gait disturbance, 
hypersomnia, and insomnia. As the dose increases 
the rates of anxiety, aggression, and anger increase 
particularly at the dose of 12 mg per day, and patients 
may require a dose reduction. Serious psychiatric and 
behavioral reactions were reported during the clini-
cal trials and in post- marketing monitoring including 
hostility, aggression, belligerence, agitation, physical 
assault, homicidal ideation, and/or threats. Suicidal 
behavior and ideation is a warning for all antiseizure 
medications. Patients should be monitored regularly 
for changes in mood and suicidal thoughts. Neurologic 

warnings include risks of dizziness, gait disturbance, 
somnolence, and fatigue, which led to treatment dis-
continuation in 2–3% of patients in clinical trials. Falls 
occurred in 5–10% of patients, which, in some cases, 
resulted in serious injury.

Further Reading
Ettinger AB, LoPresti A, Yang H, et al. Psychiatric 

and behavioral adverse events in randomized 
clinical studies of the noncompetitive AMPA 
receptor antagonist perampanel. Epilepsia. 
2015;56:1252–63.

Fycompa® (perampanel tablet) package insert. 
Woodcliff Lake, NJ: Eisai Inc.; April 2016.

Phenytoin (Dilantin®, Phenytek®)
Typical Uses: generalized tonic–clonic and focal onset 
seizures, prevention and treatment of seizures during 
and after neurosurgery

Potential Neurologic or Psychiatric Medication Adverse 
Events: Phenytoin has been available for use since 1938. 
As a result, details about rates of side effects are difficult 
to find. Common neurologic side effects are usually 
dose related and include nystagmus, ataxia, somno-
lence, confusion, slurred speech, dizziness, vertigo, 
insomnia, paresthesias, and decreased coordination. 
Due to the non- linearity of the dose–response relation-
ship potentially resulting in small dose increases caus-
ing significant side effects, smaller dose adjustment is 
generally recommended. Long- term use of phenytoin 
has been associated with cerebellar damage, which 
may be irreversible. Suicidal behavior and ideation 
is a warning for all antiseizure medications. Patients 
should be monitored regularly for changes in mood 
and suicidal thoughts. Drug reaction with eosinophilia 
and systemic symptoms (DRESS) including Stevens–
Johnson syndrome and toxic epidermal necrolysis has 
been reported. Rashes should be examined and discon-
tinuation of the medication should be considered. The 
presence of a fever, elevated liver function tests, and 
eosinophilia should be evaluated for suspected DRESS.

Further Reading
Dilantin (phenytoin sodium capsule, extended 

release) package insert. New York, NY: Parke- 
Davis Div of Pfizer Inc; Feb 2017.
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Pregabalin (Lyrica®)
Typical Uses: adjunctive therapy for adults with focal 
seizures, fibromyalgia, neuropathic pain due to dia-
betic peripheral neuropathy and associated with spinal 
injury, and postherpetic neuralgia

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
dizziness and somnolence. Common adverse events 
(1–10%) include neuropathy, ataxia, vertigo, confu-
sion, amnesia, asthenia, headache, tremor, incoordina-
tion, abnormal gait, impairment of balance, difficulty 
with concentration, diplopia, insomnia, nervousness, 
and euphoria. Abrupt discontinuation is not recom-
mended as withdrawal symptoms may occur. It is spec-
ulated that abuse of pregabalin may be possible due to 
the euphoric effect, and patients who have previously 
abused benzodiazepine or alcohol should be closely 
monitored. Suicidal behavior and ideation is a warn-
ing for all antiseizure medications. Patients should be 
monitored regularly for changes in mood and suicidal 
thoughts.

Further Reading
Lyrica (pregabalin capsule) package insert. New York, 

NY: Parke- Davis Div of Pfizer Inc; Jan 2017.
Toth C. Pregabalin: latest safety evidence and clinical 

implications for the management of neuropathic 
pain. Ther Adv Drug Saf. 2014;5:38–56.

Rufinamide (Banzel®)
Typical Uses: adjunctive therapy for treatment of sei-
zures due to Lennox–Gastaut syndrome in patients 1 
year of age and older

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
somnolence and headache. Common adverse events 
(1–10%) include fatigue, dizziness, ataxia, diplopia, 
psychomotor hyperactivity, aggression, and distur-
bance in attention. Status epilepticus has been reported 
but it is unclear if it is due to the medication or under-
lying seizure disorder. Drug reaction with eosinophilia 
and systemic symptoms (DRESS) including Stevens–
Johnson syndrome and toxic epidermal necrolysis has 
been reported. Rashes should be examined and discon-
tinuation of the medication should be considered. The 
presence of a fever, elevated liver function tests, and 

eosinophilia should be evaluated for suspected DRESS. 
Suicidal behavior and ideation is a warning for all 
antiseizure medications. Patients should be monitored 
regularly for changes in mood and suicidal thoughts. 

Further Reading
Banzel (rufinamide tablet, film coated) package insert. 

Woodcliff Lake, NJ: Eisai Inc.; Jun 2015.

Tiagabine (Gabitril®)
Typical Uses: adjunctive therapy for focal seizures for 
patients 12 years of age and older

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
dizziness, asthenia, feeling nervous, tremor, and som-
nolence. Common adverse events (1–10%) include 
difficulty with concentration, disturbance in speech, 
insomnia, ataxia, confusion, difficulty with memory, 
paresthesia, depression, emotional lability, abnormal 
gait, hostility, nystagmus, and agitation. Tiagabine 
should not be used in patients without seizures due 
to the risk of new onset seizures and status epilepticus 
that has been reported. Additionally, status epilep-
ticus has been reported in patients with seizures but 
it is unclear if it is due to the medication or underly-
ing  seizure disorder. Suicidal behavior and ideation 
is a warning for all antiseizure medications. Patients 
should be monitored regularly for changes in mood 
and suicidal thoughts. Cognitive and neuropsychiatric 
adverse events also include EEG abnormalities includ-
ing generalized spike and wave activity and reports of 
status epilepticus in patients with seizures.

Further Reading
Gabitril (tiagabine hydrochloride tablet, film coated) 

package insert. North Wales, PA: Cephalon, Inc.; 
Aug 2016.

Topiramate (Topamax®, Trokendi Xr®, 
Qudexy XR®)
Typical Uses: monotherapy and adjunctive therapy for 
patients 2 years of age and older with focal or primarily 
generalized seizures, migraine prophylaxis

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
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dizziness, ataxia, word finding difficulties, speech 
impairment, paresthesia, nystagmus, somnolence, 
fatigue, nervousness, psychomotor slowing, difficulty 
with memory, confusion, depression, difficulty with 
concentration and anorexia. Common adverse events 
(1–10%) include asthenia, vertigo, tremor, abnormal 
gait, mood problems, emotional lability, agitation, 
impaired cognition, insomnia, aggressive behavior, 
depression, and anxiety. Suicidal behavior and ideation 
is a warning for all antiseizure medications. Patients 
should be monitored regularly for changes in mood 
and suicidal thoughts. Hyperammonemic encepha-
lopathy resulting in lethargy and altered mental status 
can occur with topiramate alone or in combination 
with valproate treatment. Teratogenicity risks include 
primarily cleft lip and/or palate. Significant cognitive 
and neuropsychiatric adverse effects are reported with 
topiramate and are the most likely cause of treatment 
discontinuation. Cognitive related dysfunction can 
occur with rapid dose escalation. Gradually increasing 
the dose can improve tolerability.

Further Reading
Topamax (topiramate tablet, coated) package insert. 

Titusville, NJ: Janssen Pharmaceuticals, Inc.; May 
2017.

Valproate Products
Class Members: valproic acid (Depakene®), valproate 
sodium (Depacon®), divalproex sodium (Depakote, 
Depakote® ER)

Typical Uses: monotherapy and adjunctive therapy for 
focal, absence, primary generalized seizures including 
juvenile myoclonic epilepsy, migraine prophylaxis, 
manic episodes associated with bipolar disorder

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
asthenia, somnolence, dizziness, insomnia, headache, 
and tremor. Common adverse events (1–10%) include 
diplopia, ataxia, paresthesia, nystagmus, depression, 
mood swings, and anxiety. Valproate products have 
several warnings related to serious adverse reac-
tions. Teratogenicity risks include primarily neural 
tube defects. Additionally, infants exposed in utero 
have reduced IQ scores at age 6 as compared to chil-
dren not exposed to valproate products. Women of 
childbearing potential should only receive valproate 

products if the risks of not treating outweigh the risks. 
Hyperammonemia encephalopathy resulting in leth-
argy, altered mental status can occur with valproate 
alone or in combination with topiramate treatment. 
Drug reaction with eosinophilia and  systemic symp-
toms (DRESS) including Stevens–Johnson syndrome 
and toxic epidermal necrolysis has been reported. 
Rashes should be examined and discontinuation of 
the medication should be considered. The presence of 
a fever, elevated liver function tests, and eosinophilia 
should be evaluated for suspected DRESS. Suicidal 
behavior and ideation is a warning for all antiseizure 
medications. Patients should be monitored regularly 
for changes in mood and suicidal thoughts.

Further Reading
Depakote (divalproex sodium tablet, delayed release) 

package insert. North Chicago, IL: AbbVie Inc.; 
May 2017.

Nanau R, Neuman MG. Adverse drug reactions 
induced by valproic acid. Clin Biochem. 
2013;46:1323–38.

Vigabatrin (Sabril®)
Typical Uses: adjunctive medication for refractory focal 
seizures in patients 10 years of age and older, mono-
therapy for infantile spasms in infants 1 month to 2 
years of age

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse events (>10%) include 
headache, somnolence, dizziness, nystagmus, tremor, 
fatigue, and blurred vision. Common adverse events 
(1–10%) include confusion, aggressive behavior, 
diplopia, memory impairment, abnormal coordina-
tion, disturbance in attention, paresthesia, irritability, 
depression, anxiety, depressed mood, and peripheral 
neuropathy. Vigabatrin is only available through a Risk 
Evaluation and Mitigation Strategy program (REMS) 
requiring prescribers to be certified, patients to consent, 
and pharmacies to also be certified to comply with the 
REMS requirements and only to dispense to enrolled 
patients. The clinical use of vigabatrin is significantly 
limited due to the risk of permanent vision loss, which 
can occur at any time including after discontinuation. 
If no clinical benefit is seen within 3 months for com-
plex partial seizures or 2–4 weeks for infantile spasms, 
the medication should be discontinued. Vision must 
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be assessed by an ophthalmic professional with visual 
field assessments at baseline, every 3 months while on 
therapy, and every 3–6 months after discontinuation. 
Magnetic resonance imaging abnormalities including 
increased T2 signal and restricted diffusion involving 
the thalamus, basal ganglia, brainstem, and cerebellum 
have been reported in up to 22% of infants. The clin-
ical correlation of abnormalities with symptoms has 
not been established. These abnormalities do not occur 
in patients older than 3 years. Suicidal behavior and 
ideation is a warning for all antiseizure medications. 
Patients should be monitored regularly for changes in 
mood and suicidal thoughts.

Further Reading
Ferrie CD, Robinson RO, Panayiotopoulos CP. 

Psychotic and severe behavioural reactions 
with vigabatrin: a review. Acta Neurol Scand. 
1996;93(1):1–8.

Vigabatrin (vigabatrin tablet, film coated) package 
insert. Deerfield, IL: Lundbeck Pharmaceuticals 
LLC; April 2017.

Zonisamide (Zonegran®)
Typical Uses: adjunctive medication for focal seizures 
and initial monotherapy in adults with focal seizures

Potential Neurologic or Psychiatric Medication Adverse 
Events: Very common adverse effects (>10%) include 
headache, dizziness, weight loss/lack of appetite, and 

somnolence. Common adverse effects (1–10%) include 
difficulty concentrating, difficulty with memory, con-
fusion, mental slowing, nausea, ataxia, nystagmus, 
paresthesia, agitation/irritability, insomnia, anxiety, 
and nervousness. Kidney stones are also a common 
adverse effect and may be related to metabolic acidosis, 
which also may present with symptoms of confusion 
or lethargy. Measurement of serum bicarbonate is rec-
ommended before treatment and periodically during 
treatment. Drug reaction with eosinophilia and sys-
temic symptoms (DRESS) including Stevens–Johnson 
syndrome and toxic epidermal necrolysis has been 
reported. Rashes should be examined and discontin-
uation of the medication should be considered. The 
presence of a fever, elevated liver function tests, and 
eosinophilia should be evaluated for suspected DRESS. 
Suicidal behavior and ideation is a warning for all anti-
seizure medications. Patients should be monitored 
regularly for changes in mood and suicidal thoughts. 
Status epilepticus has been reported but it is unclear if it 
is due to the medication or underlying seizure disorder.

Further Reading
Verrotti A, Loiacono G, Di Sabatino F, Zaccara G. 

The adverse event profile of zonisamide: a meta-
analysis. Acta Neurol Scand. 2013;128(5):297–304.

Zonegran (zonisamide capsule) package insert. St. 
Michael, Barbados: Concordia Pharmaceuticals 
Inc.; April 2016.
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Medications to Treat Headache and Migraine
F. Michael Cutrer, MD Mayo Clinic College of Medicine
Aaron A. Bubolz, DO Aurora Health Care Medical Group

Antiemetics
Typical Uses: nausea, emesis/vomiting including that 
related to acute migraine

Cannabinoids
Class Members: nabilone (Cesamet®), dronabinol 
(Marinol®)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Nabilone is a closely related tetrahydrocan-
nabinol (THC) analog that has been available in other 
countries and is now approved for use in the United 
States. Dronabinol has sympathomimetic activity 
which may often produce central nervous system and 
psychiatric adverse effects including conjunctival 
injection, euphoria, somnolence, detachment, deper-
sonalization, temporal deterioration, dizziness, anxi-
ety, nervousness, panic, paranoid reactions, thinking 
abnormalities, irritability, insomnia, restlessness, ver-
tigo, dysphoria, hallucinations, increased appetite and 
orthostatic hypotension, and abuse.

Further Reading
Dronabinol, In Micromedex 2.0. Greenwood Village, 

CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 22, 2016.

Gutierrez K. Pharmacotherapeutics. In Clinical 
reasoning in primary care. 2nd ed. St. Louis, MO: 
Saunders Elsevier; 2007. pp. 894–902.

Katzung B, Trevor A. In Basic & clinical pharmacology. 
13th ed. New York, McGraw-Hill Publishing; 
2015. pp. 1068–71, 1080.

Longstreth GF, Hesketh PJ. Characteristics of 
antiemetic drugs. In Post TW, ed. UpToDate. 
Waltham, MA: UpToDate; 2016.

Nabilone. In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 22, 
2016.

Dopamine Receptor Antagonists
Class Members: phenothiazines: chlorpromazine, 
prochlorperazine, perphenazine, promethazine, thiethyl-
perazine; butyrophenones: droperidol, haloperidol; 
benzamides: metoclopramide, trimethobenzamide, 
domperidone

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Phenothiazines also have M1- muscarinic and 
H1- histamine blocking effects. Adverse effects include 
extrapyramidal reactions (dystonia, tardive dyskinesia, 
pseudoparkinsonism, akathisia, neuroleptic malignant 
syndrome), exacerbation of parkinsonism symptoms, 
reduced seizure threshold, orthostatic hypotension, and 
sedation. The butyrophenones subclass of the dopamine 
receptor antagonists are major tranquilizers that poten-
tiate the actions of opioids and have an antiemetic effect 
when used alone. Their main adverse effects include QT 
prolongation, torsades de pointes, hypotension, alpha 
blockade, acute dystonia, and extreme sedation. Overall 
they have less extrapyramidal symptoms and orthostatic 
hypotension than the phenothiazines. Benzamides may 
also have serotonergic and/or cholinergic effects at spe-
cific doses. As blood–brain barrier permeability is sub-
ject to metoclopramide many central nervous system 
and psychiatric side effects may be expected such as anx-
iety, restlessness, depression, akathisia, dizziness, dys-
tonia, dystonic reactions (torticollis, oculogyric crisis), 
parkinsonism, sedation, and tardive dyskinesia. Overall 
extrapyramidal symptom frequency is 4% but may be as 
high as 30% in men under the age of 30 years. Reversal 
drugs include diphenhydramine, benztropine, and diaz-
epam. Domperidone does not cross the blood–brain 
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barrier and therefore avoids most neurologic side 
effects. Metoclopramide has a black box warning from 
the US Food and Drug Administration related to risks 
of irreversible tardive dyskinesia with higher dosing and 
long- term use.

Further Reading
Brunton LL, Laurence L, Chabner BA, Knollmann 

BC. Goodman & Gilman’s the pharmacological 
basis of therapeutics. 12th ed. New York: McGraw-
Hill Publishing; 2011. pp. 1341–6.

Gutierrez K. Pharmacotherapeutics. In Clinical 
reasoning in primary care. 2nd ed. St. Louis, MO: 
Saunders Elsevier; 2007. pp. 894–902.

Katzung B, Trevor A. Basic & clinical 
pharmacology.13th ed. New York: McGraw-Hill 
Publishing; 2015. pp. 1068–1071, 1080.

Longstreth GF, Hesketh PJ. Characteristics of 
antiemetic drugs. In Post TW, ed. UpToDate. 
Waltham, MA: UpToDate; 2016.

Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed Jan 22, 2016.

Neurokinin Receptor Antagonists
Class Members: aprepitant (Emend®), fosaprepitant 
(Emend®), rolapitant (Varubi®), netupitant (Akynzeo®)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Neurokinin- 1 (NK1) receptor antagonists are 
moderate inhibitors of the CYP3A4 or CYP2D6 (rolap-
itant)  metabolic pathways and cause central blockade 
at the area postrema. These receptor are agonized by 
substance P and can be antagonized by the medications 
in this class listed above. These NK1 receptor antago-
nists do indeed cross the blood–brain barrier and they 
have no affinity for serotonin, dopamine, or cortico-
steroid receptors. Adverse effects are relatively mini-
mal including fatigue and dizziness.

Further Reading
Brunton LL, Laurence L, Chabner BA, Knollmann 

BC. Goodman & Gilman’s the pharmacological 
basis of therapeutics. 12th ed. New York: McGraw-
Hill Publishing; 2011. pp. 1341–6.

Gutierrez K. Pharmacotherapeutics. In Clinical 
reasoning in primary care. 2nd ed. St. Louis, MO: 
Saunders Elsevier; 2007. pp. 894–902.

Katzung B, Trevor A. Basic & clinical pharmacology. 
13th ed. New York: McGraw-Hill Publishing; 
2015. pp. 1068–1071, 1080.

Longstreth GF, Hesketh PJ. Characteristics of 
antiemetic drugs. In Post TW, ed. UpToDate. 
Waltham, MA: UpToDate; 2016.

Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed Jan 22, 2016.

Serotonin Receptor Antagonists
Class Members: ondansetron (Zofran®), granisetron 
(Kytril®), dolasetron (Anzemet®), and palonosetron 
(Aloxi®)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Oral formulations are comparable in efficacy 
to intravenous dosing. 5-HT3-receptor antagonists 
are metabolized by P- 450 2D6 and do not inhibit 
dopamine or muscarinic receptors. Headache is the 
most frequent adverse event (24%) followed by diz-
ziness (10%) and asthenia (5%). Other adverse events 
include fatigue (13%), malaise, weakness, somno-
lence, agitation, anxiety, central nervous system stim-
ulation, pain, shivering, orthostatic hypotension, and 
syncope. 5- HT3 receptor antagonists have been less 
associated with cognitive, psychomotor, or affective 
disturbances than the dopamine antagonists or the 
antihistamines. The dose of ondansetron should be 
reduced with the presence of concomitant hepatic 
disease.

Further Reading
Brunton LL, Laurence L, Chabner BA, Knollmann 

BC. Goodman & Gilman’s the pharmacological 
basis of therapeutics. 12th ed. New York: McGraw-
Hill Publishing; 2011. pp. 1341–6.

Gutierrez K. Pharmacotherapeutics. In Clinical 
reasoning in primary care. 2nd ed. St. Louis, MO: 
Saunders Elsevier; 2007. pp. 894–902.

Katzung B, Trevor A. Basic & clinical pharmacology. 
13th ed. New York: McGraw-Hill Publishing; 
2015. pp. 1068–1071, 1080.

Longstreth GF, Hesketh PJ. Characteristics of 
antiemetic drugs. In Post TW, ed. UpToDate. 
Waltham, MA: UpToDate; 2016.

Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed Jan 22, 2016.
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Botulinum Toxin A Injections
Class Members: onabotulinum toxin A (Botox®, Botox 
cosmetic®)

Typical Uses: chronic migraine, bladder dysfunction, 
blepharospasm, cervical dystonia, spasticity, strabis-
mus, wrinkles

Potential Neurologic or Psychiatric Medication Adverse 
Effects: A very common adverse effect (>10%) is cervi-
cal dystonia (11%); common adverse effects (1–10%) 
include primary axillary hyperhidrosis (3% to 10%). 
Other less common adverse effects of botulinum toxin 
A include excessive weakness in neck extensor mus-
cles, eyelid ptosis, brow ptosis, diplopia, dysphagia, 
dysphonia, blurred vision, neck pain, and seizure. 
Black box warning: botulinum toxin products may 
spread from the area of injection to produce symp-
toms hours to weeks after injection consistent with 
botulinum toxin effects. Swallowing and breathing 
difficulties can be life threatening, and there have been 
reports of death. Children treated for spasticity likely 
have the greatest risk, but symptoms can also occur in 
adults. Cases of spread of effect have occurred at doses 
comparable to those used to treat cervical dystonia and 
upper limb spasticity, and at lower doses.

Further Reading
Brunton LL, Laurence L, Chabner BA, Knollmann 

BC. Goodman & Gilman’s the pharmacological 
basis of therapeutics. 12th ed. New York: McGraw-
Hill Publishing; 2011. p. 1792.

Gutierrez K. Pharmacotherapeutics. In Clinical 
reasoning in primary care. 2nd ed. St. Louis, MO: 
Saunders Elsevier; 2007. p. 381.

Post TW, ed. UpToDate. Waltham, MA: UpToDate. 
Accessed Jan 22, 2016.

OnabotulinumtoxinA. In Micromedex 2.0. 
Greenwood Village, CO: Truven Health 
Analytics, Inc. http://micromedexsolutions.com. 
Accessed Jan 22, 2016.

Butalbital
Class Members: butalbital, caffeine, and acetaminophen 
(Fioricet®, Esgic); butalbital, caffeine, and aspirin 
(Fiorinal®); butalbital and acetaminophen (Phrenilin®)

Typical Uses: tension or muscle contraction headache, 
migraine

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
dizziness, lightheadedness, drowsiness, and “hang-
over” effect. Common adverse effects (1–10%) include 
confusion, mental depression, unusual excitement, 
nervousness, faint feeling, headache, insomnia, night-
mares, fatigue, and weakness. Other reported side 
effects include a shaky feeling, tingling, agitation, heavy 
eyelids, high energy, hot spells, numbness, sluggish-
ness, dry mouth, hyperhidrosis, and seizure. Mental 
confusion, depression, or excitement can also occur 
due to intolerance, particularly in elderly or debilitated 
patients, or due to overdosage of butalbital. It should 
also be noted that in patients treated with warfarin, 
butalbital decreases the anticoagulation effect thereby 
lowering INR. Butalbital may be habit forming and can 
be associated with a withdrawal syndrome character-
ized by restlessness, convulsions, and hallucinations. 
Butalbital may cause central nervous system depres-
sion, which may impair physical or mental abilities; 
patients must be cautioned about performing tasks 
that require mental alertness.

Further Reading
DailyMed. Bethesda, MD: US National Library 

of Medicine. https://dailymed.nlm.nih.gov/
dailymed/index.cfm. Accessed Jan 22, 2016.

Micromedex 2.0. Greenwood Village, CO: 
Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 22, 
2016.

Post TW, ed. UpToDate. Waltham, MA: UpToDate; 
2016.

Caffeine
Class Members: oral caffeine (Cafcit®, Keep Alert, No 
Doz®, Stay Awake, Vivarin®)

Typical Uses: central nervous system stimulant, augmen-
tation of seizure induction during electroconvulsive 
therapy (ECT) (caffeine and sodium benzoate); spinal 
puncture headache (caffeine and sodium benzoate); 
central nervous system stimulant, diuretic (caffeine 
and sodium benzoate)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Central nervous system stimulation, agitation, 
delirium, confusion, dizziness, hallucination, head-
ache, insomnia, irritability, psychosis, restlessness, 
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anxiety, nervousness, panic, tremor or worsening of 
tremor, tinnitus, sensitivity to pain or touch, fascicu-
lations, seizures/lowering of seizure threshold, convul-
sions, medullary stimulation. Decreased reaction time 
to both visual and auditory events. Decline in delicate 
muscular coordination, accurate timing, and arith-
metic skills. Withdrawal presents as fatigue, sedation, 
headaches, nausea, and weakness. Acute or chronic 
exposure causally related to headache. Rebound head-
aches if overused and withdrawal headaches if stopped.

Further Reading
Gutierrez K. Pharmacotherapeutics. In Clinical 

reasoning in primary care. 2nd ed. St. Louis, MO: 
Saunders Elsevier; 2007: p. 164.

Helms RA, Quan DJ, Herfindal ET, Gourley GK. 
Textbook of therapeutics: drug and disease 
management. 8th ed. Philadelphia, PA: Lippincott 
Williams and Wilkins; 2007. p. 445.

Katzung B, Trevor A. Basic & clinical pharmacology. 
13th ed. New York: McGraw-Hill Publishing; 
2015: pp. 257, 341–342, 1092.

Micromedex 2.0. Greenwood Village, CO: 
Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 22, 
2016.

Post TW, ed. UpToDate. Waltham, MA: UpToDate; 
2016.

Ergotamines
Dihydroergotamine (D.H.E. 45®, Migranal®  
Nasal Spray)
Typical Uses: migraine, status migrainosus, cluster 
headache

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
nausea (72%). Common adverse effects (1–10%) 
include taste disorder (nasal spray) (8%), dizziness 
(4%), drowsiness (3%), stiffness (1%), weakness 
(1%). Uncommon adverse effects (<1%) include cer-
ebral hemorrhage, cerebrovascular accident, numb-
ness, subarachnoid hemorrhage. Other reported side 
effects in which percentages are not specified include 
paresthesia, dizziness, anxiety, dyspnea, headache, 
flushing, diarrhea, increased sweating, and pleu-
ral and retroperitoneal fibrosis after long- term use 
of dihydroergotamine. Black box warning: serious 

and/or life- threatening peripheral ischemia has been 
associated with the coadministration of dihydroer-
gotamine with potent CYP3A4 inhibitors including 
protease inhibitors and macrolide antibiotics. Because 
CYP3A4 inhibition elevates the serum levels of dihy-
droergotamine, the risk for vasospasm leading to cer-
ebral ischemia and/or ischemia of the extremities is 
increased. Hence, concomitant use of these medica-
tions is contraindicated.

Further Reading
Bajwa ZH, Smith JH. Acute treatment of migraine in 

adults. In: Post TW, ed. UpToDate. Waltham, MA: 
UpToDate; 2016.

Brunton LL, Laurence L, Chabner BA, Knollmann 
BC. Goodman & Gilman’s the pharmacological 
basis of therapeutics. 12th ed. New York: McGraw-
Hill Publishing; 2011. pp. 347–8.

DailyMed. Bethesda, MD: US National Library 
of Medicine. https://dailymed.nlm.nih.gov/
dailymed/index.cfm. Accessed Jan 22, 2016.

Dihydroergotamine mesylate In Micromedex 
2.0. Greenwood Village, CO: Truven Health 
Analytics, Inc. http://micromedexsolutions.com. 
Accessed Jan 22, 2016.

DiPiro JT, Talbert RL, Yee GC, et al. In 
Pharmacotherapy: a pathophysiologic approach. 
9th ed. New York: McGraw-Hill; 2014. p. 951.

Gutierrez K. Pharmacotherapeutics. In Clinical 
reasoning in primary care. 2nd ed. St. Louis, MO: 
Saunders Elsevier; 2007; pp. 393–401.

Katzung B, Trevor A. Basic & clinical pharmacology. 
13th ed. New York: McGraw-Hill Publishing; 
2015. pp. 286–91.

Ergotamine (Ergomar®, Cafergot ®,  
Wigraine®)
Typical Uses: migraine

Potential Neurologic or Psychiatric Medication Adverse Effects: The 
adverse effect profile is similar among agents within 
the ergotamine class. Common CNS- mediated adverse 
effects (1–10%) include nausea/vomiting (10%). Other 
reported side effects include vertigo, numbness, par-
esthesia, weakness, delirium, auditory hallucinations, 
rebound/withdrawal headache, numbness, tingling 
of fingers and toes, extremity muscle pain, precor-
dial pain, transient tachycardia, pruritus, ischemic 
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neuropathy, fatigue, and abdominal pain. Black box 
warning: ergot alkaloids are contraindicated in combi-
nation with strong inhibitors of CYP3A4 (includes pro-
tease inhibitors, azole antifungals, and some macrolide 
antibiotics). Serotonin syndrome is an uncommon 
disorder that may occur when there is excess synaptic 
serotonin activity within the central nervous system as 
a result of an overdose of a single or a combination of 
several serotonergic drugs. The ergotamines, triptans, 
second generation antidepressants, tramadol, meperi-
dine, ondansetron, and selective serotonin reuptake 
inhibitors are all implicated in serotonin syndrome. 
The symptoms include hypertension, hyperthermia, 
diarrhea, hyperreflexia, tremor, agitation, and coma. 
It should be considered when using combinations of 
multiple serotonin modulatory agents when treating 
migraine.

Further Reading
Bajwa ZH, Smith JH. Acute treatment of migraine in 

adults. In: Post TW, ed. UpToDate. Waltham, MA: 
UpToDate; 2016.

Brunton LL, Laurence L, Chabner BA, Knollmann 
BC. Goodman & Gilman’s the pharmacological 
basis of therapeutics. 12th ed. New York: McGraw-
Hill Publishing; 2011. pp. 347–8.

DailyMed. Bethesda, MD: US National Library 
of Medicine. https://dailymed.nlm.nih.gov/
dailymed/index.cfm. Accessed Jan 22, 2016.

DiPiro JT, Talbert RL, Yee GC, et al. In 
Pharmacotherapy: a pathophysiologic approach. 
9th ed. New York: McGraw-Hill; 2014. p. 951.

Gutierrez K. Pharmacotherapeutics. In Clinical 
reasoning in primary care. 2nd ed. St. Louis, MO: 
Saunders Elsevier; 2007; pp. 393–401.

Katzung B, Trevor A. Basic & clinical pharmacology. 
13th ed. New York: McGraw-Hill Publishing; 
2015. pp. 286–91.

Micromedex 2.0. Greenwood Village, CO: 
Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Dec 20, 
2015.

Isometheptene Mucate
Class Members: acetaminophen, isometheptene, and 
caffeine (Prodrin®); acetaminophen, isometheptene, 
and dichloralphenazone (Midrin®)

Typical Uses: migraine, tension- type headache

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Dizziness and central nervous system depres-
sion, which may impair physical or mental abilities. 
When using isometheptene mucate in a patient with 
frequent headaches, care must be exercised in patients 
who also receive prophylactic headache treatment with 
a tricyclic antidepressant such as amitriptyline as the 
combination increases the likelihood of tachycardia 
and palpitations.

Further Reading
Micromedex 2.0. Greenwood Village, CO: 

Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 22, 
2016.

Post TW, ed. UpToDate. Waltham, MA: UpToDate; 
2016.

