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Many ye.ars ago, as a green but enthusiastic nurse preparing to shift from medical-surgical nursing
to critical care, I signed up for a course in basic ECG recognition. It was an intimidating experience. My i.nst:ructor was extremely knowledgeable and kind. and I studied diligently throughout
the course, yet I struggled to crack the code of heart rhythm interpretation. To make matters
worse, I couldn't find any resources in which these complex concepts were presented in a practical, useful way. Although I passed the course. I decided to repeat it a few months later because I
simply coulchlt recall and apply the infonnation I needed to help my patients.
After successfully completing the second course, I promised myself that I would someday
present these concepts in a simpler way. 'Ihat promise became my life's work. Ever since then,
I have been looking for better ways in which to present the skill of basic ECG recognition to those
who will apply that knowledge every working day:
• Paramedics
• Nursing and medical students
• ECG monitor technicians
• Nurses and other allied health personnel world.ng in emergency departments, critical care
units, postanesthesia care units, operating rooms, and telemetry units
'!his book can be used alone or as part of a formal course of instruction in basic dysrhythmia recognition. 1he book'• content focuses on the essentials of ECG interpretation. Each ECG
rhythm is described and accompanied by a sample rhythm strip. 1hen the discussion turns to
possible signs and symptoms related to each rhythm and. where appropriate, current recommended treatment. At the end of each chapter, additional rhythm strips and their description.s are
provided for practice. (All rhythm strips shown in this text were recorded in lead n unless otherwise noted.) 1he Stop 8c Review exerci!es at the end of each chapter are self-usessment activities
that allow you to check your learning.
In addition, resources to aid the in.stru.ctor in teaching this content can be found on Evolve at
http://evolve.elsevier.com/Aehlert/ecgl. 1hese resources include:
• Image Collection
• PPTSlide.
• PPT Practice Slides

• TEACH2.4
• Test Bank
I have made every attempt to supply content consistent with current literature, including current resuscitation guidelines. However, medicine is a dynamic field. Recommendations change as
medical research evolves, technology improves, and new medications, procedures, and devices
are developed. As a result, be •ure to learn and follow local protocols as defined by your medical advisors. Neither I nor the publisher can assume responsibility or liability for loss or damage
resulting from the use of information contained within.
I genuinely hope this book is helpful to you, and I wish you success in your studies and clinical
practice.
Best regards,
Barbara Aehlert
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LEARNING OBJECTIVES
After reading this chapter, you should be able to:
1. Describe the location of the heart.
2. Identify the surfaces of the heart.
3. Describe the structure and function of the coverings of the heart.
4. Identify the three cardiac muscle layers.
5. Identify and describe the chambers of the heart and the vessels that
enter or leave each.
6. Identify and describe the location of the atrioventricular and semilunar
valves.
7. Explain atrial kick.
8. Name the primary branches and areas of the heart supplied by the
right and left coronary arteries.

9. Define and explain acute coronary syndromes.
10. Discuss myocardial ischemia, injury, and infarction, indicating which
conditions are reversible and which are not.
11. Compare and contrast the effects of sympathetic and parasympathetic
stimulation of the heart.
12. Identify and discuss each phase of the cardiac cycle.
13. Beginning with the right atrium, describe blood flow through the
normal heart and lungs to the systemic circulation.
14. Identify and explain the components of blood pressure and cardiac
output.

KEY TERMS
acute coronary syndrome (ACS): A term used to referto distinct
conditions caused by a similar sequence of pathologic eventsa temporary or permanent blockage of a coronar_y artery. These
conditions are characterized by an excessive dem nd or inadequate
supply of oxygen and nutrients to the heart muscle associated
with plaque disruption, thrombus formation, and vasoconstriction.
ACSs consist of three major syndromes: unstable angina, nonST-elevation myocardial infarction, and ST elevation myocardial
infarction.
afterload: The pressure or resistance against which the ventricles must
pump to eject blood.
angina pectoris: Chest discomfort or other related symptoms of sudden
onset that may occur because the increased oxygen demand of the
heart temporarily exceeds the blood supply.
apex of the heart: Lower portion of the heart that is formed by the tip of
the left ventricle.
atria: Two upper chambers of the heart (singular, atrium).
atrial kick: Blood pushed into the ventricles because of atrial contraction.
atrioventricular (AV) valve: The valve located between each atrium
and ventricle; the tricuspid separates the right atrium from the right
ventricle, and the mitral (bicuspid) separates the left atrium from the
left ventricle.
atypical presentation: Uncharacteristic signs and symptoms perceived
by some patients experiencing a medical condition, such as an ACS.

base of the heart: Posterior surface of the heart.
blood pressure: Force exerted by the blood against the walls of the arteries as the ventricles of the heart contract and relax.
cardiac output (CO): The amount of blood pumped into the aorta each
minute by the heart; defined as the stroke volume multiplied by the
heart rate.
chordae tendineae (tendinous cords): Thin strands of fibrous connective tissue that extend from the AV valves to the papillary muscles that
prevent the AV valves from bulging back into the atria during ventricular
systole (contraction).
chronotropy: A change in (heart) rate.
diastole: Phase of the cardiac cycle in which the atria and ventricles relax
between contractions and blood enters these chambers. When the term
is used without reference to a specific chamber of the heart, ventricular
diastole is implied.
dromotropy: Refers to the speed of conduction through the AV junction.
dysrhythmia: Any disturbance or abnormality in a normal rhythmic pattern; any cardiac rhythm other than a sinus rhythm.
ejection fraction: The percentage of blood pumped out of a heart chamber with each contraction.
endocardium: Innermost layer of the heart that lines the inside of the
myocardium and covers the heart valves.
epicardium: Also known as the visceral pericardium; the external layer of
the heart wall that covers the heart muscle.
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hBart failure: Acondition In whlctl the heart Is unable tD pump enough
blood to meet the metabolic needs of the body; It may result from any
cond~ion that impairs preload, afterload, cardiac contractility, or heart

rare.

inDtropy: Refers to a change in myocardial contractility.
ischemia: Decreased supply of oxygena1ed blood tn a body part or organ.
mediastinum: Middle area of the thoracic cavity; contains the heart, great
vessels, trachea, and esophagus, among other structures; extends from
the sternum to the vertebral column.
mltochondrta: The energy-producing parts of a cell.
mvocardlallnfarctlon (M~: Death of some mass of the heart muscle
caused by an Inadequate blood supply.
mvocardlum: Middle and thickest layer of the heart; contains the cardiac
muscle fibers that cause contraction of the heart and contal ns the
conduction system and blood supply.
myofibril: Slender striated strand of muscle tissue.
papillary muscles: Muscles attached to the chordae mndineae of the AV
valves and the ventricular muscle of the heart that help prevent the AV
valves from bulging too far intn the abia.
pericardium: A double-walled sac thai erdoses the heart and helps
protect It from trauma and Infection.
peripheral resistance: Resistance to the flow of blood determined by
blood vessel diameter and the tone of the vascular musculature.
preload: Force exerted by the blood on the walls of the venb1cles at the
end of diastole.

LOCATION, SIZE, AND SHAPE

OFTHEHEART
[Oblectlve 1]
The heart is a hollow muscular organ that lies in the space
between the lungs (i.e., the mediastinum) in the middle of
the chest (Pig. 1.1). It sits behind the stemwn and just above
the diaphragm. About two thirds of the heart lies to the left
of the midline of the stemwn. The remaining third lies to the
right of the sternum.
The adult heart is about 5 inches ( 12 an) long, 3.5 inches
(9 em) wide, and 2.5 inches (6 em) thick (Fig_ 1.2). It typically
weighs between 250 and 350 g (about 11 oz) and is about
the size of its owner's fist The weight of the heart is about
0.4596 ofa man's body weight and about 0.40% ofa woman's,
A person's heart size and weight are influenced by his or her
age, body weight and build. frequency of physical exercise,
and heart disease.

SURFACES OF THE HEART
[Obiactiva 2]
The base, or posterior surface, of the heart is formed by the
left atrium, a small portion of the right atrium, and proximal portions of the superior and inferior venae cavae and
the pulmonary veins (Fig. 1.3). The front (anterior) surface
of the heart lies behind the sternum and costal cartilages. It is

pi'Oldmal: Location nearer to the midline of the body or the point of
attachment than something else Is.
sarcolemma: Membrane that covers smooth, striated, and cardiac
muscle fibers.
sarcomere: Smallest functional un~ of a myofibril.
sarcoplasm: SemWiuid cytnplasm of muscle cells.
sarcoplasmic reticulum: Network of tubules and sacs that plays an
important role in muscle contraction and relalration by releasing and
storing calcium Ions.
semilunar (SL) valves: Valves shaped like half-moons that separate the
ventricles from the aorta and pulmonary artery.
septum: An lntBmal wall of connective tissue.
stroke volume {SV): The amount of blood e]eclBd from a ventricle with
each heartbeat
sulcus: Groove.
systole: Contraction of the heart (usually refarri ng to ventricular contraction), during which blood is propelled intn the pulmonary artery and
aorta; when the tenn is used without reference to a specific chamber of
the heart, ventricular systole is implied.
tone: A term that may be used when referring to the normal state of balanced tension In body tissues.
venous return: Amount of blood flowing lntn the right atrium each minute
from the syslemlc c1rculatlon.
venb1cles: The two lower chambers of the heart

formed by portions of the right atrium and the left and right
vmtrides (Fig. 1.4). However, because the heart is tilted
slightly toward the left in the chest, the right ventricle is the
area of the heart that lies most directly behind the sternum.
The apa, or lower portion, of the heart is formed by the tip
of the left ventricle. The apex lies just above the diaphragm
at about the level of the fifth intercostal space in the midclavicular line.
The heart's left side (i.e., left lateral surface) faces the
left lung and is made up mostly of the left ventricle and a
portion of the left atrium. The right lateral surface faces
the right lung and consists of the right atrium. The heart's
bottom (i.e., inferior) surface is formed primarily by the
left ventricle, with small portions of the right ventricle
and right atrium. The right and left ventricles are separated by a groove containing the posterior interventricular vessels. Because the inferior surface of the heart rests
on the diaphragm, it is also called the diaphragmatic surface (Fig. 1.5).

COVERINGS OF THE HEART
[Obiactive 3)
The periQU'dium is a double-walled sac that encloses the
heart and helps protect it from trauma and infection. The
tough outer layer of the pericardia! sac is called the fibrous
parietal pericardium (Fig. 1.6). It anchors the heart to some
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Mldclavlcular
line

Fig. 1.1 Antar1or v1aw of tha chest wall of a man lhM!rg skslalal structullls and
the surface projactlon of the heart (From Draka R, Vogl AW, Mlb:hall AWM: Gtay's
8II8JDmy for studsnts, ed 3, New York, 2015, Churchill LMngstooe.)

Fig. 1.2 Appean~nca of 1h& heart. This pho!Dgraph shows a living human heart
p111pered for transplan1al!on Into a paUent. NoiB liB slza llllaUveiD 1he hands that Rill
hading 1t. (From PaiiDn KT, Thlbolil&u GA: Anatomy& physiology. &d 9, St. Louis.
2016, Mosby.)

Anlartor
lntervent~wer

branch of left
coronary artery
Greal canlac vein

Fig. 1.3 The base af the heart. (Ffm1 Drake R, 'ql A.W, Milcrell A."WM: &ay's

Obtuee mergln

anaiDmy for stJJdents, ed 3, New York, 2015, Churchill Uvingslune~

The right and left phrenic nerves, which innervate the diaphragm, pass through the fibrous pericardium as they
descend to the diaphragm. Because these nerves supply sensory fibers to the fibrous pericardium, the parietal
serous pericardium, and the mediastinal pleura, discomfort
related to conditions affecting the pericardium may be felt
In the areas above the shoulders or lateral neck.

of the structures around it. such as the sternum and diaphragm, by means of ligaments. This helps prevent excessive movement of the heart in the chest with changes in
body position.

If the pericardium becomes Inflamed (pericarditis), excess
pericardia! fluid can be quickly generated in response to the
inflammation. Pericarditis can result from a bacterial or viral
infection, rheumatoid arthritis, tumors, destruction of the
heart muscle in a heart attack, among other causes.

Fig. 1.4 Th& ant:&r1or surface of the haart. (From Drake R, Vogl AW, Mitchell
AWM: Gray's anatomy frJr stJJd6nts, &d 3, Naw York, 2015, Churchill L.Mrgstona.)

The inner layer of the pericardium, the serous pericardium, consists of two layers: parietal and visceral (Fig. 1.7).
the parietal. layer lines the inside of the fibrous pericardium.
The visceral layer attaches to the large vessels that enter and
exit the heart and covers the outer surface ofthe heart muscle
(ie., the epicardium).
Between the visceral and parietal layers is a space (the
pericardia! space) that normally contains about 20 mL of
serous (pale yellow and transparent) fluid. This fluid acts as a
lubricant, preventing friction as the heart beats.

Heart surgery or trauma to the heart, such as a stab wound,
can cause a rapid buildup of blood in the pericardia! space. The
buildup of excess blood or fluid in the pericardia! space compresses the heart. This can affect the heart's abiily to relax and
fill with blood between heartbeats. Ifthe heart cannot adequately
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fill with blood, the amount of blood the ventricles can pump out
to the body (cardi~ output) will be decreased. As a result, the
amount of blood returning to the heart is also decreased. These
changes can result in a life-threatening cond~ion called C8ldiac
temponade. The amount of blood or fluid in the pericardia!
space needed to impair the heart's ability to fill depends on the
rate at which the buildup of blood or fluid occurs and the ability
of the pericardium to stretch and accommodate the increased
volume of fluid.
The rapid buildup of as little as 100 to 150 ml of fluid or
blood can be enough to result in signs and symptoms of

shock. Conversely, 1000 mL of fluid may build up over a longer period without any significant effect on the heart's ability
to fill. This is because the pericardium accommodates the
increased fluid by stretching over time.
The symptoms of cardiac tamponade can be relieved
by removing the excess fluid from the pericardia! sac.
Pericardiocentesis is a procedure in which a needle is
inserted into the pericardia! space and the excess fluid
is sucked out (aspirated) through the needle. If scarring is
the cause of the tamponade, surgery may be necessary to
remove the affected area of the pericardium.

Right
ventricle

Rbrous
pericardium
{cut;)

Postertor
lnt8r-

ventrlcu lar
art8ly

Left verrtricla

and vein

Coronary

Right
atrium
Inferior

sulcus

vena cava

Fig. 1.15 The Inferior surface ot the heart The lnfe~or part ot the fibrous pe~card urn has been removed v.tlh the dlapluagm. (From Gosling JA: Human anaJDmy: color atlas and text. ad 4, L..ordcn, 2002, Mosby.)

Laft brachl~

oaphalil:
vein

Left

Aortic
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Lung
roots

Left
phrenic

nerve

•.· ...

Cenlral

""""~- tendon of
diaphragm

Fig. 1 .& The fibrous pericanium and phrenic nerves revealed after reiTlCJ\Iill of the lungs. {From Gosling J&.: Human
anafDmy: color afias and text. ed 4, Lllndon, 2002, Mosby.)
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Left and llgtrt
phrenic

Alcendng
aorta

Pulmonary
trunk

Fibrous

pertcardium
(cut)

V-.1
~--+-:ft-.,_;.;..- MI'OUS

pertcardium

Fig. 1.7 The fbrous pericardium has been opened to expose the visceral pericardium ~ring lhe anterior surface of the
heart. (From Gosling JA: HumaiJ anatomy: color atlas and tert; eel 4, London, 2002, Mosby.)

STRUCTURE OF THE HEART
Layers of the Heart Wall
[Oblactlve 4]
lhe walls of the heart are made up of three tissue layers: the
endocardium, myocardium, and epicardium (Fig. 1.8 and
Table 1.1). The heart's innennost layer, the endocardium, is
made up of a thin, smooth layer of epithelium and connective tissue and Unes the heart's inner chambers, valves, chordae tendineae (tendinous cords), and papillary muscles. The
terminal components of the heart's specialized conduction
system can be found within this layer (Anderson & Roden.
2010). The endocardium is continuous with the innennost
layer of the arteries, veins, and capillaries ofthe body, thereby
creating a continuous, closed circulatory system.
1he .myocarclium (middle layer) is a thick. muscular layer
that consists of cardiac muscle fibers (cells) responsible for the
pumping action of the heart The myocardium makes up about
30% ofthe total left. ventrkular mass (Anderson & Roden, 2010).
lhe innermost halfofthe myocardium is called the subendocar1&1 area. The outermost halfis called the subepicardial area. 1he
muscle fibers of the myocardium are separated by connective
tissues that have a rich supply ofcapillaries and nerve fibers.

Did You Know?- - - - - - The thickness of a heart chamber is related to the amount of
pressure or resistance that the muscle of the chamber must
overcome to eject blood.

Endocardium -~~=-~
Myocardium
VIsceral
pericardium
(epicardium)

Perlcardlal

apace

Abrous

layer
Flf. 1.8 The parlcardlal sac Is aJIIliOSIId af 1:\W layn separaiBd by a narrow
ftuld-fllled Sjlllllll. The v1scaral part:anllum (aplcmdklm) Is attached dlractly 1D 1ha
heart's surface, and the parlelal pertardlum fcnns the llJIEr layer af the sac. (from
~-l<lrlitx:Jm L, Blnlslk JL: PBthoplrys/rJ/o ad 5, PhiBde~hla, 2013, Elakr.)

The heart's outennost layer is called the epicardium. The
epicardium is continuous with the inner lining of the pericardium at the heart's apex. The epicardium contains blood
capillaries, lymph capillaries, nerve fibers, and fat. 1he main
coronary arteries lie on the epicardial surface of the heart.
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lrJ:ll¥81 Layers of the Heart Wall
Heart Layer

Description

Epicardium

• External layer of 1he heart
• Coronary arteries, blood capillaries,
lymph capillaries, nerve fibers, and fat
are found in this layer
• Middle and thickest layer of the heart
• Muscular component of the heart;
responsible for the heart's pumping
action
• Innermost layer of the heart
• Lines heart's inner chambers, valves,
chordae tendineae, and papillary
muscles
• Continuous with the innermost layer
of arteries, veins. and capillaries of the
body

Myocardium

Endocardium

They feed this area first before entering the myocardium and
supplying the heart's inner layers with oxygenated blood.
Ischemia is a decreased supply of oxygenated blood to a
body part or organ. The heart's subendocardial area is at the
greatest risk ofischemia because this area has a high demand
for oxygen and it is fed by the most distal branches of the
coronary arteries.

CARDIAC MUSCLE
Cardiac muscle fibers make up the walls of the heart.
These fibers have striations, or stripes, similar to that of
skeletal muscle. Each muscle fiber is made up of many
muscle cells (Fig. 1.9). Each muscle cell is enclosed in
a membrane called a sarcolemma. Within each cell (as
with all cells) are mitocho.odria, the energy-producing
parts of a cell, and hundreds of long, tube-like structures
called myoflbrlls. Myofibrils are made up of many sar~o
merea, the basic protein units responsible for contraction.
The process of contraction requires adenosine triphosphate (ATP) for energy. The mitochondria that are interspersed between the myofibrils are important sites of ATP
production.
The sarcolemma has holes in it that lead into tubes called
T (transverse) tubules. T tubules are extensions of the cell
membrane. Another system of tubules, the sarcoplasmic:
reticulum (SR), stores calcium. Muscle cells need calcium
in order to contract. Calcium is moved from the sarcoplasm of the muscle cell into the SR by means of "'pumps"
in the SR.
There are certain places in the cell membrane where
sodium (Na+), potassium (K+), and calcium (Ca++) can
pass. These openings are called pores or channels. There
are specific channels for sodium (sodium channels},

I

L------

lrrtercalallld dlskB

- Mltllchandrlon

Fig. 1.8 cardiac muscle filar. lklllke ather types a! muscle fibers, 1he cardiac
muscle flbar Is t)Pically branchoo and foiTI'IS junc1!oos, called lntaroalllled dis~. with
adjacent cardiac muscle fibers. (From PatiDn KT, Thltxxfeau GA: Anthony's IIJXtbook
of 8fi/J/Dmy & phys/okJgy, ad 20, St Louis, 2013, Mooby~

potassium (potassium channels), and calcium (calcium
channels). When the muscle is relaxed, the calcium channels are closed. As a result, calcium cannot pass through
the membrane of the SR. This results in a high concentration of calcium in the SR and a low concentration in
the sarcoplasm, where the muscle cells (sarcomeres) are
found. If the muscle cells do not have calcium available to
them, contraction is inhibited (the muscle stays relaxed).
The force of cardiac muscle contraction depends largely
on the concentration of calcium ions in the extracellular
fluid.

0
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The heart consists of two syncytia: atrial and ventricular.
The atrial syncytium consists of the walls of the right and
left atria. The ventricular syncytium consists of the walls of
the right and left ventricles. Normally, impulses can be conducted from the atrial syncytium into the ventricular syncytium only by means of the atrioventricular (AV) junction. The
AV junction is a part of the heart's electrical system. This
allows the atria to contract a short time before ventricular
contraction.

Heart Chambers
The heart has four chambers, two atria and two ventricles. The outside surface of the heart has grooves called
sulci. The coronary arteries and their major branches lie
in these grooves. The coronary sulcus (groove) encircles
the outside of the heart and separates the atria from the
ventricles. It contains the coronary blood vessels and
epicardial fat.
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F1g. 1.10 lntartor of the heart. This Illustration shows the heart as It would appear If It were a.Jt along a lronllll plane and
opened Ilks a book. The fnlnt portion of the heart lies ID 1hll reader's ~ght; the back portion of the heart lias ID the reader's
Iaft. ThB four chambers Ill 1hll heart-two a~a and two van~des--an~ easily seen. A~ Abtlvant~cular; st.. semilunar. [From
Patton KT, Thllodeau GA: Anatomy & physiology, ad 9, St. llluls, 2016, Mosby.)

ATRIA

VENTRICLES

[Obiactive 5]
The two upper chambers of the heart are the right and
left atria (singular, atrium) (Fig. 1.10). An earlike flap
called an auricle (meaning "little ear·) protrudes from
each atrium.
The purpose of the atria is to receive blood. The right
atrium receives blood low in oxygen from the superior vena
cava (which carries blood from the head and upper extremities), the inferior vena cava (which carries blood from the
lower body), and the coronary sinus (which is the largest
vein that drains the heart). The left atrium receives freshly
oxygenated blood from the lungs via the right and left pulmonary veins.
1he four chambers of the heart vary in muscular wall
thickness, reflecting the degree of pressure each chamber
must generate to pump blood. For example, the atria encounter little resistance when pumping blood to the ventricles. As
a result, the atria have a thin myocardial layer. The wall of
the right atrium is about 2 mm thick. and the wall of the left
atrium is about 3 m.m thick. Blood is pumped from the atria
through an atrioventricular (AV) valve and into the ventricles. The valves ofthe heart are discussed later in this chapter.

(Obiactive 5]
The heart's two lower chambers are the right and left ventricles. Their purpose is to pump blood. The right ventricle
pumps blood to the lungs. The left ventricle pumps blood
out to the body. Because the ventricles must pump blood
either to the lungs (the right ventricle) or to the rest of the
body (the left ventricle), the ventricles have a much thicker
myocardial layer than the atria. Because the right ventricle
moves blood only through the blood vessels of the lungs and
then into the left atrium, it has one sixth of the muscle mass
and one third of the wall thickness of the left ventricle, which
must propel blood to most vessels of the body (Hutchison &:
Rudakewich, 2009) (Fig. 1.11).

Q
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Think of the atria as holding tanks or reservoirs for blood.

When the left ventricle contracts, it normally produces an
impulse that can be felt at the apex of the heart (apical
impulse). This occurs because as the left ventricle con·
tracts, it rotates forward. In a normal heart, this causes the
apex of the left ventricle to hit the chest wall. You may be
able to sea the apical impulse in thin individuals. The apical impulse is also called the point of maximal impulse

because it is the site where the left ventricular contraction
is most strongly felt.
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Fig. 1.11 Section through the heart shi7Mng 1he &Peal porUn of the left and ~ghl venll1clas. (From Gosling JA: Human
anatumy: oo1or atlas and t8Xt, ed 4, London, 2002, Mosby.)

Heart Valves
The heart has a skeleton, which is made up of four rings
of thick connective tissue. This tissue surrounds the bases
of the pulmonary trunk, the aorta, and the heart valves.
The inside of the rings provides secure attachments for
the heart valves. The outside of the rings provides for the
attachment of the cardiac muscle of the myocardium (Fig.
1.12). The heart's skeleton also helps form the partitions
(septa) that separate the atria from the ventricles.
There are four one-way valves in the heart: two sets of AV
valves and two sets of&emilUIW' (SL) valves. The valves open
and close in a specific sequence and assist in producing the
pressure gradient needed between the chambers to ensure
a smooth :flow of blood through the heart and prevent the
bacldl.ow of blood.

ATRIOVENTRICULAR VALVES
[Oblectlves 6, 7]
Atrioventricular valves separate the atria from the ventricles.
The two AV valves consist of tough. fibrous rings (annuli
:6.brosi); :flaps (lea11.ets or cusps) of endocardium; chordae
tendineae; and papillary muscles.
1he tricuspid valve is the AV valve that lies between the
right atrium and right ventricle. It consists of three separate
cusps or flaps (Fig. 1.13). It is larger in diameter and thinner
than the mitral valve. The mitral valve, which is also called
the bicuspid valve, has only two cusps and lies between the

Fig. 1.12 Skeleton of the heart. This IX)Stel1or view shows part of the venll1cular
myooardlum with 1he heart valves 81111 attached. The rim of each heart valve Is supported by a fibrous structure, called the sk8/stonofth6 h6art, which encircles all four
valves. AV. Atrlovenll1cular. (From PatiDn KT, Thibodeau GA: Anatmny&ph~
ed 9, St Louis, 201 6, Mosby.)

left atrium and left ventricle (Fig. 1.14). The mitral valve is
so named because of its resemblance to a miter, which is a
double-cusp bishop's hat, when open.
The AV valves open when a forward pressure gradient forces blood in a forward direction. They close when
a ba.ck.ward pressure gradient pushes blood backward. The
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Fig. 1.13 Internal view of 1he right venll1cle. (From Drake R, Vogl AW, Mitchell AWM: Gmy~ snatrHny frJr si1Jdenls. ed 3,
New Yorll, 2015, Churchill Uvlngstone.)
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Fig. 1.14 Internal view of 1he left ventriCle. (From Drake R, Vcgl AW, MitChell AWM: !#a~ anatomy for students, ed 3, New
Ya'k, 2015, Chu I'Ch ill Livingstone.)
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AV valves require almost no backflow to cause closure
(Hall, 2016).
The flow of blood from the superior and inferior venae
cavae into the atria is normally continuous. About 70%
of this blood flows directly through the atria and into the
ventricles before the atria contract; this is called passi'o'e
filling. & the atria fill with blood, the pressure within the
atrial chamber rises. This pressure forces the tricuspid
and mitral valves open, and the ventricles begin to fill,
gradually increasing the pressure within the ventricles.
When the atria contract, an additionallO% to 30% of the
returning blood is added to filling of the ventricles. This
additional contribution of blood resulting from atrial
contraction is called atrial kick. On the right side of the
heart, blood low in oxygen empties into the right ventricle. On the left side of the heart, freshly oxygenated blood
empties into the left ventricle. When the ventricles then
contract (i.e., systole), the pressure within the ventricles
rises sharply. The tricuspid and mitral valves completely
close when the pressure within the ventricles exceeds that
of the atria.
Chordae tendineae (tendlnoua cords) are thin strands
of connective tissue. On one end, they are attached to the
underside of the AV valves. On the other end, they are
attached to small mounds of myocardium called papillary
maades. Papillary muscles project inward from the lower
portion ofthe ventricular walls. When the ventricles contract
and relax, so do the papillary muscles. The papillary muscles
adjust their tension on the chordae tendineae, preventing
them from bulging too far into the atria. For example, when
the right ventricle contracts, the papillary muscles of the
right ventricle pull on the chordae tendineae. 1he chordae
tendineae prevent the flaps of the tricuspid valve from bulging too far into the right atrium. 1hus, the chordae tendineae
and papillary muscles serve as anchors. Because the chordae
tendineae are thin and string-like, they are sometimes called
"heart strings."

SEMILUNAR VALVES
[OIJiactlve B]
The pulmonic and aortic valves are SL valves. 1he SL valves prevent the bacldlow ofblood from the aorta and pulmonary arteries into the ventricles. 1he SL valves have three cusps shaped
like half-moons. 1he openings of the SL valves are smaller than
the openings of the AV valves, and the flaps of the SL valves are
smaller and thicker than the AV valves. Unlike the AV valves,
the SL valves are not attached to chordae tendineae.
When the ventricles contract, the SL valves open, allowing blood to flow out of the ventricles. When the right
ventricle contracts, blood low in oxygen flows through
the pulmonic valve into the pulmonary trunk. which
divides into the right and left pulmonary arteries. When
the left ventricle contracts, freshly oxygenated blood flows
through the aortic valve into the aorta and out to the body
(Fig. 1.15). The SL valves close as ventricular contraction

ends and the pressure in the pulmonary artery and aorta
exceeds that of the ventricles.

Improper valve function can hamper blood flow through the
heart. Valvular heart disease is the term used to describe
a malfunctioning heart valve. Types of valvular heart disease include the following:
• vaJvular prolapse. If a valve flap inverts, it is said to have
prolapsed. Prolapse can occur if one valve flap is larger
than the other. It can also occur if the chordae tendineae stretch markedly or rupture.
• vaJvutar regurgitation. Blood can flow backward, or
regurgitate, if one or more of the heart's valves does
not close properly. Valvular regurgitation Is also known
as valvular incompetence or valvular insufficiency.
• Valvular stenosis. If a valve narrows, stiffens, or thickens, it is said to be stenosed. The heart must work
harder to pump blood through a stenosed valve.
Papillary muscles receive their blood supply from the
coronary arteries. If a papillary muscle ruptures because
of an inadequate blood supply (as in myocardial infarction), the attached valve cusps will not completely
close and may result in a murmur. If a papillary muscle
in the left ventricle ruptures, the leaflets of the mitral
valve may invert Q.e., prolapse). This may result in blood
leaking from the left ventricle into the left atrium (e.g.,
regurgitation} during ventricular contraction. Blood flow
to the body o.e., cardiac output) could decrease as a
result.

HEART SOUNDS
Heart sounds occur because of vibrations in the tissues
of the heart caused by the closing of the heart's valves.
Vibrations are created as blood flow is suddenly increased
or slowed with the contraction and relaxation of the
heart chambers and with the opening and closing of the
valves.
Normal heart sounds are called Sl and S2. 1he first heart
sound ("lubb,.) occurs during ventricular contraction when
the tricuspid and mitral (AV) valves are closing. The second
heart sound ("dupp) occurs during ventricular relaxation
as the pulmonic and aortic (SL) valves close. A third heart
sound is produced by ventricular filling. In those younger
than 40 years ofage, the left ventricle normally permits rapid
filling. The more rapid the ventricular filling, the greater
the likelihood of hearing a third heart sound. A third heart
sound (S3) heard in people older than 40 years ofage is considered abnormal An abnormal third heart sound is frequently associated with heart failure. An Sl-S2-S3 sequence
is called a ventricular gallop or gallop rhythm. It sounds like
"Kentucky"-Ken (Sl) -tuck (S2) -y (S3). The location of the
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Fig. 1.1& Drawing of a heart split perpendicular to the interventriCular septum to illustrate the anatomic relationships of
the leaflets of the atroventricular and aortiC valveS. (From Koeppen BM, Stanton BA: Beme & LevyJJ/1YSiOlOgY. ed 6, St. L.Duis,
2010, Mosby.)

heart's AV and SL valves for auscultation is shown in Fig.
1.16. A summary ofthe heart's valves and auscultation points
for heart sounds appears in Table 1.2.

In people younger than 40 years of age, the left ventricle normally permits rapid filling. The more rapid the
ventricular filling, the greater the likelihood of hearing a
third heart sound. A third heart sound (S3) heard in those
older than 40 years of age is considered abnormal. An
abnormal third heart sound is frequently associated with
heart failure. An S 1-32-33 sequence Is called a ventricular gallop or gallop rhythm. It sounds like Ken (S1) -tuck
(S2) -y (S3).
Turbulent blood flow within the cardiac chambers and
vessels can produce heart murmurs. An inflamed pericardium can produce a peric8rdial friction rub, which sounds
like rough sandpaper.

The Heart's Blood Supply
lhe coronary circulation consists of coronary arteries and
veins. The right and left coronary arteries encircle the myocardium like a crown. or corona.