Muscle Relaxants
Class Members: tizanidine (Zanaflex®), cyclobenzaprine 
(Flexeril®), orphenadrine (Norflex®)

Typical Uses: tension headache, muscle spasm in neck 
and back that triggers or exacerbates headache

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile is similar among agents 
within the skeletal muscle relaxant class. Very common 
adverse effects (>10%) include dry mouth (49–88%), 
somnolence/drowsiness/sedation (48–92%), dizziness 
(16–45%), and weakness/asthenia (41–78%). Common 
adverse effects (1–10%) include fatigue, headache (5%), 
nervousness (3%), speech disorder (3%), visual halluci-
nations/delusions (3%), anxiety (1%), depression (1%), 
fever (1%), dyskinesia (3%), back pain (1%), myasthe-
nia (1%), paresthesia (1%), confusion/disorientation 
(1–3%), dysarthria (1%), and abnormal EEG (1%). The 
following side effects are reported in <1% of patients: 
abnormal dreams, abnormal thinking, deafness, demen-
tia, depersonalization, hemiplegia, neuralgia, optic neu-
ritis, paralysis, psychotic- like symptoms, seizure, suicide 
attempt, syncope, vertigo, tremor, ataxia, Bell’s palsy, 
insomnia, neuroleptic malignant syndrome, peripheral 
neuropathy, lightheadedness, syncope, euphoria, and 
dilation of pupils. Tizanidine is a substrate of CYP1A2 
(major) and should not be used in combination with cip-
rofloxacin or fluvoxamine (potent CYP1A2 inhibitors) 
as dangerous potentiation of hypotensive and sedative 
effects may result.
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Further Reading
Brunton LL, Laurence L, Chabner BA, Knollmann 

BC. Goodman & Gilman’s the pharmacological 
basis of therapeutics. 12th ed. New York: McGraw-
Hill Publishing; 2011. pp. 297, 1828.

Chisholm-Burns MA, Wells BG, Schwinghammer TL, 
et al. Pharmacotherapy principles and practice. 3rd 
ed. New York: McGraw-Hill; 2013. p. 906.

Cyclobenzaprine hydrochloride. In Micromedex 
2.0. Greenwood Village, CO: Truven Health 
Analytics, Inc. http://micromedexsolutions.com. 
Accessed Jan 22, 2016.

DailyMed. Bethesda, MD: US National Library 
of Medicine. https://dailymed.nlm.nih.gov/
dailymed/index.cfm. Accessed Jan 22, 2016.

Katzung B, Trevor A. Basic & clinical pharmacology. 
13th ed. New York: McGraw-Hill Publishing; 
2015. pp. 145, 150, 469.

Post TW, ed. UpToDate. Waltham, MA: UpToDate; 
2016.

Nonsteroidal Anti- inflammatory  
Drugs (NSAIDs)
Class Members: naproxen sodium (Aleve [OTC], 
All Day Pain Relief [OTC], All Day Relief [OTC], 
Anaprox, Anaprox DS, EC- Naprosyn, EnovaRX- 
Naproxen, Equipto- Naproxen, Flanax Pain Relief 
[OTC], Mediproxen [OTC], Naprelan, Naprosyn, 
Naproxen Comfort Pac, Naproxen DR, Naproxen Kit); 
ibuprofen (Addaprin [OTC], Advil Junior Strength 
[OTC], Advil Migraine [OTC], Advil [OTC], Caldolor, 
Children’s Advil [OTC], Children’s Ibuprofen [OTC], 
Children’s Motrin Jr Strength [OTC], Children’s 
Motrin [OTC], Dyspel [OTC], EnovaRX- Ibuprofen, 
Genpril [OTC], HyVee Ibuprofen Children’s [OTC], 
I- Prin [OTC], IBU- 200 [OTC], Ibuprofen Children’s 
[OTC], Ibuprofen Comfort Pac, Ibuprofen Junior 
Strength [OTC], Infants’ Advil [OTC], Infants’ 
Ibuprofen [OTC], KS Ibuprofen [OTC], Motrin IB 
[OTC], Motrin Infants’ Drops [OTC], Motrin Junior 
Strength [OTC], Motrin [OTC], NeoProfen, Provil 
[OTC]); ketorolac (Toradol®; Toradol® IM); indo-
methacin (Indocin; Tivorbex)

Typical Uses: migraine, headache, pain, inflammation, 
primary dysmenorrhea related headache, autonomic 
cephalalgias, arthritis

Potential Neurologic or Psychiatric Medication Adverse Effects: 
The adverse effect profile is similar among agents 
within the NSAID class. Very common adverse 
effects (>10%) include headache (17% for ketorolac). 
Common adverse effects (1–10%) include dizziness 
(≤9%), drowsiness (3–9%), malaise (<3%), depression 
(<3%), vertigo (<3%), nervousness (1–3%), tinnitus 
(3–9%), somnolence (3–9%), lightheadedness, and 
sweating. The following side effects are reported in 
<1% of patients: aseptic meningitis, psychosis, hallu-
cinations, cognitive dysfunction, fuzziness, confusion, 
visual disturbance, seizures, hearing loss, paresthe-
sias, sweating, and blurred vision. Black Box warning: 
NSAIDs may cause an increased risk of serious cardio-
vascular thrombotic events, myocardial infarction, 
and stroke, which can be fatal.

Further Reading
Brunton LL, Laurence L, Chabner BA, Knollmann 

BC. Goodman & Gilman’s the pharmacological 
basis of therapeutics. 12th ed. New York: McGraw-
Hill Publishing; 2011. pp. 973–6.

DailyMed. Bethesda, MD: US National Library 
of Medicine. https://dailymed.nlm.nih.gov/
dailymed/index.cfm. Accessed Jan 22, 2016.

Naproxen sodium. In Micromedex 2.0. Greenwood 
Village, CO: Truven Health Analytics, Inc.  
http://micromedexsolutions.com. Accessed  
Jan 22, 2016.

Solomon DH. Nonselective NSAIDs: overview of 
adverse effects. Post TW, ed. UpToDate. Waltham, 
MA: UpToDate; 2016.

Opiates/Opioids
Class Members: oxycodone (Oxaydo®, Oxecta®, 
Roxicodone®, Oxycontin®), morphine (Avinza®, 
Kadian®, Oramorph® SR, MS Contin®)

Typical Uses: severe acute pain, cancer pain

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Opiates cross the blood–brain barrier and 
activate receptors in the medulla producing cen-
tral nervous system side effects. As dose determines 
the response, adverse effects of opiate therapy are 
more common and severe with increased doses 
of this class of medications. The binding of opiate 
receptors in the central nervous system may result 
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in drowsiness, sleep, unconsciousness, decreased 
mental and physical activity, changes in mood, emo-
tional lability, apathy, tranquility, excessive sweating, 
feelings of floating, headache, dizziness, confusion, 
dysphoria, unusual dreams, hallucinations, delirium, 
and decreased ability to make accurate judgments. 
Further effects include opioid- induced hyperalgesia/
nociceptive sensitization (allodynia), increased risk 
of suicide, chronic neuropathic pain states, intensi-
fied tone in the large trunk muscles (truncal rigidity), 
motor un- coordination, weakness, abnormal homeo-
static regulation of body temperature, hyperpyrexic 
coma, decreased stage 3 and 4 sleep, sleep- disordered 
breathing, central sleep apnea, and seizures (trama-
dol). Specific percentages as they pertain to two typ-
ical opiate adverse effects profiles are provided here. 
Morphine: dizziness (6%), headache (less than 2% to 
greater than 10%), lightheadedness, somnolence (3% 
or greater), miosis, urinary retention (oral, less than 
5%; epidural/intrathecal, 15–70%), myoclonus, ortho-
static hypotension, syncope, coma (less than 5%), 
raised intracranial pressure, seizure (less than 5%), 
drug dependence, and drug withdrawal. Oxycodone: 
syncope (less than 1%), asthenia (controlled- release, 
6%; immediate- release, 3% or greater), dizziness 
(adults, controlled- release, 13%; immediate- release, 
3% or greater; pediatrics, 9%), headache (adults, 3% 
or greater; pediatrics, 14%), somnolence (controlled- 
release, 23%; immediate- release, 3% or greater), opi-
oid withdrawal (1–5%). One of the leading causes of 
death in the United States results from opiate over-
dose, and methadone causes a severe disproportionate 
amount of opiate- associated deaths compared with 
other opiates.

Further Reading
Brunton LL, Laurence L, Chabner BA, Knollmann 

BC. Goodman & Gilman’s the pharmacological 
basis of therapeutics. 12th ed. New York: McGraw-
Hill Publishing; 2011. pp. 491–8.

Gutierrez K. Pharmacotherapeutics. In Clinical 
reasoning in primary care. 2nd ed. St. Louis, MO: 
Saunders Elsevier; 2007. pp. 226–9.

Helms RA, Quan DJ, Herfindal ET, Gourley GK. 
Textbook of therapeutics: drug and disease 
management. 8th ed. Philadelphia, PA: Lippincott 
Williams and Wilkins; 2007. pp. 1676–7.

Katzung B, Trevor A. Basic & clinical pharmacology. 
13th ed. New York: McGraw-Hill Publishing; 
2015. pp. 531–51.

Micromedex 2.0. Greenwood Village, CO: 
Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 22, 
2016.

Post TW, ed. UpToDate. Waltham, MA: UpToDate; 
2016.

Salicylates
Class Member: aspirin (Ascriptin Maximum Strength 
[OTC], Ascriptin Regular Strength [OTC], Aspercin 
[OTC], Aspir- low [OTC], Aspirtab [OTC], Bayer 
Aspirin Extra Strength [OTC], Bayer Aspirin Regimen 
Adult Low Strength [OTC], Bayer Aspirin Regimen 
Children’s [OTC], Bayer Aspirin Regimen Regular 
Strength [OTC], Bayer Genuine Aspirin [OTC], 
Bayer Plus Extra Strength [OTC], Bayer Women’s 
Low Dose Aspirin [OTC], Buffasal [OTC], Bufferin 
Extra Strength [OTC], Bufferin [OTC], Buffinol 
[OTC], Ecotrin Arthritis Strength [OTC], Ecotrin 
Low Strength [OTC], Ecotrin [OTC], Halfprin [OTC], 
St Joseph Adult Aspirin [OTC], Tri- Buffered Aspirin 
[OTC])

Typical Uses: treatment of mild-to-moderate pain, head-
aches, inflammation, and fever

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The following potential side effects may occur 
with salicylates but the frequency of occurrence is not 
available: agitation, cerebral edema, coma, confusion, 
dizziness, fatigue, headache, hyperthermia, insomnia, 
lethargy, nervousness, Reye’s syndrome, hearing loss, 
tinnitus, dimness of vision, and weakness.

Further Reading
Brunton LL, Laurence L, Chabner BA, Knollmann 

BC. Goodman & Gilman’s the pharmacological 
basis of therapeutics. 12th ed. New York: McGraw-
Hill Publishing; 2011: pp. 979–81.

Gutierrez K. Pharmacotherapeutics. In Clinical 
reasoning in primary care. 2nd ed. St. Louis, MO: 
Saunders Elsevier; 2007; 247, 253.

Post TW, ed. UpToDate. Waltham, MA: UpToDate. 
Accessed Jan 22, 2016.
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Serotonin 1D/1B Selective Agonists 
(Triptans)
Class Members: sumatriptan (PO, SC, NS, transder-
mal) (Imitrex®), zolmitriptan (PO, NS) (Zomig®), 
naratriptan (Amerge®), rizatriptan (Maxalt®), almo-
triptan (Axert®), eletriptan (Relpax®), and frovatriptan 
(Frova®)

Typical Uses: migraine, triptans are first tier pharmaco-
logic options for treatment of acute migraine as a result 
of 5-HT1D/1B heteroreceptor activation on presynaptic 
trigeminal nerve endings to inhibit the release of vaso-
dilating peptides (calcitonin gene- related peptide, 
substance P, and neurokinin A) thereby resulting in 
vasoconstriction preventing stretching of pain endings

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Subcutaneous sumatriptan has the highest inci-
dence of adverse events, while the adverse effects of all 
oral triptans are relatively similar in overall incidence. 
Sumatriptan, and thus triptans as a class, have more 
adverse events than aspirin with metoclopramide. 
There are generally worse side effects with parenteral 
than oral formulations. Side effects include dizziness, 
vertigo, atypical sensations (warm tingling sensation), 
paresthesia, chest heaviness and tightness, feelings 
of pressure (4%) or pain in the chest, neck, and jaw, 
drowsiness, anxiety, malaise, fatigue, weakness, throat 
and sinus discomfort, alterations in vision, abdomi-
nal discomfort, dysphagia, nausea, and sweating. An 
additive effect is seen in combination with other vaso-
constrictors. Triptans are contraindicated in patients 
at risk for or with history of ischemic heart disease 
(myocardial infarctions), vasospastic coronary artery 
disease (Prinzmetal’s angina), uncontrolled hyper-
tension, stroke, transient ischemic attacks, peripheral 
vascular disease, hemiplegic or basilar migraines. 
Avoid in patients with ischemic bowel disease, dia-
betes mellitus, and migraines with prolonged aura. 
Caution in pregnancy, lactation, or use in children 
under the age of 18.

Almotriptan, rizatriptan, sumatriptan, and zolmi-
triptan are contraindicated in patients who have taken 
a monoamine oxidase inhibitor within the preceding 2 
weeks, and all triptans are contraindicated in patients 
with near- term prior exposure to ergot alkaloids or 
other 5- HT agonists. More specifically, do not use 
triptans within 24 hours of administration of ergot 
alkaloids, methysergide, or another triptan. Less than 
10% of patients receiving zolmitriptan, naratriptan, 

or rizatriptan discontinue treatment after a year as a 
result of adverse events. Black box warning: seroto-
nin syndrome results from too much serotonin in the 
brain and presents as weakness, hyperreflexia, and loss 
of coordination. Agitation, restlessness, confusion, 
tremors, elevated blood pressure, and diaphoresis may 
also be seen. Frovatriptan and naratriptan are more 
likely than other triptans to be responsible for seroto-
nin syndrome. The vast majority of the literature and 
the common consensus among headache professionals 
would be that there is no increased risk of serotonin 
syndrome from other triptans. Indeed, some experts 
doubt that this syndrome even occurs. Serotonin syn-
drome may rarely occur when triptans are combined 
with selective serotonin reuptake inhibitor (SSRI) or 
serotonin– norepinephrine reuptake inhibitor (SNRI) 
therapy but the risk is felt to be very low to nonexist-
ent. Triptan therapy (except naratriptan) should not 
commence sooner than 2 weeks after discontinuation 
of a monoamine oxidase inhibitor. Thus, many head-
ache experts suggest that triptans in combination 
with SSRIs or SNRIs can be used in most cases where 
both are needed as long as the risks and benefits are 
discussed and patients are monitored for symptoms of 
serotonin syndrome.
Eletriptan: The incidence of minor side effects was 
also dose related, but all adverse effects were transient 
and reversible. Reported side effects include asthe-
nia (4–10%), somnolence (3–7%), stroke, and sei-
zures. Eletriptan is contraindicated in patients with 
severe hepatic, renal, or peripheral vascular disease. 
Eletriptan interacts with CYP3A4 inhibitors and thus 
should not be used within 72 hours of treatment with 
other drugs that are potent CYP3A4 inhibitors such as 
ketoconazole, itraconazole, nefazodone, troleandomy-
cin, clarithromycin, ritonavir, and nelfinavir.

Naratriptan: Adverse event rates with naratriptan ther-
apy are similar to placebo and do not appear to be dose 
related. Side effects with this triptan include dizziness 
(up to 2%), paresthesia (up to 2%), somnolence (up 
to 2%), and stroke. Naratriptan is contraindicated in 
patients with severe hepatic, renal, or peripheral vas-
cular disease impairing their overall function. Oral 
contraceptives increase plasma naratriptan concentra-
tions, whereas smoking decreases plasma naratriptan 
concentrations.

Rizatriptan: The most common adverse effects with riza-
triptan therapy are dizziness (4–10%), asthenia/fatigue 

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.040
https://www.cambridge.org/core


Medications to Treat Headache and Migraine

789

(4–7%), nausea, and somnolence (4–10%). Other 
side effects include medication overuse headache and 
stroke. It should be used with caution in patients with 
renal or hepatic disease but is not contraindicated. 
Concentrations of rizatriptan are increased when used 
concomitantly with propranolol.

Sumatriptan: Side effects with sumatriptan administra-
tion are most significant when using the subcutaneous 
formulation. Overall, side effects from nasal spray or 
oral formulations are felt to be much more moderate. 
Overall, common side effects with sumatriptan ther-
apy include injection site reactions, chest pressure or 
heaviness, flushing, weakness, drowsiness, dizziness 
(oral 2%/subQ 12%), malaise, a feeling of warmth or 
burning sensation (oral 2%/subQ 7%), numbness 
(1–5%), and paresthesias (oral, 5%/subQ, 7.8–42%). 
Most of these reactions occur soon after administra-
tion and resolve spontaneously within 30 minutes. The 
most common side effect of intranasal sumatriptan 
is an unpleasant taste. More serious side effects seen 
when using sumatriptan include intracranial hemor-
rhage, stroke, and seizures.

Zolmitriptan: There is a dose–response relationship in 
terms of both efficacy and adverse effects when using 
zolmitriptan. The most common side effects reported 
include nausea, dizziness (oral 8%/nasal spray 4%), 
somnolence (oral 7%/nasal spray 3%), paresthesia 
(7%), asthenia (6%), hyperesthesia (nasal spray 3%), 
sensation of hot or cold (6%), fatigue, and tightness in 
the throat or chest. The incidence of unpleasant taste 
is lower with intranasal zolmitriptan when compared 
with intranasal sumatriptan. Again, more serious 
side effects include cerebral hemorrhage and stroke. 

Zolmitriptan is contraindicated in patients with 
Wolff–Parkinson–White syndrome and serum levels 
will increase if used in parallel with propranolol.

Almotriptan: The side effects most commonly seen 
with almotriptan include dizziness (4%), paresthesia 
(1%), and somnolence (5%). Cerebral hemorrhage and 
stroke have also been reported, especially in patients 
with underlying cerebrovascular disease.

Frovatriptan: Therapy with frovatriptan may be fre-
quently complicated by dizziness (8%). Frovatriptan 
is contraindicated in patients with peripheral vascular 
disease.

Further Reading
Brunton LL, Laurence L, Chabner BA, Knollmann 

BC. Goodman & Gilman’s the pharmacological 
basis of therapeutics. 12th ed. New York: McGraw-
Hill Publishing; 2011. pp. 345–7.

Gutierrez K. Pharmacotherapeutics. In Clinical 
reasoning in primary care. 2nd ed. St. Louis, MO: 
Saunders Elsevier; 2007. pp. 391–3

Katzung B, Trevor A. Basic & clinical pharmacology. 
13th ed. New York: McGraw-Hill Publishing; 
2015. pp. 283–5, 290–1.

Micromedex 2.0. Greenwood Village, CO: 
Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed Jan 22, 
2016.

Rizatriptan. In Post TW, ed. UpToDate. Waltham, MA: 
UpToDate; 2016.

Zolmitriptan. In Post TW, ed. UpToDate. Waltham, 
MA: UpToDate; 2016.
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Medications to Treat Mental Health and  
Substance Abuse Disorders
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Acamprosate (Campral®)
Typical Uses: maintenance of abstinence from alcohol in 
patients with alcohol dependence

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Common adverse effects (1–10%) include 
asthenia, anxiety, depression, dizziness, dry mouth, 
nausea, insomnia, and paresthesia. Other adverse 
reactions such as headache, syncope, somnolence, 
decreased libido, amnesia, abnormal thinking, and 
tremor have also been reported. Acamprosate is 
mainly excreted by the kidney. It is contraindicated 
in patients with severe renal impairment (creatinine 
clearance less than 30 mL/minute). Dosage adjust-
ment is recommended in patients with a creatinine 
clearance of 30–50 mL/minute to lessen the risk of 
adverse reactions due to drug accumulation. Elderly 
patients are more likely to have decreased renal func-
tion, and renal function monitoring is helpful with 
proper dose selection. Warnings exist for symptoms 
of suicidality and depression in patients who take aca-
mprosate and monitoring of these symptoms is rec-
ommended. Although suicide attempts and suicidal 
ideation had been reported in the clinical trials, there 
are insufficient data to determine whether the risk 
was increased due to the medication.

Further Reading
Campral® (acamprosate calcium) package insert. St. 

Louis, MO: Forest Pharmaceuticals, Inc;  
Jan 2012.

Jonas DE, Amick HR, Feltner C, et al. 
Pharmacotherapy for adults with alcohol use 
disorders in outpatient settings: a systematic 
review and meta-analysis. JAMA. 2014;311: 
1889–900.

Alpha-2 Adrenergic Agonists
Class Members: clonidine (Catapres®, Kapvay®), dex-
medetomidine (Precedex®), guanfacine (Intuniv®, 
Tenex®), tizanadine (Zanaflex®)

Typical Uses: hypertension, attention deficit hyperac-
tivity disorder (ADHD) (clonidine and guanfacine), 
motor or vocal tics (clonidine and guanfacine), opioid 
withdrawal, muscle spasticity and acute low back pain 
(tizanidine), intensive care unit or procedural sedation 
(dexmedetomidine)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most common adverse effects (>10%) with 
the alpha- 2 agonists include drowsiness, xerostomia, 
headache, fatigue, dizziness, insomnia (guanfacine), 
muscle weakness (tizanidine), and agitation (dex-
medetomidine). Clonidine is typically more sedat-
ing than guanfacine. Sedation is dose- dependent and 
often transient, typically subsiding after 2–3 weeks of 
treatment. Sedation and anticholinergic adverse effects 
are more troublesome in the elderly. Other common 
adverse effects (1–10%) include lethargy, irritability, 
sleep disturbances such as nightmares, vivid dreams 
and insomnia, emotional disturbances, anxiety, nerv-
ousness, depression (dose- dependent), erectile dys-
function, decreased libido, behavioral changes such as 
aggressive behavior or agitation, delirium, delusions, 
hallucinations, dyskinesia, speech disorder, malaise, 
paresthesia, restlessness, parotid pain, weakness, 
muscle and joint pain, accommodation disturbances, 
blurred vision, crying, and fever. The incidence of 
adverse events may be less with the transdermal form 
of clonidine due to the lower peak/trough plasma 
ratio. Warnings exist for risk of suicidal thoughts and 
behavior including attempts and completed suicide 
with clonidine and guanfacine, although there is lit-
tle evidence to directly suggest causation. Warnings 
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regarding sedation and drowsiness recommend that 
patients not operate heavy machinery or drive after 
taking an alpha- 2 agonist. Sedation may also be poten-
tiated when used with other CNS- depressing medica-
tions or alcohol. Tizanidine has been associated with 
visual hallucinations or delusions and should be used 
with caution in patients with psychiatric disorders. 
Abrupt cessation may lead to withdrawal symptoms 
such as nervousness, agitation, headache, and tremor. 
It is recommended to gradually taper alpha- 2 agonists 
upon discontinuation.

Further Reading
Clonidine. In Lexi- Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jul 26, 2017.

Doering PL, Li R. Substance-related disorders II: 
alcohol, nicotine, and caffeine. In DiPiro JT, 
Talbert RL, Yee GC, et al., eds. Pharmacotherapy: 
a pathophysiologic approach. 9th ed. New York, 
NY: McGraw-Hill; 2014. Chapter 49.

Saseen JJ, MacLaughlin EJ. Hypertension. In 
DiPiro JT, Talbert RL, Yee GC, et al., eds. 
Pharmacotherapy: a pathophysiologic approach. 
9th ed. New York, NY: McGraw-Hill; 2014. 
Chapter 3.

Antidepressants
Amoxapine (Asendin®)
Typical Uses: treatment of depression accompanied 
by anxiety or agitation, treatment of depression in 
patients with neurotic or reactive depressive disorder, 
treatment of endogenous or psychotic depression

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
drowsiness and fatigue. Common adverse effects 
(1–10%) include anxiety, insomnia, restlessness, nerv-
ousness, palpitations, tremor, confusion, excitement, 
nightmares, ataxia, alterations in EEG patterns, diz-
ziness, headache, and nausea. Other less common 
neurologic and psychiatric adverse effects such as 
seizure, hypomania, incoordination, paresthesia of 
the extremities, numbness, and disorientation have 
been reported. Patients with bipolar disorder are at  
increased risk of experiencing hypomania/mania with 
antidepressant use. Amoxapine possesses a black box 
warning for increasing the risk compared with placebo 

of suicidal thinking and behavior in children, adoles-
cents, and young adults (18–24 years old) in short- 
term studies of major depressive disorder (MDD) 
and other psychiatric disorders. It is contraindicated 
in patients who have hypersensitivity to dibenzoxaz-
epine, and it is not recommended for use in patients 
in acute recovery phase post myocardial infarction. It 
is also contraindicated to use amoxapine concurrently 
with other tricyclic antidepressants and monoamine 
oxidase inhibitors due to the risk of serotonin syn-
drome. Amoxapine may increase the response to alco-
hol, barbiturates, and other central nervous system 
(CNS) depressants. Amoxapine should be used with 
caution in patients with a history of urinary retention, 
angle- closure glaucoma, increased intraocular pres-
sure, cardiovascular disorders, or seizure disorders. 
Due to its neuroleptic activity, patients should be mon-
itored for extrapyramidal symptoms, tardive dyskine-
sia, or neuroleptic malignant syndrome. Amoxapine 
should be discontinued if these adverse reactions 
occur. Amoxapine can cause symptoms of grand mal 
convulsions, status epilepticus, central nervous system 
depression, and coma in overdose. Small quantities of 
amoxapine should be prescribed to lower the risk of 
overdose. Elderly patients may be more sensitive to the 
adverse reactions and amoxapine should be used with 
caution in this population and starting at a lower dose.

Further Reading
Amoxapine package insert. Tulsa, OK: Physicians 

Total Care, Inc; Jun 2009.
Amoxapine. In Micromedex 2.0. Greenwood Village, 

CO: Truven Health Analytics, Inc. www 
.micromedexsolutions.com. Accessed Jul 25, 2017.

Bupropion (Wellbutrin®, Zyban®)
Typical Uses: depression (with or without seasonal pat-
tern), smoking cessation, attention deficit hyperactiv-
ity disorder (ADHD) (off-label)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Due to the dopamine re- uptake inhibition and 
enhanced dopaminergic effect, bupropion most fre-
quently causes insomnia and wakefulness. Other more 
frequent adverse effects include headache, restless-
ness/agitation, tremor, and anxiety. It can negatively 
impact sleep and trigger insomnia, especially if a dose 
is taken later in the day, generally past 4 PM. Rarely, 
bupropion can cause paresthesia, abnormal movements 
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(twitching), and abnormal dreams. Bupropion has a 
dose- dependent impact on the seizure threshold (total 
daily dose >450 mg) and should be avoided in patients at 
a higher risk for seizure (active eating disorder, alcohol 
use disorder, epilepsy). Due to its dopamine- enhancing 
impact, it is possible that bupropion could rarely induce 
psychosis (hallucinations, delusions) or mania. There 
is a black box warning regarding increase in suicidal  
ideation in children, adolescents, and young adults  
(18–24 years of age) treated for depression. Monitor 
patients closely for suicidal thinking and behavior, clini-
cal worsening, or unusual changes in behavior.

Further Reading
American Psychiatric Association. Practice guideline 

for the treatment of patients with major depressive 
disorder. 3. Arlington: American Psychiatric 
Association; 2010.

Bupropion. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed May 22, 2017.

Bupropion. In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed May 22, 
2017.

Dopheide JA, Stimmel GL. Depression treatment: 
more ups than downs. The Rx Consultant. Jun 
2012;XXI:6.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications.  
4th ed. Cambridge, UK: Cambridge University 
Press; 2013.

Mirtazapine (Remeron®)
Typical Uses: depression, posttraumatic stress disorder 
(PTSD); due to mirtazapine’s appetite stimulating and 
sedative properties, it is often used to treat depression 
in the elderly and depression as a result of chronic dis-
ease states (cancer, HIV/AIDS)

Potential Neurologic or Psychiatric Adverse Effects: The 
most frequently encountered adverse effects of mir-
tazapine include drowsiness (may experience higher 
sedation at lower doses of 15 and 30 mg) and dizzi-
ness. Less frequent but possible adverse effects are 
abnormal dreaming, apathy, agitation, and paresthe-
sia. Antidepressant- induced akathisia is more likely 
to occur within the first few weeks of starting treat-
ment. There is a black box warning regarding increase 

in suicidal ideation in children, adolescents, and 
young adults (18–24 years of age) treated for depres-
sion. Monitor patients closely for suicidal thinking 
and behavior, clinical worsening, or unusual changes 
in behavior. Serotonin syndrome (agitation, mental 
status changes, delirium, tachycardia, diaphoresis, 
tremor, myoclonus) is also a risk when mirtazapine is 
given along with other serotonin- enhancing medica-
tions (selective serotonin reuptake inhibitors [SSRIs], 
serotonin– norepinephrine reuptake inhibitors 
[SNRIs], tramadol, triptans).

Further Reading
American Psychiatric Association. Practice guideline 

for the treatment of patients with major depressive 
disorder. 3. Arlington: American Psychiatric 
Association; 2010.

Dopheide JA, Stimmel GL. Depression treatment: 
more ups than downs. The Rx Consultant. Jun 
2012;XXI:6. 

Mirtazapine. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed May 22, 2017.

Mirtazapine. In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed May 22, 
2017.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications. 
4th ed. Cambridge, UK: Cambridge University 
Press; 2013.

Monoamine Oxidase Inhibitors (MAOIs)
Class Members: isocarboxazid (Marplan®), phenelezine 
(Nardil®), tranylcypromine (Parnate®)

Typical Uses: depression (often utilized for treatment 
refractory depression), anxiety

Potential Neurologic or Psychiatric Medication Adverse 
Effects: More frequently encountered adverse effects 
include dizziness and ataxia (orthostasis), drowsi-
ness, and headache. MAOIs may induce hyperreflexia, 
twitching, and rarely seizures. When combined with 
foods/beverages containing tyramine, there is an 
increased risk for the development of a hypertensive 
crisis (severe headache, nausea/vomiting, photopho-
bia, neck stiffness, and sweating). There have been 
several reports of transient increases in blood pressure 
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shortly (30 minutes to 2 hours) after ingestion of 
MAOIs. MAOIs may result in severe central nervous 
system excitation and increased sympathetic outflow, 
which can be manifested by neuromuscular irrita-
bility, hyperthermia, hypertension or hypotension, 
and arrhythmias. Overdose is potentially fatal and 
requires close observation and supportive care. MAOIs 
should not be co- administered with other serotonin- 
enhancing medications (selective serotonin reuptake 
inhibitors [SSRIs], serotonin– norepinephrine reup-
take inhibitors [SNRIs], tramadol, triptans) due to 
serotonin syndrome risk and toxicity. There is a black 
box warning regarding increase in suicidal ideation in 
children, adolescents, and young adults (18–24 years 
of age) treated for depression. Monitor patients closely 
for suicidal thinking and behavior, clinical worsening, 
or unusual changes in behavior.

Further Reading
Davidson J, Turnbill C. Isocarboxazid: Efficacy and 

tolerance. J Affect Disord. 1983;5:183–9.
Dopheide JA, Stimmel GL. Depression treatment: 

more ups than downs. The Rx Consultant. Jun 
2012;XXI:6.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed May 
22, 2017.

Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed May 22, 2017.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications.  
4th ed. Cambridge, UK: Cambridge University 
Press; 2013.

Serotonin–Norepinephrine Reuptake Inhibitors 
(SNRIs)
Class Members: venlafaxine (Effexor®), desvenlafaxine 
(Pristiq®), duloxetine (Cymbalta®), levomilnacipran 
(Fetzima®), milnacipran (Savella®)

Typical Uses: depression, anxiety (GAD, panic disorder, 
social anxiety disorder), neuropathic pain syndromes, 
obsessive- compulsive disorder (OCD), posttraumatic 
stress disorder (PTSD), attention deficit hyperactivity 
disorder (ADHD) (off- label), and hot flashes

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most frequently encountered adverse 

effects of SNRIs include headache, insomnia, and dizzi-
ness. Less frequent tolerability concerns include initial 
worsening of anxiety, drowsiness, abnormal dreams, 
yawning, paresthesia, and depersonalization. As a 
class, SNRIs are more likely to increase blood pressure 
and heart rate due to their norepinephrine re uptake 
inhibition. Due to their serotonergic activity, seroto-
nin syndrome is also a risk when SNRIs are given along 
with other serotonin- enhancing medications (selective 
serotonin reuptake inhibitors [SSRIs], tricyclic antide-
pressants [TCAs], tramadol, triptans). There is a black 
box warning regarding increase in suicidal ideation in 
children, adolescents, and young adults (18–24 years 
of age) treated for depression. Monitor patients closely 
for suicidal thinking and behavior, clinical worsening, 
or unusual changes in behavior.

Further Reading
American Psychiatric Association. Practice guideline 

for the treatment of patients with major depressive 
disorder. 3. Arlington: American Psychiatric 
Association; 2010.

Dopheide JA, Stimmel GL. Depression treatment: 
more ups than downs. The Rx Consultant. Jun 
2012;XXI:6.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed May 
22, 2017.

Micromedex 2.0. Greenwood Village, CO: 
Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed May 22, 
2017.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications.  
4th ed. Cambridge, UK: Cambridge University 
Press; 2013.

Selective Serotonin Reuptake Inhibitors (SSRIs)
Class Members: citalopram (Celexa®), escitalopram 
(Lexapro®), fluoxetine (Prozac®), fluvoxamine 
(Luvox®), paroxetine (Paxil®), sertraline (Zoloft®)

Typical Uses: major depressive disorder, anxiety disor-
ders, bulimia nervosa, premenstrual dysphoric dis-
order, obsessive- compulsive disorder, posttraumatic 
stress disorder

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The adverse effect profile is similar among 
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agents within the SSRI class. Very common adverse 
effects (>10%) include somnolence or insomnia, head-
ache, dizziness, sexual dysfunction, nervousness, and 
asthenia. Although somnolence or insomnia can occur 
with any SSRI, somnolence is most common with par-
oxetine and fluvoxamine. Sexual dysfunction is con-
sidered a chronic side effect and may include reduced 
libido in women and men, anorgasmia in women, 
erectile dysfunction in men, and increased ejacula-
tion latency in men. Common adverse effects (1–10%) 
include fatigue, anxiety, agitation, yawning, amnesia, 
paresthesia, tremor, myalgia, and abnormal dreams. 
Dizziness, insomnia, somnolence, tremor, yawning, 
fatigue, paresthesia, asthenia, anxiety, and nervousness 
are thought to be dose- related. Patients with bipolar 
disorder are at increased risk of experiencing hypoma-
nia/mania with antidepressant use. All SSRIs possess 
a black box warning for increasing the risk compared 
with placebo of suicidal thinking and behavior in 
children, adolescents, and young adults (18–24 years 
old) in short- term studies of major depressive disor-
der (MDD) and other psychiatric disorders. A discon-
tinuation syndrome may occur if an SSRI is stopped 
abruptly. Symptoms include nausea, headache, chills, 
insomnia, and dizziness.

Further Reading
American Psychiatric Association. Practice guideline 

for the treatment of patients with major depressive 
disorder. 3. Arlington: American Psychiatric 
Association; 2010.

Dopheide JA, Stimmel GL. Depression treatment: 
more ups than downs. The Rx Consultant. Jun 
2012;XXI:6.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed May 
22, 2017.

Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed May 22, 2017.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications.  
4th ed. Cambridge, UK: Cambridge University 
Press; 2013.

Trazodone (Oleptro®)
Typical Uses: depression, insomnia (off- label but most 
common use), chronic pain syndromes, anxiety

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most frequently encountered adverse 
effects include sedation, headache, dizziness, and 
ataxia (syncope/orthostasis). Less common include 
confusion, disorientation, abnormal dreams, night 
sweats, tinnitus, slurred speech, hallucinations, and 
seizure risk (<1%). Priapism (sustained, painful, and 
extended erection) is a rare, yet more serious poten-
tial adverse effect of trazodone due to its more potent 
alpha- 1 antagonist activity. There is a black box warn-
ing regarding increase in suicidal ideation in chil-
dren, adolescents, and young adults (18–24 years of 
age) treated for depression with trazodone. Monitor 
patients closely for suicidal thinking and behavior, 
clinical worsening, or unusual changes in behavior.

Further Reading
American Psychiatric Association. Practice guideline 

for the treatment of patients with major depressive 
disorder. 3. Arlington: American Psychiatric 
Association; 2010.

Dopheide JA, Stimmel GL. Depression treatment: 
more ups than downs. The Rx Consultant. Jun 
2012;XXI:6.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications. 
4th ed. Cambridge, UK: Cambridge University 
Press; 2013.

Trazodone. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed May 22, 2017.

Trazodone. In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed May 22, 2017.

Tricyclic Antidepressants (TCAs)
Class Members: secondary amine TCAs: nortriptyline  
(Pamelor®), desipramine (Norpramin®), protriptyline  
(Vivactyl®); tertiary amine TCAs: amitriptyline (Elavil®), 
doxepin (Sinequan®), clomipramine (Anafranil®), imi-
pramine (Tofranil®)

Typical Uses: depression, neuropathic pain syndromes 
(secondary amine TCAs), migraine prophylaxis, anx-
iety, posttraumatic stress disorder (PTSD), obsessive- 
compulsive disorder (OCD) (clomipramine), insomnia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most frequent tolerability concerns 
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associated with tertiary amine TCAs include anticho-
linergic adverse effects (blurred vision, confusion, 
and delirium), sedation/drowsiness, dizziness, and 
ataxia (orthostasis). Cognitive dysfunction and dis-
orientation can result from excessive sedation. All 
TCAs can induce initial worsening of anxiety, irri-
tability, and restlessness (akathisia). Rarely, TCAs 
may induce changes in EEG patterns, cause abnor-
mal dreams, and induce mania or hallucinations. 
As a class, TCAs are more likely to increase blood 
pressure and heart rate due to their norepinephrine 
re uptake inhibition. Due to their serotonergic activ-
ity, serotonin syndrome is also a risk when TCAs 
are given along with other serotonin- enhancing 
medications (selective serotonin reuptake inhibi-
tors [SSRIs], serotonin– norepinephrine reuptake 
inhibitors [SNRIs], tramadol, triptans). There is a 
black box warning regarding increase in suicidal 
ideation in children, adolescents, and young adults 
(18–24 years of age) treated for depression. Monitor 
patients closely for suicidal thinking and behavior, 
clinical worsening, or unusual changes in behavior. 
TCAs should be used with caution in patients with 
known cardiovascular disease due to their propen-
sity to induce cardiac conduction abnormalities. 
All TCAs also lower the seizure threshold. An over-
dose with a TCA medication is considered toxic and 
lethality is high due to seizure and cardiovascular 
risk.

Further Reading
American Psychiatric Association. Practice guideline 

for the treatment of patients with major depressive 
disorder. 3. Arlington: American Psychiatric 
Association; 2010.

Dopheide JA, Stimmel GL. Depression treatment: 
more ups than downs. The Rx Consultant. Jun 
2012;XXI:6.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed May 
22, 2017.

Micromedex 2.0. Greenwood Village, CO: 
Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed May 22, 
2017.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications.  
4th ed. Cambridge, UK: Cambridge University 
Press; 2013.

Vilazodone (Viibryd®)
Typical Uses: depression, anxiety

Potential Neurologic or Psychiatric Adverse Effects: 
Tolerability concerns that arise with vilazodone are 
similar to those that occur with selective serotonin 
reuptake inhibitors (SSRIs) and buspirone. The most 
frequent tolerability concerns include headache, diz-
ziness, and insomnia. Less frequent may include 
restlessness, jitteriness, akathisia, abnormal dreams, 
somnolence, and paresthesia. Due to its serotonergic 
activity, serotonin syndrome is also a risk when vila-
zodone is given along with other serotonin- enhancing 
medications (SSRIs, serotonin– norepinephrine reup-
take inhibitors [SNRIs], tramadol, triptans). There is a 
black box warning regarding increase in suicidal idea-
tion in children, adolescents, and young adults (18–24 
years of age) treated for depression. Monitor patients 
closely for suicidal thinking and behavior, clinical 
worsening, or unusual changes in behavior.

Further Reading
Dopheide JA, Stimmel GL. Depression treatment: 

more ups than downs. The Rx Consultant. Jun 
2012;XXI:6.

Laughren TP, Gobburu J, Temple RJ, et al. 
Vilazodone: clinical basis for the US Food 
and Drug Administration’s approval of 
a new antidepressant. J Clin Psychiatry. 
2011;72(9):1166–73.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications. 4th ed. 
Cambridge, UK: Cambridge University Press; 2013.

Vilazodone. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed May 22, 2017.

Vilazodone. In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed May 22, 
2017.

Vortioxetine (Trintellix®)
Typical Uses: depression (specific focus on cognitive 
dysfunction associated with depression)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most frequent tolerability concerns with 
vortioxetine include dizziness and abnormal dreams. 
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Sexual dysfunction (anorgasmia, erectile dysfunction, 
and/or decreased libido) has been reported in >10% 
of patients taking vortioxetine. Rarely, this medication 
has the potential to induce hyponatremia and seizures 
or worsen angle- closure glaucoma. Hypomania/mania 
can occur upon taking this medication in individuals 
with a diagnosis or history of bipolar disorder. Due to its 
serotonergic activity, serotonin syndrome is also a risk 
when vortioxetine is given along with other serotonin- 
enhancing medications (selective serotonin reuptake 
inhibitors [SSRIs], serotonin– norepinephrine reup-
take inhibitors [SNRIs], tramadol, triptans). There is a 
black box warning regarding increase in suicidal idea-
tion in children, adolescents, and young adults (18–24 
years of age) treated for depression. Monitor patients 
closely for suicidal thinking and behavior, clinical 
worsening, or unusual changes in behavior.

Further Reading
Dopheide JA, Stimmel GL. Depression treatment: 

more ups than downs. The Rx Consultant. Jun 
2012;XXI:6.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications.  
4th ed. Cambridge, UK: Cambridge University 
Press; 2013.

Vortioxetine. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed May 22, 2017.

Vortioxetine. In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed May 22, 2017.

Antipsychotics
First-Generation (Typical) Antipsychotics (FGAs)
Class Members: chlorpromazine (Thorazine®), thiori-
dazine (Mellaril®), loxapine (Loxitane®), perphenazine 
(Trilafon®), trifluoperazine (Stelazine®), thiothix-
ene (Navane®), fluphenazine (Prolixin®), haloperidol 
(Haldol®)

Typical Uses: psychosis, schizophrenia, Tourette syn-
drome, acute agitation/aggression

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Lower potency agents (chlorpromazine, thi-
oridazine) more commonly induce dizziness and 
ataxia (orthostasis), sedation/hypersomnia, and 

anticholinergic (blurred vision, delirium risk) adverse 
effects. Higher potency agents (fluphenazine, halop-
eridol) more commonly induce extrapyramidal side 
effects such as dystonia, akathisia (restlessness, insom-
nia), pseudoparkinsonism (rigidity/stiffness, resting 
tremor, unsteady gait), and tardive dyskinesia. Other 
less common adverse effects associated with the class 
of first- generation antipsychotics include agitation, 
altered temperature regulation, sweating, and head-
ache. Neuroleptic malignant syndrome (NMS) is a 
rare and potentially life- threatening adverse effect of 
antipsychotics. Patients with NMS may present with 
altered mental status, fever, rigidity, hypertension, 
and tachycardia. All antipsychotics lower the seizure 
threshold, with chlorpromazine exhibiting the high-
est risk among the FGAs. All antipsychotics also have 
a warning associated with an increased risk of death 
when used for the treatment of elderly patients with 
dementia- related psychosis.

Further Reading
Buchanan RW, et al. The 2009 schizophrenia 

PORT psychopharmacology treatment 
recommendations and summary statements. 
Schizophr Bull. 2010;36:71–93.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed May 
22, 2017.

Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed May 22, 2017.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications. 4th ed. 
Cambridge, UK: Cambridge University Press; 2013.

Second-Generation (Atypical) Antipsychotics (SGAs)
Class Members: clozapine  (Clozaril®),  risperi-
done  (Risperdal®), olanzapine (Zyprexa®), quetiapine 
(Seroquel®),  ziprasidone  (Geodon®),  aripiprazole 
(Abilify®), paliperidone (Invega®), asenapine (Saphris®), 
iloperidone (Fanapt®), lurasidone (Latuda®), brex-
piprazole (Rexulti®), cariprazine (Vraylar®)

Typical Uses: schizophrenia, schizoaffective disorder, 
bipolar disorder, depression, adjunctive therapy (arip-
iprazole, brexpiprazole, quetiapine), acute agitation/ 
aggression, irritability associated with autism  
(aripiprazole, risperidone)
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Potential Neurologic or Psychiatric Medication Adverse 
Effects: Tolerability concerns differ greatly among the 
SGAs. As a class, SGAs are all associated with weight 
gain, dyslipidemia, and hyperglycemia; however, 
these are much more common with the use of clo-
zapine, olanzapine, and quetiapine. Hypersomnia, 
sedation, and headache occur more frequently 
with quetiapine, risperidone/paliperidone, olan-
zapine, and clozapine. Wakefulness, insomnia, 
restlessness, and akathisia are more common with 
aripiprazole and lurasidone. Hyperprolactinemia 
most frequently occurs with risperidone and pali-
peridone. All antipsychotics have the potential to 
induce extrapyramidal side effects such as dystonia, 
akathisia (restlessness, insomnia), pseudoparkin-
sonism (rigidity/stiffness, resting tremor, unsteady 
gait), and tardive dyskinesia. Neuroleptic malig-
nant syndrome (NMS) is a rare and potentially life- 
threatening adverse effect of antipsychotics. Patients 
with NMS may present with altered mental status, 
fever, rigidity, hypertension, and tachycardia. All 
antipsychotics lower the seizure threshold, with clo-
zapine exhibiting the highest risk among the SGAs. 
All antipsychotics also have a warning associated 
with an increased risk of death when used for the 
treatment of elderly patients with dementia- related 
psychosis. There is a black box warning regarding 
increase in suicidal ideation in children, adolescents, 
and young adults (18–24 years of age) treated for 
depression with an antipsychotic. Monitor patients 
closely for suicidal thinking and behavior, clinical 
worsening, or unusual changes in behavior.

Further Reading
Buchanan RW, et al. The 2009 schizophrenia 

PORT psychopharmacology treatment 
recommendations and summary statements. 
Schizophr Bull. 2010;36:71–93.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed May 
22, 2017.

Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed May 22, 2017.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications. 
4th ed. Cambridge, UK: Cambridge University 
Press; 2013.

Atomoxetine (Strattera®)
Typical Uses: attention deficit hyperactivity disorder 
(ADHD)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Due to its norepinephrine activity, atomoxe-
tine is more likely to induce insomnia and should be 
dosed earlier in the day. The most frequently encoun-
tered adverse effects include headache and insomnia. 
Patients may also describe feeling jittery, disrupted 
sleep, anxiety, and rarely agitation. New- onset psycho-
sis, aggression, and mania in children/adolescents has 
been described after initial onset of treatment with ato-
moxetine, and treatment should be discontinued if this 
occurs. There is a black box warning regarding increase 
in suicidal ideation in children and adolescents 
treated in the short- term with atomoxetine. Monitor 
patients closely for suicidal thinking and behavior, 
clinical worsening, or unusual changes in behavior. 
Atomoxetine is metabolized by CYP2D6, and its levels 
may be increased with the concomitant use of CYP2D6 
inhibitors. 

Further Reading
American Academy of Pediatrics. ADHD: clinical 

practice guideline for the diagnosis, evaluation, 
and treatment of attention-deficit/hyperactivity 
disorder in children and adolescents. Pediatrics. 
2011;128:1007–22.

Atomoxotine. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed May 22, 2017.

Atomoxetine. In Micromedex 2.0. Greenwood 
Village, CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed May 22, 
2017.

Santosh PJ, Sattar S, Canagaratnam M. Efficacy and 
tolerability of pharmacotherapies for attention- 
deficit hyperactivity disorder in adults. CNS 
Drugs. 2011;25:737–63.

Benzodiazepines
Class Members: clonazepam (Klonopin®), alprazolam 
(Xanax®), lorazepam (Ativan®), diazepam (Valium®), 
clorazepate (Tranxene®), chlordiazepoxide (Librium®), 
oxazepam (Serax®), temazepam (Restoril®), triazolam 
(Halcion®), flurazepam (Dalmane®)
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Typical Uses: insomnia, seizure disorder, muscle relax-
ation (diazepam), anxiety (clonazepam, alprazolam), 
alcohol withdrawal (diazepam, chlordiazepoxide, 
lorazepam), akathisia (clonazepam)

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most frequently encountered adverse 
effects include sedation, ataxia, headache, and slurred 
speech. The more lipophilic benzodiazepines (alpra-
zolam, diazepam, clorazepate) produce a much 
quicker onset of calmness and sedation and have a 
higher abuse potential. Amnesia, confusion, or short- 
term memory loss is more common with triazolam or 
flurazepam. Rarely, a paradoxical reaction leading to 
aggression, agitation, anxiety, hallucinations, or stim-
ulation can occur and is more common in children 
and adolescents. Benzodiazepines should be used with 
caution or avoided completely in combination with 
other CNS- depressing medications such as opioids 
due to increased risk of respiratory depression and 
death. Benzodiazepines with identified longer half- 
lives (diazepam, chlordiazepoxide) should be used 
with caution in patients with impaired hepatic func-
tion or in the elderly. Alternatively, lorazepam, oxaze-
pam, and temazepam are considered safer to use when 
hepatic function is impaired due to less extensive liver 
metabolism.

Further Reading
Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 

Health, Inc. http://online.lexi.com. Accessed May 
22, 2017.

Micromedex 2.0. Greenwood Village, CO: 
Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed May 22, 
2017.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications. 
4th ed. Cambridge, UK: Cambridge University 
Press; 2013.

Buprenorphine
Class Members: buprenorphine (Buprenex®, Butrans®, 
Probuphine®, Subutex®), buprenorphine/naloxone 
(Suboxone®, Zubsolv®, Bunavail®)

Typical Uses: treatment of opioid dependence, moderate 
to severe pain

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most frequent adverse effect of buprenor-
phine injection (up to 66%) is sedation. The most 
common adverse effects (>10%) with the tablet and 
buccal film include headache, nausea, insomnia, 
pain, withdrawal syndrome, anxiety, and depres-
sion. The most common adverse effects (>10%) 
with the implant were implant- site pain, pruritus, 
and erythema. Common adverse effects (1–10%) 
with the implant include headache, depression, nau-
sea, vomiting, fatigue, asthenia, dizziness, and som-
nolence. The transdermal patch is associated with 
headache, dizziness, and drowsiness (all >10%), 
but appears to have a lower incidence (1–10%) of 
anxiety, depression, insomnia, and pain. The patch 
is also associated with fatigue, hypoesthesia or par-
esthesia, and migraine (1–10%). Common adverse 
effects (1–10%) with the injection include dizzi-
ness, headache, and respiratory depression and 
with the tablet include chills, flu- like symptoms, 
nervousness, drowsiness, and dizziness. Patients 
taking buprenorphine should be cautioned against 
performing tasks that require mental alertness. The 
buccal film and transdermal patch carry a boxed 
warning for the potential to cause life- threatening 
respiratory depression, especially during initiation 
or dose escalation. Misuse or abuse of the contents 
of the buccal film or transdermal patch by chewing, 
swallowing, snorting, or injection poses a signif-
icant risk of overdose and death. Accidental expo-
sure by children to even one dose can result in a 
fatal overdose. Patients with oral mucositis may be 
more prone to toxicity or overdose with the buccal 
film. Insertion and removal of implants are asso-
ciated with the risk of implant migration, protru-
sion, expulsion, and nerve damage resulting from 
the procedure. Buprenorphine should be used with 
caution in patients with impaired hepatic function, 
head trauma, toxic psychosis, central nervous sys-
tem (CNS) depression, coma, or a history of seizure 
disorder. Elderly patients may be more sensitive to 
the adverse effects of buprenorphine. Prolonged 
use during pregnancy may lead to life- threatening 
opioid withdrawal syndrome in the neonate. Abrupt 
discontinuation of buprenorphine following pro-
longed use is not recommended due to the risk of 
withdrawal symptoms. Concomitant use with ben-
zodiazepines or other CNS depressants should be 
avoided.
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Further Reading
Buprenorphine. In Lexi- Drugs. Lexicomp. Hudson, 

OH: Wolters Kluwer Health, Inc. http://online 
.lexi.com. Accessed July 25, 2017.

Probuphine® (buprenorphine) package insert. 
Princeton, NJ: Braeburn Pharmaceuticals, Inc; 
May 2016.

Suboxone® (buprenorphine/naloxone) package insert. 
Richmond, VA: Invidior Inc; Feb 2017.

Buspirone (BuSpar®)
Typical Uses: generalized anxiety disorder (GAD), 
treatment- resistant depression (adjunctive therapy) 

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most frequently encountered adverse effects 
include dizziness, nausea, headache, and somnolence. 
Other less common effects include paresthesia, abnor-
mal dreams, tremor, and confusion. If used concur-
rently with other serotonergic medications (selective 
serotonin reuptake inhibitors [SSRIs], serotonin– 
norepinephrine reuptake inhibitors [SNRIs], trama-
dol, triptans), there is an increased risk for serotonin 
syndrome development. Use along with a CYP3A4 
inhibitor increases this risk. Rarely, use of buspirone 
has induced dopamine- related movement disorders 
such as dystonia, akathisia, and pseudoparkinsonism. 
Buspirone is widely viewed as an alternative anxiolytic 
agent to the use of benzodiazepines, as it is less sedat-
ing and is not associated with abuse or dependence. 
Buspirone is not effective when used “as needed” or for 
situational anxiety, and patients should be advised to 
take it daily for best efficacy.

Further Reading
Buspirone. In Lexi- Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed May 22, 2017.

Buspirone. In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed May 22, 2017.

Dopheide JA, Stimmel GL. Depression treatment: 
more ups than downs. The Rx Consultant. Jun 
2012;XXI:6.

Stahl SM. Stahl’s essential psychopharmacology: 
Neuroscientific basis and practical applications. 
4th ed. Cambridge, UK: Cambridge University 
Press; 2013.

Disulfiram (Antabuse®)
Typical Uses: alcoholism, cocaine dependence, contact 
dermatitis due to nickel

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Transient adverse effects include mild drowsi-
ness, fatigue, impotence, and headache. Vertigo, irrita-
bility, agitation, disorientation, delirium, behavioral or 
personality changes, and psychoses have been reported 
with disulfiram. Seizure, optic or peripheral neuritis, 
polyneuritis, or peripheral neuropathy also may occur. 
The severity of the neuropathy is directly related to dose 
and duration of exposure. Disulfiram has a black box 
warning that it should never be administered to patients 
in a state of alcohol intoxication or without the patient’s 
full knowledge. Disulfiram is contraindicated in patients 
with psychoses. It should be used with caution in 
patients with epilepsy or cerebral damage as disulfiram 
may aggravate preexisting EEG abnormalities. Hepatic 
failure resulting in transplantation or death has been 
reported. Liver function tests should be monitored at 
baseline and 10 to 14 days after initiation of disulfiram. 
Patients should notify their physicians if they have 
symptoms of hepatitis such as fatigue, weakness, nau-
sea, anorexia, jaundice, or dark urine. Metronidazole, 
paraldehyde, or alcohol- containing items such as cough 
syrups, mouth wash, or aftershave can interact with 
disulfiram and cause symptoms of throbbing headache, 
flushing, nausea, syncope, vertigo, anxiety, and confu-
sion. The intensity of the reaction usually is dose- related 
to the amounts of alcohol ingested and may occur up 
to 14 days after the last dose of disulfiram. Symptoms 
of severe disulfiram reaction may include respiratory 
depression, unconsciousness, convulsions, and death. 
The duration of the reaction ranges from 30 minutes to 
several hours or as long as there is alcohol in the blood. 
Disulfiram can increase phenytoin concentrations and 
lead to phenytoin intoxication. Phenytoin levels should 
be monitored at baseline and after initiation of disul-
firam. Concurrent use with isoniazid can cause unsteady 
gait or changes in mental status and disulfiram should be 
discontinued if these occur.

Further Reading
Anatbuse® (disulfiram) package insert. Sellersville, 

PA: Teva Women’s Health, Inc; Feb 2013.
Chick J. Safety issues concerning the use of disulfiram 

in treatment alcohol dependence. Drug Saf. 
1999;20:427–35.
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Disulfiram. In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. www 
.micromedexsolutions.com. Accessed Jul 25, 2017.

Lithium Carbonate (Lithobid®)
Typical Uses: bipolar disorder (acute mania, depression, 
and maintenance), treatment- refractory depression 
(adjunctive therapy)

Potential Neurologic and Psychiatric Adverse Effects: More 
frequently encountered adverse effects with lith-
ium include ataxia, drowsiness, headache, lethargy, 
mild to moderate intentional tremor, and vertigo. 
Less reported but notable and more concerning are 
hyperactive deep tendon reflex, restlessness, muscu-
lar weakness, lack of coordination, slowed intellec-
tual functioning, confusion, and slurred speech. More 
severe central nervous system (CNS) depression and 
confusion may be indicative of lithium toxicity and 
could lead to seizure development or coma. Of note, 
patient- reported lethargy, slowed speech, and confu-
sion may be related to lithium- induced hypothyroid-
ism or lithium toxicity. Coupled with the above listed 
tolerability concerns, renal impairment may increase 
lithium tolerability concerns and toxicity risk. Lithium 
levels may increase when it is concomitantly admin-
istered with angiotensin converting enzyme (ACE) 
inhibitors, angiotensin II receptor blockers (ARBs), 
diuretics, and non steroidal anti- inflammatory drugs 
(NSAIDs). Due to its serotonergic activity, serotonin 
syndrome is also a risk when lithium is given along 
with other serotonin- enhancing medications (selec-
tive serotonin reuptake inhibitors [SSRIs], serotonin– 
norepinephrine reuptake inhibitors [SNRIs], tramadol, 
triptans). Lithium has a narrow therapeutic window, 
and 12- hour post- dose serum levels should be evalu-
ated every 1 to 3 months or as clinically indicated, with 
a goal therapeutic range of 0.5 to 1.2 mEq/L. Toxicity 
is often identified when serum levels are above 1.5 
mEq/L. Accompanying signs and symptoms of toxicity 
include more severe tremor, nausea/vomiting, diar-
rhea, nystagmus, confusion, ataxia, and coma or death.

Further Reading
Dopheide JA, Stimmel GL. Depression treatment: 

more ups than downs. The Rx Consultant. Jun 
2012;XXI:6.

Ellis P, Wheeler A. Lithium in general practice. Best 
Pract. 2007;Issue 3:16–27.

Lithium. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed May 22, 2017.

Lithium. In Micromedex 2.0. Greenwood Village, 
CO: Truven Health Analytics, Inc. http://
micromedexsolutions.com. Accessed May 22, 2017.

Lorcaserin (Belviq®, Belviq XR®)
Typical Uses: adjunct to diet and exercise for weight 
management in adults

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The only very common adverse effect (>10%) 
reported is headache. Common adverse effects (1–10%) 
include cognitive impairment such as impairments in 
attention and memory, confusion, nausea, prolactin ele-
vation, fatigue, dizziness, anxiety, insomnia, stress, and 
depression. Patients should be cautious when operating 
machinery due to impaired cognitive function. Priapism 
is a potential adverse effect and lorcaserin should be used 
with caution in men with anatomical deformation of 
the penis or who have conditions that might predispose 
them to priapism such as sickle cell anemia. Prolactin 
should be measured in patients with signs or symptoms 
of hyperprolactinemia. Warnings exist for symptoms 
of euphoria, hallucinations, sedation, and dissociation 
at supratherapeutic doses (40 mg and 60 mg), and the 
total daily dose of lorcaserin should not exceed 20 mg. 
Patients should be monitored for the emergence or 
 worsening of depression, suicidal thoughts or behavior, 
and any unusual changes in mood or behavior. The use 
of lorcaserin is contraindicated during pregnancy due 
to the risk of weight loss and may result in fetal harm. It 
should be used with caution when combined with other 
medications indicated for erectile dysfunction. Risk of 
serotonin syndrome or neuroleptic malignant syndrome 
is increased when used with other serotonergic medi-
cations such as selective serotonin reuptake inhibitors, 
serotonin– norepinephrine reuptake inhibitors, tricyclic 
antidepressants, monoamine oxidase inhibitors, bupro-
pion, lithium, tramadol, triptans, dextromethorphan,  
St. John’s wort, antipsychotics, or other dopamine 
antagonists. Symptoms include mental status changes, 
tachycardia, labile blood pressure, hyperthermia, hyper-
reflexia, incoordination, chills, tremor, and hyperhidrosis.

Further Reading
Belviq®/BelviqXR® (lorcaserin) package insert. 

Woodcliff Lake, NJ: Eisai Inc; May 2017.
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Melatonin Receptor Agonists
Class Members: ramelteon (Rozerem®), tasimeltron 
(Hetlioz®)

Typical Uses: insomnia, non- 24 hour sleep–wake 
disorder

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
headache, nightmare, and abnormal dreams for tasim-
elteon and prolactin level increase for ramelteon. 
Common adverse effects (1–10%) of ramelteon include 
somnolence, fatigue, dizziness, nausea, and insom-
nia exacerbation. Complex behaviors such as “sleep- 
driving,” hallucinations, bizarre behavior, agitation, and 
mania have been reported with ramelteon. Decreased 
testosterone levels and increased prolactin levels have 
been reported with ramelteon, and patients should be 
monitored for symptoms of hyperprolactinemia such 
as amenorrhea or galactorrhea. Angioedema has been 
reported in patients after taking ramelteon and patients 
who have a history of angioedema after taking ramel-
teon should not be rechallenged with the drug. Strong 
cytochrome P450 1A2 inhibitors such as fluvoxamine 
can increase the concentration of melatonin receptor 
agonists and increase the risk of adverse effects while 
strong cytochrome P450 3A4 inducers such as rifampin 
can reduce the efficacy. Patients should not consume 
alcohol or take other CNS depressants while taking mel-
atonin receptor agonists to avoid additive CNS depres-
sant effects. Patients should avoid driving, operating 
machinery, or engaging in any hazardous activity after 
taking melatonin receptor agonists.

Further Reading
Hetlioz® (tasimelteon) package insert. Washington, 

DC: Vanda Pharmaceuticals Inc; Dec 2014.
Rozerem® (rameltron) package insert. Deerfield, IL: 

Takeda Pharmaceuticals America, Inc; Nov 2010.