CORONARY ARTERIES
[Oblectlve 8]
lhe main coronary arteries lie on the outer (epicardial) surface ofthe heart. Coronary arteries that run on the surface of

the heart are called epicardial coronary arteries. They branch
into progressively smaller vessels, eventually becoming arterioles, and then capillaries. Thus, the epicardium has a rich
blood supply to draw from. Branches of the main coronary
arteries penetrate into the heart's muscle mass and supply the
subendocardium with blood. lhe diameter of these "feeder
branches" (i.e., collateral circulation) is much narrower. The
tissues supplied by these branches get enough blood and
oxygen to survive, but they do not have much extra blood

flow.
lhe work of the heart is important To ensure that it has
an adequate blood supply, the heart makes sure to provide
itself with a fresh supply of oxygenated blood before supplying the rest of the body. This freshly oxygenated blood is supplied mainly by the branches of two vessels: the right and left
coronary arteries.
lhe right and left coronary arteries are the very first
branches off the base of the aorta. The openings to these vessels lie just beyond the cusps of the aortic SL valve. When
the left ventricle contracts (systole), the force of the pressure within the left ventricle pushes blood into the arteries
that branch from the aorta. 'Ihis causes the arteries to fill
However, the heart's blood ~ssels (ie., the coronary arteries) are compressed during ventricular contraction, reducing blood fl.ow to the tissues of the heart. Thus, the coronary
arteries fill when the aortic valve is closed and the left ventricle is relaxed (i.e., diastole).
lhe three major epicardial coronary arteries include the left
anterior descending (LAD) artery, circumflex (Cx) artery, and
right coronary artery (RCA). A person is said to have coronary
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Fig. 1.18 An!Brlor view ot 1he chest r.owlng the heart, the looatlon of the heart's valves, and where to listen to heart
sounds. (From Drake R, Vogl AW, Mitchell AWM: Glay'unatomyfurstWents, ad 3, New York. 2015, Churchill LMngstone.)
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Heart Valves and Auscultation Points

Yalve Name

Yalve 1W»e

IJicatlon

Auscultation Point

Tricuspid

Atrioventricular

Mitral (bicuspid)

Atrioventricular

Pulmonic (pulmonary)

Semilunar

Aortic

Semilunar

Separates the right atrium and
right ventricle
Separates the left atrium and left
ventricle
Between the right ventricle and
pulmonary artery
Between the left ventricle and
aorta

Just to the left of the lower part of the sternum near the fiHh intercostal space
Heart apex in the left fifth intercostal space
at the midclavicular line
Left second intercostal space close to the
sternum
Right second intercostal space close to the
sternum

artery disease (CAD) if there is more than 5096 diameter narrowing (i.e., stenosis) in one or more of these vessels.

(ill

CLINICAL CORRELAT10NS

Because a heart attack, which is also called a myocardial
Infarction, Is usually caused by a blocked coronary artery,
it is worthwhile to become familiar with the arteries that
supply the heart. When myocardial ischemia or infarction
is suspected, an understanding of coronary artery anatomy
and the areas of the heart that each vessel supplies helps
you predict which coronary artery is blocked and anticipate
problems associated with blockage of that vessel.

Right Coronary Artary
The RCA orlginates from the right side of the aorta (Fig.
1.17). It travels along the groove between the right atrium
and right ventricle. A branch of the RCA supplies the following structures:
• Right atrium

• Right ventricle
• Inferior surface of the left ventricle in about 85% of
individuals
• Posterior surface of the left ventricle in 85%
• Sinoatrial (SA) node in about 60%
• AV bundle in 8596 to 90%
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Left Coronary Artery
lhe left coronary artery (LCA) originates from the left side
of the aorta (see Fig. 1.17). 1he 1irst segment of the LCA is
called the left main coronary artery. It is about the diameter
of a soda straw and less than 1 inch (2.5 em) long. ffioc.kage
of the proximal LAD coronary artery has been referred to as
the "widow maker" because of its association with sudden
cardiac arrest when it is blocked.
The left main coronary artery supplies oxygenated blood
to its two primary branches: the LAD, which is also called the
anterior interventricular artery, and the Cx.. 1hese vessels are
slightly smaller than the left main coronary artery.
1he LAD is on the outer (ie., epicardial) surface on the front
of the heart It travels along the groove that lies between the
right and left ventricles (i.e., the anterior interventricular sulcus) toward the heart's apex. In most patients. the LAD travels
around the apex ofthe left ventricle and ends along the left ventricle's inferior surface. In the remaining patients, the LAD does
not reach the inferior surface. Instead. it stops at or before the
heart's apex. 1he major branches of the LAD are the septal and
diagonal arteries. 1he LAD supplies blood to the fullowing:
• The anterior surface of the left ventricle
• Part of the lateral surface of the left ventricle
• The anterior two thirds of the interventricular septum
1he Cx coronary artery circles around the left side of the
heart in a groove on the back of the heart that separates the
left atrium from the left ventricle called the coronary sulcus
(see Fig. 1.17). 1he Cx supplies blood to the following:
• The left atrium
• Part of the lateral surface of the left ventricle
• 1he inferior surface of the left ventricle in about 1596 of
individuals
• The posterior surface of the left ventricle in 15%
• 1he SA node in about 40%
• TheAVbundle in 10% to 15%

A summary of the areas of the heart supplied by the three
major coronary arteries is shown in Table 1.3.

Coronary Artery Dominance
In about 8596 ofpeople the RCA forms the posterior descending artery, and in about 1096 of people the circumflex artery
forms the posterior descending artery (Lohr & Benjamin.
2016). The coronary artery that fonn.s the posterior descending artery is considered the dominant coronary artery. If a
branch of the RCA becomes the posterior descending artery,
the coronary artery arrangement is described as a rightdominant system. If the Cx branches and ends at the posterior descending artery, the coronary artery arrangement is
described as a left-dominant system. In some people, neither
coronary artery is dominant. If damage to the posterior wall
of the left ventricle is suspected, a cardiac catheterization
usually is necessary to determine which coronary artery is

involved.

ACUTE CORONARY SYNDROMES
[Obiactivas 9,10]
Aarte coronary syndrome (ACS) is a term that refers to distinct conditions caused by a similar sequence of pathologic
events involving abruptly reduced coronary artery blood flow.
This sequence of events results in conditions that range from
myocardial ischemia or injury to death (ie., necrosis) of the
heart muscle. 1he usual cause of an ACS is the rupture of an
atherosclerotic plaque. Arleriosderosis is a cb.ronic disease ofthe
arterial system characterized by abnormal thickening and hardening of the vessel walls. Atherosclerosis is a form of arteriosclerosis in which the thickening and hardening of the vessel walls
are caused by a buildup of fat-like deposits (e.g., plaque) in the
inner lining oflarge and middle-sized muscular arteries. As the
fatty deposits build up, the opening ofthe artery slowly narrows,
and blood flow to the muscle decreases (Fig. 1.18).
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The complete blockage of a coronary artery may cause a
.myocardial.infardion (.MI). However, because a plaque usually
increases in size over months and years, other vascular pathways
may enlarge as portions of a coronary artery become blocked.
These vascular pathways (ie., collateral circulation) serve as an
alternative route for blood flow around the blocked artery to the
heart muscle; thus, the presence of collateral arteries may prevent infarction despite complete blockage ofthe primary artery.

Did You Know? _ _ _ _ _ __
Any artery in the body can develop atherosclerosis. If the coronary arteries are involved ~.e., coronary artery disease) and if
blood flow to the heart is decreased, angina pectoris or more
serious signs and symptoms may result. If the arteries in the
leg are involved (i.e., peripheral vascular disease), leg pain
Q.e., claudication) may result. If the arteries supplying the brain
are involved o.e., carotid artery disease), a stroke or transient
ischemic attack may result.

Angina pectoris is chest discomfort or other related
symptoms that occur suddenly when the increased oxygen
demand of the heart temporarily exceeds the blood supply.
Angina is a symptom of myocardial ischemia, and it most
often occurs in patients with CAD that involves at least one
coronary artery. However, it can be present in patients with
nonnal. coronary arteries. Angina also occurs in people with
uncontrolled high blood pressure or valvular heart disease.
Possible causes of myocardial ischemia are shown in Box l.l.
The term angina refers to squeezing or tightening rather
than pain. The discomfort that is associated with angina
occurs because of the stimulation of nerve endings by lactic
acid and carbon dioxide that builds up in ischemic tissue.
Examples of common words and phrases used by patients
experiencing angina to describe the sensation they are feeling include "heaviness," "squeezing," "a band across my
chest," ·a weight in the center of my chest," and "a vise tightening around my chest"
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Coronary Artery

Portion of Myocardium Supplied

Portion of Conduction System Supplied

Right

•
•
•
•
•
•
•

• Sinoatrial (SA) node (about 60%)*
• Atrioventricular (AV) bundle (85% to 90%)*

Left anterior descending

Circumflex

•

•
•
•

Right atrium
Right ventricle
Inferior surface of left ventricle (about 85%)*
Posterior surface of left ventricle (85%)*
Anterior surface of left ventricle
Part of lateral surface of left ventricle
Anterior two thirds of interventricular septum
Left atrium
Part of lateral surface of left ventricle
Inferior surface of left ventricle (about 15%)*
Posterior surface of left ventricle (15%)*

• Most of right bundle branch
• Part of left bundle branch

• SA node (about 40%)*
• AV bundle (1 0% to 15%)*

*Of population.
Endothelium

Intima
Chronic anc:lothallallnjury
• Hypertension
• Tobacco use
• Hypel11pldemla
• Hyperhomocystelnemla

Fattyatruk
• Uplds accumulate and migrate
Into smooltl muscle cells

• Diabetes

• Infections
•Toxins
Damaged
endothelium

Fibrous plaqua
• Collagen covers the fatty streak
• Vessel lumen is narrowed
• Blood flow is reduced
• FISSures can develop

Compllcat.d lesion
• Plaque rupture
• Thrombus formation
• Further narrowing or total
occlusion of vessel

Fig. 1.18 Pathogenesis of atherosclerosis. A, Damaged en~llum. B, Fatty streak and lipid cae fonnatlon. C, Rbrous
plaque. Raised plaques are >Aslble: some are yellow; others are white. D, Conpllcated lesion: thromtxJs Is ltld, cdlagen Is blue.
Plaque Is compllcatad by rad tllrombus deposition. (From I..&Ws, Sl., aK:her L, Hellkemper MM, Perdlng MM: MedJcal-81.JfP}caJ
nurs/11g: 88888SI1I6i!t and manatJ6fT/6l1t ofcDnlcaJ problems, ad 10, St. Louis, 2017, Elsevier.)
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Chest discomfort associated with myocardial ischemia
usually begins in the central or left chest and then radiates
to the arm (especially the little :finger [ulnar] side of the left
arm), the wrist, the jaw, the epigastrium, the left shoulder,
or between the shoulder blades. Ischemic chest discomfort is usually not sharp, is not worsened by deep inspiration, is not affected by moving muscles in the area where
the discomfort is localized. and is not positional in nature.
Other symptoms associated with ACSs include shortness
of breath, sweating, nausea. vomiting. dizziness, and discomfort in other areas of the upper body (O'Connor, et al.,
2010).
Not all patients experiencing an ACS present similarly.
Atypical preaentation refers to the uncharacteristic signs
and symptoms that are experienced by some patients.
Atypical chest discomfort is localized to the chest area
but may have musculoskeletal, positional or pleuritic features. Patients experiencing an ACS who are most likely
to present atypically include older adults, individuals with
diabetes, women, patients with prior cardiac surgery, and
patients in the immediate postoperative period after noncardiac surgery (Karve, Bossone, & Mehta. 2007). Older
adults may have atypical symptoms such as dyspnea, shoulder or back pain, weakness, fatigue, mental status changes,
syncope, wtexplained nausea, and abdominal or epigastric
discomfort. 1hey are also more likely than younger patients
to present with more severe preexisting conditions, such
as hypertension, heart failure, or a previous acute MI.
Individuals with diabetes may present atypically because
of autonomic dysfunction. Common signs and symptoms
include generalized weakness, syncope,lightheadedness, or
a change in mental status. Women who experience an ACS
report acute symptoms including chest discomfort, unusual
fatigue, sleep disturbances, dyspnea. nausea or vomiting,
indigestion, dizziness or fainting, sweating, arm or shoulder pain, and weakness. 1he location of the discomfort is

often in the back. arm, shoulder, or neck. Some women
have vague chest discomfort that tends to come and go with
no known aggravating factors.
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The extent of arterial narrowing and the amount of reduction in
blood flow are critical determinants of coronary artery disease.

Ischemia can occur because of increased myocardial
oxygen demand (demand ischemia), reduced myocardial
oxygen supply (supply ischemia), or both. If the cause of
the ischemia is not reversed and blood flow restored to
the affected area of the heart muscle, ischemia may lead
to cellular injury and, ultimately, infarction. Ischemia can
quickly resolve by reducing the heart's oxygen demand.
resting or slowing the heart rate {HR) with medications
such as beta-blockers, or increasing blood flow by dilating the coronary arteries with drugs such as nitroglycerin
(NTG).
Ischemia prolonged by more than just a few minutes
causes myocardial injury. Myocardial injury refers to myocardial tissue that has been cut off from or experienced a severe
reduction in its blood and oxygen supply. Injured myocardial
cells are still alive but will die (i.e., infarct) if the ischemia is
not quickly corrected. An MI occurs when blood :flow to the
heart muscle stops or is suddenly decreased long enough to
cause cell death. 1he symptoms that accompany an MI are
often more intense than those associated with angina and
last more than 15 to 20 minutes.
Ifthe blocked coronary vessel is quickly opened to restore
blood flow and oxygen to the injured area. no tissue death
occurs. Methods of restoring blood flow may include giving
dot-busting drugs (i.e., fibrinolytics), performing coronary
angioplasty, or performing a coronary artery bypass graft
(CABG), among others.

l!illJ\.a.l 1 Possible Causes of Myocardial Ischemia
Inadequate Oxygen
lklpply
• Anemia
• Coronary artery narrowing
caused by a clot, vessel
spasm, or rapid prcgession
of atherosclerosis
• Hypoxemia

lncre8Md Myocardial Oxygen

Demand
•
•
•
•
•
•

Aortic stenosis
Cocaine, amphetamines
Eating a heavy meal
Emotional stress
Exercise
Exposure to cold weather

• Fever
•
•
•
•
•

Heart failure
Hypertension
Obstructive cardiomyopathy
Pheochromooytorna
Rapid heart rate

• Smoking
• Thyrotoxicosis

When myocardial cells die, such as during a myocardial
infarction, substances in intracardiac cells pass through
broken cell membranes and leak into the bloodstream.
These substances, which are called inflammatory markers,
cardiac biomarkers, or serum cardiac markers, include
creatine kinase myocardial band (CK-MB), myoglobin,
troponin I, and troponin T. To verify that an infarction has
occurred, blood tests can measure the levels of these substances in the blood. The diagnosis of an acute coronary
syndrome is made on the basis of the patient's assessment
findings and his or her symptoms and history, the presence of cardiovascular risk factors, serial electrocardiogram
results, blood test results ~.e., cardiac biomarkers), and
other diagnostic test results.
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increase or decrease its HR and/or force of contraction, it

CORONARY VEINS

is benencial that both divisions of the autonomic nervous

1he coronary (cardiac) veins travel alongside the arteries.

system send fibers to the heart (Pig. 1.19). The sympathetic
division prepares the body to function under stress (i.e., the
'"fight-or-flight" response). The parasympathetic division
conserves and restores body resources (i.e., the •rest and
digest" response).

Blood that has passed through the myocardial capillaries is
drained by branches of the cardiac veins that join the coronary
sinus. The coronary sinus is the largest vein that drains the
heart (see Fig. 1.17). It lies in the groove (sulcus) that separates the atria from the ventricles. The coronary sinus receives
blood from the great, middle. and small cardiac veins; a vein
of the left atrium; and the posterior vein of the left ventricle.
The coronary sinus drains into the right atrium. The anterior
cardiac veins do not join the coronary sinus but empty directly
into the right atriwn.

The Heart's Nerve Supply
[Oblactlva 11]
The myocardium is able to produce its own electrical
impulses without signals from an outside source, such as
a nerve. Because there are times when the body needs to

SYMPATHETIC ST1MULATION
Sympathetic (accelerator) nerves innervate specific areas of
the heart's electrical system, atrial muscle, and the ventricular myocardium. When sympathetic nerves are stimulated,
the neurotransmitters norepinephrine and epinephrine are
released. Remember: The job of the sympathetic division is
to prepare the body for emergency or stressful situations.
Therefore, the release of norepinephrine and epinephrine
results in the following predictable actions:
• Dilation of pupils
• Dilation of smooth muscles of bronchi to improve
oxygenation

Sympathetic

Profacllons of

nervous system

sympathetic

Projac:tlons of
parasympathetic

nervous system

nervous 8Y8tem

Parasympathe11c

nervous system

..

Eye

l...acl'lmal and
salivary glands

-x . !.....

Cervical

111ontcic

L.umbar
L5

81
Sacntl

;4,

Iff=-

)L

Reproductive
organa

Paravertebral

chain
ganglia

Fig. 1.18 Schematk: showing the s,mpalhetlc and perasympatheUc pathwa~ Sympathetic pathways are Slawrl In red
and parasympathetic pathways in blue. {from Koeppen BM, Stanbln BA: Beme & LllfY physiology. ed 6, St. Louis, 201 o, Mosby.)
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• Increased HR, force of contraction, conduction velocity,
blood pressure, and cardiac output (CO)
• Increased sweating
• Mobilization of stored energy to ensure an adequate supply of glucose for the brain and fatty acids for muscle
activity
• Shunting ofblood from skin and blood vessels ofinternal
organs to skeletal muscle
Sympathetic (adrenergic) receptors are located in different organs and have different physiologic actions when stimulated. There are :five main types of sympathetic receptors:
alpha1, alphaz, beta1, b~. and beta3•
• Alpha1 receptors are found in the eyes, blood vessels,
bladder, and male reproductive organs. Stimulation of
alpha1 receptor sites results in constriction.
• Alph~ receptor sites are found in parts of the digestive
system and on presynaptic nerve terminals in the peripheral nervous system. Stimulation results in decreased
secretions, peristalsis, and suppression of norepinephrine
release.
• Beta receptor sites are divided into beta1, beta2, and
beta3• Beta1 receptors are found in the heart and kidneys. Stimulation of beta1 receptor sites in the heart
results in increased HR, contractility, and, ultimately,
irritability of cardiac cells (Fig. 1.20). Stimulation of
beta1 receptor sites in the kidneys results in the release
of renin into the blood. Renin promotes the production of angiotensin, a powerful vasoconstrictor. Beta2
receptor sites are found in the arterioles of the heart,
lungs, and skeletal muscle. Stimulation results in dilation. Beta3 receptor sites are found in fat cells. When

Bllmulllllon
(may re~KJII in fast heart rate)

Excaaaiva accalaralion

stimulated, they are thought to promote the breakdown
of fats and other lipids.
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Remember: Beta1 receptors affect the heart (you have one
heart); bel9..2 receptors affect the lungs (you have two lungs).

PARASYMPATHETIC STIMULATION
Parasympathetic (inhibitory) nerve fibers innervate the SA
node, the atrial muscle, and the AV bundle of the heart by
the vagus nerves. Acetylcholine (ACh) is a chemical messenger (neurotransmitter) released when parasympathetic
nerves are stimulated. ACh binds to parasympathetic
receptors. The two main types of cholinergic receptors are
nicotinic and muscarinic receptors. Nicotinic receptors are
located in skeletal muscle. Muscarinic receptors are located
in smooth muscle. Parasympathetic stimulation has the following actions:
• Slows the rate of discharge of the SA node (Fig. 1.21)
• Slows conduction through the AV node
• Decreases the strength of atrial contraction
• Can cause a small decrease in the force of ventricular
contraction

BARORECEPTORS AND
CHEMORECEPTOR&
Baroreceptors are specialized nerve tissue (sensors). They
are found in the internal carotid arteries and the aortic
arch. These sensory receptors detect changes in blood
pressure. When they are stimulated, they cause a reflex

Bladaula
(no dysrhythmia)

Normal auiaing IIIIa
(prevenm acx:eleration)

Fig. 1.20 Effacts Ill symp!llhatlc sUmulallon on the heart. (From Wledartmld R: E1fK:trrJcarrJJY: th8 monltDlfng 8IId
dJBgnostJc 188ds, ed 2, Phlladslphla, 1999, Saundsrs.)

Chapter 1 Anatomy and Physiology

Stlmuldan

Bloclcadll

(may result in Blow heart 11118 )

(no dysrhythmia}

55

Nonnal cruising 1'118
(pravarls braking)

Fig. 1.21 Effeclll of !Brasympalhstlc stlmulaUon on the heart. (Ff'liTl Wiederhold R: E1rK:trrx:BrrJ1 ths monltotlng
and dJagnostJc l8ads, ed 2, Philadelphia, 1999, SaundBIS.)
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General effect
Primary neurotransmitter

SympatheUc Division

Parasympathedc Division

Fght or flight
Norepinephrine, epinephrine

Feed and breed; rest and digest
Acetylcholine

Constriction (alpha receptors)
Increased secretion of epinephrine
Dilation (beta receptors)
Constriction (alpha receptors)
Dilation (beta receptors)
Increased rate and strength of
contraction (beta receptors)
Constriction (alpha receptors)
Dilation (beta receptors)

No effect
No effect
Constriction
No effect
No effect
Decreased rate; decreased strength of atrial contraction, little effect on strength of ventricular contraction
Dilation

Effects of stimulation
Abdominal blood vessels
Adrenal medulla
Bronchioles
Blood vessels of skin
Blood vessels of skeletal muscle
Cardiac muscle
Coronary blood vessels

response in either the sympathetic or the parasympathetic
divisions of the autonomic nervous system. For example,
if the blood pressure decreases, the body wiD attempt to
compensate by:
• Constricting peripheral blood vessels
• Increasing the HR {chronotropy)
• Increasing the force of myocardial contraction (inotropy)
These compensatory responses occur because of a response
by the sympathetic division. This is called a sympathetic or
adrenergic response. If the blood pressure increases, the body
will decrease sympathetic stimulation and increase the response
by the parasympathetic division. This is called aparruympathetic

or cholinergic response. 1he baroreceptors will adjust to a new
normal after a few days ofexposure to a specific pressure.
Chemoreceptors in the internal carotid arteries and aortic
arch detect changes in the concentration of hydrogen ions
(pH), oxygen, and carbon dioxide in the blood. 1he response
to these changes by the autonomic nervous system can be
sympathetic or parasympathetic.
A review of the autonomic nervous system can be found
in Table 1.4. Chronotropy, inotropy, and dromotropy are
terms used to describe effects on HR. myocardial contractility, and speed of conduction through the AV node. 1hese
terms are explained in Box 1.2.
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Tenninology
Chronotropic Effect
• Refers to a change in heart rate.
• A positive chronotropic effect refers to an increase in
heart rate.
• A negative chronotropic effect refers to a decrease in
heart rate.
Inotropic Etrect
• Refers to a change in myocardial contractility.
• A positive inotropic effect results in an increase in myocardial contractility.
• A negative inotropic effect results in a decrease in myocardial contractility.
Dromotropic Effect
• Refers to the speed of conduction through the atrioventricular (AV) junction.
• A positive dromotropic effect results in an increase in
AV conduction velocity.
• A negative dromotropic affect results In a decrease In
AV conduction velocity.

THE HEART AS A PUMP
The right and left sides of the heart are separated by an
internal wall of connective tissue called a aeptum. The
interatrial septum separates the right and left atria. The
int~rrventricular septum separates the right and left ventricles. The septa separate the heart into two functional
pumps. The right atrium and right ventricle make up one
pump. The left atrium and left ventricle make up the other
(Fig. 1.22).
The rJght side of the heart is a low-pressure system whose
job is to pump unoxygenated blood from the body to and
through the lungs to the left side of the heart. 'Ibis is called

the pulmonary circulation. The pressure within the right
atrium is nonnally between 2 and 6 mm Hg. The pressure
within the right ventricle is normally between 0 and 8 mm
Hg when the chamber is at rest (diastole) and between 15
and 25 nun Hg during contraction (systole).
The job of the left side of the heart is to receive oxygenated blood from the lungs and pump it out to the rest of
the body. This is called the systemic circulation. The left
side of the heart is a high-pressure pump. The pressure
within the left atrium is normally between 8 and 12 mm
Hg. Blood is carried from the heart to the organs of the
body through arteries, arterioles, and capillaries. Blood
is returned to the right side of the heart through venules
and veins.
The left ventricle is a high-pressure chamber. Its wall is
much thicker than the right ventricle (the right ventricle
is about 3 to 5 mm thick; the left ventricle is about 13 to
15 mm). This is because the left ventricle must overcome
a lot of pressure and resistance from the arteries and contract forcefully in order to pump blood out to the body.
The pressure within the left ventricle is normally between
8 and 12 mm Hg when the chamber is at rest (diastole) and
between 110 and 130 mm Hg during contraction (systole).
Because the wall of the left ventricle is much thicker than
the right, the interventricular septwn nonnally bulges to
the right.

cardiac Cycle
[Oblectlva812,13J
The cardiac cycle refers to a repetitive pumping process that
includes all of the events associated with blood flow through
the heart. The cycle has two phases for each heart chamber: systole and diastole. Systole is the period during which
the chamber contracts and blood is ejected. Diastole is the
period of relaxation during which the chambers are allowed

Fig. 1.22 Tha heart has two pumps. [From Dl'llkll R, Vogl AW, Mltmell AWM: Grsy's snatomy frJr sJJJd6ntB, ad 3, Naw YOOc,
2015, Churchill Uvlngslala.)
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to fill. The myocardium receives its fresh supply of oxygenated blood from the coronary arteries during ventricular
diastole.
1he cardiac cycle depends on the ability of the cardiac
muscle to contract and on the condition of the heart's conduction system. The efficiency of the heart as a pump may be
affected by abnormalities of the cardiac muscle, the valves, or
the conduction system.
During the cardiac cycle, the pressure within each
chamber of the heart rises in systole and falls in diastole.
The heart's valves ensure that blood flows in the proper
direction. Blood flows from one heart chamber to another
from higher to lower pressure. These pressure relationships
depend on the careful timing of contractions. The heart's
conduction system (discussed in Chapter 2) provides the
necessary timing of events between atrial and ventricular
systole.

ATRIAL SYSTOLE AND DIASTOLE
Blood from the tissues of the head. neck, and upper extremities is emptied into the superior vena cava. Blood from the
lower body is returned to the inferior vena cava. During
atrial diastole, blood from the superior and inferior venae
cavae and the coronary sinus enters the right atrium. 1he
amount of blood :flowing into the right heart from the systemic circulation is called venous return. The right atrium
fills and distends. This pushes the tricuspid valve open, and
the right ventricle fills.
The left atrium receives oxygenated blood from the
four pulmonary veins (two from the right lung and two
from the left lung). The flaps of the mitral valve open u
the left atrium fills. This allows blood to flow into the left
ventricle.
The ventricles are 70% :filled before the atria contract.
Contraction of the atria forces additional blood (about 10%
to 30% of the ventricular capacity) into the ventricles (the
atrial kick). 1hus the ventricles fill completely with blood
during atrial systole. The atria then enter a period of atrial
diastole, which continues until the start of the next cardiac
cycle.

VENTRICULAR SYSTOLE
AND DIASTOLE
Ventricular systole occurs as atrial diastole begins. .M the
ventricles contract, blood is propelled through the systemic
and pulmonary circulation and toward the atria. The term
isovalumetric (meaning "having the same volume'") contraction describes the brief period between the start of ventricular systole and the opening of the SL valves. During this
period. the ventricular volume remains constant as the pressure within the chamber rises sharply.
When the right ventricle contracts, the tricuspid valve
closes. The right ventricle expels the blood through the
pulmonic valve into the pulmonary trunk. The pulmonary
trunk divides into a right and left pulmonary artery, each of
which carries blood to one lung (i.e., the pulmonary circuit).

Blood flows through the pulmonary arteries to the lungs.
Blood low in oxygen passes through the pulmonary capillaries. There it comes in direct contact with the al~lar
capillary membrane, where oxygen and carbon dioxide are
exchanged Blood then flows into the pulmonary veins and
then to the left atrium.
When the left ventricle contracts, the mitral valve closes
to prevent bacldlow of blood. Blood leaves the left ventricle
through the aortic valve to the aorta. which is the main vessel of the systemic arterial circulation. Blood is distn'buted
throughout the body (ie., the systemic circuit) through
the aorta and its branches. Blood continues to move in one
direction because pressure pushes it from the high-pressure
(i.e., arterial) side, and valves in the veins prevent back.tlow
on the lower pressure (i.e., venous) side as blood returns to
the heart.

Did You Know?- - - - - - - The aorta is composed of four primary parts: the ascending
aorta, the aortic arch, the thoracic portion of the descending
aorta, and the abdominal portion of the descending aorta.

When the SL valves close, the heart begins a period of
ventricular diastole. During ventricular diastole, the ventricles are relaxed and begin to fill passively with blood. The
cardiac cycle begins again with atrial systole and the completion of ventricular filling. The cardiac cycle and blood flow
through the heart are shown in Fig. 1.23.

Did You Know?- - - - - - Both the atria and ventricles have a systolic and diastolic
phase. When the term systole or diastole is used but the area
of the heart is not specified, however, you can assume that the
term refers to ventricular systole or diastole.

Blood Pressure
[Oblectlve 14]
The mechanical activity of the heart is reflected by the pulse
and blood pressure. Blood pressure is the force exerted by
the circulating blood volume on the walls of the arteries. The
volume of blood in the arteries is directly related to arterial
blood pressure.
Blood pressure is equal to CO x peripheral resistance. CO
is discussed later. Peripheral resistance is the resistance to
the flow of blood determined by blood vessel diameter and
the tone ofthe vucular musculature. Tone is a term that may
be used when referring to the normal state of balanced tension in body tissues.
Blood pressure is affected by conditions or medicationa that affect peripheral resistance or CO (Fig. 1.24).
For example, an increase in either CO or peripheral resistance typically results in an increase in blood preasure.
Conversely, a decrease in either will result in a decrease in
blood pressure.
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Fig. 1.23 Blood flow 1hrough 1he heart during 1he cardiac ~le. (From SolOmon E: lntrOduclicn ID human analooly and
PhysiOlOgy, ed 4, StLouis, 2016, Saunders.)
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blood pressul'l!. (From Pai!Dn KT, lhllxldeau GA: Analomy& (Jhys/ology. ed 9, St. Louis, 2016, Mosby.)
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CARDIAC OUTPUT
[Obiective 14]
Each ventricle holds about 150 mL of blood when it i8 full.
They normally eject about half this volume (70-80 mL) with
each contraction. CanlJac output (CO) is the amount of
blood pumped into the aorta each minute by the heart. It
is defined as the ltrob wiume (SV), which is the amount
of blood ejected from a ventricle with each heartbeat, multiplied by the HR. In a healthy averase adult, the CO at rest
is about 5 IJmin (an SV of 70 mL multiplied by an HR of
70 beats/min). Becaue the cardiovascular system is a closed
system, the volume of blood leaving one part of the system
must equal that entering another part. For example, if the
left ventricle normally pumps 5 Umin, the volume flowing
through the arteries, capillaries, and veins must equal 5 U
min. Thta, the CO of the right ventricle (pulmonary blood
:8ow) is normally equal to that of the left ventricle on a minute-to-minute basis.
1he percentage of blood pumped out of a ventricle with
each contraction i8 called the ejcdion fraaion. Ejection
fraction is used as a measure of ventricular function. A normal ejection fraction is between 5096 and 6596. A person is
said to have impaired ventricular function when the ejection
fraction is less than 4096.

Stroke Volume
Cardiac output may be increased by an increase in SV or HR.
SV is determined by the following:
• 'Ihe degree of ventricular :filling when the heart is relaxed
(preload)
• 1he pressure against which the ventricle must pump
(afterload)
• 1he myocardium's contractile state (contracting or
reluing)

Preload, which is also called the end-diastolic volume, is the force exerted on the walls of the ventricles at
the end of diastole. 1he volume of blood returning to the
heart influences preload. More blood returning to the right
atrium (e.g., increased venous return) increases preload.
Less blood returning decreases preload. According to the
Prank-Starling law of the heart, the greater the stretch of
the cardiac muscle (within limits), the greater the resulting
contraction. Heart mucle fibers stretch in response to the
.increased volume (preload) before contracting. Stretching
of the mucle fibers allows the heart to eject the additional
volume with increased force, thereby increasing SV. So in a
normal heart, the greater the preload, the greater the force
of ventricular contraction and the greater the SV, resulting
in increased CO.
1bh ability to adjtat iJ important so that the heart can
alter its pumping capacity in response to changes in venous
return. For example, during exercise, the heart muscle fibers
stretch in response to increased volume (preload) before
contracting. If. however. the ventricle is stretched beyond
its physiologic limit, CO may fall because of volume overload and overstretching of the muscle fibers. Heart failure

iJ a condition in which the heart is unable to pump enough
blood to meet the metabolic needs of the body. It may result

from any condition that impairs preload, afterloa.d, cardiac
contractility, or HR.
Afterload is the pressure or resistance against which the
ventricles must pump to eject blood. Afterloa.d is influenced

Abnormal heart rhythms (dyvhythmias), such as atrial
flutter and atrial fibrillation (discussed in Chapter 4), impede
normal atrial contraction. Ineffectual atrial contraction can
result In a loss of atrial kick, decreased stroke volume, and
a subsequent decrease in cardiac output.

by the following:
• Arterial blood pressure
• The ability of the arteries to become stretched (arterial
distensibility)
• Arterial resistance
The lower the resistance (lower afterload), the more euUy blood can be ejected. Increased afterload (increased
resistance) increases the heart's workload. Conditions that
contribute to increased afterload include increased thickness
of the blood (viscosity) and high blood pressure.

Heart Rata
Remember that CO may be increased byan increase in SV or
HR. Increases in HR shorten all phases of the cardiac cycle.
1he moat important is that the time the heart spends relaxing
is less. If the length of'time for ventricular relaxation is shortened, there is less time for them to fill adequately with blood.
If the ventricles do not have time to fill the following occur:
• The amount of blood sent to the coronary arteries is
reduced.
• The amount of blood pumped out of the ventricles will
decrease (i.e., CO).
• Signs of myocardial ischemia may be seen.
The concentrations of extracellular ions also affect HR.
mess potassium (i.e., hyperkalemia) causes the heart to
become dUated and flaccid (limp), slows the HR, and can
dramatically alter conduction. An increase in calcium (ie.,
hypercalcemia) has an effect almost exactly opposite that
of potassium, cauing the heart to go into spastic contraction. Decreased caldum levels (i.e.. hypocalcemia) make
the heart flaccid, similar to the effect of increased potassium levels.
Other factors that influence HR include hormone levels (e.g., epinephrine, norepinephrine), medications, stress,
amiety, fear, and body temperature. HR increases when
body temperature increases and decreases when body temperature decreases.
An increase in the force of the heart's contractions (and,
subsequently, SV) may occur because of many conditions,
including norepinephrine and epinephrine release from
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•:fil':ti ~ ~ Signs and Symptoms of Decreased

cardiac"'
•
•
•
•
•
•
•
•
•
•

Acute changes in blood pressure
Acute changes in mental status
Cold, clammy skin
Color changes In the skin and mucous membranes
Crackles (rales)
Dyspnea
Dysrhythmias
Fatigue
Orthopnea
Restlessness

the adrenal medulla. insulin and glucagon release from the
pancreas, and medications (e.g., calcium, digitalis, dopamine, dobutamine). A decrease in the force of contraction
may result from many conditions, including severe hypoxia,
decreased pH, elevated carbon dioxide levels (hypercapnia), and medications (e.g., calcium channel blockers,
beta-blockers).
Cardiac output varies depending on hormone balance, an
individual's activity level and body size, and the bodys metabolic needs. Factors that increase CO include increased body
metabolism, exercise, and the age and size ofthe body. Factors
that may decrease CO include shock, hypovolemia. and heart
failure. Signs and symptoms of decreased CO appear in Box
1.3. Heart failure may result from any condition that impairs

preload, afterload, cardiac contractility, or HR. As the heart
begins to fail. the bodys compensatory mechanisms attempt
to improve CO by manipulating one or more of these factors.
Now that we have discussed CO, SV, and HR, let us
review an important point. Remember that CO may be
increased by an increase in HR or SV. Consider the following
examples:
1. A patient has an SV of 80 mL/beat. His HR is 70 beats/
min. Is his CO normal, decreased, or increased? Substitute
numbers into the formula you already learned: CO "' SV
x HR. 5600 mUmin = 80 mLibeat x 70 beats/min. CO
is normally between 4 and 8 IJmin. This patient's CO is
within normal limits.
2. Now, let us see what an increase in HR will do. If the
patient's HR increases to 180 beats/min and his SV
remains at 80 mUbeat, what happens to his CO? Using
our formula again (CO = SV x HR) and substituting
numbers, we end up with 14,400 miJmin = 80 mUbeat x
180 beats/min. This patient's CO is increased.
3. What happens to CO if the patient's HR is 70 beats/min
but his SV drops to 50 mUbeatr Using our formula one
more time (CO= SV x HR) and substituting numbers,
we end up with 3500 mL/min = 50 miJbeat x 70 beats/
min. This patient's CO is decreased. If the patient's HR
increased to 90 beats/min to try to compensate for his failing pump, what would happen to his CO? (4500 mL/min
= 50 mUbeat x 90 beats/min). According to our example,
the patient's CO would increase-at least temporarily.
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STOP & REVIEW
Multiple Choice
Identify the choice that best completes the statement or
answers the question.
__ 1. The area in the middle ofthe thoracic cavity in which
the heart lies is the
a. mediastinum.
b. pleural cavity.
c. parietal cavity.
d. visceral cavity.
_ _ 2. The inferior surface of the heart is formed by the
a. right and left atria.
b. right and left ventricles.
c. left atrium and left ventricle.
d. right atrium and right ventricle.
__ 3. Which of the following statements is correct?
a. The circumflex artery is a branch of the right
coronary artery.
b. A branch of the right coronary artery supplies the
right atrium and right ventricle.
c. The major branches ofthe right coronary artery
are the septal and diagonal arteries.
d. The left main coronary artery is another name for
the left anterior descending artery.
_ _ 4. The right atrium
a. pumps blood to the lungs.
b. pumps blood to the systemic circulation.
c. receives blood from the right and left pulmonary
veins.
d. receives blood from the superior and inferior
vena cavae and the coronary sinus.
__ 5. Although about 70% of ventricular filling occurs
passively, _ contributes an additional 1096 to 3096
of blood flow to ventricular tilling.
a. atrial kick
b. sv

c. CO
d. ventricular systole
_ _ 8. Which of the following is the innermost layer of the

heart that lines its inner chambers and valves and is
continuous with the innermost layer of the arteries,
veins, and capillaries of the body?
a. Epicardium
b. Myocardium
c. Pericardium
d. Endocardium
_ _ 7. When a ventricle relaxes in the normal heart, blood
is prevented from flowing back into it by
a. the mitral valve.
b. an SL valve.
c. the tricuspid valve.
d. an AV valve.

_ _ 8. The right ventricle

a. pumps oxygenated blood into the systemic
circulation.
b. pumps unoxygenated blood into the pulmonary

circulation.
c. receives unoxygenated blood from the systemic
circulation.
d. receives oxygenated blood from the pulmonary
circulation.
_ _ 9. The_ pericardium is the inner layer of the pericardium, which is also the outer layer of the heart wall
called the _,.
a.parietal,myocardium
b. visceral. epicardium
c.parietal,endocardi~

d. visceral. endocardium
_ _ 10. Which of the following conditions are potentially

reversible?
a. Myocardial ischemia and myocardial injury
b. Myocardial injury and MI
c. Myocardial ischemia and MI
_ _ 11. Which of the following statements is true regarding
CO?
a. 1he higher the afterload, the more easily blood
is ejected from a ventricle.
b. SV is the percentage of blood p~ped out of a
ventricle with each contraction.
c. An inverse relationship exists between venous
return and preload; increased venous return
decreases preload.
d. Within limits, the more blood that is returned
to the heart, the greater the volume of blood
pumped during the next contraction.
Questions 12 tllrough 14 pertain 1D tile following scenario.
A 65-year-old man presents with a sudden onset ofsubsternal
chest pain that radiates to his left arm and jaw and nausea. He
stares that his symptoms began while at rest The patient has a
history ofcoronary artery disease and had a three-vessel co~
nary artery bypass graft last year. His medications include diltiazem. (Cardizem) and nitroglycerin. He has no .known allergies.
_ _ 12. On the basis of the information presented, this
patient is most likely experiencing a(n)
a. stroke.
b. cardiac arrest.
c. valvular prolapse.
d.ACS.
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__ 13. Your assessment reveals that the patient is anxious,
his skin is pale and sweaty, and his heart rate is
faster than nonnal for his age. 1he patient's assel!iSment findings are most likely
a. the result of a blocked cerebral blood vessel
b. the result of the improper closure ofone or
more heart valves.
c. caused by sympathetic stimulation and the
release of norepinephrine.
d. caused by parasympathetic stimulation and the
release of acetylcholine.

_

14. 1his patient's heart rate is faster than normal for his
age. Why might this finding be a cause for concern?
a. Rapid heart rates predispose the patient to valvular heart disease.
b. Rapid heart rates shorten diastole and can result
in decreased CO.
c. Rapid heart rates lengthen systole but decrease
myocardial contractility, which can lead to
shock.
d. Rapid heart rates are usually accompanied by pulmonary congestion. which leads to heart fuilure.

Matching
Match the terms below with their descriptions by placing the letter ofeach correct answer in the space provided
a. Right coronary artery
I. SV
b. Arteriosclerosis
J. Aortic
c. Septum
k. Ventricles
d. Atria
I. Pericardium
a. Endocardium
m. Ischemia
I. Atrioventricular
n. Angina pectoris
g. Contracts
o. Ejection fraction
h. Halfmoon
15. A double-walled sac that encloses the heart
__ 16. An SL valve is shaped like a_.
_17. Decreased supply of oxygenated blood to a body part or organ

_18. Innermost layer of the heart
19. Lower heart chambers
_
_

20. 1his type of heart valve separates an atrium and ventricle.
21. Chest discomfort or other related symptoms of sudden onset that may occur because the increased oxygen demand of

the heart temporarily exceeds the blood supply
_22. Coronary artery that supplies the SA node and AV node in most of the population

_23. 1he amount ofblood ejected from a ventricle with each heartbeat
_24. Upper chambers of the heart
25. One of the SL valves
_
26. 1he percentage of blood pumped out of a heart chamber with each contraction
27. An internal wall of connective tissue
_
28. When actin and myosin filaments slide together, the cardiac muscle cell_.
_
29. A chronic disease of the arterial system characterized by abnormal thickening and hardening of the vessel walls
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STOP & REVIEW I ANSWERS
1. A. The heart lies in the space between the lungs (i.e.,
the mediastinum) in the middle of the chest. The mediastinum contains the heart, great vessels, truhea, and
esophagus, among other structures; it extends from the
sternum to the vertebral column.
OBJ: Describe the location of the heart
2. B. The heart's bottom (inferior) surface is formed by
both the right and left ventricles, but mostly the left. The
inferior surface of the heart is also called the diaphragmatic surface.
OBJ: Identify the surfaces of the heart.
3. B. A branch of the right coronary artery supplies the
right atrium and right ventricle. 1he left main coronary
artery supplies oxygenated blood to its two primary
branches: the left anterior descending (LAD) artery and
the circumflex artery. The major branches of the LAD
are the septal and diagonal arteries.
OBJ: Name the primary branches and areas of the heart supplied by the right and left coronary arteries.
4. D. The right atrium receives blood low in oxygen from
the superior vena cava (which carries blood from the
head and upper extremities), the inferior vena cava
(which carries blood from the lower body), and the
coronary sinus (which is the largest vein that drains the
heart). The left atrium receives freshly oxygenated blood
from the lungs via the right and left pulmonary veins.
The right ventricle pumps blood to the lungs. The left
ventricle pumps blood to the systemic circulation.
OBJ: Identify and describe the chambers of the heart and the
vessels that enter or leave each.
5. A. Although about 70% of ventricular 6lling ocam passively, atrial contraction (also known as the atrial kick)
contributes an additionaliO% to 30% of blood flow to
ventricular £illing.
OBJ: Explain atrial kick.
6. D. The endocardium is the heart's innermost layer. It
lines the hearts inner chambers, valves, chordae tendineae (tendinous cords), and papillary muscles and is continuous with the innermost layer of the arteries, veins,
and capillaries of the body, thereby creating a continuous, closed circulatory system.
OBJ: Identify the three cardiac muscle layers.
7. B. The SL valves prevent backflow of blood from the
aorta and pulmonary arteries into the ventricles. When
the right ventricle relu:es, blood is prevented from flowing back into it by the pulmonic valve. When the left
ventricle relaxes, blood is prevented from flowing back
into it by the aortic valve.
OBJ: Identify and describe the location of the atrioventricular and semilunar valves.

a.

B. The right side of the heart is a low-pressure system
whose job is to pump unoxygenated blood from the
body to and through the lungs to the left side of the
heart The right ventricle receives blood low in oxygen
from the right atrium and pumps the blood through
the pulmonic valve into the pulmonary trunk, which
divides into the right and left pulmonary arteries.
OBJ: Beginning with the right atrium, describe blood ft.ow
through the normal heart and lungs to the systemic circulation.
9. B. The visceral pericardium is the inner layer of the pericardiwn, which also attaches to the large vessels that
enter and exit the heart and covers the outer surface of
the heart muscle (i.e., the epicardium).
OBJ: Describe the structure and function of the coverings of
the heart.
10. A. The sequence of events that occurs during an ACS
results in conditions that range from myocardial
ischemia or injury to death (i.e., necrosis) of heart muscle. Ischemia prolonged more than just a few minutes
results in myocardial injury. Myocardial injury refers to
myocardial tissue that has been cut off from or experienced a severe reduction in its blood and oxygen supply.
Injured myocardial cells are still alive but will die (i.e.,
infarct) if the ischemia is not qui.ckly corrected. An MI
occurs when blood :flow to the heart muscle stops or is
suddenly decreased long enough to cause cell death.
OBJ: Discuss myocardial ischemia. injury, and infarction,
indicating which conditions are reversible and which are not
11. D. According to the Frank-Starling law of the heart, the
greater the stretch of the cardiac muscle (within limits),
the greater the resulting contraction. Preload (end-diastolic volume) is the force exerted on the walls of the ventricles at the end ofdiastole. In a normal heart, the greater
the preload, the greater the force of ventricular contraction and the greater the SV. resulting in increased CO.
Afterload is the pressure or resistance against which the
ventricles must pump to eject blood. The lower the resistance (lower afterload), the more easily blood is ejected.
The percentage of blood pumped out of a ventricle with
each contraction is called the ejection.{r'Qction.
OBJ: Identify and explain the components ofblood pressure
and cardiac output
12. D. On the buis of the information presented, this
patient is most likely experiencing an ACS. ACS refers
to distinct conditions caused by a similar sequence of
pathologic events-a temporary or permanent blockage
of a coronary artery. These conditions are characterized
by an excessive demand or inadequate supply of oxygen
and nutrients to the heart muscle associated with plaque
disruption, thrombus formation, and vasoconstriction.
OBJ: Define and explain acute coronary syndromes.
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13. C. This patient's assessment findings are typical of those
experiencing an ACS and are most likely caused by sympathetic stimulation and the release of norepinephrine
and epinephrine. The sympathetic division of the autonomic nervous '}'Item prepares the body to function
under stress (•fight-or-flight'" response). The effects of
norepinephrine and epinephrine include an increased
heart rate, furce of contraction, blood pressure, and CO;
increased sweating; and shunting of blood from the skin
and blood vessels ofinternal organs to skeletal muscle.
OBJ: Compare and contrast the effects of sympathetic and
parasympathetic stimulation of the heart.
14. B. The coronary arteries fill when the aortic valve is
closed and the left ventricle is relaxed (i.e., diastole). If
the length of time for ventricular relaxation is shortened
(as with rapid heart rates), there is less time for them to
:611 adequately with blood. If the ventricles do not have
time to :611, the amount of blood sent to the coronary
arteries is reduced, the amount of blood pumped out of
the ventricles will decrease (i.e., CO), and signs of myocardial ischemia may be seen.
OBJ: Identify and discuss each phase of the cardiac cycle.
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LEARNING OBJECTIVES
After reading this chapter, you should be able to:
1. Describe the two basic types of cardiac cells in the heart, where they
are found, and their function.
2. Describe the primary characteristics of cardiac cells.
3. Define the events comprising the cardiac action potential and correlate
them with the waveforms produced on the electrocardiogram (ECG).
4. Define the terms membrane potential, threshold potential, action
potential, polarization, depolarization, and repolarization.
5. List the most important ions involved in the cardiac action potential
and their primary function in this process.
6. Define the absolute, effective, relative refractory, and supernormal
periods and their locations in the cardiac cycle.
7. Describe the normal sequence of electrical conduction througti the
heart.
8. Describe the location, function, and, when appropriate, the intrinsic
rate of the following structures: the sinoatrial no~,,$e·atrioventricular
bundle, and the Purkinje fibers.
-...'X...9. Differentiate the primary mechanisms responsible for producing
cardiac dysrhythmias.
10. Describe reentry.

11.
12.
13.
14.
15.
16.

r,

1
/
18.

19.
20.
21 .

Explain the purpose of ECG monitoring.
Identify the limitations of the ECG.
Differentiate between the frontal plane and the horizontal plane leads.
Describe correct anatomic placement of the standard limb leads, the
augmented leads, and the chest leads.
Rela e the cwrdiac surfaces or areas represented by the ECG leads.
ldenti the numeric values assigned to the small and to the large
boxes on ECG paper.
Identify how heart rates, durations, and amplitudes can be determined
from ECG recordings.
Define and describe the significance of each of the following as they
relate to cardiac electrical activity: Pwave, ORS complex, T wave, U
wave, PR segment, TP segment, ST segment, PR interval, ORS duration, and OT interval.
Recognize the changes on the ECG that may reflect evidence of
myocardial ischemia, injury, and infarction.
Define the term artifact, and explain methods used to minimize its
occurrence.
Describe a systematic approach to the analysis and interpretation of
cardiac dysrhythmias.

KEY TERMS
abnormal automaticity: A condition in which cardiac cells not normally
associated with the property of automaticity begin to depolarize spontaneously or when escape pacemaker sites increase their firing rate
beyond that considered normal
absolute refractory period (ARP): Corresponds with the onset of the
ORS complex to approximately the peak of the T wave; during this
period, cardiac cells cannot be stimulated to conduct an electrical
impulse, no matter how strong the stimulus
accessory pathway: An extra bundle of working myocardial tissue that
forms a connection between the atria and ventricles outside the normal
conduction system
action potential: A five-phase cycle that reflects the difference in the concentration of charged particles across the cell membrane at any given time
amplitude: Height (voltage) of a waveform on the electrocardiogram
artifact: Distortion of an electrocardiographic tracing by electrical activity
that is noncardiac in origin (e.g., electrical interference, poor electrical
conduction, patient movement)
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atrioventricular (AV) bundle: The bundle of His
atrioventricular (AV) node: A group of cells that conduct an electrical impulse through the heart; located in the floor of the right atrium
immediately behind the tricuspid valve and near the opening of the
coronary sinus; delays the electrical impulse in order to allow the atria
to contract and complete filling of the ventricles
augmented limb lead: Leads aVR, aVL, and aVF; these leads record
the difference in electrical potential at one location relative to zero
potential rather than relative to the electrical potential of another
extremity
automaticity: Ability of cardiac pacemaker cells to spontaneously initiate
an electrical impulse without being stimulated from another source
(such as a nerve)
axis: Imaginary line joining the positive and negative electrodes of a lead
baseline: Straight line recorded on electrocardiographic graph paper
when no electrical activity is detected
biphasic: Waveform that is partly positive and partly negative
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bipolar limb lead: EJectrccardlographlc lead consisting of a posiUve and
negative electrode
bradycardia: Heart rate slower than 60 bea1s/min (from brady, meaning
"slowj
bundle of His: Fibers located in the upper portion of the interventricular
septum that receive an elecbical impulse from the AV node and conduct the impulse to the right and left bundle branches
c:omplex: Several waveforms
c:onducHon system: A systEm of pa1hways In the heart composed of
specialized electrical (pacemake~ cells
c:onductlvlly: Ablllly of acardiac cell to receive an electr1cal stimulus and
conduct that Impulse to an adjacent cardiac cell
colltraellllty: Ability of cardiac cells to shorten, causing cardiac muscle
contraction In response to an electrical stimulus
current The ftow of electrical charge from one point to another
depolarization: MDVllment of ions across a cell membrane, causing the
inside of the cell to become more positive; an electrical event expected
to result in contraction
eciDpic: lmpulse(s) originating from a source other than the sinoatrial node
effective rehaclDry period {ERP}: Period of the cardiac action potential
that Includes the ARP and the ftrst half of the relative refractnry
period
eledrocanlloWJm (ECG): A g~lc display of the heart's electrical acti!Jtly
electrode: An adhesive pad lhat contains a conducUve gel and Is applied
at specific locaUons on the patient's chest wall and extremhles and
connected by cables to an electrccardlogram machine
electrolytes: Elemen!B or compounds that break into charged particles
OonB) 'When mehed or dissolved in water or another solvent
excitability: The ability of cardiac muscle cells to respond to an outside
stimulus
ground elecb'ode: Third ECG electrode ~he first and second are the positive and negative electrodes), which minimiles electrical activity from
other sources
Hls-Pur1dnje system: Portlon of the conduction systEm consisting of the
bundle of HIs, bundle branches, and Purklnje fibers
Indicative changes: Electrocardiographic changes observed In leads that
look directly at the affected area of the heart; Indicative changes are
slgnHicant 'When they are seen In two anatomically contiguous leads.
lnherunt Natural, intrinsic
interval: Wavefonn and a 88Qment in pacing, the period, measured in
milliseconds, between any two designated cardiac eveniB
in1rinsic rate: Rate at which a pacemaker of the heart normally genemtes
impulses
ions: Electrically charged particles
lsoeleclrlc IIne: Absence of electrical activity; observed on the EC6 as a
straight line
J point: Point where the QRS complex and 5T segment meet
lead: Electrical connection attached to the body to record electrical
activity
membrana potential: Difference In electrical charge across the cell
membrane
millivolt (mV): Ditmrence in electrical charge bstween two points in a
circu~

myocardial cells: Working cells of the myocardium that coniBin contractile filaments and fomJ the muscular layer of the atrial walls and the
thicker muscular layer of the ventricular walls
pacemaker cells: Specialized cells of the heart's electrical conduction
system, capable of sponlaneously generating and conducting electr1cal
Impulses
permeable: Ability of a membrane channel to allow passage of electrolytes when h Is open

polar1zad stat&: Period after repolarlzatlon of a myocardial cell (also
called the l'fJSting smtf3 Yhlen the outside af the cell Is positive and the
interior of the cell is negative
PR interval: Pwave plus the PR segment reflects depolarization of the
right and left atria (P wave) and the spread of the impulse through the
AV node, AV bundle, right and left bundle branches, and the Purkinje
fibers tpR segmenQ
PUr1dnje fibers: Fibers found in both ventricles that conduct an electrical
Impulse through the heart
P wave: First wave In the cardiac cycle; represents atrial depolarization
and the spread of the electr1cal lmpulse throughout the rig hi and left
atria
QRS complax: Several waveforms O.e.,the Q wave,the Rwave, and the
s wave) that represent the spread af an electr1callmpulse through the
ventricles 0.e.• ventricular depolarization)
QT interval: The period from the beginning of the QRS complex to the end
oftheTwave
Rwave: On an ECG, the first positive deflection in the QRS complex,
representing ventricular depolarization; in pacing, Rwave refers to the
entire QRS complex, denoting an intrinsic venbicular event
reciprocal changes: Electrocardiographic changes observed In leads
opposite the affected area of the heart; also called mirror Image
changes
raantry: Spread of an Impulse through tissue already sdmulated by that
same Impulse.
nrlractort11816: Period of rEK:OVafY that cells need after being discharged
before they are able to respond to a stimuIus
ralative rufractDry period (RRP}: Corresponds 'With the downslope of the
T wave; during this period, cardiac cells can be stimulated to depolarize
if the stimuIus is strong enough.
repolarization: Movement of ions across a cell membrane in which the
inside of the cell is resiDred to its negative charge
segment: Line between waveforms; named by the waveform that precedes and follows It
sinoatrial (SA) node: Normal pacemaker of the heart that normally
dlschariJBS at a rhythmic rate of 60 to 100 beatslmIn
ST segment: Portion of the ECG representing the end of ventricular
depolarlzaUon (end of the Rwave) and the beginning of ventricular
repolarization (f wave)
supernormal period (SNP): Period during the cardiac cycle when a
weaker than normal slimulus can cause cardiac cells to depolarize;
extends from the end of phase 3 to the beginning of phase 4 of the
cardiac action potential
T wave: waveform that follows the QRS complex and represents ventricular repolarlzallon
tachycardia: Heart rate greater than 100 beatslrnln (lachy, fasl)
TP segment: Interval between two successive PQRST complexes during
which electrical activity af the heart Is absent; begins with the end of
the T wave through the onset of the follow! ng Pwave and repi'8SEints
the period from the end of ventrlcu lar repolarlzaUon to the onset of
atrial depolarization
trigge111d activity: Adisorder of impulse formation that occurs when
escape pacemaker and myocardial working cells fire more than once
after stimulation by a single impulse resulting in atrial or ventricular
beats that occur alone, in pairs, in runs, or as a sustained ectopic
rhythm.

unipolar lead: Lead that consists of a single positive electrode and a
reference polnt
vollage: Difference In electrical charge between two points
wavafonn: Movement away from the baseline In either a positiVe or negative direction
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CARDIAC CELLS
Types of Cardiac Cells
[Oblec11ve 1]

The heart normally contracts in response to an impulse that
begins in the SA node. The strength of the heart's contraction
can be improved with certain medications, such as digitalis,
dopamine, and epinephrine.

In general, cardiac cells have either a mechanical (i.e.,

contractile) or an electrical (i.e., pacemaker) function.
Myocardial cells are also called working cells or mechanical cells, and they contain contractile filaments. When these
cells are electrically stimulated, these filaments slide together
and cause the myocardial cell to contract These myocardial
cells fonn the thin muscular layer of the atrial walls and the
thicker muscular layer of the ventricular walls (i.e., the myocardium). These cells do not normally generate electrical
impulses, and they rely on pacemaker cells for this function.
Pacemaker aill.a are also referred to as conducting cells
or automatic cells. They are specialized cells of the electrical
conduction system that are able to form electrical impulses
spontaneously and to alter the speed ofelectrical conduction
(Wagner, 2012).

Properties of Cardiac Cells
[OIJiactiva 2]
When a nerve is stimulated, a chemical (ie., a neurotransmitter) is released The chemical crosses the space between
the end of the nerve and the muscle membrane (i.e., the
neuromuscular junction). The chemical binds to receptor
sites on the muscle membrane and stimulates the receptors.
An electrical impulse develops and travels along the muscle
membrane, resulting in contraction; thus, a skeletal muscle
normally contracts only after it is stimulated by a nerve.
The heart is unique because it has pacemaker cells that
can generate an electrical impulse without being stimulated
by a nerve. The ability of cardiac pacemaker cells to create
an electrical impulse without being stimulated from another
source is called automaticity. Increased blood concentrations of calcium (Ca++) increase automaticity. Decreased
concentrations of potassium (K+) in the blood decrease automaticity. The heart's normal pacemaker is the sinoatrial (SA)
node because it is capable of self-e.Id.tation at a rate quicker
than that of other pacemaker sites in the heart
Cardiac muscle is electrically irritable because of an ionic
imbalance across the membranes of cells. Exdtabillty (i.e.,
irritability) is the ability of cardiac muscle cells to respond to
an ex.temal stimulus, such as that from a chemical. mechanical, or electrical source. Conductivity is the ability ofa cardiac
cell to receive an electrical impulse and conduct it to an adjoining cardiac cell. All cardiac cells possess this characteristic. The
intercalated disks present in the membranes of cardiac cells
are responsible for the property ofconductivity. They allow an
impulse in any part ofthe myocardium to spread throughout
the heart The speed with which the impulse is conducted can
be altered by factors such as sympathetic and parasympathetic
stimulation and medications. Contrad:illty (i.e., inotropy) is
the ability of myocardial cells to shorten, thereby causing cardiac muscle contraction in response to an electrical stimulus.

CARDIAC ACTION POTENTIAL
[Oblactlvas 3, 4, 5)
Before the following discussion of the cardiac action potentiaL think about how a battery releases energy. A battery
has two terminals; one terminal is positive, and the other is
negative. Charged particles exert forces on each other, and
opposite charges attract. Electrons, which are negatively
charged particles, are produced by a chemical reaction inside
the battery. Ifa wire is connected between the two terminals,
the circuit is completed, and the stored energy is released,
allowing electrons to flow quickly from the negative terminal along the wire to the positive tenninal. If no wire is connected between the terminals, the chemical reaction does
not take place, and no current tlow occurs. Current is the
tlow ofelectrical charge from one point to another.
Separated electrical charges of opposite polarity (i.e., positive vs negative) have potential energy. The measurement of
this potential energy is called voltage. Voltage is measured
between two points. In the battery example, the current tlow is
caused by the voltage, or potential difference, between the two
terminals. Voltage is measured in units ofvolts or millivolts.
Human body tluids contain electrolytes. which are elements or compounds that break into charged particles (ie.,
ions) when melted or dissolved in water or another solvent.
Differences in the composition of ions between the intracellular and extracellular fluid compartments are important for
normal body function. including the activity of the heart.
Body fluids that contain electrolytes conduct an electric current in much the same way as the wire in the battery example.
Electrolytes move about in body :6uids and carry a charge,
just as electrons moving along a wire conduct a current

Did You Know?- - - - - - - The main electrolytes that affect the function of the heart are
Na+, K+, Ca++, and chloride (CI-). Disorders that affect the concentration of these important electrolytes can have serious
consequences. For example, an imbalance of K+ can cause
life-threatening disturbances in the heart's rhythm.

In the body, ions spend a lot of time moving back and forth
across cell membranes (Fig. 2.1). When a pathway exists for
transfer of a substance across a membrane, the membrane is
said to be permeable to that substance (Aronson et aL 2012).
As a result, a slight difference in the concentrations ofcharged
particles across the membranes of cells is normal; thus,
potential energy (i.e., voltage) exists because of the imbalance of charged particles, and this imbalance makes the cells
excitable. The voltage (i.e., the difference in electrical charges)
across the cell membrane is the membrane potential
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Electrolytes are quickly moved from one side of the cell
membrane to the other by means of pwnps (Fig. 2.2). These
pumps require energy in the form of adenosine triphosphate
(ATP) when movement occurs against a concentration gradient The energy expended by the cells to move electrolytes
across the cell membrane creates a How of current. This flow
of current is expressed in volts or millivolts (mV). Voltage
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appears on an electrocardiogram (ECG) as spikfs or waveforms; thus, an ECG is actually a sophisticated voltmeter.

Polarization
When a cell is at rest. K+ leaks out of it Large molecules such
as proteins and phosphates remain inside the cell because
they are too big to pass easily through the cell membrane.
These large molecules carry a negative charge. This results in
more negatively charged ions on the inside of the celL When
the inside of a cell is more negative than the outside. the cell
is said to be in a polarized state (Fig. 2.3).

cr

Depolartzatlon
For a pacemaker cell to fire (ie., produce an impulse), a flow of
electrolytes across the cell membrane must exist. When a cell
is stimulated, the cell membrane changes and becomes permeable to Na+ and K+, allowing the passage ofelectrolytes after it
is open. Na+ rushes into the cell through Na+ channels. This
causes the inside of the cell to become more positive relative

cr

Na+

F1g. 2.1 Cell membranes contain pathways through which specific ions or other
small, water-sOluble molecules can cross. (From Urden LD, Stacy KM, Lough ~
Crltic8J c.m1 nursing, ed 8, St. Louis, 201 8, Mosby.)
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to the outside. A spike (ie., a wavefonn) is then recorded on
the ECG. The stimulus that alters the electrical charges across
the cell membrane may be electrical, mechanical. or chemical.
As described in the battery example, when opposite charges
come together, energy is released. When the movement of
electrolytes changes the electrical charge of the inside of the
cell from negative to positive, an impulse is generated. The
impulse causes channels to open in the next cell membrane
and then the next. The movement ofcharged particles across a
cell membrane that causes the inside ofthe cell to become positive is called depolarization (Fig. 2.4). Depolarization occurs
because of the movement of Na+ into the cell and proceeds
from the innermost layer of the heart (i.e., the endocardium)
to the outennost layer (i.e., the epicardium). Depolarization.
which is an electrical event. must take place before the heart
can contract and pump blood, which is a mechanical event.
An impulse normally begins in the pacemaker cells found
in the SA node of the heart. A chain reaction occurs from cell
to cell in the heart's electrical conduction system until all the
cells have been stimulated and depolarized. 1his chain reaction is a wave of depolarization. The chain reaction is made
possible because of gap junctions that exist between the
cells. Eventually, the impulse is spread from the pacemalcer
cells to the working myocardial cells, which contract when
they are stimulated. When the atria are stimulated, a P wave
is recorded on the ECG; thus, the P wave represents atrial
depolarization. When the ventricles are stimulated, a QRS
complex is recorded on the ECG; thus, the QRS complex represents ventricular depolarization.

Did You Know? _ _ _ _ _ _ __
Depolarization is not the same as contraction. Depolarization
is an electrical event that is expected to result in contraction,
which is a mechanical event. It's possible to see organized

electrical activity on the cardiac monitor even when the assessment of the patient reveals no palpable pulse. This clinical situation is called pulseless efectrical activity.

Repolarization
After the cell depolarizes, it qui.ckly begins to recover and
restore its electrical charges to normal. The movement of
charged particles across a cell membrane in which the inside
of the cell is restored to its negative charge is called repolarization. The cell membrane stops the flow of Na+ into the
cell and allows K+ to leave it. Negatively charged particles
are left inside the cell; thus, the cell is returned to its resting
state (Fig. 2.5). This causes contractile proteins in the working myocardial cells to separate (ie., relax). The cell can be
stimulated again if another electrical impulse arrives at the
cell membrane. Repolarization proceeds from the epicardium to the endocardium. On the ECG, the ST segment and
T wave represent ventricular repolarization.

Phases of the Cardiac Action
Potential
The adfon potential of a cardiac cell reflects the rapid
sequence of voltage changes that occur across the cell membrane during the electrical cardiac cycle. The configuration
of the action potential varies depending on the location, size,
and function of the cardiac cell.
There are two main types of action potentials in the heart
(Fig. 2.6). The first type, the fast response action potential,
occurs in normal atrial and ventricular myocardial cells
and in the Purkinje fibers, which are specialized conducting fibers found in both ventricles that conduct an electrical
impulse through the heart.