Nicotine Replacement Therapy
Class Members: nicotine gum, inhaler (Nicotrol®), loz-
enges, nasal spray, transdermal patch (Habitrol®, 
NicodermCQ®)

Typical Uses: smoking cessation

Potential Neurologic or Psychiatric Medication Adverse 
Effects: The most frequent adverse effects (>10%) 

include headache (nasal spray/inhaler). Other com-
mon adverse effects (1–10%) with the nasal spray 
and inhaler include dizziness, anxiety, sleep disor-
der, depression, fatigue, back pain, arthralgia, jaw 
and neck pain, dependence and withdrawal symp-
toms, influenza- like symptoms, and fever (inhaler). 
Headache is also a common and seemingly dose- related 
adverse effect with the lozenges. Other adverse effects 
with the gum, lozenge, and/or transdermal systems 
include impaired concentration, depression, dizziness, 
headache, insomnia, abnormal dreams/nightmares, 
somnolence, nervousness, tinnitus (gum), diaphoresis 
(transdermal), and pain. The intranasal spray has also 
been associated with headache, back pain, confusion, 
aphasia, amnesia, migraine, and numbness. The risk of 
adverse effects may be increased in those who continue 
to smoke or use other nicotine products along with 
nicotine replacement therapy (NRT) or in those who 
exceed the recommended dosage. Chewing the nic-
otine gum too rapidly may result in lightheadedness. 
Strenuous physical activity may increase the risk of 
nicotine toxicity with the transdermal patch. Sustained 
use of NRT (i.e., more than 6 months) should be dis-
couraged because chronic consumption of nicotine in 
any form may result in intoxication and dependence. 
NRT is usually contraindicated in women who are or 
may become pregnant. NRT may pose less risk to the 
fetus than cigarette smoking because plasma nicotine 
concentrations are similar to or lower than those pro-
duced by cigarette smoking (except for the inhaler) and 
do not expose the mother or fetus to carbon monoxide 
or other hazardous substances.

Further Reading
Nicotine. In Lexi- Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jul 26, 2017.

Nicotine. In AHFS® Drug Information. Bethesda, MD: 
American Society of Health- System Pharmacists, 
Inc. http://factsandcomparisons.com. Accessed 
Jul 27, 2017.

Opioid Antagonists
Class Members: naltrexone (Revia®, Vivitrol®), naloxone 
(Narcan®, Evzio®)

Typical Uses: naltrexone: alcohol dependence, opioid 
dependence, cholestatic pruritus; naloxone: opioid 
overdose, septic shock, opioid- induced pruritus
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Potential Neurologic or Psychiatric Medication Adverse 
Effects: Frequent adverse effects (>10%) include 
headache, insomnia, dizziness, anxiety, decreased 
energy, and nervousness. Other common adverse 
effects (1–10%) include suicidal ideation, depression, 
somnolence, fatigue, chills, increased energy, feeling 
down, and irritability. In neonates, opioid withdrawal 
symptoms may include convulsions, seizures, exces-
sive crying, and hyperactive reflexes. Naltrexone may 
precipitate withdrawal in patients who are physically 
dependent on opiates. To minimize this risk, patients 
should remain free from opiates for at least 7–10 
days prior to starting naltrexone. To be certain of a 
patient’s abstinence, a naloxone challenge test may be 
performed. Administration of large doses of opiates 
to attempt to overcome the antagonist activity of nal-
trexone may produce acute opiate overdose. Signs and 
symptoms of overdose may occur with administration 
of smaller doses of opiates long after the last naltrexone 
dose. Excessive doses of naloxone in post- operative 
patients may cause agitation. Death, coma, and 
encephalopathy have been reported with use of nalox-
one in the post- operative setting. Naloxone crosses the 
placenta and may precipitate withdrawal in a fetus.

Further Reading
Evzio® (naloxone) package insert. Richmond, VA: 

Kaleo, Inc; 2014.
Naltrexone. In Lexi- Drugs. Lexicomp. Hudson, OH: 

Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jan 23, 2016.

Naltrexone. In AHFS® Drug Information. Bethesda, 
MD: American Society of Health- System 
Pharmacists, Inc. http://factsandcomparisons 
.com. Accessed Jan 23, 2016.

Sedative Hypnotics Non- Benzodiazepine 
Type
Class Members: zolpidem (Ambien®, Ambien CR®, 
Zolpimist®, Edluar®, Intermezzo®), zaleplon (Sonata®), 
eszopiclone (Lunesta®)

Typical Uses: insomnia

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
headache, dizziness, and somnolence. Common 
adverse effects (1–10%) include drowsiness, leth-
argy, feeling “drugged,” lightheadedness, depression, 

abnormal dreams, amnesia, and paresthesia. Complex 
behaviors such as sleep- driving or sleep- eating have 
been reported, and they are more likely to occur if a 
non- benzodiazepine hypnotic is combined with alco-
hol or other central nervous system (CNS) depressants. 
Although rare, adverse effects such as decreased inhi-
bition, visual or auditory hallucinations, bizarre behav-
ior, agitation, depersonalization, amnesia, and anxiety 
have been reported. Next- day psychomotor impair-
ment can occur and abrupt discontinuation of medi-
cations may cause transient rebound insomnia. CNS 
depressant effects of non- benzodiazepine hypnotics 
are additive when combined with alcohol or other 
CNS- depressant drugs. Use with caution in the elderly, 
patients with depression, compromised respiratory 
function, or hepatic impairment. Women appear to 
be more susceptible to the next- day impairment due 
to slower elimination of zolpidem, and lower dose of 
zolpidem is recommended for women. Patients should 
avoid driving, operating machinery, or engaging in any 
hazardous activity after taking non- benzodiazepine 
hypnotics. Non- benzodiazepine hypnotics are sched-
ule IV controlled substances and they have been 
associated with abuse, dependence, and withdrawal. 
Withdrawal symptoms with these medications are 
usually less severe compared with benzodiazepines 
and patients may experience insomnia, delirium, drug 
cravings, anxiety, tremor, and palpitations.

Further Reading
Gunja N. The clinical and forensic toxicology of 

Z-drugs. J Med Toxicol. 2013;9:155–62.
Wilson SJ, Nutt DJ, Alford C, et al. British Association 

for Psychopharmacology consensus statement 
on evidence- based treatment of insomnia, 
parasomnias and circadian rhythm disorders.  
J Psychopharmacol. 2010;24:1577–601.

Zammit G. Comparative tolerability of newer agents 
for insomnia. Drug Saf. 2009;32:735–48.

Sodium Oxybate (Xyrem®)
Typical Uses: cataplexy in narcolepsy, excessive day-
time sleepiness in narcolepsy, fibromyalgia, alcohol 
withdrawal syndrome, and maintenance of alcohol 
abstinence

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Very common adverse effects (>10%) include 
dizziness and dose- related nausea. Common 
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dose- related adverse effects (1–10%) include feel-
ing drunk, paresthesia, sleepwalking, sleep paraly-
sis, irritability, disorientation, and confusion. Other 
common adverse effects (1–10%) include som-
nolence, tremor, depression, and anxiety. Sodium 
oxybate has a black box warning for respiratory 
depression. It is a schedule III controlled substance 
and the sodium salt gamma hydroxybutyrate (GHB) 
is a schedule I controlled substance. Sodium oxybate 
is associated with abuse, misuse, central nervous sys-
tem (CNS) adverse effects such as seizure, respira-
tory depression, decreased consciousness, coma, 
and death. Other neuropsychiatric adverse effects 
such as hallucinations, paranoia, psychosis, and 
agitation have also been reported. Sodium oxybate 
should be used with caution in patients with depres-
sion, sleep- related breathing disorders, or substance 
use disorders. Lower starting doses should be used 
in geriatric patients, patients with hepatic impair-
ment, or in patients who are on divalproex sodium. 
Sodium oxybate is a CNS depressant and the concur-
rent use of alcohol or sedative hypnotics is contrain-
dicated. It is also contraindicated in patients with 
succinic semialdehyde dehydrogenase deficiency. 
Additionally, the use of sedating antidepressants or 
antipsychotics, sedating antiepileptic medications, 
or muscle relaxants may increase the risk of respira-
tory depression, profound sedation, syncope, and 
death. Sodium oxybate is only available through a 
restricted distribution program and prescribers and 
patients must enroll in the Xyrem Risk Evaluation 
and Mitigation Strategy (REMS) Program. It has a 
rapid onset of action and patients should take the 
medication while in bed and lie down immediately 
to decrease the risk of falls. Patients should avoid 
driving, operating machinery, or engaging in any 
hazardous activity for at least 6 hours after taking 
the second dose, or until they are able to tolerate the 
adverse effects.

Further Reading
Busardo FP, Kyriakou C, Napoletano S, et al. Clinical 

applications of sodium oxybate (GHB): from 
narcolepsy to alcohol withdrawal syndrome. Eur 
Rev Med Pharmacol Sci. 2015;19: 
4654–63.

Xyrem® (sodium oxybate) package insert. Palo Alto, 
CA: Jazz Pharmaceuticals, Inc; Jul 2017.

Stimulants 
Class Members: methylphenidate (Ritalin IR/SR/
LA®, Metadate ER/CD®, Concerta®, Quillivant XR®, 
Daytrana® patch), dexmethylphenidate (Focalin IR/
XR®), mixed amphetamine salt (Adderall IR/XR®), 
dextroamphetamine (Dexedrine IR®, ProCentra®), lis-
dexamfetamine (Vyvanse®)

Typical Uses: attention deficit hyperactivity disorder 
(ADHD), treatment- refractory depression

Potential Neurologic or Psychiatric Adverse Effects: The 
most frequently encountered adverse effects include 
headache, insomnia, irritability, restlessness, emo-
tional lability, and anxiety. Less commonly reported 
effects are tics, agitation, paresthesia, fatigue, hyper-
vigilance, anger outbursts, and psychosis. When dosed 
too high, stimulants can induce a “zombie- like” effect, 
which may appear as apathy, staring, or preoccupation. 
All stimulants are listed as DEA controlled substances 
(C- II) in the United States. Misuse, dependency, and 
diversion are possible. They should be cautiously pre-
scribed in a patient with a history of a substance use 
disorder. Stimulants may also exacerbate symptoms 
of underlying psychiatric conditions, such as mania 
or psychosis. Patients should be screened for bipolar 
disorder prior to initiating treatment with a stimu-
lant. Stimulant medications should be discontinued 
if symptoms of psychosis (paranoia/delusions, audi-
tory/visual hallucinations) develop during treatment. 
All stimulants have the potential to lower the seizure 
threshold and should be used with caution in a patient 
with a known seizure disorder. All stimulants also have 
the potential to increase blood pressure and heart rate. 
In patients with pre- existing structural cardiac abnor-
malities, the cardiac adverse effect of stimulants may 
be associated with stroke, myocardial infarction, or 
sudden death.

Further Reading
American Academy of Pediatrics. ADHD: clinical 

practice guideline for the diagnosis, evaluation, 
and treatment of attention-deficit/hyperactivity 
disorder in children and adolescents. Pediatrics. 
2011;128:1007–22.

Lexi-Drugs. Lexicomp. Hudson, OH: Wolters Kluwer 
Health, Inc. http://online.lexi.com. Accessed May 
22, 2017.
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Micromedex 2.0. Greenwood Village, CO: Truven 
Health Analytics, Inc. http://micromedexsolutions 
.com. Accessed May 22, 2017. 

Santosh PJ, Sattar S, Canagaratnam M. Efficacy and 
tolerability of pharmacotherapies for attention- 
deficit hyperactivity disorder in adults. CNS 
Drugs. 2011;25:737–63.

Suvorexant (Belsomra®)
Typical Uses: insomnia characterized by difficulties with 
sleep onset and/or sleep maintenance

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Common adverse effects (1–10%) include 
somnolence, headache, dizziness, abnormal dreams, 
and fatigue. Rare (<1%) adverse effects include com-
plex behavior such as “sleep- driving,” excessive day-
time sleepiness, amnesia, anxiety, sleep paralysis, 
hypnagogic/hypnopompic hallucinations, worsen-
ing depression, suicidal ideation, and mild cataplexy. 
Women and obese patients, particularly obese women, 
are at an increased risk of exposure- related adverse 
effects. Suvorexant can impair driving skills and 
increase the risk of falling asleep while driving. Risk of 
impaired alertness and motor coordination increases 
with dose. Patients should take suvorexant within 30 
minutes before bedtime with at least 7 hours remain-
ing before the planned time of awakening to reduce the 
risk of next- day impairment. Co- administration with 
other central nervous system (CNS) depressants or 
cytochrome P450 3A4 inhibitors may increase the risk 
of CNS depression, and patients should avoid consum-
ing alcohol while taking suvorexant. Suvorexant is con-
traindicated in patients with narcolepsy and it is not 
recommended for patients with severe hepatic impair-
ment. Suvorexant is a schedule IV controlled sub-
stance, and it should be used with caution in patients 
with substance use disorder.

Further Reading
Belsomra® (suvorexant) package insert. Whitehouse 

Station, NJ: Merck & Co., Inc; May 2016.
Citrome L. Suvorexant for insomnia: a systematic 

review of the efficacy and safety profile for this 
newly approved hypnotic – what is the number 
needed to treat, number needed to harm and 
likelihood to be helped or harmed? Int J Clin 
Pract. 2014;68:1429–41.

Varenicline Tartrate (Chantix®)
Typical Uses: smoking cessation

Potential Neurologic or Psychiatric Medication Adverse 
Effects: Case reports and post- marketing pharmaco-
vigilance data first identified a possible association of 
varenicline use with neuropsychiatric adverse effects 
including depression, mania, psychosis, hallucina-
tions, paranoia, delusions, homicidal ideation, hostil-
ity, agitation, aggression, anxiety, panic, and suicidal or 
self- injurious behavior in patients both with and with-
out pre- existing psychiatric illness. In 2009 the FDA 
required a black box warning on varenicline products 
warning of the potential risk for neuropsychiatric side 
effects. In contrast, large observational studies, rand-
omized controlled trials, and meta- analyses have not 
shown an increased risk of neuropsychiatric effects 
when varenicline is used for smoking cessation com-
pared with placebo or other smoking cessation ther-
apies. A large, manufacturer- conducted, randomized, 
double- blind, placebo- and active- controlled study 
examined the neuropsychiatric safety of varenicline 
versus active comparator or placebo in 8000 smok-
ers with or without a history of psychiatric disorders. 
Patients were stratified based on presence of psychiat-
ric history and randomized to varenicline, extended- 
release bupropion, transdermal nicotine, or placebo for 
12 weeks. No significant differences in the proportion 
of patients who experienced moderate to severe neu-
ropsychiatric adverse events were observed between 
treatment and placebo groups. Adverse events were 
more common for patients with psychiatric diagno-
ses compared with no psychiatric history, but overall 
rates were low for both groups. The authors concluded 
that varenicline use results in moderate to severe neu-
ropsychiatric adverse events at a rate no higher than 
1.5% in smokers without a psychiatric disorder and no 
higher than 4% in smokers with a pre- existing psychi-
atric disorder. Subsequently, in 2016 the FDA elected 
to remove the black box warning for neuropsychiatric 
effects; however, if patients do experience any behavio-
ral changes and/or psychiatric symptoms after  starting 
varenicline it should be discontinued.

Further Reading
Anthenelli RM, Benowitz NL, West R, et al. 

Neuropsychiatric safety and efficacy of varenicline, 
bupropion, and nicotine patch in smokers with and 
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without psychiatric disorders (EAGLES): a double- 
blind, randomised, placebo- controlled clinical 
trial. Lancet. 2016;387:2507–20.

Varenicline. In Lexi- Drugs. Lexicomp. Hudson, OH: 
Wolters Kluwer Health, Inc. http://online.lexi 
.com. Accessed Jul 10, 2017.

Varenicline. In AHFS Drug Information STAT!Ref 
Online Electronic Medical Library. Bethesda, MD: 
American Society of Health- System Pharmacists. 
http://online.statref.com/document 
.aspx?fxid=1&docid=497. Accessed Jul 10, 2017.
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abacavir, 749–750
abatacept, 764
abdominal aortic aneurysm repair, 35
abdominal migraine (cyclic vomiting 

syndrome), 137–138
abducens nerve (CN VI)

diabetic neuropathy, 151–152
double vision, 624
Gradenigo syndrome, 236, 624

abetalipoproteinemia, 410–411, 573, 690
abscesses

intracranial
Bacteroides, 54–55
fungal, 222
hemorrhage into, 247–248
nocardiosis, 422–423

psoas muscle, 540
spinal epidural, 614

absence seizures, 3, 317
atypical, 3

ACA (anterior cerebral artery) 
 infarction, 28, 331–332

acamprosate, 790
acanthocytosis, 409–410

with abetalipoproteinemia, 410–411
acarbose, 719
ACE inhibitors, 496, 709
acetazolamide, 100, 243, 297
acetazolamide-responsive myotonia, 

513–514
AChA (anterior choroidal artery) 

 infarction, 28–29
acoustic neuroma (vestibular 

 schwannoma), 595
acquired hepatocerebral degeneration, 4
acrodermatitis enteropathica, 705
acromegaly, 492
actinomycosis, 4
acute brachial neuritis (Parsonage– 

Turner syndrome), 5, 417
acute disseminated encephalomyelitis 

(ADEM), 5–6
post-immunization, 503–505
post-infectious, 146, 178, 364, 

505–507

acute inflammatory demyelinating 
 polyneuropathy, see Guillain–
Barré syndrome

acute kidney injury, 568–569, 577
acute necrotizing encephalopathy, 301
acute postasthmatic amyotrophy 

 (Hopkins syndrome), 273–274
acute posterior multifocal placoid 

 pigment epitheliopathy, 677
acute respiratory distress syndrome 

(ARDS), 294
acute stress disorder, 7–8
acyclovir, 264, 266, 738–739
adalimumab, 766
ADAMTS13 deficiency, 655–656
Addison’s disease, 10–11
ADEM, see acute disseminated 

 encephalomyelitis
adenovirus, 8
adenylosuccinate lyase (ASL)  

deficiency, 9
ADH, see antidiuretic hormone
ADHD, see attention deficit hyperactivity 

disorder
Adie’s pupil, 662–663
adjustment disorder, 10, 354, 511
adrenal gland

hyperadrenalism, 277–278
insufficiency, 10–11
pheochromocytoma, 484–485

adrenoleukodystrophy, 11–12
adrenomyeloneuropathy, 11–12
advanced sleep–wake phase disorder, 12
AEDs, see antiepileptic drugs
aerosol inhalation abuse

nitrous oxide, 421–422, 687
solvents, 13, 234–235, 267, 610

afferent pupillary defect, 13–14
age-related macular degeneration, 

352–353
AION (anterior ischemic optic 

 neuropathy), 41, 423, 501
air embolism, 14
akinetic (atonic) seizures, 45
albiglutide, 720

albuterol (salbutamol), 736–737
alcohol abuse, 14–16

abstinence medication, 790, 799–800
Korsakoff syndrome, 323–324, 537
Marchiafava–Bignami disease, 363
Wernicke disease, 537, 651, 700–701
withdrawal, 16–17

aldosterone excess, 277–278
alemtuzumab, 751
Alice in Wonderland syndrome, 192
alien limb phenomenon, 50
almotriptan, 788, 789
alogliptin, 720
Alpers disease (Alpers–Huttenlocher 

syndrome), 17–18
alpha-2 adrenergic agonists, 785, 790–791
alpha-galactosidase A deficiency  

(Fabry disease), 198–199
alpha-glucosidase inhibitors, 719
alpha-receptor blockers (alpha-1 

 adrenergic receptor antagonists), 
421, 512, 722

ALS–parkinsonism–dementia complex 
(ALS-PDC), 21–23

altitude, central sleep apnea, 99–100
aluminum toxicity, 153–154, 570, 727
alveolar echinococcosis, 170
Alzheimer’s disease, 18–19, 690–691
amantadine, 767
amaurosis fugax, 20, 644
amblyopia, 551, 625
American trypanosomiasis (Chagas 

disease), 113
aminoacidopathies

biotinidase deficiency, 62–64
homocysteinemia, 272–273, 281
homocystinuria, 273
maple syrup urine disease, 362–363
phenylketonuria, 484
pyridoxine-dependent seizures, 

553–554
aminoglycosides, 738
amiodarone, 709–710
ammonium ions (hyperammonemia), 

278–279, 779

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.042
https://www.cambridge.org/core


Index

808

adenylosuccinate lyase deficiency, 9
amnesia

dissociative (psychogenic), 159–161
Korsakoff syndrome, 323–324, 537
transient global, 664

amniotic fluid embolism, 108
amoebiasis, 20
amoxapine, 791
amphetamines, 803–804

ecstasy, 173–174
methamphetamine, 373–374

amphotericin B, 42, 79, 222, 269, 738
amylinomimetics, 719
amyloid

Alzheimer’s disease, 18
amyloidosis, 21
cerebral amyloid angiopathy, 105

familial, 205
amyotrophic lateral sclerosis (ALS), 

219–220
ALS–parkinsonism–dementia com-

plex, 21–23
anabolic steroids, 323, 358, 722–723
anakinra, 764–765
analgesics

medication-overuse headache, 366
NSAIDs, 786
opioids, 786–787, 798–799
salicylates, 787

anaplastic astrocytoma, 43
ANCAs (antineutrophil cytoplasmic 

antibodies), 237–238
Andersen–Tawil syndrome, 23, 477
Anderson–Fabry disease, 198–199
androgens, 323, 358, 722–723
anemia

erythropoiesis-stimulating agents, 
755

hemolytic–uremic syndrome, 247
iron deficiency, 310–311, 730
paroxysmal nocturnal hemoglobin-

uria, 471–472
vitamin B12 deficiency (pernicious 

anemia), 226, 686, 688
vitamin E deficiency, 691

anesthesia
and aminoglycosides, 738
and hyperkalemic periodic paralysis, 

281
malignant hyperthermia, 358–359
nitrous oxide, 421–422, 687

aneurysms
aortic aneurysm repair, 35
carotid artery, 87–88

intracranial
cerebral, 23–24
mycotic, 398–399
in pregnancy, 107

angel dust (phencyclidine), 483
Angelman syndrome, 24–25, see also 

Prader–Willi syndrome
angioma, 94–95, 680–681
angiomatosis (Sturge–Weber syndrome), 

232, 571, 629
angiostrongyliasis, 25–26
angiotensin-converting enzyme (ACE) 

inhibitors, 496, 709
angiotensin receptor blockers (ARBs), 709
angle closure glaucoma, 231–232
anorexia nervosa, 26–27, 486
anoxic encephalopathy, 27–28
antacids, 727
anterior cerebral artery (ACA) 

 infarction, 28, 331–332
anterior choroidal artery (AChA) 

 infarction, 28–29
anterior interosseous nerve syndrome, 533
anterior ischemic optic neuropathy 

(AION), 41, 423, 501
anterior spinal artery (ASA) occlusion, 29
antiarrhythmic drugs, 709–711
anti-asthma drugs, 734, 735–737
antibiotics, 340, 738, 739–747, see also 

antifungal drugs; antiviral drugs
resistance, 181

anticholinergic drugs, 768
bladder care, 275
bronchodilators, 734
poisoning, 29
to prevent dystonic reaction, 168

anticoagulants, 377, 711, 783, see also 
antiplatelet drugs

in atrial fibrillation, 46
HIT, 250–251
in pregnancy, 108

antidepressant drugs, 355, 427, 480, 547, 
791–796

in bipolar I/II disorders, 64, 65
in factitious disorder, 204
in PTSD, 512
seizure risk, 77, 355
serotonin syndrome, 601–602

MAIOs, 355, 480
other drugs, 792, 793, 795, 796

sexual dysfunction, 357, 794, 795–796
suicide risk, 791, 792, 793, 794, 795, 796

antidiuretic hormone (ADH)
deficiency, 492

excess (SIADH), 174, 292, 543
antiemetic drugs, 728, 729, 781–782
antiepileptic drugs (AEDs), 189, 774–780

absence seizures, 3
atonic seizures, 45
BECTS (rolandic epilepsy), 58
MERRF, 199
for mood stabilization, 64, 307
in pregnancy/postpartum, 190–191, 

692, 779
for radiation-induced peripheral 

neuropathy, 560
tonic–clonic seizures, 228
and vitamin D deficiency, 689

antifungal drugs, 42, 79, 222, 269, 738, 
739, 742

antihelminthic drugs, 26, 432
antihistamines, 734
anti-Hu syndrome, 30
antihypertensive drugs, 496, 709, 

712–713, 716, 717
beta-blockers, 196, 290, 516, 712
in pre-eclampsia, 516

anti-MAG demyelinating polyneuropa-
thy, 30–31, 418–419

antimicrobials, 738–747, see also antibi-
otics; antifungal drugs; antiviral 
drugs

antiparkinsonian drugs, 338, 468–469, 
767–771

dopa-responsive dystonia, 163
in pregnancy, 384
and psychosis, 545

antiplatelet drugs, 711–712, see also 
anticoagulants

antipsychotic drugs, 305, 565, 589–590, 
591–592

in catatonia (contraindicated), 93
in delirium, 144, 305
in dementia, 19, 338
dystonic reaction, 168
first generation (typical), 781–782, 796
neuroleptic malignant syndrome, 590, 

767, 770, 796, 797
in Parkinson’s disease, 545
in pregnancy, 116
in PTSD, 512
rabbit syndrome, 555–556
second-generation (atypical), 592, 

796–797
tardive dyskinesia, 555, 589–590, 

641–642
tardive dystonia, 642–643

antiretroviral drugs, 269, 271, 748–750
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antirheumatic drugs (DMARDs), 579, 
764–766

antisocial personality disorder, 306
antithrombin deficiency, 31
antithymocyte globulin, 751
anti-VEGF drugs, 352, 762
antiviral drugs, 140, 256, 738–739

for herpesviruses, 264, 266, 276
for HIV, 269, 271, 748–750
for influenza, 301, 745

Anton syndrome, 103
anxiety disorders, see also illness anxiety 

disorder
due to another medical condition, 

31–32, 454
generalized anxiety disorder, 227–228
hyperventilation syndrome, 287–288
panic disorder, 455–457
selective mutism, 598–599

anxiolytic drugs, 799, see also hypnotic drugs
benzodiazepines, 32, 567, 622, 648, 

797–798
aorta

arteritis, 32–33
coarctation, 33
dissection, 33–34
surgical procedures, 35–36
Takayasu arteritis, 641
trauma, 36–37

aortic valve
regurgitation, 34
stenosis, 35, 678

aortography, 36
aphasia

Broca’s area lesions, 377
Landau–Kleffner syndrome, 330
primary progressive, 219, 525–526

logopenic variant, 18
Wernicke, 376

apraxia of eyelid opening, 550
aprepitant, 782
aqueductal stenosis, 37–38
arachnoid cysts, 38, 491
arachnoiditis, 38–39
ARDS (acute respiratory distress syn-

drome), 294
arformoterol, 736
argininosuccinate (adenylosuccinate) 

lyase deficiency, 9
Argyll Robinson pupil, 662
armodafinil, 316, 322
arteries, intra-arterial injections, 308, 345
arteriopathy

arteritis
aortic, 32–33

giant-cell, 32, 41, 501, 644–645
polyarteritis nodosa, 255, 395–396
Takayasu, 641

non-inflammatory
fibromuscular dysplasia, 212
moyamoya disease, 385
Sneddon’s syndrome, 609–610

arteriovenous malformations (AVMs)
cerebral, 40–41, 441–443
fistula, 39–40, 89–90, 617–618

orbital, 438
hereditary hemorrhagic telangiecta-

sia, 442–443
pulmonary, 441, 443

arteritic anterior ischemic optic neuropa-
thy (AAION), 41, 501

arthritis, see also spondylosis
cervical spine, 109
DMARDs, 579, 764–766
osteoarthritis, 443
reactive, 563–564
rheumatoid, 578–579

ASA (anterior spinal artery) occlusion, 29
ASD, see atrial septal defect; autism 

spectrum disorder
aspergillosis, 41–42
aspirin, 711–712, 787
asthma

acute postasthmatic amyotrophy, 
273–274

drugs, 734, 735–737
astrocytoma, 42

cerebellar, 43–44
grade I (pilocytic), 42–43
grade II (diffuse), 43
grade III (anaplastic), 43
grade IV (glioblastoma), 43

ataxia
coenzyme Q10 deficiency, 520
Friedreich’s ataxia, 216–218
FXTAS, 216
vestibulocerebellar syndrome, 207
vitamin E deficiency, 690

atherosclerosis
carotid artery, 88–89
claudication, 307–308, 678–679
intracranial, 308–309

atlantoaxial subluxation, 44–45
atomoxetine, 797
atonic seizures, 45
atrial fibrillation, 45–46
atrial septal defect (ASD), 46–47
attention deficit hyperactivity disorder 

(ADHD), 47, 307, 353–354, 547
treatment, 47, 797, 803–804

atypical facial pain, 47–48
atypical parkinsonism, 48–51

ALS-PDC, 21–23
CBD, 49–50, 128–129
LBD, 48, 50, 337
MSA, 48, 49, 50, 391–393
PSP, 48, 49, 197, 529

autism spectrum disorder, 51–52, see also 
fragile X syndrome

autobiographical memory, 159–160
autoimmune disorders

ADEM, 5–6, 146, 178, 364, 503–507
anti-Hu syndrome, 30
anti-MAG Abs, 30–31, 418–419
autonomic neuropathy, 

 paraneoplastic, 461
CANOMAD syndrome, 81
celiac disease, 96–97
CIDP, 116–118
cryoglobulinemia type III, 134–135
encephalitis, 6, 177–178, 276, 

462–463, 695–696
encephalomyelitis, 461–462
GAD Ab syndromes, 235–236
GALOP syndrome, 224
granulomatosis with polyangiitis, 

237–238
Guillain–Barré syndrome, 6–7, 78, 

254, 255, 757
Hashimoto’s thyroiditis, 241
LEMS, 329–330, 463, 550
multiple sclerosis, 389–390,  

436, 676
myasthenia gravis, 396–397, 463–464, 

550, 624, 743
neuromyelitis optica, 414, 605
neuromyotonia, 414–415
opsoclonus–myoclonus  

syndrome, 464
pernicious anemia, 686
reactive arthritis, 563–564
retinopathy, 465
rheumatoid arthritis, 578–580
scleroderma, 530, 596–598
sensory neuronopathy, 465–466
Sjögren’s syndrome, 604–606
stiff person syndrome, 621–622
sulfatide antibodies, 419
Susac syndrome, 635, 676
Sydenham chorea, 635–636
systemic lupus erythematosus, 

639–640
TTP, 655–656
Vogt–Koyanagi–Harada  

disease, 676, 694
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autonomic nervous system, see also 
syncope

central alveolar hypoventilation 
syndrome, 126

diabetic neuropathy, 150–151
paraganglioma, 458–459
paraneoplastic neuropathy, 461
parasympathetic blockade, 29
postural orthostatic tachycardia syn-

drome, 512–513
pure autonomic failure, 551
Sjögren’s syndrome, 605
and vincristine, 762