Depolarization
(stimulated)

Fig. 2.4 Depolarllatlon Is the movemerrt of Ions aci'08S a oell membrane cBUSing 1he Inside of the cell Ill become more
positive. (From Herlihy B: Th& human body In h8aJth and HlniJss, ed 5, St. Louis, 2014, Mosby.)
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The fast response action potential is divided into five
phases. Phase 0, called the upstroke, spike, or overshoot,
begins when the cell receives an impulse. Na+ moves rapidly into the cell through the Na+ channels, K+ leaves the
cell, and Ca++ moves slowly into the cell through Ca++

40

I
2

channels (Fig. 2.7). The cell depolarizes and cardiac contraction begins. The upstroke is followed by a period
of repolarization, which is divided into three phases.
Phases 1, 2, and 3 have been referred to as electrical systole. During phase l (Le., initial repolarization), the Na+
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channels partially close, slowing the 11ow of Na+ into the
cell. At the same time, Cl- enters the cell, and K+ leaves it
through K+ channels. '!he result is a decrease in the number of positive electrical charges within the cell. This produces a small negative deflection in the action potential
The cells of the atria, ventricles, and Purkinje fibers have
many calcium channels. During phase 2 (i.e., the plateau
phase), Ca++ slowly enters the cell through Ca++ channels.
K+ continues to leave the cell slowly through K+ channels.
Phase 3 (i.e., repolarization) begins with the downslope of
the action potential '!he cell rapidly completes repolarization as K+ quickly 11ows out of the cell. Na+ and Ca++
channels close, stopping the entry of Na+ and Ca++, 1he
rapid movement of K+ out of the cell causes the inside to
become progressively more electrically negative. The cell
gradually becomes more sensitive to external stimuli until
its original sensitivity is restored. Repolarization is complete by the end of phase 3. Phase 4 is the resting membrane potential (i.e., return to resting state); this period is
called electrical diastole. During phase 4, the Na+fK+ pump
is activated to move Na+ out of the cell and K+ back into
the cell. Relaxation of the cardiac muscle occurs mainly
during phase 4. The cell will remain polarized (i.e., ready
for discharge) until the cell membrane is reactivated by
another stimulus.
The second type of cardiac action potential. the slow
response action potential. occurs in the heart's normal pacemaker (i.e., the SA node) and in the atrioventricular (AV)
node, which is the specialized conducting tissue that carries
an electrical impulse from the atria to the ventricles (Fig.
2.8). The SA and AV nodes of the heart have relatively few
sodium channels. Therefore, phase 0, the upstroke, of the
slow response action potential is largely the result of the
entry of Ca++ into the cell. (Calcium also triggers contraction in all myocardial working cells.) lhe upstroke is not
as rapid or steep as in the atrial, ventricular, and Purkinje
fibers. This finding indicates that the action potential spreads
more slowly in the SA and AV nodes and conduction of
the impulse is more likely to be blocked there than in fastresponse cardiac tissue (Pappano, 2010). Phase 1 is absent
in the slow-response action potential. and the transition

from the plateau phase to repolarization (i.e., phase 3) is
less distinct. As in the other cardiac tissues, repolarization
is dependent on K+. Changes in the movement of K+ and
ea++ produce activity in pacemaker cells during phase 4. For
example, phase 4 is the longest portion ofthe SA node action
potential and accounts for the ability of the cells in the SA
node to spontaneously generate an action potential without
requiring stimulation by a nerve (automaticity). The rate of
phase 4 depolarization affects heart rate (Costanzo, 2014).
For example, an increase in the rate of phase 4 depolarization
results in the SA node firing more action potentials per time,
increasing the heart rate. In contrast. a decrease in the rate
of phase 4 depolarization results in the SA node firing fewer
action potentials per time, decreasing the heart rate.

~ ~hM____________
Antiarrhythmic Agents
The heart typically beats at a regular rate and rhythm. If this
pattern is interrupted, an abnormal heart rhythm can result.
Health care professionals use the terms arrhythmia and dysrhythmia interchangeably to refer to an abnormal heart rhythm.
Medications used to correct irregular heartbeats and slow down
hearts that beat too fast are called antianhythmics. Although
there Is no universally accepted dasslflcatlon scheme for antiarrhythmic agents, a commonly used system Is to classify the
medications by their effects on the cardiac action potential. For
example, class I antiarrhythmic medications such as procainamide and lidocaine block sodium channels, interfering with
phase 0 depolarization. Class IV antiarrhythmics {Ca++ channel blockers) such as verapamil and diltiazem slow the rate at
which calcium passes through the calls, interfering with phase
2 in the cells of the atria, ventricles, and Puri<inje fibers.

Refractory Per1ods
[OblecUve 6]
Refractoriness is a term used to describe the period of
recovery that cells need after being discharged before they
are once again able to respond to a stimulus. During absolute refractory period (AKP), the cell will not respond to

further stimulation within itself (Fig. 2.9). '!his means that
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Fig. 2.9 RefraciDry periods of the ventricular action poterrtial. Refractory periods of the venlrirular action potential. The
effective refrac!Dry period (ffiP) indudes the absolute relrac!Dry period (ARP) and the first hall of the relative refmctmy period
(RAP). The 1ft' begins when the absolute refrac!Dry period ends and includes the last pmcn of 1he ERP. The supernormal
period (Stf') begins when the RRP ems. (From Ccstanm LS: Physiology, ed 5, Philadelphia, 2014, Saunder5.)

the myocardial working cells cannot contract and that the
cells of the electrical conduction system cannot conduct an
electrical impulse, no matter how strong the internal electrical stimulus. All a result, tetanic (ie., sustained) contractions
cannot be provoked in the cardiac muscle. 1he ARP corresponds to the time needed for the reopening ofchannels that
allow the entry ofsodium and calcium into the cell (Brashers
& McCance, 2012). In a fast-response myocardial fiber, the
ARP includes phases 0, 1, 2, and part of phase 3 of the cardiac
action potential. Slow-response fibers become absolutely
refractory at the beginning of the upstroke (Pappano, 2010).
lhe relative refractory period (RRP) begins at the end of
the ARP and ends when the cell membrane is almost fully
repolarized. During the RRP, some cardiac cells have repolarized to their threshold potential and thus can be stimulated to respond (ie., depolarize) to a stronger-than-nonnal
stimulus.
The e«edfve refractory period (ERP) includes the ARP
and the first half of the RRP. "The distinction between the
ARP and ERP is that absolute means absolutely no stimulus
is large enough to generate another action potential; effictive
means that a conducted action potential cannot be generated
(i.e., there is not enough inward current to conduct to the
next site)" (Costanzo, 2014, p. 135).
A supernormal period (SNP) follows the RRP. A weakerthan-normal stimulus can cause cardiac cells to depolarize
during this period. The SNP extends from the end of phase
3 to the beginning of phase 4 of the cardiac action potential.
Because the cell is more excitable than normal, dysrhythmias
can develop during this period (see Fig. 2.9}.

The duration of the action potential determines the length
of the refractory period. The longer the action potential, the
longer the cell is refractory to firing another action potential
(Costanzo, 2014). The action potential, and, consequently,
the refractory period, in cells of the atria o.e., 150 msec), ventricles Q.e., 250 msec), and Purklnje system Q.e., 300 msec)
is long compared with other excitable tissues in the heart
because of a sustained period of depolarization Q.e., plateau).

CONDUCTION SYSTEM
[Oblectlves 7, 8]
The specialized electrical (i.e., pacemaker} cells in the heart
are arranged in a system of pathways called the conduction
S)'lltem. In the nonnal heart, the cells of the conduction system are interconnected. 1he conduction system makes sure
that the chambers of the heart contract in a coordinated
fashion.

Sinoatrial Node
The SA node is specialized conducting tissue located in
the upper posterior part of the right atrium where the
superior vena cava and the right atrium meet. Because the
SA node is located in the right atrium, right atrial contraction begins and ends earlier than in the left atrium
(Boulpaep, 2017). In an adult, the SA node is about 10
to 20 mm long and 2 to 3 mm thick (Rubart & Zipes,
2015). The SA node receives its blood supply from the
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SA node artery that runs lengthwise through the center
of the node. The SA node artery originates from the right
coronary artery (RCA) in about 55% to 60% of people and
from the circumflex (Cx) artery in the remaining 40% to
45% (Rubart & Zipes, 2015).
Two main types of cells exist within the SA node: (1)
small, round cells that have few myofibrlls and (2) slender,
elongated cells that differ from the round cells and typical
atrial myocardial cells. 1he round cells are thought to be
pacemaker cells. and the others are thought to be responsible

for conducting the electrical impulse within the SA node and
to its borders. The SA node is richly supplied by sympathetic
and parasympathetic nerve fibers.
The normal heartbeat is the result of an electrical impulse (i.e., an action potential) that begins in the
SA node. Although the SA node is the smallest electrical region of the heart (Lederer, 2012), it is nonnally the
primary pacemaker because it has the fastest firing rate
(specifically, the fastest rate of phase 4 depolarization) of
all of the heart's normal pacemaker sites (Fig. 2.10). The
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built-in (i.e., intrinsic) rate of the SA node is 60 to 100
beats/min. Although the SA node normally fires at a rate
of 60 to 100 beats/min, this rate can increase to about
180 beats/min, primarily through sympathetic stimulation. Heart rates faster than 150 beats/min can be problematic because: (1) the duration of diastole shortens as
heart rate increases, reducing ventricular filling time and,
potentially, stroke volume, and (2) the heart's workload
and oxygen requirements are increased, but the time for
coronary artery filling, which occurs during diastole, is
decreased (DeBeasi, 2003a).
As the impulse leaves the SA node, it spreads from cell to
cell in wavelike form across the atrial muscle. As the impulse
spreads, it stimulates the right atrium and the interatrial septum, and it travels along a special pathway called Bachmann's
bundle to stimulate the left atrium. This results in contraction
of the right and left atria at almost the same time. Because
a fibrous skeleton separates the atrial myocardium from the
ventricular myocardium, the electrical stimulus affects only
the atria.
Areas of the heart other than the SA node can initiate beats (i.e., intrinsic automaticity) and assume pacemaker responsibility under special circumstances. The
terms ectopic, which means "out of place,• and latent
are used to describe an impulse that originates from a
source other than the SA node. Ectopic pacemaker sites
include the cells of the AV junction and Purkinje fibers,
although their intrinsic rates are slower than that of the
SA node. Although an ectopic pacemaker normally is prevented from discharging because of the dominance of the
SA node's rapidly firing pacemaker cells, an ectopic site
may assume pacemaker responsibility in the following
circumstances:
• The SA node fires too slowly because of vagal stimulation
or suppression by medications.
• The SA node fails to generate an impulse because of disease or suppression by medications.
• The SA node action potential is bloclced because of disease in conducting pathways, failing to activate the surrounding atrial myocardium.
• The firing rate of the ectopic site becomes faster than that
of the SA node.
Although ectopic pacemakers supply a backup or safety
mechanism in the event of SA node failure, such sites can be
problematic ifthey fire while the SA node is still functioning.
For example, ectopic sites may cause early (i.e., premature)
beats or sustained rhythm disturbances.

Abiovenbicular Node and
Bundle
The AV node is a group of specialized conducting cells
that is usually located in the floor of the right atrium
immediately behind the tricuspid valve. In adults, the AV

Basic Electrophysiology

node typically measures about 5 to 7 mm in length and 2
to 5 mm in width; however, its size and shape are not uniform and vary greatly among individuals (Saksena et al,
2012). The AV node is supplied by a branch of the RCA
in 85% to 90% of the population (Rubart & Zipes, 2015).
In the remainder, a branch of the Cx artery provides the
blood supply. The AV node is supplied by both sympathetic and parasympathetic nerve fibers.
Conduction through the AV node begins before atrial
depolarization is completed. The AV node has been divided
into three functional regions according to their action potentials and responses to electrical and chemical stimulation
(Hwang et al, 2014) (Fig. 2.11):
• The atrionodal (AN) region (also called the transitional
zone) located between the atrium and the rest of the
node
• The nodal (N) region, the compact AV node where transitional cells merge with rnidnodal cells
• The nodal-His (NH) or lower region where the fibers
of the AV node gradually merge with the bundle of
His
As the impulse enters the AV node through the internodal pathways, conduction is markedly slowed in the N
area of the AV node before the impulse reaches the ventricles (lssa et al, 2012) (Fig. 2.12). If this delay did not
occur, the atria and the ventricles would contract at about
the same time. The delay in conduction allows both atrial
chambers to contract and empty blood into the ventricles before the next ventricular contraction begins. This
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increases the amount of blood in the ventricles, increasing
stroke volume.
Some people have two or more conduction pathways in
the area of the AV node that conduct impulses at different
speeds and recover at different rates (Zimetbaum, 2016).
The pathwa}'!l join into a final common pathway before
impulses exiting the AV node continue to the bundle of His.
The fast pathway (ie., the beta pathway) conducts impulses
rapidly but has a long refractory period (i.e., slow recovery
time). The slow pathway (ie., the alpha pathway) conducts
impulses slowly but has a short refractory period (i.e., fast
recovery time).
The bundle of His, also called the common bundle or the
AV bundle, is a continuation of the AV node and connects
the AV node with the bundle branches. 1he AV node and the
bundle of His are called the AV junction. The lower portion
of the NH area of the AV node is believed to possess pacemaker c:ells that have an intrinsic rate of 40 to 60 beats/min
(see Pig. 2.11). Because this pacemaker rate is slower than
that of the SA node. the AV junction is considered a secondary pacemaker (Lederer, 2012).
The term HiJ-Purklnje I}'Stem. or His-Purkinje network,
refers to the bundle of His, bundle branches, and Purkinje
fibers. In the heart's conduction system, the speed ofimpulse
conduction is fastest in the His-Purkinje system and slowest
in the SA and AV nodes.
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Abnormal cardiac rhythms that develop near or within the AV
node are called junctional dysrhythmias. Those that develop
above the bundle of His or activate the ventricles through an
accessory pathway are called supraventrfcular dysrhythmlas.
Dysrhythmlas that develop below the bundle of His are called

ventricular dysrhythmias.

Right and Left Bundle Branches
1he bundle of His passes down the right side of the interventricular septum for about 1 em before dividing into the right
and left bundle branches (Pappano, 2010). The upper portion of the interventricular septum is supplied with blood by
branches of the anterior and posterior descending coronary
arteries (Rubart &: Zipes, 2015).
The right bundle branch is thin and travels to the apex
of the right ventricle. 1he left bundle branch spreads the
electrical impulse to the interventricular septum and left
ventricle. The left bundle branch is thicker than the right
and splits into divisions called fo.scicles on the subendocardial surface of the left side of the interventricular septum
(Pappano, 2010).

Purkinje Fibers
-

(O 12)

Normally, the atria and ventricles are separated by
a continuous barrier of fibrous tissue, which acts as an
insulator to prevent passage of an electrical impulse
through any route other than the AV node and bundle.
When the AV node and bundle are bypassed by an abnormal pathway, the abnormal route is called an accessory
pathway.

Left bundle branch

~

......____.__..
Ventricular
sepbJm

Fig. 2 .12 Organization of the atrtavantrtcular (AV) node and AV bundle.
The numbars represent the Interval of time In fractions at a second from
the ortgln of the Impulse In the slnaatrtaJ node. (From Hell JE: Guyton
and Hs/1 t&xtbook of l1l8dJcaJ physiology. ad 13, Phlladelph Ia, 201 6,
Saunders.)

The right and left bundle branches divide into smaller and
smaller branches and then into a fibrous network called
the Purkinje fibers, which spread out over the subendocardial surfaces of both ventricles. These fibers have pacemaker cells that have an intrinsic rate of 20 to 40 beats/
min. Because this pacemaker rate is slower than that of
the SA node and the AV junction, it is considered a tertiary pacemaker.
Purkinje fibers have a large diameter and an abundant
concentration of gap junctions, enabling the rapid propagation of electrical impulses. It has been estimated that
conduction time through the Purkinje S}'!ltem is about 150
times faster than conduction through the AV node (DeBeas.i,
2003b). 1he spread of an electrical impulse through the
Purkinje fibers proceeds from the endocardium, where the
endocardial surfaces of both ventricles are rapidly activated,
to the myocardium and ventricular muscle fibers, and then
finally to the epicardial surface. A summary of the conduction system is shown in Table 2.1.
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lrJ:IIUI Summary of the Conduction System
Structure

Location

Sinoatrial
(SA) node

Right atrial wall just
inferior to opening of
superior vena cava

Atrioventricular
fAV) node

Floor of 1he right atrium
immediately behind
the tricuspid valve and
near the opening of
the coronary sinus

Bundle of His
(A.V bundle)

Superior portion of
interventricular
septum
Interventricular septum

Right and left
bundle branches
Purkinje fibers

Ventricular myocardium

lnbinsic Pacemaker lima Lapse from
(beats/min)
SA Node (sec)

Function
Primary pacemaker; initiates
impulse that is nonnally conducted throughout the left and
right atria
Receives impulse from SA node
and delays relay of the impulse
to the bundle of His, allowing
time for the atria to empty their
contents into the ventricles
before the onset of ventricular
contraction
Receives impulse from AV node
and relays it to right and left
bundle branches
Receives impulse from bundle
of His and relays it to Purkinje
11bers
Receives impulse from bundle
branches and relays it to ventricular myocardium

CAUSES OF DYSRHYTHMIAS
[Oblectlve 9]
Dysrhythmias result from disorders of impulse fonnation,
disorders of hnpulse conduction, or both.

Disorders of Impulse Formation
ABNORMAL AUTOMATICRV
Abnormal automaticity is a condition in which one of the
following occurs: (1) Cardiac cells that are not nonnally
associated with a pacemaker function begin to depolarize
spontaneously or (2) a pacemaker site other than the SA
node increases its firing rate beyond that which is considered
normal
Possible causes for abnormal automaticity include
ischemia, hypoxia, electrolyte disorders, and exposure to
chemicals or toxic substances, among others. Examples of
rhythms associated with abnormal automaticity include
premature beats, accelerated idioventricular rhythm, accelerated junctional rhythm, and some forms of ventricular
tachycardia.

TRIGGERED ACTMTY
Triggered activity results from abnonnal electrical impulses
that sometimes occur during repolarization, when cells are
normally quiet. These abnormal electrical impulses are called
afterdepolarizations. Triggered activity requires a stimulus to
begin depolarization. It occurs when pacemaker cells from
a site other than the SA node and myocardial working cells

60to 100

0

0.03

40to60

0.04

0.17

20to40

0.20to 0.22

depolarize more than once after being stimulated by a single
impulse.
Causes of triggered activity include hypoxia, excessive catecholamines, myocardial ischemia or injury, digitalis toxicity,
and medications that prolong repolarization. 'friggered activity can result in atrial or ventricular beats that occur alone, in
pairs, in runs of three or more beats, or as a sustained ectopic
rhythm.

Disorders of Impulse Conduction
CONDUCTION BLOCKS
Blockage of impulse conduction may be partial or complete. A block may occur because of trauma, drug toxicity,
electrolyte disturbances, myocardial ischemia, or infarction. A partial conduction block may cause the impulse to
become slowed or intermittent. In slowed conduction, all
impulses are conducted. but it takes longer than normal to
do so. When an intermittent block occurs, some (but not all)
impulses are conducted. When a complete block eJdsts, no
impulses are conducted through the affected area. Examples
of rhythms associated with disturbances in conduction
include AV blocks.

REENTRY
[OIJiectlve10]
An impulse normally spreads through the heart only once

after it is initiated by pacemaker cells. Reentry is the spread
ofan impulse through tissue already stimulated by that same
impulse. Reentry requires the following three conditions:
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NORMAL CONDUCTION IN BOTH DIRECTIONS

UNIDIRECTIONAL BLOCK

_,

___ Array of cells

--

C

Dead cells

0

NORMAL CONDUCTION THROUGH A BIFURCATION

REENTRANT EXCITATION

UnidUecti.cmal conduction block
~ents further transmission.

Unidirectional
conduction block
allows retrograde
transmission.

Refractory"

.....
\ I

r

The system now behaves as an
independent (ectopic) paremaker,
with a rate much higher than that
of the "'originating impulse" (Le.,
sinus

).

Action potentials collide but
cannot pass each other
because of refractory period.

Fig. 2.13 Conduction. A. NDilllal conduction In both dlrBctlons. B, Unldlrec1fonal block. C, NIITIBI conduction through a
bifurcation. D, Reentrant excltl!tlon. (From Boron WF, Boulpaep B.: M6dlca/ ~ ad 3, Phlladaljtlla, 2017, Saunders.)

(1) an area of unidirectional conduction block. (2) an area
of delayed conduction, and (3) an area of unexcitable tissue
(Peterson, 2009). When reentry occurs, an dectrical impulse
is delayed, blocked, or both, in one or more areas of the con-

results in the ddayed dectrical impulse entering cardiac cells
that have just been depolarized by the normally conducted
impulse.

duction symm while the impulse is conducted normally
through the rest of the conduction system (Fig. 2.13). This

main types of reentry circuits. If the reentry circuit involves
conduction through a large area of the heart, such as the

Macroreentry circuits and microreentry circuits are two

Chapter 2
entire right or left atrium, it is called a macroruntry circuit.
A reentry circuit involving conduction within a small area is

called a microreentry circuit.
Possible causes of reentry include hyperkalemia, myocardial ischemia, some antiarrhythmic medications, and
the presence of an accessory pathway. Examples of rhythms
associated with reentry include AV nodal reentrant tachycardia, AV reentrant tachycardia, and atrial flutter.

THE ELEC I HOCARDIOGRAM
[OIJiactivas 11, 12)
The ECG is a graphic display of the heart's electrical activity. 1he first ECG was introduced by Willem Einthoven, a
Dutch physiologist, in the early 1900s. When electrodes
are attached to the patient's limbs or chest and connected
by cables to an ECG machine, the ECG machine functions as a voltmeter, detecting and recording the changes
in voltage (i.e., action potentials) generated by depolarization and repolarization of the heart's cells. 1he voltage
changes are displayed as specific waveforms and complexes (Fig. 2.14).
Electrocardiographic monitoring may be used for the following purposes:
• To monitor a patient's heart rate
• To evaluate the effects ofdisease or injury on heart function
• To evaluate pacemaker function
• To evaluate the response to medications (e.g., antiarrhythmics)

Basic Electrophysiology

• To obtain a baseline recording before, during, and after a
medical procedure
• To evaluate for signs of myocardial ischemia, injury, and
infarction
The ECG can provide information about the following:
• The orientation of the heart in the chest
• Conduction disturbances
• Electrical effects of medications and electrolytes
• The mass ofcardiac muscle
• The presence of ischemic damage
The ECG does not provide information about the
mechanical (contractile) condition of the myocardium. To
evaluate the effectiveness of the heart's mechanical activity,
the patient's pulse and blood pressure are assessed.

Electrodes
El.ed:rode refers to an adhesive pad containing a conductive
substance in the center that is applied to the patient's skin
(Fig. 2.15). The conductive media of the electrode conducts
skin surface voltage changes through wires to a cardiac monitor (ie., electrocardiograph). Electrodes are applied at sped1i.c locations on the patient's chest wall and extremities to
view the heart's electrical activity from different angles and
planes.
Remove oil and dead cells from the patient's skin before
applying electrodes. 1here are a variety oftechniques for doing
so. such as a brisk. dry rub of the skin. Many electrode manufacturers include an abrasive area on the disposable bacldng
of the electrode for this purpose, but a gauze pad or terrycloth

-

Abial excitalion

-

Excitation of venlltcles begins
(initial downward deflection is
aQwave)
. --'!!- - - Pulmonary ariBiy

Fig. 2.14 Schema:tlc drawing of the conrilcUI'(I ~em of the heert kl mpllse JIOIITelly Is generated In the slooa1rlal node
and travels thrwgh the a:tm to the atrioventricular t'OOe, dC7Nil the bundle of His and Purkln]e fibers, and to 1he venllk:ular ~
cardum. Recordng of the dePOiartzll'(l and repolarlzlng currerrts In the heart wtth electrodes on the surface of the body produces
characiB~stt; wavefollr6. From ~Kirkhom L.E, Bareslk JL: Pathcphys/dt;Jgj, ed 5, Sl Louis, 2013, Saunders.)
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F"18o 2.15 Eleclrocanliogram eleclrcdes. (Courtesy of Bruce R. Shade, EMT-P.
EMS~.AAS.)

washcloth works well too. In some circumstances, small areas
may need to be shaved or chest hair cut ifthe electrode(s) will
not stick. To minimize distortion (artifact), be sure the conductive jelly in the center of the electrode is not dry, and avoid
placing the electrodes directly over bony areas.
One end of a monitoring cable, also called a lead wire, is
attached to the electrode and the other to an ECG machine.
lhe cable conducts current back to the cardiac monitor. ECG
cables may be coded by color, symbol. or letter. However, colors are not standard and often vary.

Leads
[Oblectlves 13, 14, 15]
A lead. is a record (i.e., tracing) of electrical activity, specifically the fluctuation in voltage differences, between positive
and negative electrodes (Lederer, 2012). Each lead records
the a'llerage current tlow at a specific time in a portion of the
heart Leads allow for the viewing of the heart's electrical
activity in the frontal and horizontal (transverse) planes.
Think of each positive electrode as an eye loolcing in at the
heart Because the position ofthe positive electrode on the body
determines the area of the heart that is seen by each lead, accurate placement of the positive electrode is important 1he view
ofeach lead can be committed to memory, or it can be reasoned
easily by remembering where the positive electrode is located.

e
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ECG Monitoring and Diagnosis
Continuous patient monitoring is usually performed by means
of bedside monitoring or telemetry, which is the electronic

transmission of data to a distant location, such as a nurses'
station. Continuous ECG monitoring may be perfonned using
a single lead or, depending on equipment capability, three or
even five leads may be used.
A 12-lead ECG provides views of the heart in both the
frontal and horizontal planes and views the surfaoes of the left
ventricle from multiple angles. The 12-lead ECG is a useful
diagnostic study you can obtain when there are changes in a
patient's cardiac rhythm or condition. Indications for obtaining
a 12-lead ECG are discussed in more detail in Chapter 9.

Six leads view the heart in the frontal plane. Leads I, II, and
III are called standard Umb leads. Leads aVR. aVL, and aVF
are called augmented limb leads.
A bipolar lead is an ECG lead that has a positive and negative electrode. Each lead records the difference in electrical potential (i.e., voltage) between two selected electrodes.
Although all ECG leads are technically bipolar, leads I, II,
and III use two distinct electrodes, one ofwhich is connected
to the positive input of the ECG machine and the other to the
negative input (Wagner et a1, 2009).

standard Umb Laads
Leads I, II, and III make up the standard limb leads (Fig.
2.16). If an electrode is placed on the right arm, left arm,
and left leg, three leads are formed. The positive electrode
is located at the left wrist in lead I, and leads II and III
both have their positive electrode located at the left fooL
The difference in electrical potential between the positive
pole and its corresponding negative pole is measured by
each lead.
An imaginary line that joins the positive and negative
electrodes of a lead is called the uls of the lead. The axes
of these three limb leads form an equilateral triangle with
the heart at the center, which is called Binthoven~ triangle.
Einthoven's triangle is a way of showing that the two arms
and the left leg form apices of a triangle surrounding the
heart (see Fig. 2.16). lhe two apices at the upper part of the
triangle represent the points at which the two arms connect
electrically with the fluids around the heart lhe lower apex
is the point at which the left leg connects with the ftuids
(Hall, 2016). Over the years, electrode placement for leads I,
II, and lli has been altered and moved to the patient's chest
to allow for patient movement and to minimize distortion on
the ECG tracing. However, proper electrode positioning for
the limb leads includes placement near the patient's wrists
and ankles or, at a minimum, distal to the patient's shoulders
and hips (Mirvis & Goldberger, 2015).
Lead I records the difference in electrical potential
between the left arm (+) and right arm (-) electrodes. Lead
I views the lateral surface of the left ventricle. With normal
depolarization, waveforms observed in this lead are usually
positive. H negative P waves and primarily negative QRS
complexes and T waves are o'Merved in lead I, take a moment
to recheck the lead wires connected to the right and left arm
electrodes; it is likely that the lead wires have been reversed
(Harrigan et al, 2014).
Lead II records the difference in electrical potential between
the left leg (+) and right arm (-) electrodes. Lead II views the
inferior surface of the left ventricle. 1his lead is commonly
used for cardiac monitoring because positioning of the positive and negative electrodes in this lead most closely resembles
the normal pathway ofcurrent ftow in the heart.
Lead Ill records the difference in electrical potential between the left leg (+) and left arm (-) electrodes.
Waveforms observed in this lead are usually positive. Lead
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Umblads

Lead I

Augmanled limb . . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

When current tlowa ward red
arrowheads, upward deflection
occurs in ECG
-

When current flows away from red
arrowheads, downward deflection
occurs In ECG
When current tlowa perpendicular
ID red arrows, no deflection or

blphaslc deflection occurs

Fig. 2.16 The eleclnx:ar1logram (ECG) leads. (From Runge MS, stwffer G, Patrerson C: Netter's carrJiology. ed 2,
Philadelphia, 201 0, Saunde!S.)

III views the inferior surface of the left ventricle. A summary
of the standard limb leads appears in Table 2.2.

IW:IIm Standard Limb Leads

Augmented Limb Leads

Lead

Leads aVR. aVL, and aVF are limb leads that record measurements at a specific electrode with respect to a reference
electrode. Frank Norman Wilson and colleagues used the
term central terminal to describe a reference point that is
the average of the limb lead electrical potentials. In the
augmented leads, the Wilson central terminal (WCT) is
calculated by the ECG machine's computer as an average
potential of the electrical currents from the two electrodes
other than the one being used as the positive electrode.
For example, in lead aVL, the positive electrode is located
on the patient's left arm. The ECG machine's computer

I

II
Ill

Positive
Bectrode

Negative
Electrode

Heart Surface
Viewed

Left arm
Left leg
Left leg

Right arm
Right arm

Lateral
Inferior
Inferior

Left arm

calculates the central terminal by joining the electrical currents obtained from the electrodes on the patient's right
arm and left leg. Lead aVL therefore represents the difference in electrical potential between the left arm and the
central terminal. The electrical potential of the central terminal is essentially zero.
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The electrical potential produced by the augmented leads
is normally relatively small The ECG machine augments
(i.e., magnifies) the amplitude of the electrical potentials
detected at each extremity by about 50% over those recorded
at the standard limb leads. The •a" in aVR, aVL, and aVF
refers to augmented. The -v· refers to voltage, and the last
letter refers to the position of the positive electrode. The "R"
refers to the right ann, the "L" to left ann, and the "F" to
left foot (i.e., leg). 1herefure, the positive electrode in aVR is
located on the right arm, aVL has a positive electrode at the
left arm, and aVF has a positive electrode positioned on the
left leg (see Fig. 2.16).
Lead aVR views the heart from the right shoulder, which
is the positive electrode. Because the wave of depolarization
is moving away from lead aVR, waveforms in this lead are
typically negative. Lead aVR has been called ~e forgotten lead" because it does not view any single surface of the
heart. Many clinicians believe that lead aVR reflects reciprocal (ie., mirror image) changes from leads aVL, ll, V5 , and
v6 (Gorgels et al, 2001). Research has shown value in the
use oflead aVR in differentiating atrial tachydysrhythmias
(Vorobiof & Ellestad. 2011).
Lead aVL combines views from the right arm and the left
leg, with the view being from the left arm and oriented to
the lateral wall of the left ventricle. Waveforms observed in
this lead are usually positive but may be biphasic. Lead aVF
combines views from the right ann and the left arm toward
the left leg; it views the inferior surface of the left ventricle
from the left leg. Wavefonns observed in this lead are usually positive but may be biphasic. Table 2.3 summarizes the
augmented limb leads.
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HORIZONTAL PLANE LEADS
Six chest (i.e., precordial or V) leads view the heart in the
horizontal plane (see Fig. 2.16). This allows a view of the
front and left side of the heart

Chest Leads
The chest leads are identified as V1, V2> V3, V4> V5, and V6 (Fig.
2.17). Each electrode placed in a -v.. position is a positive electrode, measuring electrical potential with respect to the WCT.
Lead V1 is recorded with the positive electrode in the fourth
intercostal space, just to the right of the sternum. Remember,
the electrode positions refer to the location of the gel For
example, the gel of the V1 electrode, not the entire adhesive
patch, is positioned in the fourth intercostal space, just to the
right of the sternum. Lead V2 is recorded with the positive
electrode in the fourth intercostal space, just to the left of the
sternum. Lead V3 is recorded with the positive electrode on
a line midway between V2 and V4• Lead V4 is recorded with
the positive electrode in the left midclavicular line in the fifth
intercostal space. To evaluate the right ventricle, lead V4 may
be moved to the same anatomic location but on the right side
of the chest 1he lead is then called V,.R, and it is viewed for
ECG changes consistent with acute myocardial infarction.
Lead V5 is recorded with the positive electrode in the left anterior axillary line at the same level as V4• Lead V6 is recorded
with the positive electrode in the left midaxillary line at the
same level as V4• Table 2.4 summarizes the chest leads.

Did You Know?- - - - - - - Because their location varies, the nipples shouldn't be used as
landmarks for chest electrode placement. If your patient is a
woman, place the electrodes for leads V3 through V6 under the
breast rather than on the breast.

Correct Placement of Electrodes
Leads I, II, Ill, aVR, aVL, and aVF are obtained from electrodes
placed on the patient's arms and legs. The deltoid area is suitable for electrodes attached to the arms and is easily accessible. Either the thigh or lower leg is suitable for the leg electrodes.
Use the more convenient site but keep the electrodes in a similar position. For example, keep the upper extremity electrodes
on the deltoids rather than placing one on the upper arm and
one on the Inner arm. Be sure that the patient's limbs are resting on a supportive surface. This decreases muscle tension
in the patient's arms and legs and helps minimize distortion
of the elec1rocardiogram tracing (i.e., artifact). If circumstances
require that the electrodes be placed on the torso, be sure to
position them as close to the appropriate limb as possible.

liJ:!IQI Augmented Limb Leads
Lead

Positive Elecb'ode

aVR
aVL
aVF

Right arm
Left arm
Left leg

Heart Surface
Viewed
None

Lateral
Inferior

Mldclavtcularl

llne1
I
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lrJ:IIiil Chest Leads
Lead

Positive Elaeb'Oda Position

Heart Area Viewed

v,

Right side of sternum, fourth
intercostal space
Left side of sternum, fourth
intercostal space
Midway between V2 and V4
Left midclavicular line, fifth intercostal space
Left anterior axillary line; same
level as V4
Left midaxillary line, fifth intercostal space

Interventricular
septum
Interventricular
septum
Anterior surface
Anterior surface

v2
V3

v4
Vs

Ve

..::\

Lateral surface
Lateral surface

Fig. 2.18 EIBCinlda locallons fa" left posts~or chest laad placement. (From
HEdges JR: Rabeft3 8fld H8dg8s' cllnlcaJ prrJC8dur8s In fHTI8IrJ9l1CY msdlcln6, ed 6,
Philadelphia, 2014, Saunders.)
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reposition the electrode& on the right side of the chest and
attach the cables for the standard chest leads to the repositioned electrodes to obtain the additional leads. If time
does not permit obtaining all of the right chest leads, the
lead of choice is V4 R.