AVMs, see arteriovenous malformations
avoidant/restrictive food intake disorder, 

52–53
axis (C2)

atlantoaxial subluxation, 44–45
odontoid fracture, 111–112

axonal polyneuropathy, 500
azathioprine, 238, 695, 751
azole antifungals, 739
aztreonam, 739

babesiosis, 54
back pain

degenerative disc disease, 142, 342
discitis, 157
herniated discs, 261
lumbar stenosis, 344
radiculopathy, 560

back strain/sprain, 54, 343–344
baclofen pump, intrathecal, 622
bacterial infections

actinomycosis, 4
aortitis, 32–33
Bacteroides spp., 54–55
brucellosis, 75–76
Campylobacter enteritis, 78
cat scratch disease, 93–94
Citrobacter spp., 119–120
Clostridium spp., 120–121

tetanus, 120, 121, 649–650
diphtheria, 155–156
ehrlichiosis, 174–175
Enterobacteriaceae, 119–120, 181–182
Fusobacterium spp., 222–223
Haemophilus influenzae type B, 240
infective endocarditis, 299–300, 

600–601, 625–626
leprosy, 334
leptospirosis, 335
Listeria monocytogenes, 339–340
Lyme disease, 347–348

Mycoplasma pneumoniae, 397–398
mycotic aneurysm, 398–399
necrotizing fasciitis, 91, 207, 208
Neisseria meningitis, 407–409
nocardiosis, 422–423
osteomyelitis, 156–157, 447
pertussis, 156, 482–483
Pseudomonas aeruginosa, 538–539
pyomyositis, 552–553
Rocky Mountain spotted fever, 

579–580
sepsis, 600
Staphylococcus aureus, 619
Streptococcus spp.

group A (rheumatic fever), 116, 
379, 577–578, 635–636

group B, 625
microaerophilic, 625–626
PANDAS, 635–636, 658
S. pneumoniae, 626–627

syphilis, 32, 271, 637–638, 662
tuberculosis, 271, 669
typhoid, 671–672
Whipple’s disease, 702

Bacteroides spp., 54–55
balance problems, see vertigo
Balint syndrome, 55–56
Bardet–Biedl syndrome, 573
bariatric surgery complications, 56
Bartonella henselae (cat scratch disease), 

93–94
basal ganglia

calcification, 206–207
copper deposition (Wilson’s disease), 

92, 383, 384
MCA occlusion, 376
and movement disorders, 384
neurodegeneration with brain iron 

accumulation, 409–410, 411
basilar artery

locked-in syndrome, 341, 481
top of the basilar syndrome, 663

basilar invagination, 56–57
basiliximab, 751–752
Bassen–Kornzweig syndrome (abetalipo-

proteinemia), 410–411, 573, 690
Batten’s disease (neuronal ceroid lipofus-

cinoses), 528, 573
B cell disorders, see also lymphoma

multiple myeloma, 389
plasma cell dyscrasias, 492–493
Waldenström’s macroglobulinemia, 

699–700
Becker muscular dystrophy, 57

Beck’s syndrome (ASA occlusion), 29
BECTS (benign epilepsy of childhood 

with centro-temporal spikes), 58
behavioral variant frontotemporal de-

mentia (bv-FTD), 219
Behçet’s disease, 677
Bell’s palsy (facial nerve), 200–201, 265

inability to close eyelids, 319
parotid cancer, 469
in pregnancy, 417

bendamustine, 700
Benedikt syndrome, 624
benign acute childhood myositis, 301
benign epilepsy of childhood with cen-

tro-temporal spikes (BECTS), 58
benign familial infantile convulsions and 

choreoathetosis (ICCA), 58–59
benign familial neonatal infantile sei-

zures (BFNIS), 59
benign familial neonatal seizures 

(BFNS), 59
benign fasciculation syndrome, 59–60
benign hereditary chorea (essential cho-

rea), 193–194
benign paroxysmal positional vertigo 

(BPPV), 60–61
benzamides, 728, 781, 782
benzodiazepines, 32, 567, 622, 648, 

797–798
beriberi, 537, 651
beta-blockers, 196, 290, 516, 712
beta-lactam/beta-lactamase inhibitors, 

181, 740
bevacizumab, 762
BFNIS (benign familial neonatal infantile 

seizures), 59
BFNS (benign familial neonatal 

 seizures), 59
Bickers–Adams–Edwards syndrome, 37
Bickerstaff encephalitis, 6
biguanides, 719–720
bile acid sequestrants, 714
bilirubin-induced neurologic 

 dysfunction (kernicterus), 
319–320, 741

binge eating disorder, 61, see also bulimia 
nervosa

Bing–Neel syndrome, 699
Binswanger’s disease, 61–62, 312
biotinidase deficiency, 62–64
bipolar I disorder, 64, 800
bipolar II disorder, 65, 800
bipolar and related disorder due to an-

other medical condition, 66
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bisphosphonates, 723
black widow spider venom, 66–67
bladder cancer, 67–68
blastomycosis, 68
blepharospasm, 68–69, 367–368
blinatumomab, 754
blindness, see vision, loss of
blood hyperviscosity, 288, 505, 507, 622, 

699–700
blood pressure, see hypertension; orthos-

tatic hypotension
body dysmorphic disorder, 69–70
bone, see also entries at osteo-

Paget’s disease, 451
tumors, 230–231, 445, 447–448

borderline personality disorder, 204
Borrelia burgdorferi (Lyme disease), 

347–348
bortezomib, 700, 760
botulinum toxin injections, 69, 110, 368, 

783
botulism, 70, 120, 550
bovine spongiform encephalopathy 

(BSE), 70–71
BPPV (benign paroxysmal positional 

vertigo), 60–61
brachial plexopathy, 71

acute neuritis, 5, 417
burner syndrome, 71–72
after cardiac surgery, 86
crutch use neuropathy, 134
neoplasm-related, 72
radiation neuropathy, 559–560
root avulsion, 580–581

Bradbury–Eggleston syndrome, 551
brain–lung–thyroid spectrum disorder, 

193–194
brainstem

central pontine myelinolysis, 97–98, 
292, 570

concussion, 73
encephalitis, 172, 182
lacunar stroke, 328
locked-in syndrome, 341, 481
ophthalmoplegia, 624
Parinaud syndrome, 197, 467, 652

breast cancer, 73–74
brachial plexopathy, 72
chemotherapy, 757–758, 760–761
meningitis, 83

brief psychotic disorder, 74–75
brivaracetam, 774
Broca’s area, 377
bronchodilators, 734, 736–737

brucellosis, 75–76
BSE (bovine spongiform 

 encephalopathy), 70–71
buckthorn fruit poisoning, 76
bulimia nervosa, 76–77, see also binge 

eating disorder
buprenorphine, 798–799
bupropion, 77, 357, 791–792
Burkitt lymphoma, 77
burner syndrome, 71–72
burnout, 627
buspirone, 799
butalbital, 783
butyrophenones  

(haloperidol), 168, 781, 796

cabazitaxel, 761
CADASIL, 105, 312
caffeine, 783–784
Calabar swelling, 342
calcineurin inhibitors, 695, 752
calcitonin, 723
calcium

hypercalcemia, 389, 568, 689
hypocalcemia, 288–289

calcium channel blockers, 712–713
Campylobacter enteritis, 78
canagliflozin, 721
canakinumab, 764–765
candidiasis, 78–79, 221–222
cannabinoids, medicinal, 781
cannabis, 79–80

withdrawal, 80–81
CANOMAD syndrome, 81
capecitabine, 755
capillary telangiectasia, 81–82
carbamazepine, 64, 191, 774–775
carbapenems, 740

resistance, 181
carbon dioxide (hypercarbia/ 

hypercapnia), 118–119, 279
carbon disulphide toxicity, 82
carbon monoxide poisoning, 82
carboplatin, 759–760
carcinoid tumors, 82–83
carcinomatous meningitis, 83–84
cardiac surgery, 85–86
cardioembolic stroke, 46, 85, 375
cardiogenic syncope, 86–87
cardiovascular disorders

aorta, see aorta
aortic valve regurgitation, 34
aortic valve stenosis, 35, 678
arrhythmias, 84–85

Andersen–Tawil syndrome, 23, 477
atrial fibrillation, 45–46
medication, 709–711
orthostatic tachycardia, 512–513
prolonged QT syndrome, 533, 

743, 744
Stoke Adams attacks, 623
and TCAs, 795

atrial septal defect, 46–47
congestive heart failure, 101–102, 

126–127
diabetic autonomic neuropathy, 151
hypertrophic cardiomyopathy, 287
infective endocarditis, 299–300, 

600–601, 625–626
mitral prolapse, 380–381
mitral regurgitation, 379–380
mitral stenosis, 380, 678
myocardial infarction, 399–400
patent ductus arteriosus, 472
patent foramen ovale, 472–473
prosthetic valves, 536
rheumatic fever, 116, 379, 577–578
ventricular septal defect, 681

carfilzomib, 760
caries, 147
carmustine, 758–759
carnitine deficiency, 518–519
carotid artery

aneurysm, 87–88
carotid–cavernous fistula, 89–90
dissection, 88
endarterectomy/stenting, 88–89

carotid sinus hypersensitivity, 90
carpal tunnel syndrome, 90–91, 417, 

418, 533
cartilage (relapsing polychondritis), 565–566
cassava root poisoning, 91
catamenial neuropathy, 180
cataplexy, 405, 406, 802–803
cataracts, 91–93
catatonia, 93, 160
cat scratch disease, 93–94
cauda equina syndrome, 94, 618
cavernous angioma, 94–95
cavernous sinus, see also venous sinus 

thrombosis
carotid–cavernous fistula, 89–90
thrombophlebitis, 95
thrombosis, 95–96
Tolosa–Hunt syndrome, 661–662
tumor, 96

CBD (corticobasal degeneration), 49–50, 
128–129
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celiac disease, 96–97
central pontine myelinolysis, 97–98,  

292, 570
central retinal artery occlusion, 98, 416
central retinal vein occlusion, 98–99
central serous choroidopathy, 99
central sleep apnea

Cheyne–Stokes respiration, 101–102, 
114

high altitude, 99–100
medications/substance abuse, 100–101
primary, 519–520

central visual impairment, 102–103
centronuclear myopathy, 103–104
cephalosporins, 741
cerebellum

astrocytoma/glioma, 43–44
coenzyme Q10 deficiency, 520
Dandy–Walker syndrome, 141
drug-induced tremors, 166
Lhermitte–Duclos disease, 338–339
medulloblastoma, 367
MSA-C, 49, 393–394
vestibulocerebellar ataxia, 207

cerebral amyloid angiopathy, 105, see also 
lobar hemorrhage

familial, 205
cerebral palsy, 106
cerebral venous thrombosis, see venous 

sinus thrombosis
cerebrospinal fluid leaks, 297, 645
cerebrotendinous xanthomatosis, 107
cerebrovascular disease, see stroke
certolizumab pegol, 766
cervical arthritis, 109
cervical disc disorders, 109–110

degenerative disease, 142
herniation, 260

cervical dystonia, 110
cervical facet syndrome, 110–111
cervical instability (atlantoaxial subluxa-

tion), 44–45
cervical myofascial pain syndrome, 111
cervical odontoid fracture, 111–112
cervical radiation myelopathy, 558
cervical spondylosis, 112
cervical trauma, 111, 112–113
cervical tumors, 406–407
Chagas disease, 113
channelopathies

Andersen–Tawil syndrome, 23, 477
BFNIS, 59
BFNS, 59
Dravet syndrome, 164–165

familial hemiplegic migraine, 
205–206

hyperkalemic periodic paralysis, 
281–282, 477

hypokalemic periodic paralysis, 291, 
476–477

LEMS, 329–330, 463, 550
limbic encephalitis, 695–696
myotonia syndromes, 414–415, 477, 

513–514
Charcot–Marie–Tooth disease

type 1, 258
type 3, 258–259

CHARGE syndrome, 374
Charles Bonnet syndrome, 92, 103,  

352, 436
chemotherapy, 230, 337, 754–763

intrathecal, 77, 757
PCV, 432
radiochemotherapy, 557, 559

cherry-red spot myoclonus syndrome 
(sialidosis type I), 603

Cheyne–Stokes respiration, 101–102, 114
child abuse, 114–115, 204
children, see also metabolic disorders; 

neonates; neurodevelopmental 
disorders

ADEM/encephalomyelitis, 5–6, 178, 
364, 503–507

adenovirus, 8
adrenoleukodystrophy (cerebral 

form), 11–12
Alpers disease, 17–18
amblyopia, 551, 625
aqueductal stenosis, 37
bone tumors, 445–446
brain tumors, 43, 183, 652

glioma, 43–44
medulloblastoma, 367

central visual loss, 103
centronuclear myopathy, 103–104
cerebral palsy, 106
cyclic vomiting syndrome, 137–138
disruptive mood dysregulation 

 disorder, 158–159
dopa-responsive dystonia, 163
epilepsy

absence, 3, 317
BECTS (rolandic), 58
BFNIS, 59
BFNS, 59
cortical dysplasia, 128
Doose syndrome, 162–163
Dravet syndrome, 164–165

early myoclonic encephalopathy, 
169

ESES, 175–176
folinic acid-responsive, 214
GABA transaminase deficiency, 

224
ICCA, 58–59
infantile spasms, 299
juvenile myoclonic, 318, 528–529
Landau–Kleffner syndrome, 330
Lennox–Gastaut syndrome, 

332–333, 778
Ohtahara syndrome, 430–431
progressive myoclonic, 528–529
pyridoxine-dependent, 553–554
Rasmussen encephalitis, 562–563
temporal lobe, with febrile 

 convulsions, 210
febrile seizures, 210–211
GAMT deficiency, 238
GLUT1 deficiency, 236
Haemophilus influenzae type B, 240
Hand–Schuller–Christian disease, 

240–241
hemolytic–uremic syndrome, 247
HHV-6, 275–276
Hopkins syndrome, 273–274
influenza-associated encephalopathy, 

301
measles, 364–365
meningitis

coxsackie virus, 129–130
echovirus, 171–172
meningococcal, 407–409

Menkes disease, 370–371
mitochondrial disorders, 332, 

404–405
muscular dystrophy

Becker, 57
Duchenne, 57
facioscapulohumeral, 202

nightmare disorder, 420–421
otitis media, 117, 236, 363–364
radiotherapy side effects, 184
retinoblastoma, 440
selective mutism, 598–599
spinal muscular atrophy type III, 616
Sydenham chorea, 635–636
tic disorders, 201–202, 657–659
tuberous sclerosis, 571, 670

chlorpromazine, 796
cholesteatoma, 117, 118
cholesterol embolism, 115
cholinesterase inhibitors, 19, 769
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chorea
chorea gravidarum, 115–116, 383
essential, 193–194
hemiballism, 244–245
Huntington’s, 277, 383, 384, 773
orofacial dyskinesia, 441
Sydenham, 635–636

choreoathetosis, 58–59
chorioretinopathy, 99
chromosomal abnormalities, see also 

trinucleotide repeat disorders
Angelman syndrome, 24–25
Down syndrome, 44–45, 163–164, 

765
Klinefelter syndrome, 322–323
Prader–Willi syndrome, 514–515
ring chromosome 20 syndrome, 580
Turner syndrome, 671

chronic (congestive) heart failure, 
101–102, 126–127

chronic inflammatory demyelinating  
polyneuropathy (CIDP)/
chronic idiopathic sensory 
 polyneuropathy, 116–117

multifocal, 387
chronic kidney disease, 569–570
chronic otitis media, 117–118
chronic progressive external ophthalmo-

plegia, 550, 624
chronic respiratory failure, 118–119
ciguatera (fish) poisoning, 119
cimetidine, 727–728
cinacalcet, 724
circadian rhythm disorders

advanced sleep–wake phase disorder, 12
delayed sleep–wake phase disorder, 

142–143
fatal familial insomnia, 209
irregular sleep–wake rhythm  disorder, 

311–312
jet lag, 316–317
shift work disorder, 602–603

cirrhosis, 4, 256
cisplatin, 759–760
Citrobacter spp., 119–120
CJD (Creutzfeldt–Jakob disease), 130–131

variant form, 70–71
Claude syndrome, 624
claudication, 307–308, 678–679
clindamycin, 741
clonazepam, 567, 797–798
clonidine, 790–791
Clostridium botulinum/botulism, 70, 120, 

550

Clostridium perfringens, 120–121
Clostridium tetani/tetanus, 120, 121, 

649–650
clozapine, 592, 796–797
cluster headache, 121
CMV (cytomegalovirus), 139–140, 271
coagulopathy, 122

hypercoagulability, see thrombophilia
hypocoagulability

thrombocytopenia, 297–298, 654, 
655–656

vitamin K deficiency, 692–693
cobalamin (B12) deficiency, 226, 537, 

686, 732
cocaine, 122–123
Coccidioides immitis, 123–124, 221
cochlear degeneration, 683
coenzyme Q10 deficiency, 520–521

Leigh disease, 332
NADH CoQ reductase deficiency, 

404–405
coma, 481
complex regional pain syndrome, 124
compression fractures, vertebral, 

124–125
COMT inhibitors, 469, 768–769
concussion

brainstem, 73
post-concussion syndrome, 187

conduct disorders, 157–158
intermittent explosive disorder, 

306–307
confusional arousal, 125–126
congenital central alveolar hypoventila-

tion syndrome, 126
congestive heart failure, 101–102, 

126–127
Consten syndrome (temporomandibular 

joint syndrome), 647–648
continuous spikes and waves during 

sleep syndrome, 175–176
contraceptives, 724
conversion disorder, 204, 220–221, 511

loss of vision, 221
convulsions, see also epilepsy

eclampsia, 172–173, 190–193, 397
febrile, 210–211

copper
deficiency, 127–128, 705
Menkes disease, 370–371
Wilson’s disease, 92, 384

cornea (keratitis), 319
corpus callosum necrosis (Marchiafava–

Bignami disease), 363

cortical dysplasia, 128
cortical visual impairment, 102–103
corticobasal degeneration (CBD), 49–50, 

128–129
corticosteroids, 91, 238, 391, 752

critical illness myopathy, 131–132
cortisol

Addison’s disease, 10–11
hypercortisolism, 136–137, 277–278

Cushing disease, 491, 492
cough headache, 523
coxsackie virus, 129–130
cramp, 395–396
cranial nerves, see also individual nerves

diphtheric polyneuropathy, 155
radiation neuropathy, 559–560
Tolosa–Hunt syndrome, 661–662

craniofacial tremor, 130
craniopharyngioma, 490, 491
creatine deficiency, 238
Creutzfeldt–Jakob disease (CJD), 

130–131
variant form, 70–71

critical illness myopathy, 131–132
critical illness neuropathy/ 

polyneuropathy, 132–133
Crohn’s disease, 133–134
crutch use neuropathy, 134
cryoglobulinemia, 134–135, 257
cryptococcal meningitis, 135–136, 271
crystal meth (methamphetamine), 

373–374
Cuban epidemic neuropathy, 136
Cushing syndrome, 136–137,  

277–278
Cushing disease, 491, 492

cyanide (cassava root) poisoning, 91
cyclic vomiting syndrome, 137–138
cyclophosphamide, 237, 566, 759
cyclosporine, 695, 752
cyclothymic disorder, 138–139
cystic echinococcosis, 170
cysticercosis with myositis, 139
cytarabine (ara-C), 754

intrathecal, 77, 757
cytomegalovirus (CMV), 139–140, 271

danazol, 722–723
Dandy–Walker syndrome, 141
daptomycin, 741–742
darbepoetin alfa, 755
Darlings disease (histoplasmosis), 

268–269
darunavir, 750
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deafness, see hearing loss
decompression sickness, 141–142
decongestants, 735
deep brain stimulation, 110, 247, 401
deep territory MCA ischemia, 375, 376
Dejerine–Sottas disease, 258–259
delayed sleep–wake phase disorder, 

142–143
delirium, 143–144, 306, 548

febrile, 301
ICU psychosis, 305

delirium tremens, 16
delusional disorder, 144–145
dematiaceous fungi, 145–146
dementia

ALS-PDC, 21–23
Alzheimer’s disease, 18–19, 690–691
antipsychotic drug use, 19, 338
CJD/vCJD, 70–71, 130–131
dialysis-related, 153–154, 570
frontotemporal, 219–220, 529
HIV, 270
Lewy body, 48, 50, 337–338
medications for, 769, 771
primary progressive aphasia, 219, 

525–526
vascular, 388–389, 679

Binswanger’s disease, 61–62, 312
workup, 18

dengue, 146–147, 213
dental disease, 147–148
dentatorubral-pallidoluysian atrophy 

(DRPLA), 148, 528
depakote, see valproate
depersonalization/derealization disorder, 

149
depression, see also antidepressants

bipolar disorders, 64, 65
cyclothymic disorder, 138–139
major depressive disorder, 353–356, 

511
medication-associated, 717, 731, 749, 

760–761
persistent depressive disorder, 

479–480
psychotic, 546, 589
and seizures, 354, 355

de Quervain’s tenosynovitis, 149–150
dermatomyositis, 150, 255, 498–499
developmental disorders, see neurodevel-

opmental disorders
dexamethasone, 700
dexmedetomidine, 790–791
diabetes insipidus, 492, 543

diabetes mellitus, 92
autonomic neuropathy, 150–151
CIDP, 116–117
cranial mononeuropathy, 151–152
distal symmetric polyneuropathy, 153
hyperglycemia, 280
hypoglycemia, 290
ketoacidosis, 152
oral hypoglycemic agents, 719–721
peripheral mononeuropathy, 152
polyradiculopathy, 153
retinopathy, 416, 572

dialysis-related disorders, 569–570
dementia, 153–154, 570
disequilibrium syndrome, 154, 570

3,4-diaminopyridine (DAP), 329
diamorphine (heroin)

toxicity, 261–262
withdrawal, 262–263

didanosine, 749–750
diffuse astrocytoma, 43
diffuse idiopathic skeletal hyperostosis 

(DISH), 154–155
digoxin, 710
dihydroergotamine, 784
dipeptidyl peptidase-4 inhibitors, 720
diphtheria, 155–156
diplopia, 623–625
discitis, 156–157
discs, see intervertebral discs
disease-modifying antirheumatic drugs 

(DMARDs), 579, 764–766
disequilibrium syndrome, 154, 570
DISH (diffuse idiopathic skeletal hyper-

ostosis), 154–155
disorders of sex development (Klinefelter 

syndrome), 322–323
disruptive, impulse-control, and conduct 

disorders, 157–158, 306–307
disruptive mood dysregulation disorder, 

158–159, 306
dissociative disorders, 511

depersonalization/derealization 
disorder, 149

dissociative identity disorder, 160, 
161–162

psychogenic amnesia, 159–161
distal spinal muscular atrophy, 162
distal symmetric polyneuropathy, 153
disulfiram, 799–800
diuretics, 281, 713–714
diving (decompression sickness), 

141–142
dizziness, see vertigo

DLB (dementia with Lewy bodies), 48, 
50, 337–338

docetaxel, 761
dolutegravir, 748
domperidone, 781–782
donepezil, 19, 769
Doose syndrome, 162–163
dopamine precursors, 163, 338, 384, 468, 

770–771
dopamine receptor agonists, 384, 

468–469, 769–770
dopamine receptor antagonists, 781–782,  

see also antipsychotic drugs
dystonic reactions, 168, 591, 728

oculogyric crisis, 430
tardive dystonia, 642–643

dopa-responsive dystonia, 163
dorsal midbrain (Parinaud) syndrome, 

197, 467, 652
double vision, 623–625
Down syndrome, 44–45, 163–164, 765
doxycycline, 747
Dravet syndrome, 164–165
dronabinol, 781
dronedarone, 709–710
drop attacks

atonic seizures, 45
in elderly women, 165

DRPLA (dentatorubral-pallidoluysian 
atrophy), 148, 528

drug abuse, see substance abuse
drug-induced tremors, 165–167
drug reaction with eosinophilia and 

 systemic symptoms (DRESS), 
774, 775–776, 777, 778,  
779, 780

Duchenne muscular dystrophy, 167
dulaglutide, 720
dyskinesia

orofacial, 441
paroxysmal, 470–471
tardive, 555, 589–590, 641–642

dysphagia
botulinum toxin, 110, 783
psychogenic, 540–541

dysphonia, spasmodic, 611–612
dysthymia (persistent depressive disor-

der), 479–480, see also major 
depressive disorder

dystonia
cervical, 110
dopa-responsive, 163
dystonic reaction to dopamine antag-

onists, 168, 591, 728
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oculogyric crisis, 430
tardive dystonia, 642–643

Meige syndrome, 69, 367–368
myoclonus dystonia, 401
in pregnancy, 383
primary torsion dystonia, 526–527
rapid onset dystonia–parkinsonism, 

561–562
repetitive hand use, 570–571
X-linked dystonia parkinsonism, 703

ear
BPPV, 60–61
Meniere’s disease, 369
otitis externa, 538–539
otitis media

chronic, 117–118
Gradenigo syndrome, 236, 624
mastoiditis, 363–364

otosclerosis, 448–449
ototoxic drugs, 738, 743, 747, 759
perilymphatic fistula, 473–474
semicircular canal dehiscence, 

633–634
temporal bone fracture, 645–646
vestibular degeneration, 683
vestibular neuritis, 683–684

early infantile epileptic encephalopathy, 
430–431

early myoclonic encephalopathy, 169
eastern equine encephalitis virus, 

169–170
eating disorders

anorexia nervosa, 26–27, 486
avoidant/restrictive food intake 

 disorder, 52–53
binge eating, 61
bulimia nervosa, 76–77
pica, 486–487
sleep-related eating disorder, 606

echinocandins, 742
echinococcosis, 170–171
echovirus, 171–172
eclampsia, 108, 172–173, 190–191, 397, 

see also pre-eclampsia
ecstasy (MDMA), 173–174
ectopia lentis (lens subluxation),  

333–334
efavirenz, 749
Ehler–Danlos syndrome, 174
ehrlichiosis, 174–175
elbow (epicondylitis), 185
electrical status epilepticus in sleep 

(ESES), 175–176

electroconvulsive therapy, 176–177, 545, 
547

eletriptan, 788
elimination disorders

encopresis, 179
enuresis, 183

elvitegravir, 748
embolism

air, 14
amniotic fluid, 108
cardioembolic, 46, 85, 375
cholesterol, 115
fat, 209–210
gas (decompression sickness), 

141–142
septic, 600–601

empty sella syndrome, 177
emtricitabine, 749–750
encephalitis, 177–178, see also encepha-

lomyelitis
amebic, 20
autoimmune

Bickerstaff, 6
limbic, 177–178, 276, 462–463, 

695–696
brainstem (enterovirus), 172, 182
cysticercosis, 139
dengue, 146–147, 213
eastern equine encephalitis, 169–170
flaviviruses (in general), 212–214
hepatitis A, 254
HIV-associated, 271
HSV-I, 263–264
HSV-II

adult, 264, 265
neonatal, 264

Japanese encephalitis virus, 213, 
315–316

La Crosse virus, 327
measles, 364–365
MERS, 301, 460
mumps, 394–395
Mycoplasma pneumoniae, 397–398
rabies, 556
Rasmussen, 562–563
St. Louis encephalitis virus, 622–623

encephalitis lethargica, 179
encephalomyelitis

ADEM, 5–6
post-immunization, 503–505
post-infectious, 146, 178, 364, 

505–507
Lyme disease, 348
paraneoplastic, 461–462

encephalomyopathy, 520
encephalopathy, see also encephalitis

anoxic, 27–28
bilirubin, 319–320, 741
BSE, 70–71
dengue, 146, 213
in eclampsia, 108, 172
epileptic

Dravet syndrome, 164–165
early myoclonic encephalopathy, 

169
folinic acid-responsive, 214
GABA transaminase deficiency, 224
Ohtahara syndrome, 430–431

hepatic, 251–252
with cirrhosis, 4, 256
medication-associated, 744, 

746–747
hypercapneic, 118–119
hypertensive (PRES), 285, 501–503, 

575–576
in HUS, 247
medication-associated, 502, 509, 

570, 752, 753, 762
in pregnancy, 108, 172, 416

influenza, 301
maple syrup urine disease, 362–363
PLERM, 432
post-transplant, 508–509
renal failure-associated, 569–570
septic, 600
Wernicke, 537, 569–570, 651, 

700–701
Korsakoff syndrome, 323–324, 537

encephalotrigeminal angiomatosis 
(Sturge–Weber syndrome), 232, 
571, 629

encopresis, 179
endocarditis

infective, 299–300, 600–601,  
625–626

mycotic aneurysm, 398–399
endocrine myopathies, 179–180
endometrial cancer, 674–675
endometriosis (ectopic tissue), 180
endothelin receptor antagonists, 717
enfuvirtide, 748
entacapone, 469, 768–769
enteritis (Campylobacter), 78
Enterobacteriaceae, 119–120, 181–182
enteroviruses, 182–183

coxsackie, 129–130
echovirus, 171–172
poliovirus, 182, 494–495
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enuresis, 183
eosinophilic meningitis 

 (angiostrongyliasis), 25–26
eosinophils, hypereosinophilic 

 syndrome, 279–280
ependymoma, 183–184
ephedra/ephedrine, 184–185
epicondylitis, 185
epidermoid tumors, 185–186
epidural abscesses, 614
epidural hematoma (intracranial), 

186–188
epidural hemorrhage (spinal), 614
epidural lipomatosis, 615
epidural neoplasms (spinal metastases), 

188
epilepsy, 189, see also antiepileptic drugs

absence seizures, 3, 317
atypical, 3

amnesia, 160
atonic seizures, 45
BECTS (rolandic), 58
BFNIS, 59
BFNS, 59
cortical dysplasia, 128
and depression, 354, 355
Doose syndrome, 162–163
Dravet syndrome, 164–165
early myoclonic encephalopathy, 169
folinic acid-responsive, 214
frontal lobe, 218–219
GABA transaminase deficiency, 224
ICCA, 58–59
infantile spasms, 299
juvenile absence epilepsy, 3, 317
juvenile myoclonic epilepsy, 318
Landau–Kleffner syndrome, 330
Lennox–Gastaut syndrome, 332–333, 

778
medication-associated seizures, 736, 

740, 741, 758, 792
occipital lobe, 428–429
Ohtahara syndrome, 430–431
parietal lobe, 466–467
in pregnancy, 189–191
progressive myoclonic epilepsy, 

528–529
DRPLA, 148, 528
Lafora disease, 328–329, 528
MERRF, 400–401, 528

pyridoxine-dependent, 553–554
Rasmussen encephalitis, 562–563
ring chromosome 20 syndrome, 580
status epilepticus, 620–621

epilepsia partialis continua, 
191–192

ESES, 175–176
nonconvulsive, 424, 736

temporal lobe, 646–647
with febrile convulsions, 210
mesial temporal sclerosis, 371–372

tonic–clonic seizures, 228
Epley maneuver, 60
epoetin alfa, 755
epoprostenol, 717
Epstein–Barr virus, 192, 349
erectile disorder, 192–193, 725
ergotamine/dihydroergotamine, 784–785
erythrocytes

acanthocytosis, 409–411
polycythemia vera, 496–497

erythromelalgia, 195
erythropoiesis-stimulating agents, 755
ESES (electrical status epilepticus in 

sleep), 175–176
eslicarbazepine, 774–775
essential chorea, 193–194
essential myoclonus, 194–195
essential palatal myoclonus, 451, 452
essential thrombocythemia, 195
essential tremor, 195–196
estrogens

contraceptives, 724
HRT, 724–725

etanercept, 766
ethambutol, 742
ethanol, see alcohol abuse
ethosuximide, 3, 775
ethylene oxide poisoning, 196
everolimus, 753
exenatide, 720
exertional headache, 524
extradural hematoma, 186–188
eye, see also optic nerve; vision, loss of;

afferent pupillary defect, 13–14
amaurosis fugax, 20, 644
AV fistula, 438
cataracts, 91–93
diabetic autonomic neuropathy, 151
eye worm infestation, 342
gaze abnormalities

frontal eye field ischemia, 377
ocular apraxia, 55
ophthalmoplegia, 550, 623–625, 

661–662
Parinaud syndrome, 197, 467, 652
PSP, 529

glaucoma, 231–232

inflammation, 439–440
keratitis, 319
lens subluxation, 333–334
macular degeneration, 352–353
microphthalmos, 374–375
miosis, 378–379
oculogyric crisis, 430
onchocerciasis, 432–433
orbital hemorrhage, 438–439
paraneoplastic retinopathy, 465
pregnancy-associated conditions, 

415–417
retinal detachment, 99, 571–572
retinitis pigmentosa, 573–574
scleritis, 595–596
strabismus/diplopia, 623–625
thyroid ophthalmopathy, 197, 439, 

624, 656
tonic pupil, 662–663
tumors, 440–441
uveitis, 676–677, 694
vitreous hemorrhage, 693–694

eyedrops (in glaucoma), 232
eyelids

Bell’s palsy, 319
blepharospasm, 68–69, 367–368
ptosis, 549–551
retraction, 196–197, 319

ezetimibe, 714

Fabry disease, 198–199
facet syndrome, cervical, 110–111
facial chorea, 441
facial myoclonus, 199–200
facial nerve (CN VII)

hemifacial spasm, 69, 245–246
palsy (Bell’s palsy), 200–201, 265

inability to close eyelids, 319
parotid cancer, 469
in pregnancy, 417

trauma, 201, 645
tumors, 200

facial pain
atypical, 47–48
glossopharyngeal neuralgia, 233–234, 

605
Gradenigo syndrome, 236
Raeder’s paratrigeminal neuralgia, 

560–561
trigeminal neuralgia, 605, 667–668

facial tics, 201–202
facial tremor, 130
facioscapulohumeral muscular dystro-

phy, 202
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factitious disorder, 160, 202–204, 486
factor V Leiden, 204
fainting, see syncope
famcyclovir, 739
familial cerebral amyloid angiopathy, 205
familial hemiplegic migraine, 205–206
familial idiopathic basal ganglia 

 calcification, 206–207
familial vestibulocerebellar syndrome, 

207
fasciculation (benign fasciculation syn-

drome), 59–60
fasciitis, 207–208
fascioliasis, 208
fatal familial insomnia, 209
fat embolism, 209–210
fatty acid-related disorders

adrenoleukodystrophy, 11–12
carnitine deficiency, 518–519
Refsum disease, 259, 573

febrile delirium, 301
febrile seizures, 210–211

with temporal lobe epilepsy, 210
fecal soiling (encopresis), 179
felbamate, 775
female sexual interest/arousal disorder, 

211
femoral neuropathy, 211–212, 418, 570

psoas hemorrhage, 540
fenofibrate, 715
fibric acid derivatives, 715
fibromuscular dysplasia, 212
fidaxomicin, 742
filbanserin, 211
filgrastim, 756
flaccid paralysis

postasthmatic, 273–274
viral, 182, 315

flaviviruses, 212–214
dengue, 146–147, 213
Japanese encephalitis, 213, 315–316
St. Louis encephalitis, 622–623
Zika, 704

fluoropyrimidine antimetabolites, 755
fluoroquinolones, 742–743
fluorouracil, 755
focal cortical dysplasia, 128
folic acid/folate

deficiency, 214, 537
supplements, 190, 732

folinic acid-responsive seizures, 214
food poisoning

botulism, 70, 120, 550
Campylobacter enteritis, 78

ciguatera (in fish), 119
hepatitis A, 253–255
Listeria, 339–340

foot drop, 152, 418, 478–479
formoterol, 736
foscarnet, 276
fosfomycin, 743
fragile X syndrome, 214–216
fragile X tremor ataxia syndrome 

 (FXTAS), 216
Friedreich’s ataxia, 216–218
frontal eye fields, 377
frontal lobe epilepsy, 218–219
frontal lobe ischemia (MCA occlusion), 

376–377
frontal variant of Alzheimer’s disease, 18
frontotemporal dementia, 219–220

primary progressive aphasia, 219, 
525–526

PSP, 529
frovatriptan, 789
functional neurologic symptom disorder 

(conversion disorder), 204, 
220–221, 511

loss of vision, 221
fungal infections

aspergillosis, 41–42
blastomycosis, 68
candidiasis, 78–79, 221–222
Coccidioides immitis, 123–124, 221
cryptococcal meningitis, 135–136, 

271
dematiaceous fungi, 145–146
histoplasmosis, 268–269
meningitis (in general), 221–222
mucormycosis, 386–387
Paracoccidioides brasiliensis, 457–458
Pseudallescheria boydii, 538
spinal, 222
Sporothrix schenckii, 619

Fusobacterium spp., 222–223
FXTAS (fragile X tremor ataxia syn-

drome), 216

gabapentin/gabapentin enacarbil, 560, 
775–776

GABA transaminase deficiency, 224
GAD (glutamic acid decarboxylase) Ab 

syndromes, 235–236, 621–622
galactosylceramidase deficiency (Krabbe 

disease), 325
GALOP syndrome (gait disorder autoan-

tibody late-age onset polyneu-
ropathy), 224

gamma knife surgery, 196, 370
GAMT (guanidinoacetate methyltrans-

ferase) deficiency, 238
gancyclovir, 739
ganglioglioma, 224–225
ganglion cyst, 225
gastrointestinal system

Campylobacter enteritis, 78
Crohn’s disease, 133–134
diabetic autonomic neuropathy, 151
medications, 727–729
tumors

carcinoid, 82–83
metastatic, 225–226

ulcerative colitis, 673
Gaucher disease, 528
gaze abnormalities

frontal eye field ischemia, 377
ocular apraxia, 55
ophthalmoplegia, 550, 623–625, 

661–662
Parinaud syndrome, 197, 467, 652
PSP, 529

GBS, see group B Streptococcus; Guillain–
Barré syndrome

gender dysphoria, 226–227
generalized anxiety disorder, 227–228
generalized non-convulsive seizures 

(absence seizures), 3, 317
generalized tonic–clonic seizures, 228
genital herpes (HSV-II), 264–265, 381
germ cell tumors, 228–230, 491, 649
German measles (rubella), 582
Gerstmann’s syndrome, 376
giant-cell arteritis, 32, 644–645

AION, 41, 501
giant cell tumor of bone, 230–231
glandular fever (infectious mononucle-

osis), 192
glaucoma, 231–232
glioblastoma (grade IV astrocytoma), 43
glioma

astrocytoma, see astrocytoma
ependymoma, 183–184
oligodendroglioma, 431–432
optic tract, 436

gliomatosis cerebri, 232–233
glipizide, 721
globus pallidus degeneration, 551–552
glomus jugulare tumor, 233
glossopharyngeal neuralgia, 233–234, 

605
glucagon-like peptide-1 receptor ago-

nists, 720
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glucocorticoids, see corticosteroids
glucose

hyperglycemia, 280
hypoglycemia, 290

glue sniffing, 13, 234–235, 267, 610
GLUT1 deficiency syndrome, 236
glutamic acid decarboxylase antibody 

(GAD Ab) syndromes, 235–236, 
621–622

gluten intolerance, 96–97
glyburide, 721
glycogen storage disease type V (McArd-

le’s disease), 402
glycopeptides, 743
golfer’s elbow, 185
golimumab, 766
Gradenigo syndrome, 236, 624
granulocyte colony-stimulating factors 

(G-CSF), 756
granuloma, fungal, 222
granulomatosis with polyangiitis (Wege-

ner’s granulomatosis), 237–238
granulomatous amebic encephalitis, 20
grass pea toxicity (neurolathyrism), 413
Graves’ eye disease, 197, 439, 624, 656, 

see also hyperthyroidism
grief, 353
Grisel syndrome, 44
group B Streptococcus (GBS), 625
growth hormone excess, 492
Guam (ALS–parkinsonism–dementia 

complex), 21–23
guanfacine, 790–791
guanidinoacetate methyltransferase 

(GAMT) deficiency, 238
Guillain–Barré syndrome (GBS), 6–7

Campylobacter, 78
hepatitis A, 254
hepatitis B, 255
medication-associated, 757

gynecologic cancers, 238–239
ovarian, 228, 229–230, 449–450
uterine, 674–675

H2 antagonists, 727–728
Haemophilus influenzae type B, 240
hair pulling (trichotillomania), 486, 

666–667
Hallevorden–Spatz syndrome (PKAN), 

410, 457
hallucinations

Charles Bonnet syndrome, 92, 103, 
352, 436

and depression, 546

in parkinsonism, 50, 337, 544
peduncular hallucinosis, 473
and tizanidine, 791

hallucinogenic drugs
ketamine, 320–321
LSD, 349–350
mescaline, 371
phencyclidine, 483
psilocybin, 539

haloperidol, 168, 781, 796
hand

repetitive use, 570–571
vascular insufficiency, 679–680

hand foot and mouth disease, 182
Hand–Schuller–Christian disease, 

240–241
Hashimoto’s thyroiditis, 241
headache, see also migraine

carotid artery disease, 87, 88, 89
cluster, 121
cough, 523
exertional, 524
hemicrania continua, 245
ice pick, 295
medication-overuse, 366
occipital neuralgia, 429–430
paroxysmal hemicrania, 470
post-lumbar puncture, 242, 243, 

507–508
in pregnancy, 241–243
sexual activity, 524–525
SUNCT/SUNA, 632–633
tension, 242, 648–649
thunderclap, 575, 656
venous sinus thrombosis, 108

head injuries
amnesia, 160
brainstem concussion, 73
carotid–cavernous fistula, 89–90
cervical spine, 111–113
extradural hematoma, 186–188
persistent vegetative state, 480–482
in PTSD, 511
subdural hematoma, 630–631
temporal bone fracture, 645–646

hearing loss
Meniere’s disease, 369
otitis media, 117–118, 363–364
otosclerosis, 448–449
ototoxic drugs, 738, 743, 759
temporal bone fracture, 645
vestibular schwannoma, 595

heart disease, see cardiovascular disor-
ders

heart surgery, 85–86
heavy metal poisoning

lead, 330–331
manganese, 359–360

heel (plantar fasciitis), 207
hemangioblastoma, 243–244, 697–698

retinal, 571
spinal, 615–616

hematomyelia, 244
hemiballism, 244–245
hemicrania continua, 245, see also parox-

ysmal hemicrania
hemifacial spasm, 69, 245–246
hemimasticatory spasm, 246
hemiparkinsonism–hemiatrophy 

 syndrome, 246–247
hemiplegic migraine, 205–206
hemolytic–uremic syndrome (HUS), 247
hemorrhage

AVM rupture, 40–41
epidural (extradural) hematoma, 

186–188
hemorrhagic transformation of isch-

emic stroke, 248–249
into abscesses, 247–248
into brain tumors, 249
intraventricular, 310, 340–341
lobar, 340–341
orbital, 438–439
in pregnancy, 107–108
psoas muscle, 540
subarachnoid, 23–24, 108, 629–630, 

693
spinal, 618

thrombocytopenia, 654
vitreous, 693–694

hemorrhagic disease of the newborn 
(vitamin K deficiency), 692

Henoch–Schönlein purpura, 249–250
heparin, 31, 108, 377
heparin-induced thrombocytopenia 

(HIT), 250–251
hepatic disease, see liver disease
hepatitis, viral

acute, 252–253
HAV, 253–255
HBV, 255–256, 257

chronic, 253
HCV, 256–257

chronic, 253
cryoglobulinemia, 134–135, 257

neuropathy, 257–258
hereditary hemorrhagic telangiectasia, 

442–443
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hereditary motor sensory neuropathy 
type 1 (Charcot–Marie–Tooth 
disease), 258

hereditary motor sensory neuropathy 
type 3 (Dejerine–Sottas disease), 
258–259

hereditary motor sensory neuropathy 
type 4 (Refsum disease), 259, 573

hereditary spastic paraplegia, 259–260
Hering’s phenomenon, 197
heroin

toxicity, 261–262
withdrawal, 262–263

herpesviruses
Epstein–Barr, 192, 349
herpes/varicella zoster, 265–266, 503
HHV-6, 275–276
HSV-I, 263–264
HSV-II, 264–265, 381

hexane toxicity, 267
hexosaminidase A deficiency (Tay–Sachs 

disease), 643–644
HHV-6 (human herpesvirus 6), 275–276
highly active antiretroviral therapy 

(HAART), 269, 271
hip pathology/surgery, 267–268
histiocytosis (Rosai–Dorfman disease), 581
Histoplasma capsulatum, 268–269
HIT (heparin-induced thrombocyto-

penia), 250–251
HIV-positive patients, 269–271

antiretroviral drugs, 271, 748–750
IRIS, 269, 271

cryptococcal meningitis, 135–136, 
271

histoplasmosis, 268, 269
HSV-II, 265
neurocognitive disorder, 270
PML, 271, 527

HMG CoA reductase inhibitors (statins), 
715

hoarding disorder, 272
homocysteinemia, 272–273, 281
homocystinuria, 273
Hopkins syndrome, 273–274
hormone replacement therapy (HRT), 

724–725
Horner syndrome, 378–379, 407, 550
HSV-I (herpes simplex virus I), 263–264
HSV-II (herpes simplex virus II), 

264–265, 381
HTLV-1 associated myelopathy, 274–275
human ewingii ehrlichiosis (HEE), 174, 

175

human granulocytic anaplasmosis/ehrli-
chiosis (HGA/HGE), 174, 175

human monocytotropic ehrlichiosis 
(HME), 174–175

humerus, fracture, 276–277
Hunter syndrome, 350–351
Huntington’s chorea, 277, 383, 384, 773
Huntington’s disease-like 2 (HDL2), 

409–410
HUS (hemolytic–uremic syndrome), 247
hydralazine, 717–718
hydrocephalus, 37–38, 221–222, 653
hydroxychloroquine, 764
5-hydroxytryptamine (5-HT), see entries 

at serotonin
hyperadrenalism, 277–278, see 

also hypercortisolism; 
 pheochromocytoma

hyperammonemia, 278–279, 779
adenylosuccinate lyase deficiency, 9

hyperbaric oxygen therapy, 141–142
hyperbilirubinemia (kernicterus), 

319–320, 741
hypercalcemia, 389, 568, 689
hypercarbia/hypercapnia, 118–119, 279
hypercortisolism, 136–137, 277–278

Cushing disease, 491, 492
hypereosinophilic syndrome, 279–280
hyperglycemia, 280
hyperhomocysteinemia, 281
hyperkalemic periodic paralysis, 

281–282, 477
hyperlordosis, 282
hypermagnesemia, 282, 727
hypernatremia, 282–283
hyperparathyroidism, 283–284
hyperperfusion syndrome, 89
hyperprolactinemia, 284, 532
hypersomnia, see also narcolepsy

idiopathic, 295–296
Kline–Levine syndrome, 301, 321–322

hypertension
antihypertensive drugs, 709, 712–713, 

716, 717
chronic, 284–285
hypertensive crisis, 285–286, 355, 480
lobar hemorrhage, 340–341
in pregnancy

eclampsia, 108, 172–173, 190–191, 
397

pre-eclampsia, 515–516
hypertensive encephalopathy, see poste-

rior reversible encephalopathy 
syndrome (PRES)

hyperthermia, malignant, 358–359
hyperthyroidism, 286–287

Graves’ eye disease, 197, 439, 624, 656
thyrotoxic periodic paralysis, 477, 657

hypertrophic cardiomyopathy, 287
hypertrophic polyneuropathy (hereditary 

motor sensory neuropathy type 3), 
258–259

hyperventilation syndrome, 287–288
hyperviscosity syndrome, 288, 505, 507, 

622, 699–700
hypnotic drugs, 302–303, 304, 603, see 

also anxiolytic drugs
melatonin receptor agonists, 801
non-benzodiazepine, 316, 802
suvorexant, 804

hypoactive sexual desire disorder
female, 211
male, 357–358

hypocalcemia, 288–289
hypochondriasis (illness anxiety disor-

der), 298–299
hypoglossal nerve (CN XII), 289–290
hypoglycemia, 290
hypokalemia, 281
hypokalemic periodic paralysis, 291, 

476–477
hypomagnesemia, 291–292
hypomania, 261

bipolar disorders, 65, 66
cyclothymic disorder, 138–139

hyponatremia, 292, 774
polydipsia, 542–543

hypoparathyroidism, 292–293
therapy, 725

hypophosphatemia, 293
hypotension, orthostatic, 551, 637, 697
hypothermia, therapeutic, 27
hypothyroidism, 241, 726
hypoventilation syndromes

central alveolar hypoventilation 
syndrome, 126

obesity hypoventilation syndrome, 
425

hypovolemia, 697
hypoxia, 293–294

ibuprofen, 786
ICCA (infantile convulsions and choreo-

athetosis), 58–59
ice pick headache, 295
idiopathic cranial dystonia (Meige syn-

drome), 69, 367–368
idiopathic hypersomnia, 295–296
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idiopathic intracranial hypertension 
(IIH), 296–297

in pregnancy, 242, 243
tetracycline use, 747
vitamin A excess, 685–686

idiopathic thrombocytopenic purpura 
(ITP), 297–298

ifosfamide, 759
IgA vasculitis (Henoch–Schönlein pur-

pura), 249–250
IIH, see idiopathic intracranial hyper-

tension
illness anxiety disorder, 298–299
immune reconstitution inflammatory 

syndrome (IRIS), 269, 271
immunization, see vaccines
immunoglobulins

anti-MAG polyneuropathy, 30–31, 
418–419

cryoglobulinemia, 134–135, 257
IgM macroglobulinemia, 699–700
IVIG therapy, 7, 505, 506–507, 622, 

696
MGUS, 383
plasma cell dyscrasias, 492–493

immunosuppressive drugs, 237–238, 509, 
570, 695, 696, 751–753, 771–772

in pregnancy, 397, 695
impotence (erectile disorder), 192–193, 

725
impulse-control disorders, 157–158

intermittent explosive disorder, 
306–307

inborn errors of metabolism, see meta-
bolic disorders

inclusion body myositis, 498–499
incontinence

encopresis, 179
enuresis, 183

indomethacin, 245, 470
infantile convulsions and choreoathetosis 

(ICCA), 58–59
infantile severe myoclonic epilepsy (Dra-

vet syndrome), 164–165
infantile spasms, 299
infections, see bacterial infections; fungal 

infections; parasitic infections; 
protozoal infections; viral 
infections

infectious mononucleosis, 192
infective endocarditis, 299–300, 600–601, 

625–626
mycotic aneurysm, 398–399

inflammatory bowel disease

Crohn’s disease, 135
ulcerative colitis, 673

infliximab, 766
influenza, 300–302, 745
inhalant abuse

nitrous oxide, 421–422, 687
solvents, 13, 234–235, 267, 610

insomnia
chronic, 302–303
fatal familial insomnia, 209
short-term, 303–304
treatment, 302–303, 304, 801, 802, 

804
insufficient sleep syndrome, 304
insular cortex, 376
integrase strand transfer inhibitors, 748
intensive care unit (ICU) patients

myopathy, 132–133
neuropathy, 132–133
psychosis, 305
PTSD/PICS, 511–512

interferon, 256, 257, 275, 756–757
interleukin-1 (IL-1) inhibitors, 764–765
intermittent claudication, 307–308, 

678–679
intermittent explosive disorder, 306–307
internal iliac artery stenosis, 307–308
internuclear ophthalmoplegia, 624
intervertebral discs

cervical, 109–110, 142, 260
degenerative disease, 142, 342
discitis, 156–157
herniation, 260–261
lumbar, 142, 261, 342

intoxication, see substance abuse; toxins/
toxicity

intra-aortic balloon assistance, 36
intra-arterial injections, 308, 345
intracranial hypertension, 296–297

in pregnancy, 242, 243
tetracycline use, 747
vitamin A excess, 685–686

intrathecal pharmacotherapy, 77, 622, 
757

intravascular malignant lymphomatosis, 
309–310

intraventricular hemorrhage, 310, 
340–341

ipilimumab, 757
iron

deficiency, 310–311
neurodegeneration with brain iron 

accumulation
neuroferritinopathy, 411

PKAN, 410, 457
supplements, 730

irregular sleep–wake rhythm disorder, 
311–312

Isaacs syndrome (neuromyotonia), 
414–415

ischemic demyelination, 312–313
ischemic monomelic neuropathy, 313, 

345
ischemic stroke

ACA infarction, 28, 331–332
AChA infarction, 28–29
atherosclerosis, intracranial, 308–309
cardioembolic, 46, 85, 375
carotid artery endarterectomy/stent-

ing, 88–89
depression following, 354
hemorrhagic transformation, 

248–249
lacunar, 327–328
MCA infarction, 375–377
moyamoya disease, 385–386
PCA infarction, 500–501
in pregnancy, 107–108
spinal, 29, 313–314, 613–614
TIAs, 385, 664–665, 683
top of the basilar syndrome, 663
vertebral artery dissection, 681–682

isometheptene mucate, 785
isoniazid, 743–744
isotretinoin, 730–731
ITP (idiopathic thrombocytopenic pur-

pura), 297–298
ivermectin, 432
IVIG (intravenous immunoglobulin), 7, 

505, 506–507, 622, 696
ixabepilone, 757–758
ixazomib, 760

Japanese encephalitis virus, 213,  
315–316

Jarisch–Herxheimer reaction, 335
jaw

hemimasticatory spasm, 246
temporomandibular joint syndrome, 

647–648
JC virus, 271, 527
jerking stiff person syndrome, 621
jet lag sleep disorder, 316–317
juvenile absence epilepsy, 3, 317
juvenile myoclonic epilepsy, 318
juvenile xanthogranuloma, 232

Kennedy disease, 613
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keratitis, 319
kernicterus, 319–320, 741
Keshan disease (selenium deficiency), 

599–600
ketamine, 320–321
ketoacidosis, diabetic, 152
ketogenic diet, 163, 236
kidney disease

action myoclonus–renal failure 
 syndrome, 528

acute renal failure, 568–569, 577
cancer, 567–568
chronic renal failure, 569–570
HUS, 247

kindling, 16
kinky hair disease (Menkes disease), 370–371
Kleine-Levin syndrome, 301, 321–322
Klinefelter syndrome, 322–323
konzo (cassava root poisoning), 91
Korsakoff syndrome, 323–324, 537
Krabbe disease, 325
Kugelberg–Welander syndrome, 616
kwashiorkor, 536–537
kyphosis, 326

lacosamide, 776
lacrimal gland inflammation, 439
La Crosse encephalitis virus, 327
lacunar stroke, 327–328
Lafora disease, 328–329, 528
Lambert–Eaton myasthenic syndrome 

(LEMS), 329–330, 463, 550
lamivudine, 749–750
lamotrigine, 190, 776
Landau–Kleffner syndrome, 330
LARIAT® device, 46
late-onset multiple carboxylase 

 deficiency, 62–64
lateral/sigmoid sinus thrombosis, 364
lathyrism, 413
latrotoxin (black widow spider venom), 

66–67
LBD (Lewy body dementia), 48, 50, 

337–338
lead toxicity, 330–331
Leber’s hereditary optic atrophy, 331
leflunomide, 765
Leigh disease, 332
Lemierre syndrome, 223
LEMS (Lambert–Eaton myasthenic syn-

drome), 329–330, 463, 550
lenalidomide, 761
Lennox–Gastaut syndrome, 332–333, 778
lens subluxation, 333–334

leprosy, 334
leptomeningeal carcinomatosis, 83–84
leptospirosis, 335
Lesch–Nyhan syndrome, 335–336
leukemia, 336–337, 754, 758
leukoencephalopathy

adrenoleukodystrophy, 11–12
Binswanger’s disease, 61–62, 312
CADASIL, 105, 312
in eclampsia, 172
ischemic, 312–313
metachromatic leukodystrophy, 

372–373
PML, 271, 527, 752, 753
PRES, see posterior reversible enceph-

alopathy syndrome
leukotriene antagonists, 735
levetiracetam, 776–777
Levine–Critchley syndrome, 409–410
levodopa, 163, 338, 384, 468, 770–771
levothyroxine, 565, 726
Lewis–Sumner syndrome, 387
Lewy body dementia (LBD), 48, 50, 

337–338
Lhermitte–Duclos disease, 338–339
Lhermitte’s sign, 391, 558
lidocaine, 711
ligament ossification (DISH), 154–155
lightning strike, 339
limbic (autoimmune) encephalitis, 

177–178, 276, 462–463, 695–696
linagliptin, 720
linezolid, 745–746
lipid-lowering agents, 714–716
lipid metabolism disorders

abetalipoproteinemia, 410–411, 573, 
690

adrenoleukodystrophy, 11–12
carnitine deficiency, 518–519
Refsum disease, 259, 573

lipomatosis, spinal, 615
liraglutide, 720
Listeria monocytogenes, 339–340
lithium, 64, 361, 590, 800
liver disease

acquired hepatocerebral degenera-
tion, 4

acute liver failure, 251
alcoholic, 16
chronic liver failure, 251–252
drug toxicity

amphetamines, 173, 373
anti-tubercular drugs, 744, 

746–747

COMT inhibitors, 768–769, 799
disulfiram, 799

echinococcosis, 170–171
viral hepatitis

acute, 252–253
chronic, 253
HAV, 253–255
HBV, 253, 255–256
HCV, 134–135, 253, 256–257
neuropathy, 257–258

liver flukes (fascioliasis), 208
lixisenetide, 720
lobar hemorrhage, 340–341
locked-in syndrome, 341, 481, see also 

persistent vegetative state
logopenic variant of primary progressive 

aphasia (lvPPA), 18
loiasis, 342, 432
lomustine, 758–759
long-acting beta agonists (LABAs), 736
long QT syndrome, 533, 743, 744
loop diuretics, 281, 713
lorcaserin, 800
lordosis, 282
loss of consciousness, see also locked-in 

syndrome
medication-associated, 754, 758
persistent vegetative state, 480–482
syncope, 636–637

cardiogenic, 86–87
carotid sinus hypersensitivity, 90
Stokes–Adams attacks, 623

lower limb, see also lumbosacral plexo-
pathy

claudication, 307–308, 678–679
distal symmetric polyneuropathy, 

153
femoral neuropathy, 211–212, 418, 

540, 570
GALOP syndrome, 224
hereditary spastic paraplegia, 259–260
ischemic monomelic neuropathy, 

313, 345
peroneal neuropathy (foot drop), 152, 

418, 478–479
plantar fasciitis, 207
sciatic neuropathy

hip pathology/surgery, 267–268
piriformis syndrome, 489
in pregnancy, 418
uterine mass compression, 675–676

LSD (lysergic acid), 349–350
lumbar puncture, headache after, 242, 

243, 507–508
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lumbar spine
degenerative disc disease, 142, 342
disc herniation, 261
hyperlordosis, 282
radiation myelopathy, 558
spondylolisthesis, 343
spondylolysis, 343
spondylosis, 343
sprain, 343–344
stenosis, 344

lumbosacral plexopathy
immune, 344
intra-arterial injections, 345
ischemic, 345
in pregnancy, 346, 417
radiation neuropathy, 559–560, 649, 

675
root avulsion, 580–581
traumatic, 346
tumors, 229

lumbosacral radiculopathy, 265, 270, 560
lung

AVMs, 441, 443
cancer, 72, 346–347

LEMS, 329–330, 463
paragonimiasis (lung fluke), 459–460

Lyme disease, 347–348
lymphocytic choriomeningitis virus, 

348–349
lymphoma

Burkitt, 77
intravascular lymphomatosis, 

309–310
orbital, 440
primary CNS, 270–271, 521–523
Waldenström’s macroglobulinemia, 

699–700
lymphomatoid granulomatosis, 349
lysergic acid (LSD), 349–350
lysosomal storage diseases, 350

Fabry disease, 198–199
Gaucher disease, 528
Hunter syndrome, 350–351
Krabbe disease, 325
metachromatic leukodystrophy, 

372–373
neuronal ceroid lipofuscinoses, 528, 

573
Sanfilippo syndrome, 584
sialidosis, 528, 603–604
Tay–Sachs disease, 643–644

macrolides, 744
macular degeneration, 352–353

mad cow disease, 70–71
magnesium

for eclampsia/pre-eclampsia, 173, 
397, 416–417, 516

hypermagnesemia, 282, 727
hypomagnesemia, 291–292

major depressive disorder, 353–356, 511, 
see also persistent depressive 
disorder

with psychotic features, 546–548, 589
malaria, 356–357, 764
male hypoactive sexual desire disorder, 

357–358
malignant hyperthermia, 358–359
malignant MCA syndrome, 377
malingering, 160, 203–204, 359
malnutrition, 536–537, see also trace 

elements; vitamins
refeeding syndrome, 27, 53
tropical ataxic neuropathy, 668

manganese toxicity, 359–360
mania/manic episodes, 360–362, 546

bipolar disorders, 64, 65, 66
MAOIs (monoamine oxidase inhibitors), 

792–793
hypertension, 355
serotonin syndrome, 355, 356, 480, 

601–602
maple syrup urine disease, 362–363
marasmus, 536–537
maraviroc, 748
Marchiafava–Bignami disease, 363
Marcus Gunn jaw wink syndrome, 197
Marcus Gunn pupil, 13–14
Marfan’s syndrome, 334
marijuana, 79–80

withdrawal, 80–81
mastoiditis, 363–364
MCA (middle cerebral artery) infarction, 

375–377
McArdle’s disease, 402
McLeod syndrome, 409–410
MDMA (ecstasy), 173–174
measles, 364–365
measles, mumps and rubella (MMR) 

vaccine, 365–366
median nerve

carpal tunnel syndrome, 90–91,  
417, 418, 533

diabetic neuropathy, 152
medication-overuse headache, 366
medulloblastoma, 367
meglitinides, 721
Meige syndrome, 69, 367–368

melanoma, 368, 757
melatonin, 567
melatonin receptor agonists, 801
memantine, 771
memory loss, see amnesia; dementia
Meniere’s disease, 369
meningioma, 369–370, 440, 491
meningitis

angiostrongyliasis, 25–26
carcinomatous, 83–84
Citrobacter, 119–120
coxsackie virus, 129–130
cryptococcal, 135–136, 271
echovirus, 171–172
enteroviruses, 182
fungal (in general), 221–222
histoplasmosis, 268
HSV-II, 264, 381
lamotrigine, 777
Lyme disease, 348
lymphocytic choriomeningitis virus, 

348–349
meningococcal, 407–409
Mollaret, 381–382
mumps, 394–395
paragonimiasis, 459

meningoencephalitis
amebic, 20
hepatitis A, 254

Menkes disease, 370–371
menstrual psychosis, 564–565, see also 

premenstrual dysphoric disorder
meralgia paresthetica, 418
MERRF (myoclonic epilepsy with ragged 

red fibers), 400–401, 528
mescaline, 371
mesial temporal sclerosis, 371–372
metabolic acidosis, 780
metabolic disorders

adenylosuccinate lyase deficiency, 9
aminoacidopathies

biotinidase deficiency, 62–64
homocysteinemia, 272–273, 281
homocystinuria, 273
maple syrup urine disease, 362–363
phenylketonuria, 484
pyridoxine-dependent seizures, 

553–554
creatine deficiency, 238
glycogen storage disease type V, 402
of lipid metabolism

abetalipoproteinemia, 410–411, 
573, 690

adrenoleukodystrophy, 11–12
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carnitine deficiency, 518–519
Refsum disease, 259, 573

lysosomal storage diseases, 350
Fabry disease, 198–199
Gaucher disease, 528
Hunter syndrome, 350–351
Krabbe disease, 325
metachromatic leukodystrophy, 