Posterior Chest Leads
On a standard 12-lead ECG, no leads look directly at the
posterior surface of the heart. Additional chest leads may
be used for this purpose. These leads are placed farther left
and toward the back. All of the leads are placed on the same
horizontal line as V4 to V6• Lead V7 is placed at the posterior
axillary line. Lead V8 is placed at the angle of the scapula (i.e.,
the posterior scapular line), and lead V, is placed over the left
border of the spine (Fig. 2.19).
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Multiple-Lead ECGs
MultipiErlead ECGs are being used with increasing frequency

to help spot infarctions of the right ventricle and the poste-

Fig. 2.1 ElectrOOe locations for recordl1) a ~ght chest electrccarologl'l¥11 (tCG).
Right chest leads are not part of a standard 12-leacl ECG rut Ere used when a ~jlt
wlllltUar lnfarcllon Is suspec!Bd. (From Drew BJ, Ide B: Right ventrbJIIJ' lnfarttion,
Prog C81d/ovascular Ntn 10.46, 1195; and Hedges JR: Robert& and Hf1dg86' clinical
/ii'OC8(lUr68/n ert18fg6I1CY I11IJdiQne, Ed 6, Phlla:lelpl'ja, 2014, SaurdsiS.)

rior wall of the left ventricle. The 15-lead ECG uses all of the
leads of a standard 12-lead ECG plus leads V4 R, V8 , and V9 .
An 18-lead ECG uses all of the leads of the 15-lead EGG plus
leadsV5R, V8R, andV7• A 16-lead ECG machine allows recording of two ECGs: (1) a standard 12-lead plus leads V3R, V4R,
V5 R, and V6R and (2) a standard 12-lead plus posterior leads
V71 V8 , and V9 •

Right Chest Leads

ALTERNATIVE LEADS

Other chest leads that are not part of a standard 12-lead
ECG reveal specific surfaces of the heart. Right chest leads
are used to evaluate the right ventricle (Fig. 2.18). The
placement of right chest leads is identical to the placement
of the standard chest lea& except that it is done on the right
side of the chest. Obtain a standard 12-lead BCG first; then

Alternative lead configurations are sometimes useful in difrerentiating among types of dyuhyth.m.ias. For example,
the Lewis lead is used to enhance viewing of atrial activity
(Fig. 2.20). 1he right arm (negative) electrode is applied
to the right of the sternum at the second intercostal space,
the left arm (positive) electrode is placed at the right fourth

a
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Ambulatory Cardiac Monitoring

Fig. 2.20 Elactroda loca11ons for aiiBmaUve alactrocardlogram leads. MCl.,
Modified cheat lead. (From Hadgaa JR: RoiNNts and HfJdgss' c/lnlcaJ procsdurBs In
6fTifN'g8fiC'J msd/clns, ad 6, Philadelphia, 2014, Saunders.)

intercostal space, and the ECG machine is set to record lead
I (Bakker et al. 2009).
The vertical sternal leads, also known as Barker leads,
have been reported to record P waves that are larger than
those seen with other leads, including the Lewis lead
(Harrigan et a1, 2014). When this lead is used, the positive
electrode is placed at the xiphoid process and the negative
electrode is placed just below the suprasternal notch (see
Fig. 2.20).
The modified chest leads (MCLs) are bipolar chest
leads that are variations of the chest leads. Each MCL
consists of a positive and negative electrode applied to a
specific location on the chest. Lead MCL1 views the interventricular septum. The negative electrode is placed just
below the left clavicle toward the left shoulder, and the
positive electrode is placed to the right of the sternum in
the fourth intercostal space (see Fig. 2.20). Leads MCL1
and V 1 are similar but not identical. In V 1, the negative
electrode is calculated by the ECG machine at the center
of the heart. In MCL1, the negative electrode is located
just below the left clavicle.
Lead M~ is a variation of the chest lead V 6 and views
the low lateral wall of the left ventricle. 1he negative electrode is placed below the left clavicle toward the left shoulder, and the positive electrode is placed at the fifth intercostal
space, left mid.axillary line.

Q ECG Pearl _ _ _ _ _ _ _ _ __
Lead MCL1 was once used to help differentiate between right
and left bundle blocks and distinguish venbicular tachycardia
from supraventricular tachycardia with abnormal o.e., aberrant)
ventr1cular conduction. Because the shape (morphology) of the
QRS complex In MCL1 has been shown to differ in 40% of
patients with ventricular tachycardia, chest lead V1 should be
used instead (Drew at al, 2004).

External ambulatory cardiac monitoring, also known as
ambulatory electrocardiographic (AECG) monitoring, is a
noninvasive diagnostic tool used to monitor the patient's cardiac rhythm as he or she performs daily activities. Examples
of indications for AECG monitoring include the following
(Crawford et al. 1999; Mittal et a1, 2011):
• To determine the association between a patient's symptoms
(e.g., dizziness, palpitations. near syncope, shortness of
breath. chest pain, fatigue) and cardiac rhythm disturbances
• To detect myocardial ischemia and to evaluate the efficacy
of anti-ischemic medications in patients with coronary
artery disease
• To assess the patient's risk of dyuhythmias after a myocardial infarction; for patients with heart failure, hypertrophic cardiomyopathy, diabetic neuropathy, systemic
hypertension, or valvular heart disease; for patients
receiving hemodialysis; and for the preoperative evaluation of patients and after cardiac operations
• To assess the efficacy of medications on the cardiac conduction system, the patient's cardiac rhythm, or both
• To aid in correlating patient symptoms with dysrhythmias and evaluating symptomatic patients for pacemaker
implantation
• To assess the function of implanted devices, such as a
pacemaker or an implantable cardioverter-defibrillator
• To assess the e1ficacy of ablation procedures

TYPES OF AMBULATORY MONITORS
A conventional Holter monitor is a battery-powered continuous AECG recorder that is used for 24 hours to a maximum
of 72 hours to document ECG events that are likely to occur
within this period. Electrodes and lead wires are connected
to a portable, lightweight recorder that is attached to the
patient and carried with a belt or shoulder strap (Fig. 2.21).
Patients are asked to keep a log or diary while the device is in
use. A typical diary consists of entries reJlecting the time of
day, activity being performed, and patient symptoms. When
the monitoring period is complete, the patient returns the
monitor and events that have been stored on a digital flash
memory device is then scanned by a technician and interpreted by a phpician. 1his information is then compared
with the ECG events captured by the AECG recorder to
determine if a relationship exists among the patient's symptoms, activities, and ECG.
Newer Holter monitors permit extended ECG monitoring, typically for 7 to 14 days, using a patch-based
system (Fig. 2.22). During extended Holter monitoring,
data are recorded continuously and transmitted to a central monitoring station. This approach is useful because
involvement of a monitoring center enhances responsiveness to changes observed during ECG monitoring (Krahn
et a1, 2014).
Event recorders, also called intermittent recorders, may
be used for longer periods (generally up to 30 days) to

Chapter 2

Basic Electrophysiology

Fig. 2.21 A Holler moni!Dr Is an example of an ambui111IJ'y electrocardiographic monitor. (From Bonewlt-West K: Clln/cs/
pt'OC8lRJrBs frJr 1118dJcs/BSSista11tB, ad 9, St Louis, 2015, Saunders.)

is attached to the patient, he or she is instructed to press a
button on the recorder when experiencing symptoms, such
as palpitations, to capture and store the ECG event for analysis when the monitoring interval is complete. Some event
recorders automatically detect and store cardiac events (e.g.,
bradycardia, tachycardia, pauses, atrial fibrillation), and others automatically detect, store, and then transmit the ECG
event by telephone for analysis.

ELECTROCARDIOGRAPHY
PAPER
[Oblectlves 18,17]

Fig. 2.22 Sample patch-based recording systam that allows bath IK:QUisltlon
and storage of a slngle-laad electrocardiogram for 7 ID 14 days. (From Krahn AD,
Vee R. Skanea N.!, Klein GJ: C&rdlac moni!Dr1ng: Short and long-term recording.
In DP Zlpas &J Jallfe [Eds.): C8trJ/ac Bl6ctrophyslolo from csJ/ to b8d!ltJ8, ad 6,
Philadelphia, 2014, SaulllBIS.)
document events that are brief; that occur infrequently, or
that are unlikely to be captured during a 24- to 72-hour
period. Events may be captured by the patient or automatically captured by the recorder. For example, when the device

Remember that an ECG is a graphical representation of
the heart's electrical activity. When you place electrodes
on the patient's body and connect them to an electrocardiograph, the machine records the voltage (i.e., the
potential difference) between the electrodes. The needle,
or pen, of the ECG moves a specific distance depending
on the voltage measured. This recording is made on ECG
paper.
ECG paper is graph paper made up of small and large
boxes measured in millimeters. 1he smallest boxes are 1
mm wide and 1 mm high (Fig. 2.23). The horizontal axis
of the paper corresponds to time. Time is used to measure
the interval between or duration of specific cardiac: events,
which is stated in seconds. Measuring how quickly or slowly
an electrical impulse spreads through the heart provides
important information about the condition of the heart's
conduction system and the muscle itself.
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ECG paper normally records at a constant speed of 25
mm/sec. Thus, each horizontal unit (Le., each 1-m.m box)
represents 0.04 second (25 mm/sec x 0.04 second= 1 mm).
The rate at which ECG paper goes through the printer is
adjustable. A slower paper speed makes the rhythm appear
faster. Increasing the paper speed to 50 mm./sec has the
effect of making the rhythm appear slower. This technique is
sometimes used by clinicians when evaluating rapid atrial or
ventricular rhythms, making it easier to see the wavefonns
and analyze the tachycardia. Increasing the paper speed also
exaggerates any existing irregularity and makes it possible
to more accurately measure intervals on the ECG (Harrigan
et al, 2014).
Look closely at the boxes in Fig. 2.23. You can see that
the lines after every five small boxes on the paper are
heavier. The heavier lines indicate one large box. Because
each large box is the width of five small boxes, a large box
represents 0.20 second. Five large boxes, each consisting
of five small boxes, represent 1 second; 15 large boxes
equal an interval of 3 seconds; and 30 large boxes represent 6 seconds.
The vertic.al axis of the graph paper represents the voltage or amplitude of the ECG waveforms or deflections.
Voltage is measured in millivolts (mV). Voltage may
appear as a positive or negative value because voltage is
a force with direction as well as amplitude. Amplitude is
measured in millimeters (mm). The default value for ECG
machine c.alibration is 10 mm./mV. This means that when
the ECG machine is properly calibrated, a 1-mV electrical
signal produces a deflection that measures exactly 10 mm
tall (i.e., the height of 10 small boxes) (Fig. 2.24). When
a calibration marker is present, it appears at the extreme
left side of the ECG tracing. before the first waveform.
Clinically, the height of a waveform is usually stated in
mm rather than in m V. Calibration, also called standardization, can be adjusted manually, by the clinician, or automatically, by the ECG machine's computer. Decreasing

B

A

Fig. 2.24 A. When an electrocardbgraph Is property callbntted, a 1-mV
alacb1cal signal '11111 prndllll9 a deftaction measur1rg axactly 10 mmtall ~.e., normal
standardlzal!oo). B, One-half standardllallon. C, T'MIIlmes normal standardlzllllon.
(Frun Goldbarger AI.; Clinical BlfK:trrJcatrJ/y: s s/mpHflrJd approsch, ed 8,
Phlladalphla, 2013, Saundars.)

the c.alibration to 5 mm/mV can be helpful when the
QRS amplitude is so large that it encroaches on those of
neighboring leads (Harrigan et al, 2014). Increasing the
amplitude to 20 mm/mV can be valuable when analyzing
waveforms.

Waveforms
[Oblactlva18)
A waveform (i.e., a deflection) is movement away from
the baseline in a positive (i.e., upward) or negative (i.e.,
downward) direction (Box 2.1). Each waveform that you
see on an ECG is related to a specific electrical event in
•=r.r.i'~

•

Terminology

Baseline (lsoelecbtc line): A straight line recorded when
electrical actMty Is not detected

Waveform: Movement away from the baseline in either a
positive or negative direction
Segment: A line between waveforms; named by the waveform that precedes or follows it
Complex: Several waveforms
Interval: A waveform and a segment
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alactrod9. (Fr(J'l'l Selle ML, Klaln OG, Moseley MJ: 1ntrrxJuctJon 1D Cflt/ca/ C8f8 fHR'Sing, ed 6, St. Louis, 2013, Saundn.)

the heart. Waveforms are named alphabetically, beginning with P, QRS, T, and occasionally U. When electrical activity is not detected, a straight line is recorded.
This line is called the baseline or .isoelectric line. If the
wave of depolarization (i.e., the electrical impulse) moves
toward the positive electrode, the waveform recorded on
ECG graph paper will be upright (i.e., a positive deflection) (Fig. 2.25). If the wave of depolarization moves away
from the positive electrode, the waveform recorded will
be inverted (i.e., a downward or negative deflection). A
biphasic (i.e., partly positive, partly negative) waveform
or a straight line is recorded when the wave of depolarization moves perpendicularly to the positive electrode.
The term equiphasic may be used instead of biphasic to
describe a waveform that has no net positive or negative
deflection.

PWAVE
The first waveform in the cardiac cycle is the P wave (Fig.
2.26). Activation of the SA node occurs before the onset
of the P wave. This event is not recorded on the ECG.
However, the spread of that impulse throughout the right
and left atrial muscle (atrial depolarization) is observed.
The beginning of the P wave is recognized as the fust
abrupt or gradual movement away from the baseline; its
end is the point at which the waveform returns to the
baseline. The first half of the P wave is recorded when the

If.'~ Normal P-Wave Characteristics
• Smooth and rounded
• No more than 2.5 mm in height (Goldberger et al,
2013)
• No more than 0.12 second in duration
• Positive in leads I, II, aVF, and V2 through V6

electrical impulse that originated in the SA node stimulates the right atrium. The middle portion of the P wave
represents completion of right atrial activation and the
start of activation of the left atrium (Wagner, 2012). The
downslope of the P wave reflects completion of left atrial
activation; thus, the P wave represents the spread of the
electrical impulse throughout the right and left atria (i.e.,
atrial depolarization). A P wave normally precedes each
QRS complex. Normal P wave characteristics are shown
in Box2.2.
The atria contract a fraction of a second after the P wave
begins. The atria begin to repolarize at the same time as the
ventricles depolarize. A waveform representing atrial repolarization is usually not seen on the ECG because it is small
and buried in the QRS complex.
Tall and pointed (i.e., peaked) or wide and notched P
waves may be seen in conditions such as chronic obstructive pulmonary disease, heart failure, or valvular disease
and may be indicative of atrial enlargement (Fig. 2.27).
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Enlargement of the right atrium produces an abnormally tall initial part of the P wave. The latter part of
the P wave is prominent in left atrial enlargement (see
Chapter9).
P waves that begin at a site other than the SA node (Le.,
ectopic P waves) may be positive or negative in lead II. Ifthe
ectopic pacemaker is in the atria, the P wave will be upright.
Ifthe ectopic pacemaker is in the AV bundle, the P wave will
be negative (Le., inverted) in lead II.

QRSCOMPLEX
[Obiactiva19]
A QJmplex consists of several waveforms. The QRS complex consists of the Q wave, R wave, and S wave (see Fig.
2.26) and represents the spread of the electrical impulse
through the ventricles (i.e., ventricular depolarization)
and the sum of all ventricular muscle cell depolarizations. Because the left ventricle is much larger than the
right, in a normally conducted beat, the QRS complex

represents the electrical activity occurring in the left ventricle. Ventricular depolarization normally triggers contraction of ventricular tissue. Thus, shortly after the QRS
complex begins, the ventricles contract. The QRS complex
is significantly larger than the P wave because depolarization of the ventricles involves a considerably greater
muscle mass than depolarization of the atria. Remember
that atrial repolarization takes place during ventricular
depolarization, but the QRS complex overshadows it on
theECG.
A QRS complex normally follows each P wave. One or
even two of the three waveforms that make up the QRS
complex may be absent. When it is present, the Q wave is
the fust downward deftection following the P wave, and it
represents depolarization of the interventricular septum,
which normally occurs from left to right and posteriorly
to anteriorly. A Q wave is always a negative waveform. The
Q wave begins when the ECG leaves the isoelectric line in
a downward direction and continues until it returns to the
isoelectric line.
It is important to differentiate normal (ie., a physiologic) Q waves from pathologic Q waves (Fig. 2.28). With
the exception ofleads III and aVR, a normal Q wave in the
limb leads is less than 0.03 second in duration (Surawicz
& KnUans, 2008). An abnormal (i.e., pathologic) Q wave
is more than 0.03 second in duration or more than 30%
of the height of the following R wave in that lead, or both
(Anderson, 2012). Myocardial infarction is one possible
cause of abnormal Q waves.
The QRS complex continues as a large, upright, triangular
waveform known as the R wave (see Fig. 2.26). 1he R wave
is the first positive (i.e., upright) waveform foD.owing the P
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•=r.a~t.! Normal QRS Complex Characteristics

• Normal duration of 0.075 to 0.11 second in adults
(Ganz, 2012)
• QRS amplitude varies among leads
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Applying Principles to Practice

Physiologic

Pathologic

Fig. 2 .28 Physiologic and pathologic Q waves. (From Phalen T, Aehlert BJ:
T11e 12-/ead ECG in acute coronary syndromes, ed 3, St Louis, 2012, Mosby.)

wave. The S wave is the negative waveform following the R
wave. An R wave is always positive, and an S wave is always
negative. The R and S waves represent depolarization of the
right and left ventricles.
Because of its greater muscle mass, the QRS complex
generally represents the electrical activity occurring in the
left ventricle. Factors other than the size or mass of the left
ventricle affect QRS amplitude. For example, the sites ofelectrode placement, age, gender, and race influence QRS voltage
(Hancock et al, 2009).
1he QRS complex may appear predominantly positive,
negative, or biphasic, depending on the lead. It is predominantly positive in leads that view the heart from the left (e.g.,
I, aVL, V5, V6) and in leads that look at the heart's inferior
surface (e.g., II, Ill, aVP). In leads that view the heart from
the right side, the QRS complex is predominantly negative
(e.g., aVR. V1, V2).1he QRS is normallybiphasicinleads V3,
V4> and sometimes III.

QRS Measurement
1he QRS duration is a measurement of the time required
for ventricular depolarization. The width of a QRS complex
is most accurately determined when it is viewed and measured in more than one lead. The measurement should be
taken from the QRS complex with the longest duration and
clearest onset and end. The beginning of the QRS complex is
measured from the point where the first wave of the complex
begins to deviate from the baseline. The point at which the last
wave of the complex begins to level out or distinctly changes
direction at, above, or below the baseline marks the end of
the QRS complex. In adults, the normal duration of the QRS
complex is 0.11 second or less (Surawicz et al, 2009). In general, the QRS duration in women is shorter than that in men
by about 5 to 8 milliseconds (msec) (Mirvis & Goldberger,
2015).
If an electrical impulse does not follow the normal ventricular conduction pathway, it will take longer to depolarize
the myocardium. 1his delay in conduction through the ventricles produces a wider QRS complex. Normal characteristics of the QRS complex appear in Box 2.3.

Einthoven expressed the relationship among leads I, II, and Ill
as the sum of any complex in leads I and Ill equals that of lead
II. Thus, lead I + Ill= II. Stated anoitler way, the voltage of a
wavaform in lead I plus the voltage of the same waveform in
lead Ill equals the voltage of the same waveform in lead II. For
example, when you look at leads I, II, and Ill, if the R wave in
lead II does not appear to be the sum of the voltage of the R
waves in leads I and Ill, the leads may have been incorrectly
applied.

Abnonnal QRS Complexes
• In adults, the duration of an abnormal QRS complex is
greater than 0.11 second.
• The duration of a QRS caused by an impulse originating
in an ectopic pacemaker in the Purkinje network or ventricular myocardium is usually greater than 0.12 second

and often 0.16 second or greater.
• Ifthe impulse originates in a bundle branch, a QRS duration between 0.11 and 0.12 second in adults is called an
incomplete bundle branch block (Surawicz et al, 2009). In
adults, a QRS measuring 0.12 second or more is called a
complete bundle branch block (Surawicz et al, 2009). 1his
is discussed in more detail in Chapter 9.
• Low-amplitude QRS complexes measure less than 5 mm
or0.5 mV (Ganz, 2012).
• Enlargement of the right ventricle produces an abnormally tall R wave; left ventricular enlargement produces
an abnormally deep S wave.

QRS Variations
Although the tenn QRS complex is used, not every QRS complex contains a Q wave, R wave, and S wave. Ifthe QRS complex
consists entirely of a positive waveform, it is called an R wave.
If the complex consists entirely of a negative wavefurm., it is
called a QS wave. QS waves may be pathologic. Ifthere are two
positive deflections in the same complex. the second is called
R prime and is written R'. If there are two negative deflections
fullowing an R wave, the second is called S prime and is written
S. Capital (ie., upper case) letters are used to designate waveforms of relatively large amplitude, and small (ie., lower case)
letters are used to label relatively small waveforms (Fig. 2.29).

TWAVE
1he T wave represents repolarization of both ventricles
(Lederer, 2012) (Fig. 2.30). 1he ARP is still present during
the beginning of the T wave. At the peak. of the T wave, the
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RRP has begun. It is during the RRP that a stronger than normal stimulus may produce ventricular dysrhythmias.
In the limb leads, lead II most commonly reveals the tallest T wave. 'Ihe normal T wave is slightly asymmetric: 'Ihe
peak of the waveform is closer to its end than to the beginning. and the first half has a more gradual slope than the second half (Box 2.4). The beginning of the T wave is identified
as the point where the slope of the ST segment appears to
become abruptly or gradually steeper. 'Ihe T wave ends when
it returns to the baseline. It may be difficult to clearly determine the onset and end of the T wave. Examples ofT waves
are shown in Fig. 2.31.
'Ihe direction of the T wave is normally the same as the
QRS complex that precedes it This is because depola.r:iution
begins at the endocardial surface and spreads to the epicardium. Repolarization begins at the epicardium and spreads
to the endocardium.
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Abnormal TWaves
• A T wave following an abnormal QRS complex usually
moves in a direction opposite that of the QRS. In other
words, when the QRS comple:J.: points down, the T wave
points up and vice versa. 1his pattern may be seen with
ventricular beats or rhythms and in bundle branch block.
• In a patient experiencing an acute coronary syndrome
(ACS), T-wave inversion suggests the presence of myocardial ischemia.
• Tall, pointed (ie., peaked) T waves are commonly seen in
hyperkalemia.
• Low-amplitude T waves may be seen in hypokalemia or
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• Tall, broad Twaves may be seen with internal pacemakers.
• Deeply inverted T waves may be seen with acute central
nervous system events (e.g., intracranial hemorrhage,
massive stroke) and therapy with tricyclic antidepressants
or phenothiazines (Amsterdam et al, 2014).
• The T wave in leads I, II, aVL. and V2 to V6 should be
described as inverted when the T-wave amplitude is from
-1 mm to -5 mm, as deep negative when the amplitude is
from -5 mm to -10 mm, and as giant negative when the
amplitude is more than -10 mm. The T wave is described
as low when its amplitude is less than 10% of the R wave
amplitude in the same lead and as flat when the peak
T-wave amplitude is between 1 mm and -1 mm in leads
I, II, aVL (with an R wave taller than 3 mm), and v, to V6
(Rautaharju et al, 2009).

Time(sec)....,.

Fig. 2.30 The TWiM reflects ventricular repolarilil.tion.lfrom Pattoo KT.
Thibodeau GA: Anatomy& physiology, ed 9, St. Louis, 2016, Mosby.)
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Nonnal T Wave Characteristics

• Slightly asymmetric
• Negative in aVR; may be positive or negative in leads
Ill, aVL, and v,
• Normally upr1ght In leads I, II, and V3 through V6
(Rautaha~u et al, 2009}
• Usually 0.5 mm or more in height in leads I and II
• Usually 5 mm or less in height in any limb lead or 10
mm or less in any chest lead
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UWAVE
A U wave is a small waveform that. when seen, follows the
T wave. 1he U wave is thought to represent late repolarization of the Purk:inje fibers (Lederer, 2012). However, some
cardiologists believe that U waves represent delayed repolarizati.on in areas of the ventricle that undergo late mechanical
relaxation (Mirvis & Goldberger, 2015) or they are simply
two-part T waves resulting from a longer action potential
duration in some ventricular myocardial cells (Patton &
1hibodeau, 2013).
U waves are most easily seen when the heart rate is slow
and are difficult to identify when the rate exceeds 95 beats/
min (Rautaharju et al, 2009). When seen, they are generally tallest in leads V 2 and V3 (Rautaharju et al, 2009). 1he
amplitude of the normal U wave is usually less than 0.1 mV
(Mirvis & Goldberger, 2015). Possible causes of prominent
U waves include central nervous system disease, electrolyte
imbalance (e.g., hypokalemia) {Fig. 2.32), hyperthyroidism,
long QT syndrome, and medications (e.g., amiodarone,
digitalis, disopyramide, phenothiazines, procainamide,
quinidine).
U waves usually appear in the same direction as the T
waves that precede them. Inverted U waves seen in leads
V2 through V5 are abnormal and may appear during episodes of acute ischemia or in the presence of hypertension
(Rautaharju et al, 2009).

Segments
[OIJiactivas 18,19)
A segment is a line between waveforms. It is named by the
waveform that precedes or follows it.

PRSEGMENT
1he PR segment is part of the PR interval, specifically,
the horizontal line between the end of the P wave and the
beginning of the QRS complex (Fig. 2.33). 1he PR segment is normally isoelectric and represents the spread of
the electrical impulse from the AV node, through the AV
bundle, the right and left bundle branches, and the Purkinje
fibers to activate ventricular muscle. 1he PR segment ends
when enough ventricular myocardium has been activated
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to initiate the recording of the QRS complex. (Mirvis &
Goldberger, 20 15). Most of the conduction delay during the
PR segment is a result of slow conduction within the AV
node (Wagner, 2012).

TPSEGMENT
1he TP segment is the portion of the ECG tracing between
the end of the T wave and the beginning of the next P wave
during which there is no electrical activity (Fig. 2.34). When
the heart rate is within normal limits, the TP segment is usually isoelectric and used as the reference point from which
to estimate the position of the isoelectric line and determine
ST-segment displacement With rapid heart rates, the TP segment is often unrecognizable because the P wave encroaches
on the preceding T wave. When the TP segment is unrecognizable, the PR segment is typically used as the reference
point from which to estimate the position of the isoelectric
line.

STSEGMENT
The portion of the ECG tracing between the QRS complex
and the T wave is the ST segment. The term ST segment
is used regardless of whether the final wave of the QRS
complex is an R or an S wave. The ST segment represents
the early part of repolarization of the right and left ventricles. The normal ST segment begins at the isoelectric line,
extends from the end of the S wave, and curves gradually
upward to the beginning of the Twave.
The point where the QRS complex and the ST segment
meet is called the ST junction or the J point (Fig. 2.35).
The ST segment is considered elevated if the segment is
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deviated above the baseline and is considered depressed
if the segment deviates below it. When looking for
ST-segment elevation or depression, first locate the J
point. Next use the TP segment to estimate the position
of the isoelectric line. Then compare the level of the ST
segment with the isoelectric line. Deviation is measured
as the number of mm of vertical ST segment displacement

from the isoelectric line or from the patient's baseline at
the J point (Thygesen et al, 2012). It may be difficult to
clearly determine the J point in patients with rapid heart
rates or hyperkalemia. Some displacement of the ST segment from the isoelectric line is normal and dependent on
age, gender, race, and ECG lead.

0

ECG Pear1 _ _ _ _ _ _ _ __

Proper machine calibration is critical when analyzing ST segments. The ST segment criteria described here apply onfy
when the monitor is adjusted to standard calibration.

Fig. 2.34 When the heart rate Is 'llitllln normal limits, the 1P segment Is used
as th& nlfllrance point from which ID astlmate the posllkln of th& lsoelectr1c line and
determine ST-segment displacement
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Rg. 2.3& The lccaUon of the J point.

Various conditions may displace the ST segment from
the isoelectric line in either a positive or a negative direction. Myocardial ischemia, injury, and infarction are among
the causes of ST-segment deviation (Fig. 2.36). Other causes
of ST-segment changes include a normal variant, pericarditis, myocarditis, left ventricular aneurysm, and bundle
branch block, among other causes (Amsterdam et al, 2014).
Pericarditis causes ST-segment elevation in all or virtually all
leads.
When ECG changes of myocardial ischemia, injury, or
infarction occur, they are not found in every lead of the
ECG. Findings are considered significant if viewed in two
or more leads looking at the same or adjacent area of the
heart. If these findings are seen in leads that look directly
at the affected area, they are called inclicatift changes. If
findings are seen in leads opposite the affected area, they
are called reciprocal changes (also called mirror image
changes). Indicative changes are significant when they are
seen in two anatomically contiguous leads. Two leads are
contiguoW!I if they look at the same or adjacent areas of
the heart or ifthey are numerically consecutive chest leads
(see Chapter 9).

ST-eegment

~
Q

A

laoelectrlc S
line

R

~nverslon
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lsoelectric
line
T-wave

~ ~

Physiologic
Q wave

B

ST-segment
elevation

Pathologic ST-segment
Q wave elevation

c

Fig. 2.38 ST segment, Twave, and Q wave changes asscciallld 'Mih m~ial ischemia A, injury B, and inforelion C.
(From Lewis, Sl.., Bucher L, Hellkemper MM, Harding MM: MedlcsJ-sutglcs IIIJIS/ng: assessment B!ld rT181181Jf1fT1Cl of cllnJcsl
problems, ed 10, st. Louis, 2017, Else't'ier.)
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Abnormal ST Segments

Abnormal PR Intervals

• ST-segment depression of 0.5 mm or more in a patient
who is experiencing an ACS is suggestive of myocardial
ischemia when itis seen in two or more anatomically contiguous leads (Thygesen et ai. 2012).
• New or presumed new ST-segment elevation of 1 mm or
more at the J-point in all leads other than V2 and V3 in a
patient who is experiencing an ACS is suggestive of myocardial injury when observed in two or more anatomically
contiguous leads (O'Gara et ai. 2013). For leads V2 and V3,
ST elevation is considered significant ifit is elevated 2 mm
or more in men older than 40 years or elevated 1.5 mm or
more in women (O'Gara et al, 2013).
• A horizontal ST segment (i.e., forming a sharp angle with
the T wave) is suggestive of ischemia.
• Digitalis causes a depression or scoop of the ST segment
that is sometimes referred to as a "dig dip" (Fig. 2.37).

Delays in impulse conduction through the atria. AV node, or
AV bundle can result in prolongation (greater than 0.20 second) of the PRI. Conditions causing such disturbances may
be inil.ammatory, circulatory, nervous, endocrine, or pharmacologic in origin. The P wave associated with a prolonged
PRI may be normal or abnormal
A PRI of less than 0.12 second may be seen when the
impulse originates in an ectopic pacemaker in the atria close
to the AV node or in the AV bundle. A shortened PRI may
also occur if the electrical impulse progresses from the atria
to the ventricles through an abnormal conduction pathway
that bypasses the AV node and depolarizes the ventricles earlier than usual

Intervals

PR interval

PRINTERVAL

+ ·~

fl-

I

II

[Obiective18]
An intenal is made up of a waveform and a segment The P
wave plus the PR segment equals the PR interval (PRI); thus,
the PRI refl.ects total supraventricular activity.
The PRI is measured from the point where the P wave
leaves the baseline to the beginning of the QRS complex (Fig.
2.38). The term PQ interwl is preferred by some because it
is the period that is actually measured unless a Q wave is
absent The PRI changes with heart rate but normally measures 0.12 to 0.20 second in adults (Box 2.5). As the heart rate
increases, the duration of the PRI shortens. A PRI is considered short if it is less than 0.12 second and long if it is more
than 0.20 second.
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• Normally measures 0.12 to 0.20 second in adults; may
be shorter in children and longer in older adults
• Normally shortens as heart rate increases

aVL

aVF

Fig. 2.37 Digitalis may produce a characterlsUc scooping of the ST segment, as seen here In leads V5 and V8• (From
Gollllerger A:. CHnlcBI elecfroaurJiogry: a slmp//ffed BfJPfDBCh, ed 6, St. l.ruls, 1999, Most!y.)
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Fig. 2.38 The PR irrterval is measured from 1he onset Df 1he Pwave tn 1he
onset Df 1he QRS complex.
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QTINTERVAL
[Obiactive 18]
The QT interval is the period from the beginning of the
QRS complex to the end of the T wave. It represents total
ventricular activity; this is the time from ventricular depolarization (i.e., activation) to repolarization (i.e., recovery) (see Fig. 2.26). When measuring the QT interval, :first
select a lead with the most clearly defined T-wave end. To
ensure meaningful comparisons of later tracings, use the
same lead for subsequent measurements. The QT interval is usually longest in chest leads V2 or V3 (Rautaharju
et al, 2009). In the absence of a Q wave, the QT interval
is measured from the beginning of the R wave to the end
of the T wave. The term QT inter'llal is used regardless of
whether the QRS complex begins with a Q wave or an
Rwave.
The duration of the QT interval varies in accordance
with age, gender, and heart rate. As the heart rate increases,
the QT interval shortens (Le., decreases). As the heart
rate decreases, the QT interval lengthens (i.e., increases).
Because of the variability of the QT interval with the heart
rate, it can be measured more accurately if it is corrected
(i.e., adjusted) for the patient's heart rate. Several formulas have been used to calculate the corrected QT interval, which is noted as QT" and enable comparison of this
measurement at differing heart rates. Bazett's formula, in
which the corrected QT interval is calculated as the QT
interval divided by the square root of the R-R interval,
has been widely used for many years. This formula works
well with heart rates within the normal range but overcorrects at rapid heart rates and undercorrects at slow rates
(Anderson, 2012).
The QT interval is considered short ifit is 0.39 second or
less and prolonged if it is 0.46 second or longer in women
or 0.45 second or longer in men (Rautaharju et al, 2009).
A prolonged QT interval indicates a lengthened RRP. A
QTc of more than 0.50 second in either gender has been
correlated with a higher risk for ventricular dysrhythmias
(e.g., torsades de pointes [TdP]). A prolonged QT interval
may be congenital or acquired. Myocardial ischemia or
infarction, electrolyte disorders (e.g., hypokalemia, hypocalcemia), sudden decreases in heart rate, acute neurologic events, and medications (e.g., amiodarone, sotalol)

can prolong the QT interval. Digitalis and hypercalcemia
shorten the QT interval.