372–373
Sanfilippo syndrome, 584
sialidosis, 528, 603–604
Tay–Sachs disease, 643–644

of purine metabolism
Lesch–Nyhan syndrome, 335–336
molybdenum cofactor deficiency, 

382–383
metachromatic leukodystrophy, 372–373
metformin, 719–724
methadone, 263
methamphetamine, 373–374
methotrexate, 237–238, 374, 765

intrathecal, 77, 757
methyldopa, 716
methylprednisolone, 238, 390, 752
methylxanthines, 736
metoclopramide, 728, 782
metronidazole, 744–745
MGUS (monoclonal gammopathy of 

uncertain significance), 383
microangiopathy, see also diabetes 

mellitus
HUS, 247
Susac syndrome, 635, 676
TTP, 655–656

micronutrients, see trace elements; 
vitamins

microphthalmos, 374–375
middle cerebral artery (MCA) infarction, 

375–377
migraine, see also abdominal migraine

with aura, 377–378
hemiplegic, 205–206
medications for, 784–785, 788–789
ophthalmoplegic, 733
in pregnancy, 242
in PTSD, 510
retinal, 572–573

mild encephalitis/encephalopathy with 
a reversible splenial lesion 
(MERS), 301, 460

Miller Fisher syndrome, 6, see also Guil-
lain–Barré syndrome

minimally conscious state, 482
minocycline, 747

miosis, 378–379
mirtazapine, 792
mitochondrial disorders

Alpers disease (DNA depletion syn-
drome), 17–18

chronic progressive external ophthal-
moplegia, 550, 624

coenzyme Q10 deficiency, 520–521
Leber’s hereditary optic atrophy, 331
Leigh disease, 332
MERRF, 400–401, 528
NADH CoQ reductase deficiency, 

404–405
mitral valve

prolapse, 380–381
regurgitation, 379–380
stenosis, 380, 678

MMR vaccine, 365–366
Mobius syndrome, 624
modafinil, 316, 322
Mollaret meningitis, 381–382
molybdenum cofactor deficiency, 

382–383
monoamine oxidase inhibitors, see 

MAOIs
monoclonal gammopathy (paraproteine-

mia)
anti-MAG polyneuropathy, 30–31, 

418–419
cryoglobulinemia, 134–135
MGUS, 383
plasma cell dyscrasias, 492–493

mononeuropathy multiplex, 152, 254, 
257, 270

CIDP, 387
montelukast, 735
mood disorders, see bipolar disorders; 

depression; mania
morphine, 786–787
motor neuron diseases

amyotrophic lateral sclerosis, 219–220
hereditary spastic paraplegia, 

259–260
LEMS, 329–330, 463, 550
myasthenia gravis, 396–397, 463–464, 

550, 624, 743
primary lateral sclerosis, 525
radiation-induced, 558
SBMA, 613
spinal muscular atrophy, 162, 616

moyamoya disease, 385–386
MSA (multiple system atrophy), 48, 49, 

50, 391–393
MSA-C, 49, 393–394

mTOR inhibitors, 753
mucopolysaccharidosis type II (Hunter 

syndrome), 350–351
mucopolysaccharidosis type III (Sanfilip-

po syndrome), 584
mucormycosis, 386–387
multifocal demyelinating CIDP (MAD-

SAM), 387
multifocal motor neuropathy (with con-

duction block), 387–388
multi-infarct (vascular) dementia, 

388–389
Binswanger’s disease, 61–62, 312

multiple myeloma, 389
multiple personality disorder  (dissociative 

identity disorder), 160, 161–162
multiple sclerosis, 389–390, 427, 436, 676

in pregnancy, 390–391
multiple system atrophy (MSA), 48, 49, 

50, 391–393
MSA-C, 49, 393–394

mumps, 394–395
Munchausen’s syndrome/Munchausen’s 

syndrome by proxy (factitious 
disorder), 160, 202–204, 486

muscle cramps, 395–396
muscle relaxants, 785–786
muscular dystrophy

Becker, 57
Duchenne, 167
facioscapulohumeral, 202
myotonic dystrophy, 92, 402–403

mushrooms, magic, 539
mutism, 598–599
myasthenia

LEMS, 329–330, 463, 550
myasthenia gravis, 396–397, 463–464, 

550, 624, 743
Mycobacterium leprae (leprosy), 334
mycophenolic acid derivatives, 753
Mycoplasma pneumoniae encephalitis, 

397–398
mycotic aneurysm, 398–399
mydriasis, 13–14, 662–663
myelin-associated glycoprotein  

(MAG) autoantibodies, 30–31, 
418–419

myelitis, see also encephalomyelitis
transverse, 254

neuromyelitis optica, 414, 605
viral, 182, 254, 264, 684

herpes zoster, 265–266
polio, 182, 494

myocardial infarction, 399–400
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myoclonic epilepsy, 528–529
Doose syndrome, 162–163
Dravet syndrome, 164–165
DRPLA, 148, 540
juvenile, 318
Lafora disease, 328–329, 528
MERRF, 400–401, 528

myoclonus
dystonia, 401
early myoclonic encephalopathy, 169
essential, 194–195
facial, 199–200
opsoclonus–myoclonus syndrome, 464
palatial, 451–452
propriospinal, 534–535

myofascial pain, cervical, 111
myopathy, see also myositis

centronuclear, 103–104
critical illness, 131–132
daptomycin, 741–742
endocrinopathy, 179–180
hepatitis B, 256
nemaline rod, 409
rhabdomyolysis, 301, 576–577, 684
sarcoid, 584–585

myophosphorylase deficiency (McArdle’s 
disease), 402

myositis
acute, 584–585
cysticercosis, 139
dermatomyositis, 150, 255, 498–499
orbital, 439
polymyositis, 255, 274, 498–499
pyomyositis, 552–553
viral, 684–685

influenza, 301
myotonia

neuromyotonia, 414–415
paramyotonia congenita, 477
potassium-aggravated, 513–514

myotonic dystrophy
cataracts, 92
type 1, 402–403
type 2, 403

myotubular (centronuclear) myopathy, 
103–104

nabilone, 781
NADH CoQ reductase deficiency, 404–405
naltrexone, 801–802
nanophthalmos, 374–375
naproxen, 786
naratriptan, 788
narcolepsy, 405–406

nasopharyngeal cancer, 406
natalizumab, 771–772
neck, see entries at cervical
necrotizing fasciitis, 207, 208
Neisseria meningitis, 407–409
nelarabine, 758
nemaline rod myopathy, 409
nematodes

angiostrongyliasis, 25–26
loiasis, 342, 432
onchocerciasis, 432–433
strongyloidosis, 628–629
trichinosis, 665–666

neonates
BFNIS, 59
BFNS, 59
centronuclear myopathy, 103–104
congenital heart defects

ASD, 46–47
PDA, 472
PFO, 472–473
VSD, 681

early myoclonic encephalopathy, 169
folinic acid-responsive seizures, 214
GABA transaminase deficiency, 224
herpes encephalitis, 264
kernicterus, 319–320, 741
maple syrup urine disease, 362–363
molybdenum cofactor deficiency, 

382–383
myasthenia, 397
vitamin K deficiency, 692

neural tube defects, 612–613
neuraminidase inhibitors, 301, 745
neuroacanthocytosis, 409–410

with abetalipoproteinemia, 410–411
PKAN, 410, 457

neuroaxonal dystrophy, 485–486
neuroblastoma, 440
neurocardiogenic syncope, 86–87
neurocysticercosis, 139
neurodegenerative disorders, 767–773, 

see also individual disorders
neurodevelopmental disorders

ADHD, 307, 353–354, 547, 797, 
803–804

Angelman syndrome, 24–25
autism spectrum disorder, 51–52
Lesch–Nyhan syndrome, 335–336
Prader–Willi syndrome, 514–515
Rett syndrome, 574

neuroendocrine tumors, see also neurofi-
bromatosis type 1; von Hippel–
Lindau disease

carcinoid, 82–83
neuroblastoma, 440
paraganglioma, 458–459
pheochromocytoma, 484–485
schwannoma, 200, 595

neuroferritinopathy, 411
neurofibromatosis type 1 (NF1), 231, 

411–412, 440
neurofibromatosis type 2 (NF2), 

412–413, 440
neurokinin receptor antagonists, 782
neurolathyrism, 413
neuroleptic malignant syndrome, 590, 

767, 770, 796, 797
neuromuscular junction disorders

LEMS, 329–330, 463, 550
myasthenia gravis, 396–397, 463–464, 

550, 624, 743
neuromyelitis optica, 414, 605
neuromyotonia (Isaacs syndrome), 

414–415
neuronal ceroid lipofuscinoses, 528, 573
neurosyphilis, 32, 271, 637–638
neurotoxins, see toxins/toxicity
neutropenia, 756
nevirapine, 749
niacin, 716

deficiency (pellagra), 419–420, 537
nicotine dependency, 660–661

nicotine replacement therapy, 801
varenicline, 804–805

night eating syndrome, 606
nightmare disorder, 420–421
nitrofurantoin, 745
nitrates (vasodilators), 717–718
nitrogen mustards, 700, 758–759
nitrosoureas, 758–759
nitrous oxide, 421–422, 687
nocardiosis, 422–423
nodding syndrome, 432
nodular myopathy, 585
non-arteritic anterior ischemic optic 

neuropathy (NAION), 423, 501
nonconvulsive status  

epilepticus, 424, 736
non-nucleotide reverse transcriptase 

inhibitors (NNRTIs), 749
non-steroidal anti-inflammatory drugs 

(NSAIDs), 786
Norrie’s disease, 571
‘North Sea’ progressive myoclonus epi-

lepsy, 528
nucleoside reverse transcriptase inhibi-

tors (NRTIs), 749–750
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nutrition, see also trace elements; vita-
mins

malnutrition, 536–537, 668
refeeding syndrome, 27, 53
tropical ataxic neuropathy, 668

obesity hypoventilation syndrome, 425
obesity management

bariatric surgery, 56
drugs, 716, 800

obsessive-compulsive disorder (OCD), 
425–428, 511, 589, 635–636

body dysmorphic disorder, 69–70
hoarding disorder, 272
trichotillomania, 486, 666–667

obstructive sleep apnea, 428
obesity hypoventilation  

syndrome, 425
obturator neuropathy, 418
occipital lobe epilepsy, 428–429
occipital neuralgia, 429–430
OCD (obsessive-compulsive disorder), 

425–428, 511, 589, 635–636
ocular apraxia, 55
oculogyric crisis, 430
oculomotor nerve (CN III)

diabetic neuropathy, 151–152
Marcus Gunn jaw wink syndrome, 

197
palsy, 550, 624

oculopharyngeal dystrophy, 550
odontoid fracture, 111–112
Ohtahara syndrome, 430–431
olanzapine, 796–797
oligodendroglioma, 431–432
olivopontocerebellar atrophy (MSA-C), 

49, 393–394
onchocerciasis, 432–433
oncology drugs, see chemotherapy
open angle glaucoma, 231–232
ophthalmic nerve, 319, 560–561
ophthalmoplegia, 550, 623–625

Tolosa–Hunt syndrome, 661–662
ophthalmoplegic migraine, 433
opioid antagonists, 801–802
opioids

buprenorphine, 798–799
central sleep apnea, 100–101
heroin, 261–263
toxicity, 261–262, 433–434, 786–787
withdrawal, 262–263, 434–435

oppositional defiant disorder, 307
opsoclonus–myoclonus syndrome, 464
optic ataxia, 55

optic nerve (CN II)
AION, 41, 423, 501
atrophy, 435–436
compression, 437–438
glaucoma, 231–232
glioma, 436
Leber’s hereditary optic atrophy, 331
neuritis, 416, 436–437, 465, 503–504, 

742
neuromyelitis optica, 414, 605
perineuritis, 475

oral contraceptives, 724
oral hypoglycemic agents, 719–721
orbital arteriovenous fistula, 438
orbital hemorrhage, 438–439
orbital inflammation (pseudotumor), 

439–440
orbital tumors, 440–441
orbito-rhino-cerebral and skull base 

syndrome, 222
orlistat, 716
orofacial dyskinesia, 441
orthostatic hypotension, 551, 637, 697
orthostatic tachycardia syndrome, 

512–513
orthostatic tremor, 442
Osler–Weber–Rendu syndrome, 442–443
osmotic demyelination syndrome 

(central pontine myelinolysis), 
97–98, 292, 570

osteoarthritis, 443, see also spondylosis
osteoblastoma, 444–445
osteochondroma, 445–446
osteoma, 446
osteomalacia, 446
osteomyelitis, 156–157, 447
osteoporosis, 447, 723, 725
osteosarcoma, 447–448
otitis externa, 538–539
otitis media

chronic, 117–118
Gradenigo syndrome, 236, 624
mastoiditis, 363–364

otosclerosis, 448–449
ototoxic drugs, 738, 743, 747, 759
ovarian cancer, 228, 229–230, 238–239, 

449–450
oxaliplatin, 759–760
oxazaphosphorines (cyclophosphamide), 

237, 566, 759
oxazolidinones, 745–746
oxcarbazepine, 190, 774–775
oxycodone, 786–787
oxygen

anoxic encephalopathy, 27–28
hyperbaric, 141–142
hypoxia, 293–294

paclitaxel, 761
Paget’s disease of bone, 451
pain

back
degenerative disc disease, 142, 342
disc herniation, 261
discitis, 157
lumbar stenosis, 344
strain/sprain, 54, 343–344

catamenial, 180
complex regional pain syndrome, 124
facial

atypical, 47–48
glossopharyngeal neuralgia, 

233–234, 605
Gradenigo syndrome, 236
Raeder’s paratrigeminal neuralgia, 

560–561
trigeminal neuralgia, 605, 667–668

headache, see headache; migraine
neck

arthritis, 109
disc disorders, 109–110
facet syndrome, 110–111
myofascial pain syndrome, 111

post-herpetic neuralgia, 503
psychogenic, 542
radiculopathy, 560

diabetic, 153
pain relief, see analgesics
palatial myoclonus, 451–452
paliperidone, 796–797
pallidal degeneration, 551–552
Pancoast syndrome, 72
pancreatic cancer, 452–453
pancreatitis, 453–454
PANDAS (pediatric autoimmune 

 neuropsychiatric disorders 
associated with streptococcal 
infections), 427, 635–636, 658

panic attacks, 454–455
panic disorder, 455–457
pantothenate kinase-associated neurode-

generation (PKAN), 410, 457
Paracoccidioides brasiliensis, 457–458
paraganglioma, 458–459

pheochromocytoma, 484–485
paragonimiasis (lung fluke), 459–460
parainfluenza, 460
paramyotonia congenita, 477
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paraneoplastic syndromes
anti-Hu syndrome, 30
autonomic neuropathy, 461
in breast cancer, 74
carcinoid, 82–83
encephalomyelitis, 461–462
LEMS, 329–330, 463, 550
in leukemia, 337
limbic encephalitis, 177–178, 

462–463, 695–696
myasthenia gravis, 396–397, 463–464, 

550, 624, 743
opsoclonus–myoclonus, 464
optic neuropathy–retinopathy, 465
pancreatic cancer, 452–463
POEMS syndrome, 494
renal cancer, 568
sensory neuronopathy  

(ganglionopathy), 465–466
stiff person syndrome, 621

paraparesis (HTLV-1 associated 
 myelopathy), 274–275

paraplegia
flaccid, see flaccid paralysis
spastic, 259–260

paraproteinemia
anti-MAG polyneuropathy, 30–31, 

418–419
cryoglobulinemia, 134–135
MGUS, 383
plasma cell dyscrasias, 492

parasitic infections
angiostrongyliasis, 25–26
cysticercosis, 139
echinococcosis, 170–171
fascioliasis, 208
loiasis, 342, 432
onchocerciasis, 432–433
paragonimiasis, 459–460
schistosomiasis, 588–589
strongyloidosis, 628–629
trichinosis, 665–666

parasomnias
NREM-related, 424

confusional arousal, 125–126
periodic limb movement disorder, 

475–476
sleep-related eating disorder, 606
sleep terrors, 606–607
sleepwalking, 607–608
REM-related
nightmare disorder, 420–421
recurrent isolated sleep paralysis, 564
REM behavior disorder, 566–567

parasympathetic anticholinergic 
 blockade, 29

parathyroid hormone (PTH)
hyperparathyroidism, 283–284
hypoparathyroidism, 292–293, 725

parietal lobe epilepsy, 466–467
parietal lobe ischemia (MCA  

occlusion), 377
Parinaud (dorsal midbrain) syndrome, 

197, 467, 652
parkinsonism, see also antiparkinsonian 

drugs
hemiparkinsonism–hemiatrophy 

syndrome, 246–247
manganese toxicity, 359–360
Parkinson’s-plus syndromes, 48–51

ALS-PDC, 21–23
CBD, 49–50, 128–129
LBD, 48, 50, 337–338
MSA, 48, 49, 50, 391–393
PSP, 48, 49, 197, 529–530

rapid-onset dystonia–parkinsonism, 
561–562

X-linked dystonia–parkinsonism, 703
Parkinson’s disease, 467–469, see also 

antiparkinsonian drugs
dementia, 337
depression, 354–355
psychosis, 544–545

parotid cancer, 469
paroxysmal exercise-induced dyskinesia, 

471
paroxysmal hemicrania, 470, see also 

hemicrania continua
paroxysmal kinesigenic dyskinesia, 

470–471
paroxysmal nocturnal  

hemoglobinuria, 471–472
paroxysmal non-kinesigenic  

dyskinesia, 471
Parsonage–Turner syndrome (brachial 

neuritis), 5, 417
patent ductus arteriosus (PDA), 472
patent foramen ovale (PFO), 472–473
PCA (posterior cerebral artery) 

 infarction, 500–501, 663
PCP (phencyclidine), 483
pediatric conditions, see children; 

neonates
peduncular hallucinosis, 473
pellagra (niacin deficiency), 419–420, 

537
penicillins, 746
perampanel, 777

perilymphatic fistula, 473–474
perineuritis, 474–475
periodic limb movement disorder, 

475–476
periodic paralysis, 476–478

Andersen–Tawil syndrome, 23, 477
hyperkalemic, 477
hypokalemic, 291, 476–477
paramyotonia congenita, 477
thyrotoxic, 477, 657

periodontal disease, 147–148
perioperative nerve injuries, 86, 267–268, 

634
pernicious anemia, 226, 686, 688
peroneal neuropathy, 152, 418, 478–479
persistent depressive disorder (dysthy-

mia), 479–480, see also major 
depressive disorder

persistent idiopathic (atypical) facial 
pain, 47–48

persistent vegetative state, 480–482
personality disorders

antisocial, 306
borderline, 204
schizotypal, 593–595

pertussis, 156, 482–483
petit mal epilepsy, 3, 317
petrous apicitis (Gradenigo syndrome), 

236, 624
phaeohyphomycosis (dematiaceous 

fungi), 145–146
phagophobia (psychogenic dysphagia), 

540–541
pharmacokinetic boosters, 748, 750
phencyclidine (PCP), 483
phenothiazines, 781
phenylephrine, 735
phenylketonuria, 484
phenytoin, 692, 777
pheochromocytoma, 484–485, see also 

hyperadrenalism
phosphate (hypophosphatemia), 293
phosphodiesterase-5 (PDE-5)  

inhibitors, 725
phospholipase A-associated 

 neurodegeneration, 485–486
phytanic acid oxidase deficiency (Refsum 

disease), 259, 573
pica, 486–487
Pickwickian syndrome (obesity hypoven-

tilation syndrome), 425
pilocytic astrocytoma, 42–43
pineoblastoma, 487–488
pineocytoma, 488–489
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pioglitazone, 721
piriformis syndrome, 489
pituitary gland disorders

adenoma, 13, 490–492, 624
prolactinoma, 284, 532–533

adrenal insufficiency, 10
pituitary apoplexy, 242, 489–490
in pregnancy, 242
third ventricle tumors, 652

PKAN (pantothenate kinase-associated 
neurodegeneration), 410, 457

plantar fasciitis, 207
plasma cells

dyscrasia, 492–493
multiple myeloma, 389

plasma exchange/plasmapheresis, 7, 505, 
507, 622, 696

Plasmodium spp. (malaria), 356–357, 764
platelets

antiplatelet drugs, 711–712
essential thrombocythemia, 195
thrombocytopenia, 654

HIT, 250–251
HUS, 247
ITP, 297–298
TTP, 655–656

platinum analog drugs, 759–760
platybasia, 493–494
PLERM (probable Loa encephalopathy 

temporally related to Mectizan 
treatment), 432

PML (progressive multifocal leukoen-
cephalopathy), 271, 527

immunosuppressant drugs, 752, 753
pneumococcus (Streptococcus 

 pneumoniae), 626–627
POEMS syndrome, 494
poisoning, see toxins/toxicity
poliovirus, 182, 494–495
polyarteritis nodosa, 255, 495–496
polychondritis, 565–566
polycythemia vera, 496–497
polydipsia, psychogenic, 542–543
polymyalgia rheumatica, 497–498
polymyositis, 255, 274, 498–499
polyneuropathy, see also Guillain–Barré 

syndrome
anti-MAG, 30–31, 418–419
axonal, 500
CANOMAD syndrome, 81
CIDP, 116–117

multifocal, 387
critical illness, 132–133
diabetic, 153

diphtheric, 155
GALOP syndrome, 224
HIV, 270
POEMS syndrome, 494

polyradiculopathy, see radiculopathy
pomalidomide, 761
post-concussion syndrome, 187
postencephalitic symptoms, 179
posterior cerebral artery (PCA) 

 infarction, 500–501, 663
posterior ciliary artery thrombosis, 41, 501
posterior cortical atrophy, 18
posterior fossa syndrome, 367
posterior reversible encephalopathy 

syndrome (PRES), 285, 501–503, 
575–576

in HUS, 247
medication-associated, 502, 509, 570, 

752, 753, 762
in pregnancy, 108, 172, 416

post-herpetic myelitis/neuralgia, 
265–266, 503

post-immunization encephalomyelitis, 
503–505

post-infectious syndromes, see Guil-
lain–Barré syndrome; post-viral 
syndromes

post-intensive care syndrome (PICS), 
511–512

post-lumbar puncture headache, 242, 
243, 507–508

postoperative nerve injuries, 86, 
267–268, 634

post-transplant, 276, 508–509
postoperative psychosis, 305
post-transplant acute limbic encephalitis, 

276
post-transplant encephalopathy, 508–509
post-traumatic stress disorder (PTSD), 

160, 589, 510–512, see also acute 
stress disorder

postural orthostatic tachycardia syn-
drome, 512–513

post-viral syndromes, see also Guillain–
Barré syndrome

ADEM, 5–6, 146, 178, 364, 505–507
poliovirus, 494
subacute sclerosing panencephalitis, 364

potassium
hyperkalemic periodic paralysis, 

281–282, 477
hypokalemia, 281–282
hypokalemic periodic paralysis, 291, 

476–477

myotonia syndromes, 513–514
potassium-sparing diuretics, 713
Prader–Willi syndrome, 514–515, see 

also Angelman syndrome
pramlintide, 719
prazosin, 421, 722
prednisone, 752
pre-eclampsia, 515–516, see also eclamp-

sia
pregabalin, 560, 778
pregnancy

bipolar disorders, 64, 65
chorea gravidarum, 115–116, 383
drug recommendations/contraindi-

cations
AEDs, 190–191, 692, 779
amiodarone, 710
antiparkinsonian drugs, 384
antipsychotics, 116
heparin, 108
immunosuppressants, 397, 695
leflunomide, 765
lithium, 64, 65
lorcaserin, 800
methotrexate, 765
tPA, 108
vitamin A, 685, 731
vitamin supplements, 190

eclampsia, 108, 172–173, 190–191, 
397

epilepsy, 189–191
headache, 241–243
listeriosis, 339–340
lumbosacral plexopathy, 346, 417
movement disorders, 383–385
multiple sclerosis, 390–391
myasthenia gravis, 396–397
neuro-ophthalmic disorders, 415–417
neuropathies common in, 417–418, 

675–676
nicotine replacement therapy, 801
pre-eclampsia, 515–516
rubella, 582
stroke, 107–108
Zika virus, 704

premature ejaculation, 516–517
premenstrual dysphoric disorder, 

517–518, see also menstrual 
psychosis

premenstrual syndrome, 518
PRES, see posterior reversible encepha-

lopathy syndrome
priapism, 794, 800
primary amebic meningoencephalitis, 20
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primary carnitine deficiency, 518–519
primary central sleep apnea, 519–520
primary CNS angiitis, 521
primary CNS lymphoma, 270–271, 

521–523
primary lateral sclerosis, 525
primary progressive aphasia, 219, 

525–526
logopenic variant, 18–19

primary torsion dystonia, 526–527
primidone, 196
prion diseases

BSE/vCJD, 70–71
CJD, 130–131
fatal familial insomnia, 209

procainamide, 710
progesterone/progestins, 565, 724
progressive epileptic aphasia (Landau–

Kleffner syndrome), 330
progressive multifocal leukoencephalop-

athy (PML), 271, 527
immunosuppressant drugs, 752, 753, 

771
progressive myoclonic epilepsy, 528–529

DRPLA, 148, 528
Lafora disease, 328–329, 528
MERRF, 400–401, 528

progressive myoclonus epilepsy–ataxia 
syndrome, 528

progressive supranuclear palsy (PSP), 48, 
49, 197, 529–530

progressive systemic sclerosis (scleroder-
ma), 530–532, 596–598

prolactin (hyperprolactinemia), 284, 
532–533

prolonged QT syndrome, 533, 743, 744
pronator syndrome, 533–534
propranolol, 196, 712–713
propriospinal myoclonus, 534–535
prostate cancer, 535–536
prostenoids, 717
prosthetic heart valves, 536
protease inhibitors, 750
proteasome inhibitors, 700, 760
protein-calorie malnutrition, 536–537

refeeding syndrome, 27, 53
protein C deficiency, 537–538
protein S deficiency, 538
proton pump inhibitors, 728–729
protozoal infections

amoebiasis, 20
babesiosis, 54
malaria, 356–357, 764
sarcosporidiosis, 587

toxoplasmosis, 271, 572
trypanosomiasis, African, 277–278
trypanosomiasis, American, 113

Pseudallescheria boydii, 538
pseudoephedrine, 735
Pseudomonas aeruginosa, 538–539
pseudotumor cerebri, see idiopathic 

intracranial hypertension
psilocybin, 539
psoas abscess, 539–540
psoas hemorrhage, 540
PSP (progressive supranuclear palsy), 48, 

49, 197, 529–530
psychogenic amnesia (dissociative), 

159–161
psychogenic dysphagia, 540–541
psychogenic non-epileptic seizures, 

541–542
psychogenic pain (psychalgia), 542
psychogenic polydipsia, 542–543
psychogenic vertigo, 544
psychogenic vision loss, 221
psychosis/psychotic disorders, see also 

antipsychotic drugs
brief psychotic disorder, 74–75
delusional disorder, 144–145
depression with psychotic features, 

546–548, 589
due to another medical condition, 

548–549, 777, 792
ICU/postoperative, 305
menstrual, 564–565
Parkinson’s disease, 544–545
PTSD, 511
schizoaffective disorder, 589–590
schizophrenia, 590–592, 689
schizophreniform disorder, 592–593

ptosis, 549–551
PTSD (post-traumatic stress disorder), 

160, 510–512, 589, see also  acute 
stress disorder

pupillary defects
afferent defect (Marcus Gunn), 

13–14
diabetic autonomic neuropathy, 151
efferent defect (tonic), 662–663
miosis, 378–379

pure autonomic failure, 551
pure pallidal degeneration, 551–552
purine metabolism

Lesch–Nyhan syndrome, 335–336
molybdenum cofactor deficiency, 

382–383
pyomyositis, 552–553

pyrazinamide, 746
pyridostigmine, 104
pyridoxine

deficiency, 553
toxicity, 214, 554, 732

pyridoxine-dependent seizures, 553–554

quetiapine, 796–797

rabbit syndrome, 555–556
rabies virus, 556
radial nerve, 556–557, 587–588
radiculopathy, 560

diabetic, 153
HIV, 270
HSV-II, 265
Lyme radiculoneuritis, 348

radiochemotherapy, 557, 559
radiosurgery (gamma knife), 196, 370
radiotherapy

CNS, 450, 557–558
and AVMs, 41
in children, 184

cranial/spinal nerves, 559–560
peripheral nerves/plexuses, 649, 675
pituitary tumors, 492

Raeder’s paratrigeminal neuralgia, 
560–561

raloxifene, 760–761
raltegravir, 748
ramelteon, 801
rapid-onset dystonia–parkinsonism, 

561–562
rasagiline, 355
Rasmussen encephalitis, 562–563
Rathke cleft cysts, 490
rat lungworm (angiostrongyliasis), 25–26
Raymond syndrome, 624
reactive arthritis, 563–564
rebound headache, 366
recreational drugs, see substance abuse
recurrent isolated sleep paralysis, 564
recurrent menstrual psychosis, 564–565
red blood cells

acanthocytosis, 409–411
polycythemia vera, 496–497

refeeding syndrome, 27, 53
reflex sympathetic dystrophy (complex 

regional pain syndrome), 124
Refsum disease, 259, 573
Reiter’s syndrome, 563–564
relapsing polychondritis, 565–566
release visual hallucinations, 92, 352, 436
REM behavior disorder, 566–567
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renal disease
action myoclonus–renal failure 

 syndrome, 528
acute renal failure, 568–569, 577
cancer, 567–568
chronic renal failure, 569–570
HUS, 247

repaglinide, 721
repetitive hand use, 570–571
reserpine, 717
respiratory failure

ARDS, 294
chronic, 118–119

restless leg syndrome, 383, 384, see 
also periodic limb movement 
disorder

retina
detachment, 99, 571–572
diabetic retinopathy, 416, 572
macular degeneration, 352–353
paraneoplastic retinopathy, 465
pregnancy-associated conditions, 416

retinal artery occlusion, 98, 416
retinal migraine, 572–573
retinal vein occlusion, 98–99
retinitis pigmentosa, 573–574
retinoblastoma, 440
retinol (vitamin A), 573, 685–686, 731
retrobulbar hemorrhage, 438–439
Rett syndrome, 574
reversible cerebral vasoconstriction syn-

drome (RCVS), 574–575
reversible posterior leukoencephalopathy 

syndrome, see posterior reversi-
ble encephalopathy syndrome

rhabdomyolysis, 301, 576–577, 684
rheumatic fever, 577–578

chorea gravidarum, 116
mitral stenosis, 380
Sydenham chorea, 635–636

rheumatoid arthritis, 109, 578–579, 764–766
rhino-orbito-cerebral mucormycosis, 

386–387
rickettsial infections, 579–580
Ridoch phenomenon, 103
rifampin, 746–747
Riley–Day syndrome, 319
riluzole, 772
ring chromosome 20 syndrome, 580
risperidone, 796–797
ritonavir, 750
rituximab, 31, 237, 696, 700
rivastigmine, 769
river blindness (onchocerciasis), 432–433
rizatriptan, 788–789