R-R AND P-P INTERVALS
The R-R (R wave-to-R wave) and P-P (P wave-to-P
wave) intervals are used to determine the rate and regularity of a cardiac rhythm. To evaluate the regularity of
the ventricular rhythm on a rhythm strip, the interval
between two consecutive R waves is measured (see Fig.
2.26). The distance between succeeding R-R intervals
is measured and compared. If the ventricular rhythm is
regular, the R-R intervals will measure the same. To evaluate the regularity of the atrial rhythm, the same procedure is used but the interval between two consecutive P
waves is measured and compared with succeeding P-P
intervals.

Artifact
[Oblectlve 20]
Accurate ECG rhythm recognition requires a tracing in
which the waveforms and intervals are free of distortion.
Distortion of an ECG tracing by electrical activity that is
noncardiac in origin is called artlfad (Fig. 2.39). Because
artifact can mimic various cardiac dysrhythmias, including
ventricular fibrillation, it is essential to evaluate the patient
before initiating any medical intervention.
Proper preparation of the patient's skin and evaluation of the monitoring equipment (e.g., electrodes, wires)
before use can minimize the problems associated with
artifact. Electrodes may adhere poorly if the patient's skin
is especially hairy, because the gel comes into contact with
hair instead of skin. Skin contact is necessary for adequate signal penetration. If necessary, remove excessive
chest hair from the areas where the electrodes will be
applied.
Artifact may result from external or internal sources.
Possible causes of external artifact include loose electrodes, broken ECG cable.!! or broken lead wires, external
chest compressions, and 60-cycle interference (Fig. 2.40).
If 60-cycle interference is observed, check for crossing
of cable wires with other electrical wires (e.g., a bed control) or frayed and broken wires. Verify that all electrical

Fig. 2.39 Arhythm str1p with artifact. (From Lynn·McHale Wiegand DM: AACN procedure manual for crftJcal c.w, ed 6,
St Louis, 2011 , Saunders.)
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Fig. 2.40 Artifact caused by 6()-cyele Interference. (From Lynn-McHale Wiegand DM: MCN rxrx;edure manual frJr crtt/caJ cate, ed 6, St. Louis, 2011, Saunders.)

Fig. 2.41 Wandering baseline. (From ~n-McHale Wiegand DM: MCN /)I"(JC6dUr9 manual frJr altical C819, ed 6, St
Louis, 2011 , Saunders.)

•=iiW~l.! Systematic Rhythm Interpretation

equipment is properly grounded and that the cable electrode connections are clean.
Internal artifact may result from patient movement,
shivering, muscle tremors (e.g., seizures, Parkinson disease), or hiccups (McKinley, 2011). A wandering baseline may occur because of normal respiratory movement
(particularly when electrodes have been applied directly
over the ribs) or because of poor electrode contact with
the patient's skin (Fig. 2.41). Consider clipping the ECG
cable to the patient's clothing to minimize excessive
movement.

SYSTEMATIC RHYTHM
INTERPRETATION
[Obiactive 21]
A systematic approach to rhythm analysis that is consistently
applied when analyzing a rhythm strip is essential (Box 2.6).

Ifyou do not devdop such an approach, you are more likely
to miss something important. Begin analyzing the rhythm
strip from left to right

Assess Regularity
1he waveforms on an ECG strip are evaluated for regularity by measuring the distance between the P waves and QRS
compl.aes.

1.
2.
3.
4.

Assess regularity (atrial and ventricular).
Assess rate (atrial and ventricular).
Identify and examine waveforms.
Assess Intervals (e.g., PR, QRS, Ql), and examine ST
segments.
5. Interpret the rhythm, and assess its clinical significance.

0
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Conflicting Information with regard to regularity exists among
textbooks related to electrocardiography. Some texts Indicate
that a rhythm is inegular if the R-R or P-P intervals vary by more
than 0.04 second, 0.06 second, 0.08 second, 0.12 second, or
even 0.16 second, depending on the author. Because most
texts indicate that any deviation in regularity is, by definition, an
irregular rhythm, that is the criterion that is used with regard to
regularity throughout this text.

VENTRICULAR REGULARITY
To determine if the ventricular rhythm is regular or irregular, measure the distance between two consecutive R-R
intervals. Place one point of a pair of calipers or make a
mark on a piece of paper on an R wave (Fig. 2.42). Place
the other point of the calipers or make a second mark on
the paper at an identical point on the R wave of the next
QRS complex. Without adjusting the calipers, evaluate
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adequate blood pressure and cardiac output. Although the
atrial rate and ventricular rate are normally the same, they
differ in some dysrhythmias; you must therefore calculate
both rates.
In adults, a tadlycardia (tachy means ·fast") exists if the
rate is more than 100 beats/min. Some dysrhythmias with
very rapid ventricular rates (faster than 150 beats/min)
require the delivery of medications or a shock to stop the
rhythm. A bradycardia exists if the rate is less than 60 beats/
min (brady means ·slow"). Many patients tolerate a heart
rate of 50 to 60 beats/min but become symptomatic when
the rate drops below 50 beats/min.
Several methods are used for calculating heart rate. A disCUSIJion ofeach method follows.

METHOD 1: SIX-SECOND METHOD
Most ECG paper is printed with 1-second or 3-second markers on the top or bottom of the paper. On ECG paper, Slarge

Fig. 2.42 A. Establishing venbicular regiJarey IWh cal~ers. B, Establishi'lg venbicular regiJarey with paper and pencil. (From Sole, MI., Golderberg Klein D, Mlseley
MJ: flltroti£lion to ailical cere l1lJI'Sing. ed 5, Philadetlhia. 2008, Saunders.)

each succeeding R-R interval Ifpaper is used, lift the paper
and move it across the rhythm strip. Compare the distance
measured with the other R-R intervaLs. If the ventricular
rhythm is regular, the R-R intervals will be equal (measure the same). If the intervals are unequal, the ventricular
rhythm is considered irregular.
You can also detennine regularity by counting the small
squares between intervals and comparing the intervals.
Some ECG monitoring systems are equipped with electronic
calipers that are used in the same way as physical calipers or
paper and pencil.

ATRIAL REGULARITY
To determine if the atrial rhythm is regular or irregular, follow the same procedure previously described for evaluation
of ventricular regularity but measure the distance between
two consecutive P-P intervals (instead ofR-R intervals) and
compare that distance with the other P-P intervals. If the
atrial rhythm is regular, the P-P intervals will be equal. Ifthe
intervals are unequal, the atrial rhythm is considered irregular. For accuracy, the R-R or P-P intervals should be evaluated across an entire 6-second rhythm strip.

Calculating the heart rate is important because deviations
from normal can affect the patient's ability to maintain an

boxes= 1 second, 15large boxes = 3 seconds, and 30 large
boxes = 6 seconds. 1b determine the ventricular rate, count
the number of complete QRS complexes within a period of 6
seconds and multiply that number by 10 to find the number
of complexes in 1 minute (Fig. 2.43). The 6-second method,
also called the rule of10, can be used for regular and irregular
rhythms. 1his is the simplest. quickest. and most commonly
used method of rate measurement, but it also is the most
inaccurate.

METHOD 2: LARGE BOXES
The large box method of rate determination is also called
the rule of 300. To determine the ventricular rate, count the
number of large boxes between an R-R interval and divide
into 300 (see Fig. 2.43). To determine the atrial rate, count
the number oflarge boxes between a P-P interval and divide
into 300 (Table 2.5). 'Ibis method is best used if the rhythm
is regular; however, it may be used if the rhythm is irregular
and a rate range (slowest [longest R-R interval] and fastest
[shortest R-R interval] rate) is given.
A variation of the large box method is called the sequence
method. To determine the ventricular rate, select an R wave
that &lis on a dark vertical line. Number the next six consecutive dark vertical lines as follows: 300, 150, 100, 75, 60,
and 50 (Fig. 2.4.4). Note where the next R wave falls in relation to the six dark vertical lines already marked. 'Ibis is the
heart rate.

METHOD 3: SMALL BOXES
The small box method of rate determination is also called the
rule of 1500. Each 1-m.m box on the graph paper represents
0.04 second. A total of 1500 boxes represents 1 minute (60
sec/min divided by 0.04 sec/box = 1500 boxes/min). To calculate the ventricular rate, count the nwnber of small boxes
between the R-Rinterval and divide into 1500 (see Fig. 2.43).
To determine the atrial rate, count the number ofsmall boxes
between the P-P interval and divide into 1500 (Table 2.6).
This method is time consuming but accurate.
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Method 3: 1B Small boxes
Fig. 2.43 Cslculatlng heart rata. Msthod 1: Number of R-R Intervals In 6 seconds x 10 (e.g., 8 x 10 = 80fmln). Method
2: Number of l&rlle boxes between CRS CDr!1li&XeS clvtded Into 300 (e.g., 300 7 4 = 75/mln). Method 3: Number of small
boxes blllWIIen QRS complexss dMdad Into 1500 (e.g., 1500 + 18 =84/mln). (Fran Clochesy J: CrNJcaJ ta'll nut8/ng, ad 2,
Philadelphia, 1996, Saunders.)

11.11111 Heart Rate Detennination Based on
lliiiiiil the Number of Large Boxes
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Number of I..Jlrga Boxes
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Small Boxes

Heart Rata (beals/min)
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Heart Rate Detennination Based on
the Number of Small Boxes

Heart Rate
(beats/min)

Number of
Small Boxes

5

300

6
7
8

28
29

10

250
214
188
167
150

11

136

34

44

12
13
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125
115
107

35

15
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94
88
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38
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36
35
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25
26
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83

79
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71
68

65
62
60
58

56

30

31
32
33

36

37
38
39
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41
42
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Heart Rate
(beats/min)
54

52
50
48
47
45

44

34

45
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33
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Fig. 2.44 Detennining heart rate using the sequence melllxl. To measure
the ventlirular rate, find a ORS complex that falls on a heavy daJ1< line. Count 300,
150, 100, 75, 60, and 50 until a second QRS canplex occurs. This will be the heart
rate. A, Heart rate = 100 beatslmin. B, Heart rate = 75 bem'min. (From Crawford
MV, Sperce Ml: Commonsense appmach ID coronary care, rev ed 6, Sl Llluis,
1994, Mooby.)

lhroughout this text. the 6-second method is used to
calculate rate when the rhythm is irregular. The small box
method of rate determination (ie., the rule of 1500) is used

when the rhythm is regular.
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During printing, distortion of ECGs can occur. This can result
In slight variations In the measurements provided In this book
when compared with the measurements that you obtain.
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Identify and Examine Wavefonns
Look to see if the nonnal waveforms (P, Q, R. S, and T) are
present. To locate P waves, look to the left of each QRS complex. Normally, one P wave precedes each QRS complex (i.e.,
there is a 1:1 relationship); they occur regularly (P-P intervals
are equal); and they look similar in size, shape, and position.
Nat. evaluate the QRS complex. .Me QRS compl.eus
present? If so, does a QRS follow each P wave? Do the QRS
complexes look aliker Assess the T waves. Does aT wave follow each QRS complex? Does a P wave follow the T wave?
Aie the T waves upright and of normal height? Look to see if
aU wave is present. If so, note its height and direction (positive or negative).

Assess Intervals and Examine
Segments
PRINTERVAL
Intervals are measured to evaluate conduction. Is a PRJ present? If so, measure the PRis and determine if they are equal
The PRJ is measured from the point where the P wave leaves
the baseline to the beginning of the QRS complex. .Me the
PRis within normal limits? Remember that a normal PRJ
measures 0.12 to 0.20 seconds. Ifthe PRis are the same, they
are said to be constant. If the PRis are different, is a pattern
present? In some dysrhythmias. the duration of the PRI will
increase until a P wave appears with no QRS after it. This is
referred to as lengthening of the PRI. PRis that vary in duration and have no pattern are said to be variable.

QRSDURA'nON
Identify the QRS complexes and measure their duration.
The beginning of the QRS is measured from the point

where the first wave of the complex begins to deviate from
the baseline. The point at which the last wave of the complex begins to level out at. above, or below the baseline
marks the end of the QRS complex. The QRS is considered narrow (i.e., normal) if it measures 0.11 second or
less and wide if it measures more than 0.11 second. A narrow QRS complex is preswned to be supraventricular in
origin.

QT INTERVAL
To determine the QT interval, count the number of small
boxes between the beginning of the QRS complex and the
end of the T wave. Then multiply that nwnber by 0.04 second. If no Q wave is present, measure the QT interval from
the beginning of the R wave to the end of the T wave. 1he
QT interval is prolonged if it is 0.46 second or longer in
women or 0.45 second or longer in men (Rautaharju et al,
2009).

EXAMINE ST SEGMENTS
Determine the presence of ST segment elevation or depression. Remember that the TP segment is used as the baseline
from which to evaluate the degree of displacement of the ST
segment from the isoelectric line. If ST segment displacement is present, note the number of millimeters ofdeviation
from the Jpoint.

Interpret the Rhythm
Interpret the rhytlun, specifying the site oforigin (pacemaker
site) of the rhythm (sinus), the mechanism (bradycardia),
and the ventricular rate (for example, "'Sinus bradycardia at
38 beats/min"). Assess the patient to find out how he or she
is tolerating the rate and rhythm.
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STOP & REVIEW
True/False
Indicate whether the statement is true or false.
_1. The cardiac action potential is a reflection of the difference in the concentration ofcharged particles across a cell mem-

brane at any given time.
2. Ifthe wave ofdepolarization (electrical impulse) moves toward the positive electrode, the wavefonn recorded on ECG

graph paper will be inverted (negative deflection).
_

3. Ventricular depolarization is reflected on the ECG u the T wave.
4. Leads V1 and V2 view the interventricular septum.

_

5. Abnormal automaticity is a disorder of impulse conduction.
6. The ERP is the period of the cardiac action potential that includes the ARP and the first half of the RRP.

Multiple Choice
Identify the choice that best completes the statement or
answers the question.
7. The ST segment is measured from

a. the end of the QRS complex to the end ofthe T
wave.
b. the beginning of the QRS complex to the end of
theTwave.
c. the end of the QRS complex to the beginning of
theTwave.
d. the beginning of the QRS complex to the beginning of the T wave.
_ 8 . Five large boxes, each consisting offive small boxes,
represent _ _ on ECG paper.
a. 1 second
b. 3 seconds
c. 6 seconds
d. 10 seconds

_9. Which part of the conduction system receives an
impulse from the SA node but dela-y5 relaying that
impulse to the bundle of His, allowing time for the
atria to empty their contents into the ventricles
before the onset of ventricular contraction?
a. AVnode
b. Right atrium
c. Left bundle branch
d. Right bundle branch
_10. On the ECG, total supraventricular activity is

reflected by the
a. TP segment.
b. PR interval
c. QT interval
d. QRS duration.

_11. In an adult, the nonnal duration of the QRS com-

plexis

a.

0.06 second or less.
b. 0.11 second or less.
c. 0.04 to 0.14 second.
d. 0.20 to 0.38 second.

_12. The main electrolytes that affe<:t cardiac function

are
a. sodium, potassium, calcium, and chloride.
b. phosphate, sodium, sulfate, and potassium.
c. chloride, sulfate, phosphate, and bicarbonate.
d. bicarbonate, calcium, magnesium, and chloride.
_13. The portion of the ECG tracing used to determine

the degree ofST segment displacement is the
a. PR interval.
b. QT interval.
c. TP segment.
d. QRS complex.
_14. In the normal heart, the primary pacemaker is the

a. AVnode.
b. SAnode.
c. AVbundle.
d. Purkinje fibers.
_15. Which of the following surfaces of the heart are

not directly viewed when using a standard 12-lead
ECG?

a. Anterior and lateral surfaces of the left ventricle
b. Lateral and inferior surfaces of the left ventricle
c. Inferior and posterior surfaces of the left
ventricle
d. Right ventricle and posterior surface of the left
ventricle
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_18. U waves represent

_

a. atrial repolarization.
b. ventricular depolarization.
c. depolarization ofthe bundle ofHis.
d. repolarization of the Purlcinje fibers.

cells are specialized cells of the electrical conduction system responsible for the spontaneous generation and conduction of electrical
impulses.
a. Working
b. Pacemaker
c. Mechanical
d. Contractile

_17. _ _

L

c. right arm.
d. left wrist.
_

23. When analyzing this patient's ECG rhythm, the

first areas of the rhythm strip that you should assess
are
L

regularity and rate.

b.

inrervalsandse~nu.

c. P waves and QRS complexes.
d. rate and waveform identi1ication.
_

a. Leftarm
b. Right arm
c. Left leg or foot
d. Right leg or foot

24. lhe patient's ECG shows four large squares between
two consecutive R waves. Based on this information, you calculate the patient's heart rate to be

_ _ beats/min.
L 50

b. 75

c. 100
d. 150

_19. When an ECG machine is properly calibrated, a
_

a. lmm

_

left leg.

b. right leg.

_18. Where is the positive electrode placed in lead Ill?

1-mV electrical signal will produce a deflection
measuring exactly _ _ tall.

22. In lead IT, the positive electrode is placed on the

25. When analyzing the leads facing the affected area
of the heart, ECG evidence of myocardial injury is

b. Smm

displayed as

c. lOmm

L inverted P waves.

d. 20mm

b. pathologic Q waves.
c. ST-segment elevation.
d. ST-segment depression.

20. Which of the following are horizontal plane leads?

a. Leads I and aVL
b. Leads I, II, and Ill
c. Leads Vb V2, V 3, V 41 V 5 , and V 6

d. Leads I, II, III, aVR, aVL, and aVF

Questions 21 through 26 pertain 1D the following scenario.
You are caring for a 64-year-old man complaining of chest
pain that he rates a 9 on a 0 to 10 scale. He states his symptoms began 20 minutes ago while he was moving boxes in
his garage.
_21. You are applying ECG leads to this patient and will

be using lead II for continuous monitoring. Lead II
is an example of a(n)
•. chest lead.
b. horizontallead.
c. standard limb lead.
d. augmented limb lead.

_

28. Which of the following starements is true regarding analysis of the ST segment on this patient's

ECG?
ST-segment displacement should be measured
at a point 0.12 sec after the J-point
b. ST-segment elevation viewed in lead IT would
be considered clinically significant if also seen
in lead m or aVF.
c. Based on this patient's age, ST-segment elevation seen in lead II would be considered clinically significant ifelevated more than 0.5 mm.
d. Use the PR inrerval as the baseline from which
to evaluare the degree of ST-segment displacement from the isoelectric line.

L

Completion
Complete each statement
"D.

is the spread of an impulse through tissue already stimulared by that same impulse.

28. Distortion of an ECG tracing by electrical activity that is non.cardiac in origin is c a l l e d - - - - - - - - -

29.

refers to the ability ofcardiac muscle cells to respond to an external stimulus, such as that from
a chemical, mechanical, or electrical source.
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Matching
Waveforms, Segments, and Intervals

Match the terms below with their descriptions by placing the letter ofeach correct answer in the space provided.
g. 0.11 sec or less
b. Segment
h. Complex
c. Jpoint
I. 0.04 sec

a. Waveform
d. Interval

J.

e. 0.12 to 0.20 sec

Millimeters
k. 3 sec

I. Q wave

I. R wave

__ 30. A waveform and a segment
__ 31. In adults, the normal duration of the QRS complex
_

32.

The amplitude of a waveform is measured in_.

_33. This waveform is always negative.
__ 34. Movement away from the baseline in either a positive or negative direction
35.
_ _ 38.

_

Normal duration of the PR interval
This waveform is always positive.

37. On ECG paper, each horizontal1-mm box represents_.

38. A line between waveforms
_

38. On ECG paper, 15large boxes represent_.

_

40.

The area where the QRS complex and the ST segment meet

41. Several wavefonns
The Cardiac Action Potential

Match the terms below with their descriptions by placing the letter ofeach correct answer in the space provided.
e. Action potential
b. Fast response
f. Wave of depolarization
c. Depolarization
g. Slow response
d. Verapamil and diltiazem
h. Repolariza.tion

a. Procainamide and lidocaine

__ 42. This type of action potential occurs in the SA and AV nodes.

__ 43. A chain reaction that occurs from cell to cell in the heart's electrical conduction system until all the cells have been
stimulated
_

44. The movement of charged particles across a cell membrane in which the inside of the cell is restored to its negative

charge
_

45. Examples of antiarrhythmics that block sodium channels

_

46. The rapid sequence of voltage changes that occur across the cell membrane during the electrical cardiac cycle

_

47. This type of action potential occurs in normal atrial and ventricular myocardial cells and in the Purkinje fibers.

_

48. The movement ofions across a cell membrane causing the inside of the cell to become more positive

_

48. Examples of antiarrhythmics that slow the rate at which calcium passes through the cells

Short Answer
50. List three uses for ECG monitoring.

1.
2.
3.

51. List four properties of cardiac cells.
1.
2.
3.
4.
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52. Indicate the inherent rates for each of the following
pacemaker sites:

55. List five steps used in ECG rhythm analysis.

1. _________________________________
2. _________________________________
3. _________________________________

SA node:
AVbundle:

4. _________________________________

Purkinje fibers:

5. _________________________________
53. What are the R-R and P-P intervals used for in ECG

58. List three possible causes ofa poor ECG tracing.

1. _________________________________

monitoring?

!. _________________________________
!. _________________________________

54. Complete the following chart:

Positive

Lead.
medrode
Lead I
Lead II
Lead III

Negative
medrode

Heart Surface

VIewed

Practice Rhythm Strips
For each of the following rhythm strips determine regularity and rate. Next, assess the relationship between P waves and QRS
compl.aes,labeling the P wave. QRS complex. and T wave. Finally, measure the PR interval, QRS duration, and QT interval.

Not aU waveforms wiU be present in each ofthe following rhythm strips.

Fig.2.45

ffl.

Rg. 2.45
~------------------------------Rate ___________________________

P waves------------------------------- PR interval ________________________
QRS duration------------------------- QT interval _______________________
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Fig. 2.48

58. Rg.2.48

~-----------------------------R~-------------------------Pwaves _______________________________ PRUrtav~----------------------QRS duration _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ QT interval _ _ _ _ _ _ _ _ _ __

,.. 2.47 (From Aahlart B: ECG si1Jdy CB/rJs, St. Lools, 2004, Mosby.)

81. Rg.2A7
Rbythm _ _ _ _ _ _ _ _ _ _ _ _ _ _ Rate _ _ _ _ _ _ _ _ _ _ _ _ __

P waves _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ PRinterval _ _ _ _ _ _ _ _ _ _ __
QRS duration _ _ _ _ _ _ _ _ _ _ _ _ _ _ QT interval _____________

Fig. 2.48

(From hlhlert B: ECG sfiJdy C8lds, St Lools, 2004, Mosby.)

82. Fig.2.48

Rhythm _ _ _ _ _ _ _ _ _ _ _ _ _ _ Rate _ _ _ _ _ _ _ _ _ _ _ _ __
Pwa~s

---------------- PRinterval -------------

QRS duration _ _ _ _ _ _ _ _ _ _ _ _ _ QT interval _ _ _ _ _ _ _ _ _ _ __
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Flg.2.48

83. Rg.2A8

Rbythm ________________ Rate _ _ _ _ _ _ _ _ _ _ _ __
Pwwres __________________ PRin~~----------QRSd~tion

____________________________ QTm~----------------------

Fig. 2.50 from hlhlert B: ECG sfiJdyC8lds, St Lwls, 2004, Mosby.)
84.

Rg.2.50

Rbythm ________________ Rare _ _ _ _ _ _ _ _ _ _ _ __
Pwwres __________________ PRin~-----------QRS duration _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ QT interval _ _ _ _ _ _ _ _ _ _ ___

Flg.2.&1
65. Fig. 2.51

Rbythm ________________ Rare _ _ _ _ _ _ _ _ _ _ _ ___
Pwmres ________________________________ PRin~--------------------QRS duration _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ QT interval _ _ _ _ _ _ _ _ _ _ ___
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Flg.2.52
66.

Fig. 2.52
Rhythm

Rate

Pwaves

PRinterval

QRS duration

QTinterval

Flg.2.53

87. Rg.2.53
Rhythm ___________________________ Rare __________________________
P waves _ _ _ _ _ _ _ _ _ _ _ _ _ _ PRinrerval _ _ _ _ _ _ _ _ _ _ ____

QRS duration _ _ _ _ _ _ _ _ _ _ _ _ _ QT interval _ _ _ _ _ _ _ _ _ _ __

I

Flg.2.54
68. Fig. 2.54

Rhythm _ _ _ _ _ _ _ _ _ _ _ _ _ _ Rate _ _ _ _ _ _ _ _ _ _ _ _ __
P waves _ _ _ _ _ _ _ _ _ _ _ _ _ _ PRinterval _ _ _ _ _ _ _ _ _ _ __

QRS duration _ _ _ _ _ _ _ _ _ _ _ _ _ QT interval _ _ _ _ _ _ _ _ _ _ __
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STOP & REVIEW I ANSWERS
1. T. The action potential of a cardiac cell reflects the rapid
sequence of voltage changes that occur across the cell
membrane during the electrical cardiac cycle. The configuration of the action potential varies depending on the
location, size, and function of the cardiac cell
OBJ: Define the terms membrture potential, threshold potential,
action potential.pokuimtion, depolarization, and repokuiZ/ltion.
2.. F. If the wave of depolarization (electric.al impulse)

moves toward the positive electrode, the waveform
recorded on ECG graph paper will be upright (positive
deflection).
OBJ: Define the terms membrane potential, threshold potential,
actionpotential,polarization, depolarization, and repolarizRtion.
3. F. 1he QRS complex represents ventricular depolariza-

tion. Ventricular repolarization is recorded on the ECG as
the ST segment and T wave.
OBJ: Define and describe the significance of each of the following as they relate to cardiac electrical activity: P wave,
QRS complex, T wave, U wave, PR segmen~ TP segmen~
ST segmen~ PR interval, QRS duration, and QT interval.
4. T. Leads V1 and V2 are chest leads that view the interventricular septum.
OBJ: Relate the cardiac surfaces or areas represented by the
ECGleads.
5. F. Abnormal automaticity is a condition in which one of

the following occurs: (1) Cardiac cells that are not normally associated with a pacemaker function begin to
depolarize spontaneously or (2) a pacemaker site other
than the SA node increases its firing rate beyond that
which is considered normal.
OBJ: Differentiate the primary mechanisms responsible for
producing cardiac dysrhythmia.s.
6. T. The ERP is the period of the cardiac action potential

that includes the ARP and the first half of the RRP.
OBJ: Define the absolute. effective. relative refractory, and
supernormal periods and their locations in the cardiac
cycle.
7. C. The portion of the ECG tracing between the QRS complex and the T wave is the ST segment. The term ST segment is used regardless of whether the final wave of the
QRS complex is an R or an S wave. The ST segment represents the early part of repolarization of the right and left
ventricles. The normal ST segment begins at the isoelectric line, extends from the end of the S wave, and curves
gradually upward to the beginning of the T wave.
OBJ: Define and describe the significance of each of the
following as they relate to cardiac electrical activity: P wave,
QRS complex, T wave. U wave, PR segment. TP segment, ST
segment. PR interval, QRS duration, and QT interval

a. A. Five large boxes, each consisting of five small boxes,
represent 1 second. Fifteen large boxes equal an interval
of3 seconds. Thirty large boxes represent 6 seconds.
OBJ: Identify the numeric values assigned to the small and
large boxes on ECG paper.
8. A. As the electrical impulse enters the AV node through

the internodal pathways, conduction is markedly slowed
before the impulse reaches the ventricles. The delay in
conduction allows both atrial chambers to contract and
empty blood into the ventricles before the next ventricular contraction begins.
OBJ: Describe the normal sequence of electrical conduction
through the heart.
10. B. 1he P wave plus the PR segment equals the PRinterval
(PRI); thus, the PRI reflects total supraventricular activity. 1he QT interval (which includes the QRS complex,
ST segment, and T wave) represents total ventricular
activity; this is the time from ventricular depolariution
(i.e., activation) to repolarization (i.e., recovery).
OBJ: Define and describe the significance of each of the following as they relate to cardiac electrical activity: P wave,
QRS complex, T wave, U wave, PR segment, TP segmen~
ST segmen~ PR interval, QRS duration, and QT interval.
11. B. In adults, the normal duration of the QRS complex is
0.11 sec or less. If an electrical impulse does not follow
the normal ventricular conduction pathway, it will take
longer to depolarize the myocardium. This delay in conduction through the ventricles produces a wider QRS
complex.
OBJ: Define and describe the significance of each of the following as they relate to cardiac electrical activity: P wave,
QRS complex., T wave, U wave. PR segment, TP segment, ST
segment, PR interval. QRS duration, and QT interval
12. A. The main electrolytes that affect the function of the
heart are sodium, potassium, calcium, and chloride.
Disorders that affect the concentration of these important electrolytes can have serious consequences. For
example, an imbalance of potassium can cause lifethreatening disturbances in the heart's rhythm.
OBJ: List the most important ions involved in the cardiac
action potential and their primary function in this process.
13. C. When the heart rate is within normal limits, the TP
segment is usually isoelectric and used as the reference
point from which to estimate the position of the isoelectric line and determine ST segment displacement.
OBJ: Define and describe the significance of each of the
following as they relate to cardiac electrical activity:
P wave, QRS complex, T wave, U wave, PR segmen~
TP segment, ST segmen~ PR interval, QRS duration,
andQTinterval.
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14. B. The SA node is normally the primary pacemaker of
the heart because it has the fastest firing rate of all of the
heart's nonnal pacemaker sites.
OBJ: Describe the normal sequence of electrical conduction
through the heart
15. D. The right ventricle and pomrior surface of the left
ventricle are not directly viewed when using a standard 12-lead ECG. Right chest leads and posterior chest
leads, respectively, are used for this purpose.
OBJ: Relate the cardiac surfaces or areas represented by the
ECGleads.
18. D. A U wave is a small waveform that. when seen, fol-

lows the T wave. 1he U wave is thought to represent late
repolarization of the Purkinje :fibers (Lederer, 2012).
However, some cardiologists believe that U waves
denote delayed repolarization in areas of the ventricle
that undergo late mechanical relaxation (Mirvis &
Goldberger, 2015) or they are simply two-part T waves
resulting from a longer action potential duration in
some ventricular myocardial cells (Patton & Thibodeau,
2013).
OBJ: Define and describe the significance of each of the following as they relate to cardiac electrical activity: P wave,
QRS complex, T wave, U wave, PR segment. TP segment. ST
segment. PR interval, QRS duration, and QT interval.
17. B. Pacemaker cells are specialized cells of the heart's

electrical system. Pacemaker cells also may be referred
to as conducting cells or automatic cells. They are responsible for spontaneously generating and conducting electrical impulses.
OBJ: Describe the two basic types ofcardiac cells in the
heart. where they are found, and their function.
18. C. Lead III records the difference in electrical potential between the left leg ( +) and left arm (-) elec-

trodes. In lead III, the positive electrode is placed on
the left leg, and the negative electrode is placed on the
left arm.
OBJ: Describe correct anatomic placement of the standard
limb leads, augmented leads, and chest leads.
19. C. An ECG machine's sensitivity must be calibrated
so that a 1-mV electrical signal will produce a deflection measuring exactly 10-mm tall. When properly
calibrated, a small box is 1 mm high (0.1 mV), and
a large box (equal to five small boxes) is 5 mm high
(0.5 mV).
OBJ: Identify how heart rates, durations, and amplitudes can
be detennined from ECG recordings.
20. C. Six chest (precordial or "V") leads view the heart in
the horizontal plane. The chest leads are identified as V 1,
Vl> V3, V4, V5, and V 6 •
OBJ: Differentiate between the frontal plane and the horizontal plane leads.

21. C. Frontal plane leads view the heart from the front of
the body as ifit were flat Directions in the frontal plane
are superior, inferior, right. and left. Six leads view the
heart in the frontal plane. Leads I, II, and m are called
standard limb kads. Leads aVR, aVL, and aVF are called
augmented limb leads.
OBJ: Differentiate between the frontal plane and the horizontal plane leads.