Rocky Mountain spotted fever, 579–580
rolandic epilepsy (BECTS), 58
Rosai–Dorfman disease, 581
rosiglitazone, 721
rt-PA (recombinant tissue plasminogen 

activator), 377, 416, 582
in pregnancy, 108

rubella virus, 582
Rubenstein–Taybis syndrome, 582–583
rubeola (measles), 364–365
rufinamide, 778

sadness, 354
safeguarding, 204
SAH (subarachnoid hemorrhage), 23–24, 

108, 629–630, 693
spinal, 618

salbutamol (albuterol), 736–737
salicylates, 711–712, 787
salivary gland cancer, 469
salmeterol, 469
Sanfilippo syndrome, 584
sarcoid myopathy, 584–585
sarcoidosis, 677
sarcoma, 447–448, 585–587
sarcosporidiosis, 587
Saturday night palsy, 587–588
saxagliptin, 720
SBMA (spinal and bulbar muscular 

atrophy), 613
schistosomiasis, 588–589
schizoaffective disorder, 589–590
schizophrenia, 590–592, 689, 765
schizophreniform disorder, 592–593
schizotypal personality disorder, 593–595
schwannoma

facial nerve, 200
vestibular, 595

sciatic nerve
hip pathology/surgery, 267–268
piriformis syndrome, 489
in pregnancy, 418
uterine mass compression, 675–676

scleritis, 595–596
scleroderma (progressive systemic 

 sclerosis), 530–532, 596–598
scoliosis, 598
scopolamine, 729
Segawa disease, 163
seizures, see also epilepsy

absence, 3
Alpers disease, 17, 18
atonic, 45
eclampsia, 172–173, 190–191, 397
febrile, 210–211

psychogenic nonepileptic, 541–542
tonic–clonic, 228

selective mutism, 598–599
selective serotonin receptor modulators 

(SSRMs), 760–761
selective serotonin reuptake inhibitors 

(SSRIs), 204, 354–355, 793–794
hypoactive sexual desire, 357

selegiline, 355
selenium deficiency, 599–600
self-harm, see also suicide risk

Lesch–Nyhan syndrome, 335
non-suicidal, 486

sella turcica (empty sella syndrome), 177
semicircular canal dehiscence, 

633–634
sensory neuronopathy (ganglionopathy), 

465–466
sensory neuropathy

anti-Hu, 30
Charcot–Marie–Tooth disease, 258
CIDP, 116–117, 387
Dejerine–Sottas disease, 258–259
hepatitis A, 254
hepatitis B, 255
meralgia paresthetica, 418
Refsum disease, 259, 573

sepsis/septic shock, 600
septic embolism, 600–601
serotonin 1D/1B selective agonists 

(triptans), 788–789
serotonin–norepinephrine reuptake 

inhibitors (SNRIs), 793
serotonin receptor antagonists, 782
serotonin syndrome, 601–602

ergotamines, 785
lorcaserin, 800
MAOIs, 355, 480
other antidepressants, 792, 793, 795, 

796
triptans, 788

sexual activity headache, 524–525
sexual dysfunction

and antidepressants, 357, 794, 
795–796

erectile disorder, 192–193, 725
female sexual interest/arousal disor-

der, 211
male hypoactive sexual desire disor-

der, 357–358
premature ejaculation, 516–517
priapism, 800

shift work disorder, 602–603
short-acting beta agonists (SABAs), 

736–737
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Shy–Drager syndrome (multiple system 
atrophy), 48, 49, 50, 391–393

MSA-C, 49, 393–394
SIADH (syndrome of inappropriate 

antidiuretic hormone secretion), 
174, 292, 543

sialidosis, 528, 603–604
sickle cell disease, 705
siderosis, 633
sildenafil, 725
simultagnosia, 55
sinus histiocytosis (Rosai–Dorfman 

disease), 581
sirolimus, 753
sitagliptin, 720
Sjögren’s syndrome, 604–606
skull

basilar invagination, 56–57
glomus jugulare tumor, 233
platybasia, 493–494
temporal bone fracture, 645–646

sleep disorders
advanced sleep–wake phase disorder, 12
central sleep apnea

Cheyne–Stokes respiration, 
101–102, 114

high altitude, 99–100
medications/substance abuse, 

100–101
primary, 519–520

confusional arousal, 125–126
delayed sleep–wake phase disorder, 

142–143
hypersomnia

idiopathic, 295–296
Kline–Levine syndrome, 301, 

321–322
insomnia

chronic, 302–303
fatal familial insomnia, 209
short-term, 303–304
treatment, 302–303, 304, 801, 802, 

804
insufficient sleep syndrome, 304
irregular sleep–wake rhythm disor-

der, 311–312
jet lag, 316–317
narcolepsy, 405–406
nightmare disorder, 420–421
NREM-related parasomnias, 424
obstructive sleep apnea, 428

obesity hypoventilation syndrome, 
425

periodic limb movement disorder, 
475–476

recurrent isolated sleep paralysis, 564
REM behavior disorder, 566–567
shift work disorder, 602–603
sleep-related eating disorder, 606
sleep terrors, 606–607
sleepwalking, 607–608

sleeping sickness (African 
 trypanosomiasis), 668–669

smallpox, 609
vaccination, 608–609

small vessel disease, see also diabetes 
mellitus

HUS, 247
Susac syndrome, 635, 676
TTP, 655

smoking, 660–661
smoking cessation, 801, 804–805
Sneddon’s syndrome, 609–610
SNRIs (serotonin–norepinephrine 

 reuptake inhibitors), 512, 793
sodium

hypernatremia, 282–283
hyponatremia, 292, 542–543, 774

sodium glucose cotransporter-2 inhibi-
tors, 721

sodium oxybate, 405, 406, 802–803
solvent abuse, 13, 234–235, 267, 610
somatization, 610–611

conversion disorder, 204, 220–221, 
511

loss of vision, 221
factitious disorder, 160, 202–204, 486
illness anxiety disorder, 298–299
malingering, 160, 203–204, 359
somatic symptom disorder, 90

with predominant pain, 542
somnambulism (sleepwalking), 607–608
spasmodic dysphonia, 611–612
spastic paraplegia/paraparesis

hereditary, 259–260
HTLV-1 associated myelopathy, 274–275

speech difficulties
aphasia, see aphasia
spasmodic dysphonia, 611–612

spider venom, 66–67
spina bifida occulta, 612–613
spinal muscular atrophy (SMA)

distal, 162
type III, 616

spine/spinal cord, see also brachial plexo-
pathy; lumbosacral plexopathy

AAA repair, 36
arachnoiditis, 38–39
arthritis, 109
atlantoaxial subluxation, 44–45

back strain/sprain, 54, 343–344
cauda equina syndrome, 94, 618
cerebrotendinous xanthomatosis, 107
compression fractures, 124–125
decompression sickness, 141–142
disc disorders

cervical, 109–110, 142, 260
degenerative, 142, 342
discitis, 156–157
herniation, 260–261
lumbar, 142, 261, 342

DISH, 154–155
dural AV fistula, 39
epidural abscess, 614
epidural hemorrhage, 614
epidural lipomatosis, 615
extradural hematoma, 187
facet syndrome, 110–111
fungal infections, 222
hemangioblastoma, 615–616
HIV-associated myelopathy, 270
HTLV-1 associated myelopathy, 

274–275
hyperlordosis, 282
ischemia/infarction, 29, 313–314, 

613–614
kyphosis, 326
lumbar stenosis, 344
myelitis, see also encephalomyelitis

Lyme disease, 348
neuromyelitis optica, 414, 605
transverse, 254
viral, 182, 254, 264–266, 494, 684

neural tube defects, 612–613
neurolathyrism, 413
odontoid process fractures, 111–112
perimedullary fistula, 617–618
poliomyelitis, 182, 494
propriospinal myoclonus, 534–535
radiation myelopathy, 557
SBMA, 613
scoliosis, 598
spinal muscular atrophy

distal, 162
type III, 616

spondylitis, 618
spondylolisthesis, 343
spondylolysis, 343
spondylosis

cervical, 112
lumbar, 343

stroke
ischemic, 29, 313–314, 613–614
SAH, 618

subdural hematoma, 631–632
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syringobulbia, 638–639
syringomyelia, 244
tethered cord syndrome, 650
trauma (cervical), 111–113
tumors, 188, 616–617
vitamin B12 deficiency, 537, 687

spondylitis, 618
spondylolisthesis, 343
spondylolysis, 343
spondylosis

cervical, 112
lumbar, 343

Sporothrix schenckii, 619
sports injuries

back injuries, 54, 343–344
brachial plexopathy, 71–72
epicondylitis, 185

SSRIs (selective serotonin reuptake 
inhibitors), 204, 354–355, 512, 
793–794

hypoactive sexual desire, 357
Staphylococcus aureus, 619
statins, 715
status epilepticus, 620–621

epilepsia partialis continua, 191–192
ESES, 175–176
nonconvulsive, 424, 736

stavudine, 749–750
Stevens–Johnson syndrome, 774, 

775–776, 777, 778, 779, 780
stiff person syndrome, 235–236, 621–622
stimulants, 803–804
St. Louis encephalitis virus, 622–623
Stokes–Adams attacks, 623
strabismus, 623–625
Streptococcus spp.

group A (rheumatic fever), 116, 379, 
577–578, 635–636

group B, 625
microaerophilic, 625–626
PANDAS, 635–636, 658
S. pneumoniae, 626–627

stress, 627
acute stress disorder, 7–8
adjustment disorder, 10, 354, 511
PTSD, 160, 510–512, 589

striatal nigral degeneration (MSA-P), 49
stroke, 627–628

ACA infarction, 28, 331–332
AChA infarction, 28–29
atherosclerosis, intracranial, 308–309
cardioembolic, 46, 85
carotid artery endarterectomy/stent-

ing, 88–89
central visual loss, 103

depression following, 354
hemorrhagic

AVM rupture, 40–41
intraventricular, 310, 340–341
lobar, 340–341
in pregnancy, 107–108
SAH, 23–24, 108, 618, 629–630, 

693
vitamin K deficiency, 692

hemorrhagic transformation, 
248–249

lacunar, 327–328
MCA infarction, 375–377
moyamoya disease, 385
PCA infarction, 500–501
in pregnancy, 107–108
spinal

ischemic, 29, 313–314, 613–614
SAH, 618

TIAs, 385, 664–665, 682–683
top of the basilar syndrome, 663
venous sinus thrombosis, 95, 106
vertebral artery dissection, 681–682

strongyloidosis, 628–629
Sturge–Weber syndrome, 232, 571, 629
subacute combined degeneration, 537, 687
subacute necrotizing encephalomyelopa-

thy (Leigh disease), 332
subacute sclerosing panencephalitis, 364
subarachnoid hemorrhage (SAH), 23–24, 

108, 629–630, 693
spinal, 618

subclavian steal syndrome, 630
subcortical leukoencephalopathy

Binswanger’s disease, 61–62, 312
CADASIL, 105, 312

subdural hematoma
acute cerebral, 630–631
chronic cerebral, 631
spinal, 631–632

substance abuse, see also toxins/toxicity
alcohol, see alcohol abuse
and amnesia, 160
cannabis, 79–80

withdrawal, 80–81
cocaine, 122–123
ecstasy, 173–174
and impulsive/aggressive behavior, 

306
ketamine, 320–321
LSD, 349–350
mescaline, 371
methamphetamine, 373–374
nitrous oxide, 421–422, 687
opioids, 433–434

central sleep apnea, 100–101
heroin, 261–263
withdrawal, 262–263, 434–435

and panic attacks, 454
phencyclidine, 483
psilocybin, 539
solvents, 13, 234–235, 267, 610
tobacco/nicotine, 660–661

cessation therapy, 801, 804–805
sudden unexpected death in epilepsy 

(SUDEP), 189, 190
suicide risk

ADHD, 47
Alzheimer’s disease, 10
bipolar disorders, 64, 65
body dysmorphic disorder, 69
depression, 353, 354, 355, 547
dissociative amnesia, 160
epilepsy, 189, 354, 646
gender dysphoria, 226–227
Huntington’s chorea, 277, 773
medication-associated

AEDs, 774
alemtuzumab, 752
antidepressants, 791, 792, 793, 

794, 795, 796
antipsychotics, 797
atomoxetine, 797
clonidine, 790
isotretinoin, 731
leukotriene antagonists, 735
lorcaserin, 800
metoclopramide, 728
suvorexant, 804

psychogenic pain, 542
psychogenic seizures, 541–542
psychosis, 75
schizoaffective disorder, 589
tardive dyskinesia, 642

sulfamethoxazole–trimethoprim, 747
sulfasalazine, 766
sulfatide autoantibodies, 419
sulfite oxidase deficiency, 334, 382–383
sulfonylureas, 721
sumatriptan, 788, 789
SUNCT/SUNA headaches, 632–633
superficial siderosis, 633
superior orbital fissure, 661–662
superior semicircular canal dehiscence, 

633–634
surgery

nerve injuries during, 86, 267–268, 634
postoperative psychosis, 305
post-transplant neuropathies, 276, 

508–509
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Susac syndrome, 635, 676
suvorexant, 804
swallowing difficulties

botulinum toxin, 110, 783
psychogenic, 540–541

Sydenham chorea, 635–636
sympathectomy, 35
symptomatic palatial myoclonus, 451–452
syncope, 636–637

cardiogenic, 86–87
carotid sinus hypersensitivity, 90
Stokes–Adams attacks, 623

syndrome of inappropriate antidiuretic 
hormone secretion (SIADH), 
174, 292, 543

synovial cyst (ganglion cyst), 225
syphilis, 32, 271, 637–638, 662
syringobulbia, 638–639
syringomyelia, 244
systemic lupus erythematosus, 639–640
systemic sclerosis (scleroderma), 

530–532, 596–598

tacrolimus, 752
tadalafil, 725
Takayasu arteritis, 641
tamoxifen, 760–761
tapeworms

cysticercosis, 139
echinococcosis, 170–171

tardive dyskinesia, 555, 589–590, 
641–642

tardive dystonia, 642–643
tasimelteon, 801
taxanes, 761
Tay–Sachs disease, 643–644
TCAs (tricyclic antidepressants), 355, 

480, 794–795
tedizolid, 745–746
telangiectasia, 81–82
temporal arteritis (giant-cell arteritis), 

32, 644–645
AION, 41, 501

temporal bone fracture, 645–646
temporal lobe epilepsy, 646–647

with febrile convulsions, 210
mesial temporal sclerosis, 371–372

temporal lobe ischemia (MCA occlu-
sion), 376, 377

temporomandibular joint syndrome, 
647–648

tendonitis
de Quervain’s tenosynovitis, 149–150
epicondylitis, 185

tennis elbow, 185

tenofovir, 749–750
tension headache, 242, 648–649
teratogens

AEDs, 190–191, 779
amiodarone, 710
azathioprine, 695
leflunomide, 765
lithium, 64, 65
vitamin A, 685, 731

teriparatide (parathyroid hormone), 725
Terson’s syndrome, 693
testicular cancer, 228, 229–230, 649
testosterone, 323, 358, 722–723
tetanus, 120, 121, 649–650

vaccine, 156
tethered cord syndrome, 650
tetrabenazine, 773
tetracyclines, 747
thalidomide and analogs, 761–762
theophylline, 736
thiamine (vitamin B1)

deficiency, 323–324, 537, 569–570, 
651–652, 700–701

supplements, 701, 732
thiazide diuretics, 281, 714
thiazolidinediones, 721
third ventricle tumors, 652–653
thirst, psychogenic, 542–543
thoracic outlet syndrome, 653–654
thoracic radiation myelopathy, 558
threadworm (strongyloidosis), 628–629
thrombocythemia, essential, 195
thrombocytopenia, 654

HIT, 250–251
HUS, 247
ITP, 297–298
TTP, 655–656

thromboembolism, see embolism; 
thrombophilia

thrombolysis, 108, 377, 416, 582
and hemorrhagic transformation of 

stroke, 248–249
thrombophilia, 654–655

antithrombin deficiency, 31
essential thrombocythemia, 195
factor V Leiden, 204
HIT, 250–251
in pregnancy, 108
protein C deficiency, 537–538
protein S deficiency, 538

thrombophlebitis, cavernous sinus, 95
thrombotic thrombocytopenic purpura 

(TTP), 655–656
thunderclap headache, 575, 656
thymus gland, and myasthenia gravis, 

397, 463
thyroid disease

and amiodarone, 710
Hashimoto’s thyroiditis, 241
hyperthyroidism, 286–287

Graves’ eye disease, 197, 439, 624, 
656

thyrotoxic periodic paralysis, 477, 
657

L-thyroxine, 565, 726
tiagabine, 778
TIAs, see transient ischemic attacks
tick-borne diseases

babesiosis, 54
ehrlichiosis, 174–175
Lyme disease, 347–348
Rocky Mountain spotted fever, 

579–580
tick-borne encephalitis virus, 213

tick paralysis, 660
tics, 201–202, 426–427, 657–659
tipranavir, 750
tissue plasminogen activator (tPA), 377, 

416, 582
in pregnancy, 108

tizanidine, 785
tobacco use, 660–661

cessation, 801, 804–805
tocopherol (vitamin E), 690–692, 

732–733
tolcapone, 768–769
Tolosa–Hunt syndrome, 661–662
tonic–clonic seizures, 228
tonic pupil, 662–663
tooth disease, 147–148
top of the basilar syndrome, 663
topiramate, 191, 778–779
Tourette’s syndrome, 201, 426–427, 

657–659
toxic epidermal necrolysis, 774, 775–776, 

777, 778, 779, 780
toxins/toxicity, 663–664, see also sub-

stance abuse
aluminum, 153–154, 570, 727
anticholinergic agents, 29
black widow spider venom, 66–67
botulism, 70, 120, 550
buckthorn fruit, 76
carbon disulfide, 82
carbon monoxide, 82
cassava root, 91
ciguatoxin, 119
ethylene oxide, 196
grass pea, 413
hexane, 267

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.042
https://www.cambridge.org/core


Index

833

lead, 330–331
manganese, 359–360
methotrexate, 374, 765
opioids, 100–101, 261–262, 433–434, 

786–787
pyridoxine, 214, 553, 732
radiation, see radiotherapy
tick paralysis, 660
vitamin A, 685–686, 731
vitamin D, 689
zinc, 705

toxoplasmosis, 271, 572
trace elements

copper, 127–128, 705
iron, 310–311, 730
selenium, 599–600
zinc, 704–706, 733

transient global amnesia, 664
transient ischemic attacks (TIAs), 

664–665
amaurosis fugax, 20
moyamoya disease, 385
vertebrobasilar insufficiency, 

682–683
transplants, post-transplant neuropa-

thies, 276, 508–509
transverse myelitis

hepatitis A, 254
neuromyelitis optica, 414, 605

trauma
aortic, 36–37
cervical, 111–113
dissociative amnesia after, 159–161
facial nerve, 201, 645
head, see head injuries
humeral fracture, 276–277
lumbosacral plexopathy, 346

trazodone, 794
tremor

drug-induced, 165–167
essential, 195–196
facial, 130
FXTAS, 216
orthostatic, 442

trichinosis, 665–666
trichotillomania, 486, 666–667
tricyclic antidepressants (TCAs), 355, 

427, 480, 794–795
trigeminal nerve (CN V), see also atypical 

facial pain
and corneal injuries, 319
hemimasticatory spasm, 246
neuralgia, 605, 667–668
Raeder’s paratrigeminal neuralgia, 

560–561

trinucleotide repeat disorders
DRPLA, 148, 528
fragile X syndrome, 214–216
Friedreich’s ataxia, 216–218
FXTAS, 216
Huntington’s chorea, 277, 383, 384, 

773
myotonic dystrophy, 92, 402–403
SBMA, 613

triptans (serotonin 1D/1B selective ago-
nists), 788–789

trisomy 21 (Down syndrome), 44–45, 
163–164, 765

trochlear nerve (CN IV), 624
tropical ataxic neuropathy, 668
tropical spastic paraparesis, 274–275
trypanosomiasis, African (sleeping sick-

ness), 668–669
trypanosomiasis, American (Chagas 

disease), 113
TTP (thrombotic thrombocytopenic 

purpura), 655–656
tuberculosis, 271, 669

anti-tubercular drugs, 742, 743–744, 
746–747

tuberous sclerosis, 571, 670
tumor necrosis factor-alpha (TNF-α) 

inhibitors, 766
tumors, see also chemotherapy

angioma, 94–95, 680–681
astrocytoma, 42, 44
bladder, 67–68
bone, 230, 445, 447–448
and brachial plexopathy, 72
brain metastases, 72–73
breast, 72, 73–74, 83
carcinoid, 82–83
carcinomatous meningitis, 83–84
cavernous sinus, 96
ependymoma, 183–184
epidermoid, 185–186
facial nerve, 200
ganglioglioma, 224–225
gastrointestinal, 82–83, 225–226
germ cell, 228, 230, 491, 649
gliomatosis cerebri, 232–233
glomus jugulare, 233
gynecologic, 228, 229–230, 238–239, 

449–450, 674–675
hemangioblastoma, 243–244, 571, 

615, 697–698
hemorrhage into, 249
kidney, 567–568
leukemia, 336–337, 754, 758
lung, 72, 346, 347

lymphoma
Burkitt, 77
intravascular, 309–310
lymphoplasmacytic, 699–700
orbital, 440
primary CNS, 270–271, 521–523

medulloblastoma, 367
melanoma, 368, 757
meningioma, 369–370, 440, 491
multiple myeloma, 389
nasopharyngeal, 406
neck, 406–407
neurofibromatosis, 411–412, 440
oligodendroglioma, 431–432
optic glioma, 436
orbital, 440–441
ovarian, 228, 229–230, 238–239, 

449–450
pancreatic, 452–453
paraganglioma, 458–459
parotid gland, 469
pheochromocytoma, 484–485
pineal gland, 487–489
pituitary adenoma, 13, 490, 492,  

624
prolactinoma, 284, 532–533

prostate, 535–536
sarcoma, 447–448, 585–587
spine, 188, 616–617
testicular, 228, 229–230, 649
third ventricle, 652–653
uterine, 238–239, 674–675
vestibular schwannoma, 595

Turner syndrome, 671
tympanic membrane perforation, 

117–118
typhoid fever, 671–672
tyramine cheese reaction, 355, 480

ubiquinone (coenzyme Q10) deficiency, 
520–521

Leigh disease, 332
NADH CoQ reductase deficiency, 

404–405
ulcerative colitis, 673
ulnar nerve, 673–674
unconsciousness, see also locked-in 

syndrome
medication-associated, 754, 758
persistent vegetative state, 480–482
syncope, 636–637

cardiogenic, 86–87
carotid sinus hypersensitivity, 90
Stokes–Adams attacks, 623

Unverricht–Lundborg disease, 528

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781107706866.042
https://www.cambridge.org/core


Index

834

upper limb, see also brachial plexopathy
carpal tunnel syndrome, 90–91, 417, 

418, 533
de Quervain’s tenosynovitis, 149–150
diabetic mononeuropathy, 152
epicondylitis, 185
ganglion cyst, 225
humeral fracture, 276–277
ischemic monomelic neuropathy, 313
pronator syndrome, 533–534
radial neuropathy, 556–557, 587, 588
repetitive hand use, 570–571
subclavian steal syndrome, 630
thoracic outlet syndrome, 653–654
ulnar neuropathy, 673–674
vascular insufficiency to hand, 679–680

urea cycle disorders, 8–9
uremia, 569
uric acid excess (Lesch–Nyhan syn-

drome), 335–336
urinary incontinence (enuresis), 183
uterine cancer, 238–239, 674–675
uterine mass causing sciatic nerve com-

pression, 675–676
uveitis, 676–677, 694

vaccines
diphtheria, tetanus, and pertussis, 156
MMR, 365–366
pneumococcus, 626–627
polio, 495
post-immunization encephalomyeli-

tis, 503–505
smallpox, 608–609

valacyclovir, 739
valgancyclovir, 739
valproate (depakote), 779

in bipolar disorder, 64
in MERRF, 199
teratogenicity, 191, 779

valves, prosthetic, 536
valvuloplasty, 678
vancomycin, 743
vardenafil, 725
varenicline, 804–805
variant Creutzfeldt–Jakob Disease 

(vCJD), 70–71
varicella (herpes) zoster virus, 265–266, 

503
variola (smallpox), 609

vaccination, 608–609
vascular claudication, 307–308, 678–679
vascular dementia, 388, 679

Binswanger’s disease, 61–62, 312

vasculitis
aortic arteritis, 32–33
giant-cell arteritis, 32, 41, 501, 

644–645
granulomatosis with polyangiitis, 

237–238
Henoch–Schönlein purpura, 249–250
neuropathy, 680
polyarteritis nodosa, 255, 495–496
primary CNS angiitis, 521
Takayasu arteritis, 641

vasodilators, 717–718
vasogenic edema, see posterior reversible 

encephalopathy syndrome
vasopressin, see antidiuretic hormone 

(ADH)
vasovagal (cardiogenic) syncope, 86–87
VEGF signaling inhibitors, 352, 762
venous angioma, 680–681
venous sinus thrombosis, 106–107

in mastoiditis, 364
in pregnancy, 107, 108
thrombophlebitis, 95

ventilation, assisted
central alveolar hypoventilation 

syndrome, 126
central sleep apnea, 102
chronic respiratory failure, 118–119
obesity hypoventilation syndrome, 

425
ventricular drains/shunts, 37, 310, 341
ventricular hemorrhage, 310, 340–341
ventricular septal defect (VSD), 681
vertebral artery dissection, 681–682
vertebral osteomyelitis (discitis), 156–157
vertebrobasilar insufficiency, 682–683
vertigo

BPPV, 60–61
lacunar stroke, 328
Meniere’s disease, 369
otosclerosis, 449
ototoxic drugs, 738, 743, 747, 759
perilymphatic fistula, 473–474
psychogenic, 544
semicircular canal dehiscence, 

633–634
temporal bone fracture, 645–646
vestibular degeneration, 683
vestibular neuritis, 683–684

vestibulocerebellar ataxia, 207
vestibulocochlear nerve (CN VIII)

vestibular neuritis, 683–684
vestibular schwannoma, 595

vigabatrin, 779–780

vilazodone, 795
vildagliptin, 720
vinca alkaloids, 762–763
viral infections, see also antiviral drugs; 

post-viral syndromes
adenovirus, 8
coxsackie, 129–130
cytomegalovirus, 139–140, 271
dengue, 146–147, 213
eastern equine encephalitis, 169–170
echovirus, 171–172
encephalitis workup, 178
enteroviruses, 129–130, 171–172, 

182–183
Epstein–Barr, 192, 349
flaviviruses, 212–214
hepatitis (acute), 252–253
hepatitis A, 253–255
hepatitis B, 255–256, 257

chronic, 253
hepatitis C, 256–257

chronic, 253
cryoglobulinemia, 134–135, 257

hepatitis neuropathy, 257–258
herpes simplex I, 263–264
herpes simplex II, 264–265, 381
herpes/varicella zoster, 265–266, 503
herpesvirus 6 (HHV-6), 275–276
HIV, see HIV-positive patients
HTLV-1, 274–275
influenza, 300–302, 745
Japanese encephalitis, 213, 315–316
JC virus, 271, 527
La Crosse, 327
lymphocytic choriomeningitis, 

348–349
measles, 364–365
mumps, 394–395
myelitis, 182, 254, 264–266, 494, 684
myositis, 301, 684–685
parainfluenza, 460
poliovirus, 182, 494–495
rabies, 556
rubella, 582
smallpox, 609
St. Louis encephalitis, 622–623
Zika, 704

vision, loss of, see also blepharospasm; 
strabismus

afferent pupillary defect, 13–14
amaurosis fugax, 20, 644
cataracts, 91–93
central visual impairment, 102–103
functional (nonphysiologic), 221
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glaucoma, 231–232
intracranial hypertension, 296, 297
Leber’s hereditary optic atrophy, 331
lens subluxation, 333–334
macular degeneration, 352–353
medication-associated, 710, 731, 739, 

742, 758, 764, 779–780
microphthalmos, 374–375
onchocerciasis, 432–433
optic nerve

AION, 41, 423, 501
atrophy, 435–436
compression, 437–438
glioma, 436
neuritis, 416, 436–437, 465, 504, 742
perineuritis, 475

orbital hemorrhage, 438–439
paraneoplastic retinopathy/ 

neuropathy, 465
pregnancy-associated conditions, 

415–417
retinal artery occlusion, 98, 416
retinal detachment, 99, 571–572
retinal migraine, 572–573
retinal vein occlusion, 98–99
retinitis pigmentosa, 573–574
temporal arteritis, 644
uveitis, 676–677, 694
vitamin deficiencies, 685, 687
vitreous hemorrhage, 693–694

visual hallucinations, see hallucinations
visual phenomena in occipital lobe 

epilepsy, 429
vitamins

A (retinol), 573–574, 685–686, 731
B12 (cobalamin), 226, 537, 686–688, 

732
B complex supplements, 731–732
D, 688–690, 732
E (tocopherol), 690–692, 732–733
folate, 190, 214, 537, 732
K, 692–693
multivitamin deficiencies, 16, 97, 136
niacin (B3), 419–430, 537, 716
in pregnancy, 190, 731
pyridoxine, 553

seizures, 554
toxicity, 214, 553, 732

thiamine (B1)
deficiency, 323–324, 537, 569–570, 

651–652, 700–701
supplements, 701, 732

vitreous hemorrhage, 693–694
Vogt–Koyanagi–Harada disease, 676, 

694–695
voltage-gated potassium channel anti-

body syndrome, 695–696
volume depletion, 697
vomiting

antiemetic drugs, 728, 729, 781–782
cyclic vomiting syndrome, 137–138

von Hippel–Lindau disease (VHLD), 
697–698

hemangioblastoma, 243–244, 571, 
615–616

voriconazole, 739
vortioxetine, 795–796

Waldenström’s macroglobulinemia, 
699–700

warfarin, 46, 377, 711, 783
Watchmen® device, 46
Waterhouse–Friderichsen syndrome, 408
Weber syndrome, 624
Wegener’s granulomatosis, 237–238
weight management, see obesity man-

agement
Weil’s disease (leptospirosis), 335
Wernicke aphasia, 376
Wernicke disease/encephalopathy, 537, 

569–570, 651, 700–701
Korsakoff syndrome, 323–324, 537

West Nile virus, 213
West syndrome, 299
Whipple’s disease, 702
white matter disease

adrenoleukodystrophy, 11–12
Binswanger’s disease, 61–62, 312
CADASIL, 105, 312
in eclampsia, 172
ischemic, 312–313
metachromatic leukodystrophy, 

372–373
PML, 271, 527, 752, 753
PRES, see posterior reversible enceph-

alopathy syndrome

whooping cough (pertussis), 156, 
482–483

Wilson’s disease, 92, 384
withdrawal

alcohol, 16–17
cannabis, 80–81
opioids, 262–263, 434–435

wrist
carpal tunnel syndrome, 90–91, 417, 

533
de Quervain’s tenosynovitis, 149–150
ganglion cyst, 225

xanthomatosis, cerebrotendinous, 107
X chromosome aneuploidy

Klinefelter syndrome (47, XXY), 
322–323

Turner syndrome (45, X), 671
X-linked disorders

adrenoleukodystrophy, 11–12
centronuclear myopathy, 103–104
dystonia parkinsonism, 703
Fabry disease, 198–199
fragile X syndrome, 214–216
FXTAS, 216
Hunter syndrome, 350–351
hydrocephalus, 37
Lesch–Nyhan syndrome, 335–336
McLeod syndrome, 409–410
Menkes disease, 370–371
muscular dystrophy

Becker, 57
Duchenne, 167

Norrie’s disease, 571
Rett syndrome, 574

zafirlukast, 735
zaleplon, 316, 802
zidovudine, 749–750
Zika virus, 704
zinc, 704–706, 733
zolmitriptan, 789
zolpidem, 316, 802
zonisamide, 780
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