22. A. Lead II records the difference in electrical potential
between the left leg (+) and right arm (-) electrodes. The
positive electrode is placed on the left leg and the negative electrode is placed on the right arm.
OBJ: Describe correct anatomic placement of the standard
limb leads, augmented leads, and chest leads.
23. A. When analyzing a rhythm strip. begin by assessing
regularity (atrial and ventricular) and rate (atrial and

ventricular).
OBJ: Describe a systematic approach to the analysis and
interpretation of cardiac dysrhythmias.
24. B. Using the large box (rule of 300) method to calculate
heart rate, four large boxes between two consecutive R
waves equal a heart rate of75 beats/min (300 divided by4).
OBJ: Identify how heart rates, durations, and amplitudes can

be determined from ECG recordings.
25. C. In a patient experiencing an acute coronary syndrome, ECG evidence of myocardial injury is displayed
as ST segment elevation in the leads facing the affected
area of the heart.
OBJ: Recognize the changes on the ECG that may indicate
myocardial ischemia, injury, and infarction.
26. B. 1he TP segment is used as the baseline from which to

evaluate the degree of displacement of the ST segment
from the isoelectric line. If ST segment displacement
is present. note the number of millimeters of deviation
from the isoelectric line or from the patient's baseline at
the J-point.
When ECG changes of myocardial ischemia. injury, or
infarction occur, they are not found in every lead of the
ECG. Findings are considered significant if viewed in two
or more leads looking at the same or adjacent area of the
heart. Ifthese findings are seen in leads that look directly at
the affected area, they are called indicative changes. Indicative
changes are significant when they are seen in two anatomically contiguous leads. Two leads are contiguous ifthey look
at the same or adjacent area of the heart or they are numerically consecutive chest leads. Remember that leads n. m,
and aVF view the inferior wall ofthe left ventricle. Therefore,
in this patient situation, ST segment changes viewed in lead
II would be considered clinically sjgnificant ifelevated more
than 1 mm and also seen in lead m or aVF.
OBJ: Recognize the changes on the ECG that may indicate
myocardial ischemia, injury, and infarction.
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'2:1. Reentry is the spread of an impulse through tissue

51. The four properties ofcardiac cells are automaticity, excit-

already stimulated by that same impulse.
OBJ: Describe reentry.

ability (or irritability). conductivity, and contractility.
OBJ: Describe the primary characteristics of cardiac cells.

2.8. Distortion ofan ECG tracing by electrical activity that is
noncardiac in origin is called i!lifi&t.
OBJ: Define the term artifad, and explain methods used to
minimize its occurrence.

52. SA node: 60 to 100 beats/min
AV bundle: 40 to 60 beats/min
Purkinje fibers: 20 to 40 beats/min
OBJ: Describe the location, function, and (when appropriate), the intrinsic rate of the following structures: sinoatrial
node, atrioventricular bundle, and Purkinje fibers.

29. Excitability (or irritability) refers to the ability ofcardiac
mru~cl.e cells to respond to an external stimulus, such as
that from a chemical, mechanical. or electrical source.
OB]: Describe the primary characteristics ofcardiac cells.

30. D
31. G
32. J
33. F
34.A
35. E
38.1
~. I
38.B
39. K

40.

c

41. H
42.G
43. F
44.H
45. A
48.E
~.

B

48.C

49. D
50. ECG monitoring can be used for the following purposes:

• 1b monitor a patient's heart rate
• 1b evaluate the effects of disease or injury on heart
function
• 1b evaluate pacemaker function
• 1b evaluate the response to medications (e.g.,
antiarrhythmics)
• To obtain a baseline recording before, during, and
after a medical procedure
• To evaluate for signs of myocardial ischemia, injury,
and infarction
OBJ: Explain the purpose ofECG monitoring.

53. The R-R (R wave-to-R wave) and P-P (P wave-to-P

wave) intervals are used to determine the rate and regularity of a cardiac rhythm.
OBJ: Describe a systematic approach to the analysis and
interpretation of cardiac dysrhythmias.
54.

Lead
Lead I
Leadll
Leadlll

P08ltlve
Electrode
Left arm
Left leg
Left leg

Neptlve
Electrode
Right arm
Right arm
Left arm

Heart Surface
Viewed
Lateral
Inferior
Inferior

OBJ: Relate the cardiac surfaces or areas represented by the
ECGleads.
55.

1. Assess regularity (atrial and ventricular).
2. Assess rate (atrial and ventricular).
3. Identify and examine waveforms.
4. Assess intervals (e.g., PR, QRS, QT), and exantine ST
segments.
5. Interpret the rhythm. and assess its clinicalsigniiicance.
OBJ: Describe a systematic approach to the analysis and
interpretation of cardiac dysrhythmias.
58. Possible causes of a poor ECG tracing include excessive
body hair, loose electrode, muscle tremor, dried electrode gel. improper lead placement. 60-cycle interference, broken ECG cables or wires, poor electrical contact
(e.g., diaphoresis), and external chest compressions.
OBJ: Define the term artifoct, and explain methods used to
minimize its occunence.
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Practice Rhythm Sbip Answers
Note: Because of the distortion ofECGs that can occur during printing, a range of acceptable measurements is provided in the
rhythm strip answers throughout this textbook.

Fig. 2.!1!1 (AnswariD Rg. 2.45)

57. Fig. 2.55 (Answer to Fig. 2.45)
Rhythm: Regular
Rate: 107 beats/min
P waves: Uniform; upright before each QRS
PR interval: 0.24 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.28 to 0.32 second

Fig. 2.!18 (Answar ID Rg. 2.48)

ao.

Fig. 2.56 (Answer to Fig. 2.48)
Rhythm: Regular
Rate: 56 beats/min
P waves: No identifiable P waves
PR interval: None
QRS duration: 0.12 second
QT interval: 0.44 second

Rg. 2.!17 (Answer ID Fig. 2.47)
81. Fig. 257 (Answer to Fig. 2A7)

Rhythm: Regular
Rate: Atrial, 107 beats/min; ventricular, 56 beats/min
P waves: Two upright Ps before each QRS
PR interval: 0.16 second
QRS duration: 0.04 to 0.06 second; elevated ST segments
QT interval: 0.36 sec (estimated; difficult to determine because T wave is not dearly visible)
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Fig. 2.58 (AnswariD Rg. 2.48)

62. Fig. 2.58 (Answer to Fig. 2.48)
Rhythm: Regular
Rate: 115 beats/min

P waves: One P appears after each QRS
PR interval: None

QRS duration: 0.08 to 0.10 second
QT interval: 0.36 to 0.40 second

Fig. 2.58 (Answer ID Rg. 2.49)
83. Fig. 2.59 (Answer to Fig. 2.49)

Rhythm: Irregular
Rate: 90 beats/min
P waves: No identifiable P waves
PR interval: None
QRS duration: 0.06 to 0.08 second
QT interval: Unable to determine; no consistently identifiable T waves

Fig. 2.80 (Answer ID Rg. 2.50)

64. Fig. 2.60 (Answer to Fig. 2.50)

Rhythm: Irregular
Rate: 80 beats/min
P waves: Upright before each QRS; some are smooth and rounded, others are pointed
PR interval: 0.16 to 0.20 sec

QRS duration: 0.08 second
QT interval: 0.36 second
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~r 1o Fig. 2.51)

65. Fig. 2.61 (Answer to Fig. 2.51)
Rhythm: Regular
Rate: 83 beats/min
P waves: Uniform; upright before each QRS
PR interval: 0.16 to 0.20 second
QRS duration: 0.12 second; ST segment elevation
QT interval: 0.32 to 0.36 second

Fig. 2.82 (Answer 1D Rg. 2.52)

86. Fig. 2.62 (Answer to Fig. 2.52)

Rhythm: Irregular
Rate: 70 beats/min
P waves: Uniform; upright before each QRS
PR interval: 0.12 to 0.14 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.36 second

Fig. 2.83 (Answer to Rg. 2.53)
frl. Fig. 2.63 (Answer to Fig. 2.53)

Rhythm: Irregular
Rate: 90 beats/min
P waves: Upright before each QRS; the P waves of beats 3, 5, 7, and 9 di1fer from the others
PR interval: 0.16 sec
QRS duration: 0.08 second; ST segment depression
QT interval: 0.40 second; inverted T waves
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Fig. 2.84 (Answar ID Rg. 2.54)

118. Fig. 2.114 (Answer to Fig. 2.54)

Rhythm: Irregular
Rate: 50 beats/min
P waves: Upright before each QRS
PR interval: 0.16 to 0.20 second

QRS duration: 0.08 second
QT interval: Unable to determine; no identifiable T waves
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LEARNING OBJECTIVES
After reading this chapter; you should be able to:
1. Describe the electrocarologram (ECG) characteristics of a sinus rhythm.
2. Describe the ECG characteristics, possible causes, signs and symptoms,
and emergercy management of slnlll brad)tanla.
3. Describe the ECG charnristlcs, possible causes, signs and sympmms,
and emergency management of sinus tadtycardia.

4. Describe the ECG characler1stk:s, ~lble causes, signs and symptcms,
and emergency management of sinus arrhythmia.
5. Describe the ECG charactBrlsdcs, possible causes, signs and symptoms,
and emerg~ management of sinoatrial (SA) block.
6. Describe the ECG characterisUcs, possible causes, signs and sympmms,
and emergency management of sinus arrest

KEY TERMS
sinus arrhythmia: Dysrflythmia originating in the SA node that occurs
when the SA node discharges irregularly; sinus anflytllmia is a nonnal
phenomenon associated with the phases of breathing and changes in
in!Jathoracic pressure
sinus bradycardia: Dysrhyhnia orginating in the SA node ~ a ventricOar
feSJXXlse of less than 60 beall!lnWI

INTRODUCTION
In this chapter, you will begin learning the characteristics of
specific cardiac rhythms. Study these characteristics carefully and commit them to memory. Throughout this text, all
ECG characteristics pertain to adult patients unless otherwise noted.
1he normal heartbeat is the result ofan electrical impulse
that starts in the sinoatrial (SA) node (Fig. 3.1). Normally,
pacemaker cells within the SA node spontaneously depolarize more rapidly than other cardiac cells. .& a result, the SA
node usually dominates other areas that are depolarizing at a
slightly slower rate. 1he impulse is sent to cells at the outside
edge of the SA node and then to the myocardial cells of the
surrounding atrium.
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sinus rhylllm: A nonnal heart rhythm; sometimes called a regular sinus
rhythm (RSR) or normal sinus thythm (NSR)
sinus tachycardia: Dysrhythmia originating in the SA node vnth a ventricular response between 101 and 180 beats/min; some experts consider
the upper ventricular rate to be 220 bealw'rnin minus the patient's age
in years

A rhythm that begins in the SA node has the following
characteristics:
• A positive (ie., upright) P wave before each QRS complex
• P waves that look alike
• A constant PR interval
• A regular atrial and ventricular rhythm (usually)
An electrical impulse that begins in the SA node may be
affected by the following:
• Medications
• Diseases or conditions that cause the heart rate to speed
up. slow down, or beat irregularly
• Diseases or conditions that delay or block the impulse
from leaving the SA node
• Diseases or conditions that prevent an impulse from
being generated in the SA node

Chapter 3

Sinus Mechanisms

IQ:]i¥81 Normal Resting Heart Rates by Age
Age

Sinus node

\
•'\

Infant {1 to 12 months)

Purklnjemyocardlal
Junctions (7)

-- /

Purtdnje
llbel'l!l (6)

Fig. 3.1 The cardiac action potential ortginales in liTe sinoatrial (SA) node
(1 ), continues In the at~al wall (2), and Is delayed In the alltoventrk:ular f/IVJ node
(3). Conduction within liTe venlrtdes is initially rapid within liTe rapid conduction
system: His bundle (4), rtght and left bundle branches (5), and Purllinje fibers
(6). The impulse is transferred from the rapid conduction system 1D the wooong
m~ium in 1he Puoonje-myocardial junctions (7), which are locirted in 1he
endocandium. Wllhin 1he slowly conducting wooong myocardium, the impulse is
conducted from endocardi urn to epicardium. The SA node noonally depolarizes
fasblrt!Tan any ather part of1he heart's caulJclion system.A'! a result, 1he SA node
is normally the heart's primary pacemaker. (From Ellenbogen KA, Kay GN, Lau CP,
Wilkoff BL: Clinical catdiac pacing. deti1Jrilkition and resynchronizati therapy. ed 4,
Ph iladelllhia, 2011, Saunders.)

Q ECG Pearl _ _ _ _ _ _ _ _ __
Most, but not all, rhythms that begin in the SA node are regular.

SINUS RHYTHM
[Obiective 1]
Sinus rhythm is the name given to a normal heart rhythm.
Sinus rhythm is sometime. called a regular sinus rhythm
(RSR) or normal sinus rhythm (NSR). Sinus rhythm
reflects normal electrical activity-that is, the rhythm
starts in the SA node and then heads down the normal
conduction pathway through the atria, atrioventricular
(AV) node and bundle, right and left bundle branches, and
Purkinje fibers.
A person's heart rate varies with age (Table 3.1). In adults
and adolescents, the SA node normally fires at a regular rate
of 60 to 100 beats/min.

How Do I Recognize It?
Fig. 3.2 shOW5 an example of a sinus rhythm recorded simultaneously in three leads: V 1, II, and V5• As you look as this
figure from left to right, note the 10-mm calibration marker
that appears at the far left of each lead. Although we will
focus on lead II as we examine this rhythm strip, you will
find that it is helpful to view waveforms, segments, and intervals in more than one lead.
A sinus rhythm has a regular atrial and ventricular
rhythm. Find the QRS complexes on the rhythm strip. Place
one point ofyour calipers or make a mark on a piece of paper
on the beginning of an R wave. Place the other point of the

Toddler (1 to 3 years)
Preschooler (4 to 5 years)
School age (6 to 12 years)
Adolescent (13 to 18 years)
Adult

Heart Rats (beats/min)
100 to 160
90to 150
BOto 140
70to 120
BOlo 100
60to 100

calipers or make a second mark on the paper on the beginning of the R wave ofthe nat QRS complex. Without adjusting the calipers, evaluate each succeeding R-R interval Ifyou
are using paper, lift the paper and move it across the rhythm
strip. 1he R-R intervals in this example are regular. Because
you have already identified the R waves, determine the ventricular rate. Because the rhythm is regular, calculate the
rate using the small box method. There are 19 small boxes
between R waves; therefore, the ventricular rate is about 79
beats/min. Remember, the built-in (ie., intrinsic) rate for a
rhythm that begins in the SA node is 60 to 100 beats/min;
therefore, the rate of the rhythm in our example fits within
the criteria for a sinus rhythm.
Now look to the left of the QRS complexes to find the P
waves on the rhythm strip. A rhythm that begins in the SA
node should have a positive (i.e., upright) P wave in lead II
before each QRS complex (ie., there should be a 1:1 relationship between P waves and QRS complexes). When you look
at this rhythm strip, you can see one upright P wave before
each QRS complex. Every P wave looks alike. Measure the
P-P interval to see if the P waves occur regularly, and then
determine the atrial rate. You will find that the P waves occur
regularly at a rate of 79 beats/min.
Now measure the PR interval and QRS duration. In a
sinus rhythm, the PR interval measures 0.12 to 0.20 second and is constant from beat to beat. In this example,
the PR interval is 0.16 second. !he QRS complex normally
measures 0.11 second or less. If there is a delay in conduction through the bundle branches, the QRS may be
wide (i.e., greater than 0.11 second). In our example, the
QRS measures between 0.04 and 0.08 second depending
on the lead and complex selected for the measurement.
Next, determine the QT interval by counting the number
of small boxes between the beginning of the QRS complex
and the end of the T wave and multiplying that number
by 0.04 second. In our example, the QT interval measures
about 8.5 boxes (0.34 second). This value is within normal
limits.
Next, locate the TP segment and then the J point.
Remember that deviation is measured as the number of
millimeters of vertical ST-segment displacement from the J
point (O'Gara et al. 2013). You will see that the ST segments
in leads II and III ofthis rhythm strip are elevated. Now interpret the rhythm, specifying the site oforigin (pacemaker site)
of the rhythm and the ventricular rate. Because the rhythm
shown in Fig. 3.2 fits the ECG criteria for a sinus rhythm.
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F"llo 3.2 Sinus rhy1hm al79 beals/min with ST-segment elevation.

ifj:llib Characteristics of Sinus Rhythm

IQ:IIiii Characteristics of Sinus Bradycardia

Rhythm
Rate
P waves

Rhythm
Rate
P waves

PR interval
QRS duration

R-R and P-P intervals are regular
60 to 1 00 beats/min
Positive (upright) in lead II; one precedes
each QRS complex; P waves look alike
0.12 to 0.20 sec and constant from beat
to beat
0.11 sec or lass unless abnormally
conducted

PR Interval
QRS duration

R-R and P-P intervals are regular
Less than 60 beats/min
Positive (upright) in lead II; one precedes
each QRS complex; P waves look alike
0.12 to 0.20 sec and constant from beat
to beat
0.11 sec or less unless abnormally
conducted

your interpretation should be sinus rhythm at 79 beats/min
with ST-segment elevation (STE). A summary of the ECG
characteristics of a sinus rhythm are shown in Table 3.2.

begins in the SA node should have a positive P wave (in lead
II) before each QRS complex. In our example, you can see
that there is a 1:1 relationship between P waves and QRS
complexes, and every P wave looks alike. Now measure the
P-to-P interval to see if the P waves occur regularly and

SINUS BRADYCARDIA

determine the atrial rate. 1he P waves occur regularly at a
rate of 40 beats/min. Next, measure the PR interval, QRS
duration, and QT interval. In this example, the PR interval is
0.16 second. the QRS complex measures 0.08 second. and the
QT interval is 0.40 second. ST-segment depression is present, and negative (i.e., inverted) T waves appear after each
QRS complex. 1hese findings must be noted in your final
description of the rhythm. Therefore, correct interpretation
of this rhythm would be sinus bradycardia at 40 beats/min
with ST-segment depression and inverted T waves.

[Oblectlve 2]
If the SA node fires at a rate slower than normal for the
patient's age, the rhythm is called sinus bradycardia. The
rhythm starts in the SA node and then travels the normal
conduction pathway, resulting in atrial and ventricular depolarization. In adults and adolescents, a sinus bradycardia has
a heart rate of less than 60 beats/min. The term severe sinus
bradycardia is sometimes used to describe a sinus bradycardia with a rate ofless than 40 beats/min.

How Do I Recognize It?
Fig. 3.3 is an example of sinus bradycardia. Table 3.3 lists the
ECG characteristics ofsinus bradycardia. You will note they are
the same as the characteristics ofa sinus rhythm with one a.ception-the rate. 'Ihe rate ofa sinus rhythm is 60 to 100 beats/min.
1he rate ofa sinus bradycardia is less than 60 beats/min.
Examine this rhythm strip with the use of the same systematic format that you previously used. Begin by locating
the QRS complexes on the rhythm strip. Evaluate eac.h succeeding R-R interval The R-R intervals in this example are
regular. Now determine the ventricular rate. In this rhythm
strip, the ventricular rate is 40 beats/min. Next, find the P
waves on the rhythm strip. Remember that a rhythm that

g

ECO Pear1 _ _ _ _ _ _ _ __

In sinus bradycardia, the QT interval may be longer than normal
because of 'the slower heart rate.

What Causes It?
Sinus bradycardia occurs in adults during sleep and in wellconditioned athletes. It is also present in up to 35% of people
younger than 25 years of age while at rest. Sinus bradycardia
is common in some myocardial infarctions (Mis). Prolonged
standing and stimulation of the vagus nerve can also result in
slowing of the heart rate. For example, coughing, vomiting,
straining to have a bowel movement, or sudden exposure of
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Fig. 3.3 Sinus bradyCardia at 40 beal&lmin with ST-segment depressicn arc1 inverted Twaves.
•:!"ir.1o:lllll

1

Causes of Sinus Bradycardia

• Disease of the sinoatrial node
•

Hyperkalemia

• Hypokalemia
• Hypothennia
• Hypothyroidism
•

Hypoxia

• Increased intracranial pi9SSUre
•

•

Inferior myocardial i1farclion (MO

~:r;n.:~~ Signs and.Symptoms of Hemodynamic
Compromise

Medications such as
calcium channel blockers,
dlgltalls, beta-blockers,

• Acute changes in mental
status
• Chest pain or discomfort
• Cold, clammy skin
• Fall in urine output
• Heart failure

amlodarone, and sotalol

•
•
•

Obstructive sleep apnea
Post heart transplant
Posterior Ml

• V&gal stlmulal!on

the face to cold water can result in slowing of the heart rate.
In people who have a sensitive carotid sJnus, slowing of the
heart rate can occur when a tight collar is worn or with the
impact ofthe stream ofwater on the neck while in the shower.
Other causes ofsinus bradycardia are shown in Box 3.1.

What Do I Do About It?
Remember that cardiac output equals stroke volume x heart
rate. lherefore, a decrease in either stroke volume or heart
rate may result in a decrease in cardiac output. Many patients
tolerate a heart rate of 50 to 60 beats/min but become symptomatic when the rate drops below 50 beats/min. A patient
with an unusually slow heart rate may complain of lightheadedness, dizziness, or weakness, and fainting (i.e., syncope) can occur. Decreasing cardiac output will eventually
produce hemodynamic compromise (Box 3.2).

~ Lead In _ _ _ _ _ _ _ _ _ __
Policy and Protocol
Interventions and treatments discussed in this text assume that
an assessment has been performed, the patient's clinical problem Identified, and a physician order has been obtained when
Indicated. In the out-of-hospital setting, paramedics and nurses
typically operate under standing physician orders, local protocols, or both. In the hospital setting, agency policy may permit
the usa of standing orders to direct patient care when a patient's
condition changes rapidly and requires immediate intervention.
These orders, when performed by a clinician with appropriate
training per that institution's policy, may include routine therapies, monitoring guidelines, diagnostic procedures, and medication administration. Physician oontact is necessary when
standing orders or local protoools are not available.

• Hypotension
•
•
•

Pulmonary congestion
Shock
Shortness of brsath

Ifa patient presents with a bradycardia, assess how she or he
is tolerating the rhythm at rest and with activity. H the patient
has no symptoms, no treatment is necessary. 1he term symp-

tomatic bradycardia refers to signs and symptoms of hemodynamic compromise related to a slow heart rate. Treatment
of a symptomatic bradycardia should include assessment of
the patient's oxygen saturation level and determining if signs
of increased work of breathing are present (e.g., retractions,
tachypnea, paradm:ic abdominal breathing). Give supplemental oxygen if oxygenation is inadequate and assist breathing if
ventilation is inadequate. Establish intravmous (N) access and
obtain a 12-lead ECG. Atropine. administered intravenously, is
the drug of choice for symptomatic bradycardia. Reassess the
patient's response and continue monitoring the patient
In the setting of an MI, sinus bradycardia is often transient A slow heart rate can be beneficial in a patient who has
had an MI and who has no symptoms because of the slow
rate. This is because the heart's demand for oxygen is less
when the heart rate is slow.

•

DmgPflarl _ _ _ _ _ _ _ _ _ __

Atropine is a drug used to inaease the heart rate. It works by
blocking ~hollne at the endings of the vagus nerves. The
vagus n91VBS inneMrte the heart at the SA and AV nodes. Thus,
atropine is most affective for nanow-QRS bradycardias. By blocking the effects of acetylcholine, atropine aiiO\NS more activity from
the sympathetic division of the autonomic nervous system. /JoB a
result, the rate at which the SA node can fire is increased. Atropine
also increases the rate at whid'l an impulse is conducted through
the AV node. Areas of the heart that are not innervated or that
are mininally innervated by the vagus nerves (e.g., the ventricles)
will not respond to atropine. Transplanted hearts do not usually
respond to atropine because they lack vagal nerve innervation.
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Fig. 3.4 Sinus tachycanlia at 125 ~in with Sf-segment depressioo.

SINUS TACHYCARDIA
[Obiactive 3]
Ifthe SA node fires at arate faster than normal for the patient's
age, the rhythm is called sinus tachycardia. Sinus tachycardia begins and ends gradually. The rhythm starts in the SA
node and travels the normal pathway of conduction through
the heart, resulting in atrial and ventricular depolarization.

lib!IJ!I Characteristics of Sinus Tachycardia
Rhythm
Rate

P waves
PR interval

How Do I Recognize It?
A sinus tachycardia looks much like a sinus rhythm except
that it is faster. At very fast rates, it may be hard to tell the difference between a P wave and T wave. Keep in mind that the
QT interval normally shortens as heart rate increases.
Normal heart rates vary with age. In adults, the rate associated with sinus tachycardia is usually between 101 and
180 beats/min, although faster rates have been documented.
Some experts consider the upper rate of sinus tachycardia
to be about 220 beats/min, minus the patient's age in years
(Link et a1, 2015).
Because an infant or child's heart rate can transiently
increase during episodes of crying. pain, or fever, the term
tachycardia describes a significant and persistent increase in
heart rate. With a sinus tachycardia, the heart rate is faster
than normal for age, but it is usually less than 220 beats/min
in infants or 180 beats/min in children.
Fig. 3.4 is an example of sinus tachycardia. Table 3.4 lists
the ECG characteristics of sinus tachycardia. Let us examine
this rhythm strip more closely. By glancing at the strip from
left to right, you can see that the rate is faster than that of a
sinus rhythm. Locate the QRS complexes. evaluate the R-R
intervals, and then determine the ventricular rate. The R-R
intervals in this example are regular, and the ventricular rate is
125 beats/min. The ventricular rate fits within the parameters
ofa sinus tachycardia.
Look at the P waves on the rhythm strip, evaluate the P-P
intervals for regularity, and then determine the atrial rate. One
upright P wave appears before each QRS complex. every P
wave looks alike, and the P waves occur regularly at a rate of
125 beats/min. Now measure the PR interval, QRS duration,
and QT intemrl In this example. the PR interval is 0.16 second,
the QRS complex measures 0.06 second, and the QT interval is
0.32 second. Now interpret the rhythm. noting the ST-segment

QRS duration

R-R and P-P intervals are regular
Usually between 101 and 180 beats/min;
alternatively, the upper ventricular rate
limit may be calculated as 220 beats/
min minus the patient's age in years
Positive (upright) In lead II; one precedes
each QRS complex; P waves look alike
0.12 to 0.20 sec and constant from beat
to beat
0.11 sec or less unless abnormally
conducted

•=r.n-:~• Causes of Sinus Tachycardia
•
• Acute myocardial Infarction
•
• Gaffelne~nlng beverages
•
• Dehydration, hypovolemia
• Drugs such as cocaine, amphetamines, ecstasy, and cannabis

Hypoxia

Infection
Medications (e.g.,
epinephrine, alroplne,
dopamine)

• Exercise

• Nicotine

•
•
•
•

•

Shock

•

Sympathetic stlmulllllon

Fear and anxiety
Fever
Heart failure
Hyperthyroidism

•
•

Pain
Pulmonary embolism

depression that is present lhe correct interpretation is sinus
tachycardia at 125 beats/min with ST-segment depression.

What Causes It?
Sinus tachycardia is a normal response to the body's demand
for increased oxygen, which results from many conditions
(Box 3.3). The patient is often aware of an increase in heart
rate. Some patients complain of palpitations, a racing heart.
or a feeling of pounding in their chests. Sinus tachycardia is
seen in some patients with acute MI, especially in those with
an anterior infarction.
In a patient with coronary artery disease (CAD), sinus
tachycardia can cause problems. The heart's demand for
oxygen increases as the heart rate increases. As the heart
rate increases, there is less time for the ventricles to fill and
less blood fur the ventricles to pump out with each contraction, which can lead to decreased cardiac output. Because
the coronary arteries fill when the ventricles are at rest,
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rapid heart rates decrease the time available for coronary
artery filling. This decreases the heart's blood supply. Chest
discomfort can result if the supplies of blood and oxygen
to the heart are inadequate. Sinus tachycardia in a patient
who is having an acute MI may be an early warning signal for heart failure, cardiogenic shock, and more serious
dysrhythmias.

What Do I Do About It?
Treatment for sinus tachycardia is directed at correcting
the underlying cause (i.e., fluid replacement, relief of pain,
removal of offending medications or substances, reducing
fever or anxiety). Sinus tachycardia in a patient experiencing an acute MI may be treated with medications to slow the
heart rate and decrease myocardial oxygen demand (e.g.,
beta-blockers), provided there are no signs of heart failure or
other contraindications.
Some dysrhythmias with very rapid ventricular rates (ie.,
above 150 beats/min) require the delivery of medications
or a shock to stop the rhythm. However, it is important to
remember that shocking a sinus tachycardia is inappropriate;
rather, treat the cause of the tachycardia.

SINUS ARRHYTHMIA
.M you have seen so far, the SA node fires quite regularly

most of the time. When it :fires irregularly, the resulting rhythm is called sinus arrhythmia. Sinus arrhythmia
begins in the SA node and follows the normal conduction
pathway in the heart, resulting in atrial and ventricular
depolarization. A sinus arrhythmia usually occurs at a rate
of 60 to 100 beats/min. Sinus arrhythmia associated with
the phases of breathing and changes in intrathoracic pressure is called respiratory sinus arrhythmia. Sinus arrhythmia
unrelated to the ventilatory cycle is called nonrespiratory
sinus arrhythmia.

How Do I Recognize It?

it is irregular. Recognizing that, the rhythm cannot be a
sinus rhythm because a sinus rhythm is regular. Because the
rhythm is irregular, we will use the 6-second method to calculate the rate, which is 70 beats/min. Alternately, the rate
could be calculated by finding the slowest and fastest parts
of the rhythm and giving a rate range. Looking closely at
the rest of the rhythm strip, you can see one upright P wave
before each QRS complex. Upon measuring the PR interval,
the QRS duration, and the QT interval, you will find that
they are within normal limits.
This rhythm strip was obtained from a 39-year-old man
who was complaining of "feeling faint:' If we were able to
see the patient and watch his ventilatory rate and ECG at the
same time, you would see a pattern. 'Ihe patient's heart rate
increases gradually during inspiration (ie., the R-R intervals
shorten) and decreases with expiration (i.e., the R-R intervals lengthen). To identify this rhythm, we will call it a sinus
arrhythmia at 70 beats/min. Table 3.5 lists the characteristics
of sinus arrhythmia.

What Causes It?
Respiratory sinus arrhythmia, which is the most common
type of sinus arrhythmia, is a normal phenomenon that
occurs with phases of breathing and changes in intrathoracic
pressure. The heart rate increases with inspiration (i.e., the
R-R intervals shorten) and decreases with expiration (i.e., the
R-R intervals lengthen). The changes in rhythm disappear
when patients hold their breath. Sinus arrhythmia is most
commonly observed in children and young adults.

IQ:!!i(j Characteristics of Sinus Arrhythmia
Rhythm

Rate
P waves
PR interval

Let's look at the rhythm strip in Fig. 3.5. How does this
rhythm differ from the others we have discussed so far?
Without using calipers or a piece of paper, you can see that

Sinus Mechanisms

QRS duration

Rg. 3.& Sinus arrhy1hmla at 70 bea!&lmln.

Irregular and often phasic with breathing;
heart rata increases gradually during
inspiration (R-R intervals shorten) and
decreases with expiration (R-R intervals
lengthen)
Usually 60 to 100 beats/min
Positive (upright) In lead II; one precedes
each QRS complex; P waves look alike
0.12 to 0.20 sec and constant from beat
to beat
0.11 sec or less unless abnormally
conducted
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Nonrespiratory sinus arrhythmia can be seen in people
with normal hearts, but it is more likely to be found in older
individuals and in those with heart disease. It is common
after acute inferior wall MI, and it may be seen with increased
intracranial pressure. Nonrespiratory sinus arrhythmia may
be the result of the effects of medications (e.g., digitalis, morphine) or carotid sinus pressure.

What Do I Do About It?
Sinus arrhythmia usually does not require treatment unless
it is accompanied by a slow heart rate that causes hemodynamic compromise. If hemodynamic compromise is present
because of the slow rate, IV atropine may be indicated to
treat the bradycardia.

SINOATRIAL BLOCK
With SA block, also called sinus exit block, the pacemaker
cells within the SA node initiate an impulse, but it is blocked
as it aits the SA node. This results in periodically absent
PQRST complexes. SA block is thought to occur because of
failure of the transitional cells in the SA node to conduct the
impulse from the pacemaker cells to the surrounding atrium.
Thus, SA block is a disorder of impulse conduction.

How Do I Recognize It?
When an impulse is blocked as it exits the SA node, the atria
are not activated. 1his appears on the ECG as a single missed
beat (ie., a P wave, QRS complex, and T wave are missing).
The pause caused by the missed beat is the same as, or an
exact multiple of, the distance between two P-P intervals of
the underlying rhythm.
Look at the example ofSA block in Fig. 3.6. As you quickly
scan the rhythm strip from left to right, the pause between
the third and fourth beats should be obvious. The atrial and
ventricular rhythm is irregular because of the pause. The rate
is about 60 beats/min using the 6-second method of rate calculation. You can see a positive P wave in front of each QRS
complex. The P waves look alike. The PR interval is 0.16 second and constant from beat to beat. The QRS complex measures 0.06 to 0.08 second, and the QT interval measures 0.32

to 0.36 second, which is within nonnallimits. Because the P

waves are upright and each P wave is associated with a QRS
complex, we know that the underlying rhythm came from
the SA node. So far, we can identify this rhythm as a sinus
rhythm with a ventricular rate of 60 beats/min.
Now we need to figure out what caused the pause between
beats 3 and 4. First, look to the left ofthe pause and examine the
waveforms of the beat that comes before the pause. Compare
these wavefonns with the others in the rhythm strip. It is
important to do this because sometimes waveforms hide on
top ofother waveforms, distorting their shape. In our example,
nothing seems to be amiss. Now use your calipers or paper and
plot P waves and R waves from left to right across the strip.
When you do this, make a mark on the rhythm strip where
the next PQRST cycle should have occurred. You will find that
exactly one PQRSf cycle is missing. The P-P interval is an
exact multiple of the distance between two P-P intervals of the
underlying sinus rhythm. This occlll'Ied because impulses were
generated regularly but failed to exit the SA node between beats
3 and 4. To complete our interpretation of this rhythm. we will
explain the pause as an SA block. Putting it all togethet; we have
a sinus rhythm at a rate of 60 beats/min with an episode of SA
block. Table 3.6 lists the ECG characteristics ofSA block.

What Causes It?
SA block is rather uncommon. Possible causes of SA block
include hypoxia, damage or disease to the SA node from
CAD, myocarditis, or acute Ml; carotid sinus sensitivity;

I@:!!Jij;i Characteristics of Sinoa1rial (SA) Block
Rhythm

Rate
Pwaves

PR interval
QRS duration

Irregular as a result of the pause(s)
caused by the sinoatrial block-the
pause is the same as, or an exact
multiple of, the distance between two
other P-P intervals
Usually normal but varies because of the
pause
Positive (upright) in lead II; P waves look
alike; when present, one
precedes each QRS complex.
0.12 to 0.20 sec and constant from beat
to beat
0.11 sec or less unless abnormally
conducted

Fig. 3-8 Sinus rhythm at 60 beats/min with an episode of slnoat~al block.

Chapter 3
increased vagal tone on the SA node; and medications (e.g.,
digitalis, quinidine, procainamide. salicylates). If episodes of
SA block are frequent and accompanied by a slow heart rate,
the patient may show signs and symptoms of hemodynamic
compromise.

What Do I Do About It?
Signs and symptoms associated with SA block depend on the
number of sinus beats blocked. If the episodes of SA block
are transient and there are no significant signs or symptoms.
the patient is observed. If signs of hemodynamic compromise are present and are the result of medication toxicity, the
offending agents should be withheld. If the episodes of SA
block are frequent, IV atropine, temporary pacing, or insertion of a permanent pacemaker may be needed.

SINUS ARREST
[Oblectlve &]
Sinus arrest, also called sinus pause or sinoatrial arrest, is a
disorder of impulse formation. With sinus arrest, the pacemaker cells ofthe SA node fail to initiate an electrical impulse
for one or more beats resulting in absent PQRST complexes
on theECG.
When the SA node fails to initiate an impulse, an escape
pacemaker site (e.g., the AV junction or the Purkinje fibers)
should ldck in and assume responsibility for pacing the heart.
The term junctional denotes a beat or rhythm originating at
the AV junction. 1herefore, when the SA node fails to fire
and an escape pacemaker kicks in, the pause associated with
a sinus arrest may be terminated by a junctional or ventricular escape beat. If an escape pacemaker site does not fire, you
will see absent PQRST complexes on the ECG.

How Do I Recognize It?
An example of sinus arrest is shown in Fig. 3.7. Looking at
the rhythm strip from left to right. you can see a period of no
electrical activity between the third and fourth beats. Begin

analyzing the rhythm strip by determining the atrial and
ventricular rhythmicity and rate. 1he rate is about 60 beats/
min using the 6-second method of rate calculation because
the rhythm is irregular.

Sinus Mechanisms

You can see a positive P wave in front of each QRS complex. The P waves look. alike. The PR interval is 0.20 second
and constant from beat to beat 1he QRS complex is 0.10
second. and the QT interval is 0.36 second. Because the P
waves are upright and each P wave is associated with a QRS
complex, we know that the underlying rhythm came from
the SA node.
Now let's try to explain what caused the pause between
beats 3 and 4. Look to the left of the pause and examine the
waveforms of the beat that comes before the pause. Compare
these waveforms with the others in the rhythm strip. There
does not appear to be any distortion of the waveforms. With
the use of your calipers or paper, plot P waves and R waves
from left to right across the strip. When you do this, make
a mark on the rhythm strip where the next PQRST cycles
should have occurred. You will find that more than one
PQRST cycle is missing. Because the SA node periodically
failed to produce impulses, the P-P intervals are not exact
multiples of other P-P intervals. 1his is characteristic of a
sinus arrest To complete our interpretation of this rhythm
strip, we must add this explanation for the pause we saw;
therefore, our final interpretation is a sinus rhythm at a rate
of60 beats/min with an episode ofsinus arrest. Table 3.7 lists
the ECG characteristics of sinus arrest

What Causes It?
Causes of sinus arrest include damage to or disease of the
SA node from CAD, acute MI, or rheumatic disease; carotid
sinus pressure, a sudden increase in parasympathetic activity

IQ:!Iffl

Characteristics of Sinus Arrest

Rhythm

Irregular; the pause is of undetermined
length, more than one PQRST complex is
missing, and It Is not the same distance as
other P-P Intervals
Usually normal but varies because of the pause
Positive (upright) in lead II; P waves look
alike; when present, one precedes each
QRScomplex
0.12 to 0.20 sec and constant from beat to
beat
0.11 sec or less unless abnormally
conducted

Rate
P waves

PR interval

QRS
duration

Rg. 3.7 Sinus rhythm at a I8IB of 60 baatslmln with an e~sode of sinus arrest.
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on the SA node, stimulation of the pharynx. obstructive
sleep apnea, hypothermia. and reactions to medications such
as beta-blockers and calcium channel blockers.

What Do I Do About It?
Signs and symptoms associated with sinus arrest depend on
the number of absent sinus beats and the length of the sinus
arrest because there is no cardiac output during the period of
arrest Signs of hemodynamic compromise such as weakness,
lightheadedness, dizziness, or syncope may be associated

with this dysrhythmia. If the episodes ofsinus arrest are transient and there are no significant signs or symptoms, observe
the patient If signs and symptoms are a result of carotid
sinus sensitivity and resultant vagal stimulation, remove tight
clothing. if applicable. If hemodynamic compromise is present, IV atropine, temporary pacing. or both may be indicated.
Ifthe episodes ofsinus arrest are frequent and prolonged (ie.,
more than 3 seconds) or a result of disease of the SA node,
insertion of a permanent pacemaker is generally warranted.
A summary of the characteristics of sinus mechanisms
can be found in Table 3.8.

lfJ:IIf!:l Sinus Mechanisms: Summary of Characteristics
Charactaristic Sinus Rhythm Sinus Bradycardia Sinus Tachycardia

Sinus Arrhythmia Sinoabial Block

Sinus Arrest

Rhythm

Regular

Regular

Regular

Rate
(beats/min)

60to 100

Less than 60

Irregular, typically Regular except Regular except
phasic with
for the event;
for the event;
breathing
pause is the
pause of
same(oran
undetermined length;
exact multiple
o1) as the
not a multiple
of otherP-P
distance
between two
intervals
P-P intervals
of underlying
rhythm
Usually 60 to
varies
varies
100

Pwaves
Oead II)

Positive; one
precedes
eachQRS

Positive; one
precedes each
QRS

PR interval

0.12100.20
sec

0.12 to 0.20 sec

QRS duration

0.11 sec or
less unless
abnormally
conducted

0.11 sec or
less unless
abnormally
conducted

Usually between
101 and 180;
alternatively, the
upper ventricular
rata limit may be
calculated as 220
beats/min minus
the patient's age
in years
Positive; one prePositive; one
When present,
cedes each QRS
precedes each
positive; one
QRS
precedes
each QRS
0.12 to 0.20 sec
0.12 to 0.20 sec When present,
0.12to 0.20
sec
0.11 sec or less
0.11 sec or
0.11 sec or
unless abnorless unless
less unless
mally conducted
abnormally
abnormally
conducted
conducted

When present,
positive; one
precedes
each QRS
When present,
0.12 to 0.20
sec
0.11 sec or
less unless
abnormally
conducted
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STOP & REVIEW
Multiple Choice

_ _ 8. & you measure the intervals on this patient's rhythm

Identify the choice that best completes the statement or
answers the question.
__ 1. A lead II rhythm strip obtained from a 38-year-old
woman with difficulty breathing reveals a regular
atrial and ventricular rhythm, a ventricular rate of
120 beats/min, an upright P wave before each QRS
complex, and a normal PR interval and QRS duration. This rhythm is
a. sinus rhythm.
b. SA block.
c. sinus arrhythmia.
d. sinus tachycardia.
_ _ 2. Which of the following rhythms originates in the SA
node and is commonly phasic with breathing?
a. Sinus arrest
b. Sinus arrhythmia
c. Sinus tachycardia
d. Sinus bradycardia
__ 3. Sinus arrest is a disorder of
a. reentry.
b. conductivity.
c. impulse formation.
d. impulse conduction.
_ _ 4. SA block is a disorder of
a. reentry.
b. contractility.
c. impulse formation.
d. impulse conduction.

strip, you recall that the normal duration of the PR
interval is _ _ second.
L 0.04 to 0.10
b. 0.06 to 0.14
c. 0.12 to 0.20
d. 0.16 to 0.24
__ 9. Analysis of the patient's ECG reveals ST-segment
depression in lead II. Although this ECG finding must be noted in additional leads viewing the
same area of the heart to be considered clinically
significant, the presence of ST-segment depression
suggests
L myocardial injury.
b. myocardial ischemia.
c. death of a portion of the left ventricular tissue.
d. death of a portion of the cardiac conduction
system.
_ _ 10. You interpret the patient's cardiac rhythm to be
a sinus bradycardia. A coworker applied a pulse
oximeter, which revealed an oxygen saturation
level of 89% on room air. Supplemental oxygen
is now being administered. 1he patient reports
that he continues to feel weak and lighthead.ed. A
second set of vital signs have been obtained and
are essentially unchanged. Which of the following statements is true with regard to this patient
situation?
L 1he patient is asymptomatic. No treatment is
necessary.
b. 1he patient is showing signs of hemodynamic
compromise. An IV line should be established
and a 12-lead ECG obtained.
c. 1he patient's complaints of weakness and lightheadedness warrant an IV line start but no further interventions.
d. 1he patient is not complaining of chest pain or
discomfort; therefore, no additional interventions are necessary at this time.
_ _ 11. 1he patient's symptoms persist, and his vital signs
are essentially unchanged. 1he cardiac monitor
shows a sinus bradycardia with ST-segment depression. You should prepare to administer
a. atropine.
b. atenolol.
c. adenosine.
d. amiodarone.

Questions 5111rough 11 pertain to 111e following scenario.
A 75-year-old man presents with weakness and "feeling
lightheaded." His symptoms began about 30 minutes ago.
_ _ 5. The patient's blood pressure is 75/4.0 mm Hg. pulse is
44 beats/min, and ventilations are 16 breaths/min. A
bradycardia is present when the heart rate is less than
a. 60 beats/min.
b. 75 beats/min.
c. 85 beats/min.
d. 100 beats/min.
_ _ 6. You prepare to apply electrodes and lead wires to the
patient for continuous ECG monitoring in lead 11.
Lead II views the
a. lateral surface of the left ventricle.
b. inferior surface of the left ventricle.
c. anterior surface of the left ventricle.
d. posterior surface of the right ventricle.
_ _ 7. You are examining the waveforms on this patient's
ECG. What is the name given to the first negative
deflection observed after the P wave?
a. Qwave
b. Rwave
c. Swave
d. Twave
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Matching
Match the terms below with their descriptions by placing the letter ofeach correct answer in the space provided
a. Inferior MI, prolonged standing
g. Exercise, fever, pain, dehydration
b. AV junction
h. Sinus arrhythmia
c. Symptomatic bradycardia
L Smooth, rounded, upright
cl Sinus tachycardia
j. Sinus arrest
e. Palpitations, racing heart
k. Atropine
f. SA block
L Damage or disease to the SA node from acute MI
_ _ 12. Possible causes of sinus tachycardia

__ 13. Appearance of P waves that originate from the SA node
__ 14. Dysrhythmia with a pause that is the same as (or an exact multiple of) the distance between two other P-P intervals
_ _ 15. Ifthe SA node fails to generate an impulse, the next (escape) pacemaker that should generate an impulse.
_ _ 16. Common dysrhythmia associated with changes in intrathoracic pressure
17. Possible causes of SA block
__ 18. Dysrhythmia with a pause of undetermined length that is not the same distance as other P-P intervals
__ 18. Examples of symptoms that may be associated with a sinus tachycardia
__ 20. Vagolytic medication used to increase heart rate
_ _ 21. Signs and symptoms of hemodynamic compromise related to a slow heart rate
_ _ 22. Possible causes of sinus bradycardia
__ 23. Dysrhythmia that originates from the SA node and has a vmtricular rate faster than 100 beats/min

Short Answer
24. Fill in the blank areas in the table below to help you recall the primary differences among sinus bradycardia, sinus tachycar-

dia, and sinus arrhythmia.
ECGFinding

Rhythm
Rate (beats/min)
P waves (lead II)
PRinterval
QRS duration

Sinus Bradycardia

Sinus Tachycarclia

Sinus Arrhythmia

Positive; one precedes
eachQRS
0.12 to 0.20 sec
0.11 sec or less unless
abnonnallyconducted

Positive; one precedes
eac.hQRS
0.12 to 0.20 sec
0.11 sec or less unless
abnonnally conducted

Positive; one precedes
eachQRS
0.12 to 0.20 sec
0.11 sec or less unless
abnormally conducted

25. Fill in the blank areas in the table below to help you recall the differences among sinus rhythm, SA block. and sinus arrest.

ECGFinding

Rhythm
Rate (beats/min)
P waves (lead II)
PRinterval
QRS duration

Sinu1 Rhythm

Sinoatrial Block

Sinus Arrest

Positive; one precedes
each QRS
0.12 to 0.20 sec

When present, positive;
one precedes each QRS
When present, 0.12 to
0.20 sec
0.11 sec or less unless
abnonnally conducted

When present, positive;
one precedes each QRS
When present, 0.12 to
0.20 sec
0.11 sec or less unless
abnonnally conducted

0.11 sec or less unless
abnonnally conducted
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Sinus Mechanisms-Practice Rhythm Strips
Use the :five steps of rhythm interpretation discussed in Chapter 2 to interpret each of the following rhythm strips. All rhythms
were recorded in lead II unless otherwise noted.
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26. Fig. 3.8
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - -

futerpretatioo: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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rr.

Rg. 3.9
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - -

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - -

futerpretation: - - - - - - - - - - - - - - - - - - - - - - - - - -

Fig. 3.10 (From Aehlert B: ECG SIJJdJ cards. St. I..Guls, 2004, Mosby.)

28. Fig. 3.10. 1his rhythm strip is from a 61-year-old woman with an altered level of responsiveness. Her blood pressure is 112/62
mm Hg, and her blood sugar is 42 mgldL.

Rhythm:

Rate:

P waves:-----------

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - fu~etation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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Fig. 3.11 (From Aehlart B: ECG stiJdy csrrJs, St. Llluls, 2004, Mosby.)

29. Fig. 3.11. This rhythm strip is from a 90-year-old woman with difficulty breathing.

Rhythm:

Rate:

P waves:-----------

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - fu~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

Fig. 3.12 (From.Ashlert B: ECGsfJJdycatris, StLouis, 2004, Mosby.)

30. Fig. 3.12. This rhythm strip is from a 73-year-old man complaining ofchest pain. He has a history of hypertension and lung
disease. Medications include aspirin. albuterol and Lotensin.

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - mterpr~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

Fig. 3.13

31. Fig. 3.13

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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I
Fig. 3.14
32. Fig.114. This rhythm strip is from a 57-year-old man with chest pain.
P waves:-----------

Rate:

Rhythm:

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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Fig. 3.111
33. Flg.115.

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

34. Fig. 118. This rhythm strip is from a 4-month-old infant who reportedly ingested an oral pain reliever.

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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Rg.3.17
35. Rg.3.17

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ p waves: _ _ _ _ _ _ _ _ _ __
PRinrerval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - Interpretation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 3.18
36. Rg. 3.18. 'Ibis rhythm strip is from a 40-year-old man complaining ofback pain after jwnping from a burning second floor balcony.

Rhytlun: _ _ _ _ _ _ Rate: _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - Interpretation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig, 3.18 (fi'OOI Aehlert 8: ECG sfJJdy cards, st. Louis, 2004, Mosby.)
~.

Rg. 3.19. 1hese rhythm strips are from a 44-year-old woman with chest pain.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - Interpretation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Fig. 3.20 (F1011 Aehlert B: ECG sfiJdy ca!ds, 5t I.D.Jis, 2004, Mosby.)
38. Fig. 3.20. 1his rhythm strip is from a 6-year-old girl complaining of abdominal pain. Her blood pressure is 100/60 mm Hg.
Rhythm:

Rate:

P waves:-----------

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

Fig. 3.21 (From Aahlsn B: ECG studj cards. St. Louis, 2004, Mosby.)

38. Fig. 3.21

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT interval: _ _ _ _ _ _ _ _ __
m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Rg. 3.22 (F1011 Ashlen B: ECG sfiJdy C8lds, 5t I.D.Jis, 2004, Mosby.)

40. Fig. 3.22. 1his rhythm strip is from a 24-year-old woman complaining of weakness and fatigue.
Rhythm:

Rate:

P waves:----------

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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Flg.3.23
41. Fig. 3.23
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - -

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT interval: _ _ _ _ _ _ _ _ __
Interpretation:--------------------------

Fig. 3.24 (Frtr11 Pehlert B: ECG sflldy cards, St Lruis, 2004, Mosby.)
42. Fig. 3.24. lhis rhythm strip is from a 29-year-old woman with a kidney stone.

Rhythm:

Rate:

P waves:-----------

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - ln~etation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 3.215 [Frtr11 Ashlert B: ECG sflldyC8lds, St Lruls, 2004, Mosby.)

43. Fig. 3.25
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - -

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - Interpretation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Fig. 3.28 (Fran hlhlert B: ECG stiJdyC8lds, St l.DJis, 2004, M111by.)
44. Fig. 3.26. This rhythm strip is from a 79-year-old woman with epistaxis. Her blood pressure is 222/118 mm Hg.

Rhythm:

Rate:

P waves:-----------

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~tion:

_______________________________________________________

~

3.27 (From Aehlert B: ECG studj carrJs, st. Louis, 2004, Mosby.)

46. Fig. 3.27. This rhythm strip is from a 62-year-old man complaining of chest pain.
Rhythm:

Rate:

P waves:-----------

PR interval: _ _ _ _ _ QRS duration: _______ QT interval:------------------m~ctation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

Fig. 3.28 (Fran hlhlert B: ECG stiJdyC8lds. St l.DJis, 2004, M111by.)
46. Fig. 3.28. This rhythm strip .is from an 8-montb.-old infant after a seizure.
Rhythm: ____________ Rate:------------ P waves:---------------------

PR interval: _ _ _ _ _ QRS duration: ______ QT interval:------------------m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

= ·
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Rg. 3.28 [From Ashlert B: ECG stJJdy CNds, St L.ruls, 2004, Mosby.)

47. Fig. 3.29. lhis rhythm strip is from a 33-year-old woman complaining of abdominal pain.

Rhythm:

Rate:

P waves:-----------

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

Fig. a.ao

48. Fig. 3.30
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - -

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

Fig. 3.31

48. Fig. 3.31
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - -

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - mterpr~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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Fig. 3.32 (F1001 Aehlert B: ECG stiJdy C8lds, 5t L.culs, 2004, Mosby.)

50. Fig. 3.32.1his rhythm strip is from a 37-year-old asymptomatic man.

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - -

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - fu~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

Fig. 3.33 (F1001 Ashlert B: ECG stiJdy C8lds, 5t L.culs, 2004, Mosby.)
51. Fig. 3.33

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

Fig. 3.34 (F1001 Aehlert B: ECG stiJdy cards, 5t L.culs, 2004, Mosby.)

52. Fig. 3.34. 1his rhythm strip is from a 44-year-old construction worker with a sudden onset of chest pressure.
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ p waves: _ _ _ _ _ _ _ _ _ __

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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53. Fig. 3..35

Rhythm:- - - - - - - Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: - - - - - QRS duration: _ _ _ _ QT interval: - - - - - - - - - m~tion:

____________________ ___________________
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STOP & REVIEW I ANSWERS
1. D. A sinus tachycardia is differentiated from other rhythms
that originate in the SA node by its rate (faster than 100

beats/min).
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management of sinus
tachycardia.
2.. B. Respiratory sinus arrhythmia, which is the most com-

mon type of sinus arrhythmia, is a normal phenomenon that occurs with phases of breathing and changes
in intrathoracic pressure. The heart rate increases with
inspiration (i.e., the R-R intervals shorten) and decreases
with expiration (i.e., the R-R intervals lengthen). Sinus
arrhythmia is most commonly observed in children and
young adults.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management of sinus
arrhythmia.
3. C. Sinus arrest is a disorder ofimpulse formation.ln sinus
arrest. the pacemaker cells of the SA node fail to initiate

an electrical impulse for one or more beats resulting in
absent PQRST complexes on the ECG.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management of sinus
arrest.
4. D. With SA block, the pacemaker cells within the SA
node initiate an impulse but it is blocked as it exits the

SA node. Thus, SA block is a disorder of impulse conduction. Blocking of the sinus impulses results in periodically
absent PQRST complexes.
OBJ: Desaibe the ECG characteristics, possible causes, signs
and symptoms, and emergency management of sinoatrial
block.
5. A. In adults, a bradycardia exists if the rate is less than 60

beats/min (brady= slow).
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management of sinus
bradycardia.
6. B. Lead II views the inferior surface of the left ventricle.

OBJ: Relate the cardiac: surfaces or areas represented by the
ECGleads.
7. A. A QRS complex normally follows each P wave. The
QRS complex begins as a downward deflection, the Q
wave, and represents depolarization of the interventricularseptum.
OBJ: Define and describe the significance of each of the
following as they relate to cardiac electrical activity: P
wave, QRS complex, T wave, U wave, PR segment, TP
segment, ST segment, PR interval, QRS duxation, and QT
interval

a.

C. The PR interval changes with heart rate but normally
measures 0.12 to 0.20 second in adults. As the heart rate
increases, the duration of the PR interval shortens. A PR
interval is considered short if it is less than 0.12 second
and long ifit is more than 0.20 second.
OBJ: Define and describe the significance of each of the following as they relate to cardiac electrical activity: P wave,
QRS comple:a:. T wave, U wave, PR segment, TP segment, ST
segment, PR interval, QRS duration, and QT interval.
8. B. ST-segm.ent depression of 0.5 mm or more in a patient
who is experiencing an acute coronary syndrome is suggestive of myocardial ischemia when it is seen in two or
more anatomically contiguous leads.
OBJ: Recognize the changes on the ECG that may reflect evidence of myocardial ischemia and injury.
10. B. 1he term symptomatic bradycardia describes signs
and symptoms of hemodynamic compromise related to
a slow heart rate. Because this patient is complaining of
weakness and lightheadedness and he is hypotensive, he
is clearly symptomatic with his slow heart rate. Treatment

of a symptomatic bradycardia should include application
of a pulse oximeter and administration of supplemental
m::ygen if indicated, which have already been done. Next,
establish IV access and obtain a 12-lead ECG.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management of sinus
bradycardia.

11. A. Atropine, administered intravenously, is the drug
of choice for symptomatic bradycardia. Reassess the
patient's response to the therapeutic interventions provided and continue monitoring the patient. Adenosine
is used to slow the ventricular rate. Atenolol, a betablocker, would further slow the heart rate. Although
amiodarone is an antiarrhythmic used to treat many
atrial and ventricular dysrhythmias, it is not used to
treat a sinus bradycardia.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management of sinus
bradycardia.
12.
13.
1C.
15.

G
I

F
B
18. H
17. L
18. ]

18. E
20.K
21. c
22.A

23.D
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24. ANS:
ECGFindJng

Sinus Braclycardla

Sinus Arrhythmia

Rhythm

Regular

lrreplar, typically phasic
with breathing
101 to 180; alternatively, the upper Usually 60 to 100
ven1rkular rate limit may be
cakulated as 120 beatllmin
minus the patient's age in years

Rate (beats/min) Slower than 60

P waves (lead

Positive; one precedes each QRS

Positive; one precedes each QRS

Positive; one precedes each

0.12 to 0.20 sec
0.11 sec or less unless abnormally
conducted

0.12 to 0.20 sec
0.11 sec or less unless abnormally
conducted

0.12 to 0.20 sec
0.11 sec or less unless
abnormally conducted

II)

PRinterval
QRS duration

QRS

OBJ: Describe the ECG characteristics, possible cawes, signs and symptoms, and emergency management of sinw bradycardia, sinus tachycardia, and sinus arrhythmia.
25. ANS:
ECGFindJng

Sinus Rhythm

Sinoatrial Block

Sinus Arrest

Rhythm

Regular

Rate (beats/min)
P waves (lead II)

60to 100

PRinterval
QRS duration

0.12 to 0.20 sec
0.11 sec or less unless abnormally
conducted

Regular except for the event;
pause ia the same (or an
eud: moltiple of) u the
distance betwftn two P-P intervala of underlying rhythm
Varies
When present, positive; one
precedes each QRS
When present, 0.12 to 0.20 sec
0.11 sec or less unless abnormally conducted

Regular a.cept for the
evart; pause of undetermbted length; not a
moltiple of other P-P
intervab
Varies
When present, positive; one
precedes each QRS
When present, 0.12 to 0.20 sec
0.11 sec or less unless
abnormally conducted

Positive; one precedes each QRS

OBJ: Describe the ECG characteristics, possible cawes, signs and symptoms, and emergency management of sinoatrial block
and sinus arrest.

Practice Rhythm Sbip Answers
Note: Because of the distortion ofECGs that can occur during printing, a range of acceptable measurements is provided in the
rhythm strip answers throughout this textbook.
26. Fig. 3.8

Rhythm: Regular
Rate: 58 beats/min
P waves: Uniform and upright before each QRS complex
PR interval: 0.16 second
QRS duration: 0.08 second
QT interval: 0.40 to 0.44 second
Interpretation: Sinus bradycardia at 58 beats/min
1:1. Fig. 3.8

Rhythm: Irregular
Rate: 70 beats/min
P waves: Uniform and upright before each QRS complex
PR interval: 0.12 to 0.16 second
QRS duration: 0.04 to 0.06 second
QT interval: 0.36 second
Interpretation: Sinus arrhythmia at 70 beats/min

28. Fig. 3.10

Rhythm: Regular
Rate: 65 beats/min
P waves: Uniform and upright before each QRS complex
PR interval: 0.20 second
QRS duration: 0.10 to 0.12 second
QT interval: 0.60 to 0.64 second (prolonged)
Interpretation: Sinus rhythm at 65 beats/min with
ST-segment depression; prolonged QT interval
211. Rg.3.11

Rhythm: Regular
Rate: 111 beats/min
P waves: Uniform and upright before each QRS complex
PR interval: 0.16 second
QRS duration: 0.04 to 0.06 second
QT interval: 0.32 to 0.34 second
Interpretation: Sinw tachycardia at 111 beats/min with
ST-segment depression

Cha pter 3

QRS duration: 0.12 to 0.14 second

30. Fig. 3.12

QT interval: 0.36 second
Interpretation: Sinus rhythm at 79 beats/min with a prolonged PR interval, wide QRS, ST-segment elevation in

Rhythm: Regular
Rate: 44 beats/min
p waves: Uniform and upright before each QRS complex
PR interval: 0.16 second
QRS duration: 0.06 second
QT interval: 0.40 second
Interpretation: Sinus bradycardia at 44 beats/min.
ST-segment depression. Note the upright U wave! after
eachTwave.
31. fill, 3.13
Rhythm: Irregular
Rate: 75 beats/min
p waves: Uniform and upright before each QRS com-

leads II and V., and ST-segment depression in lead I

36. Rg.3.18

Rhythm: Regular
Rate: 88 beats/min
p waves: Uniform and upright before each QRS
PR interval: 0.16 second
QRS duration: 0.06 second

QT interval: 0.32 second
Interpretation: Sinus rhythm at 88 beats/min

~.

plex
PR interval: 0.16 second
QRS duration: 0.08 second
QT interval: 0.44 second
Interp retatio n: Sinus rhythm at 75 beats/ min with an
episode of sinus arrest; tall T waves
32. Fig. 3.14

Rhythm: Regular
Rate: 107 beats/min
p waves: Small but upright before each QRS
PR interval: 0.16 second
QRS duration: 0.16 second
QT interval: 0.32 to 0.40 second
Interpretation: Sinus tachycardia at 107 beats/ min with
a wide QRS and deeply inverted T waves
33. Fig. 3.15

Rhythm: Regular
Rate: 79 beats!min
p waves: Uniform and upright before each QRS complex
PR interval: 0.12 to 0.16 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.32 second
Interpretation: Sinusrhythm at 79beats/min. ST-segment
depression
34. Fig. 3.18

Rhythm: Irregular

Rate: 100 beau/ min (within normal limits for age)
P waves: Uniform and upright before each QRS
PR interval: 0.16 second
QRS duration: 0.08 second
QT interVal: 0.28 second
Interpretation: Sinus arrhythmia at 100 beatslmin

35. Fig. 3.17

Rhythm: Regular
Rate: 79 beau/ min
p waves: Uniform and upright before each QRS
PR interval: 0.24 second

Sinu s Mech anism s

Rg.3.19
Rhythm: Regular
Rate: 94 beats/ min
P waves: Uniform and upright before each QRS
PR interval: 0.16 second
QRS duration: 0.08 second
QT interval: 0.28 second
Interpretation: Sinus rhythm at 94 beats/min with STB

38. Rg.3.20
Rhythm: Irregular
Rate: 90 beats/min
P waves: Uniform and upright before each QRS
PR interv al: 0.14 to 0.16 second
QRS duration: 0.08 second
QT interval: 0.32 second
Interpretation: Sinus arrhythmia at 90 beats/min

a.

Rg.3.21
Rhythm: Regular
Rate: 94 beats/min
p waves: Uniform and upright before each QRS
PR interv al: 0.16 to 0.18 second
QRS duration: 0.12 second
QT interval: 0.36 to 0.40 second
Interpretation: Sinus rhythm at 94 beats/min with a
wide QRS and ST-seg:ment depression

40. Rg.3.22

Rhythm: Irregular
Rate: 50 beats/min
p waves ! Upright before each QRS
PR interval: 0.16 to 0.20 second

QRS duration; 0.08 second
QT interval: 0.40 second
In.tup.retation: Sinus bradyatthythmia at 50 beats/min (the
interpretation reflects that the rhythm is slow and irregular)
41. Fig. 3.23

Rhythm: Regular
Rate: 65 beats/min
P waves: Biphasic P waves before each QRS (a normal
finding in leads MCL1 and V1)
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PR interval: 0.20 second
QRS duration: 0.10 to 0.12 second
QT interval: 0.36 second
Interpretation: Sinus rhythm at 65 beats/min with
biphasic P waves and STE
42. Fig. 3.24

Rhythm: Regular
Rate: 103 beats/min
P waves: Uniform and upright before each QRS
PR interval: 0.14 second
QRS duration: 0.08 second
QT interval: 0.28 to 0.32 second
Interpretation: Sinus tachycardia at 103 beats/min;
inverted T waves
43. Fig. 3.25
Rhythm: Regular
Rate: 25 beats/min
P waves: Uniform and upright before each QRS
PR interval: 0.22 to 0.24 second
QRS duration: 0.10 to 0.12 second
QT interval: 0.40 second
Interpretation: Sinus bradycardia at 25 beats/min with a
prolonged PR interval and ST-segment depression
44. Fig. 3.28

Rhythm: Regular
Rate: 125 beats/min
P waves: Upright before each QRS; some P waves are
notched
PR interval: 0.16 second
QRS duration: 0.10 to 0.12 second
QT interval: Unable to determine because T waves are
not clearly visible
Interpretation: Sinus tachycardia at 125 beats/min with
a wide QRS and ST-segment depression
45. Fig. 3.27

Rhythm: Regular
Rate: 94 beats/min
P waves: Upright but low amplitude P waves before each
QRS
PR interval: 0.12 to 0.14 second
QRS duration: 0.08 to 0.10 second
QT interval: 0.32 second
Interpretation: Sinus rhythm at 94 beats/min with STE
48. Fig. 3.28
Rhythm: Regular
Rate: 150 beats/min
P waves: Upright before each QRS
PR interval: 0.12 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.20 to 0.24 second
Interpretation: Sinus rhythm at 150 beats/min {rate
within normal limits for age)

47. Rg.3.29

Rhythm: Slightly irregular
Rate: 80 beats/min
P waves: Uniform and upright before each QRS
PR interval: 0.12 to 0.14 second
QRS duration: 0.08 second
QT interval: 0.24 to 0.26 second
Interpretation: Sinus arrhythmia at 80 beats/min
48. Rg.3.30

Rhythm: Regular
Rate: 68 beats/min
P waves: Uniform and upright before each QRS
PR interval: 0.28 to 0.32 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.44 to 0.48 second
Interpretation: Sinus rhythm at 68 beats/min with a prolonged PR interval and ST-segment depression
48. Rg.3.31
Rhythm: Regular
Rate: 97 beats/min
P waves: Uniform and upright before each QRS
PR interval: 0.16 second
QRS duration: 0.04 to 0.06 second
QT interval: 0.32 second
Interpretation: Sinus rhythm at 97 beats/min with STE
50. Rg.3.32

Rhythm: Irregular
Rate: 50 beats/min
P waves: Uniform and upright before each QRS
PR interval: 0.12 to 0.16 second
QRS duration: 0.08 second
QT interval: 0.36 to 0.40 second
Interpretation: Sinus bradyarrhythmia at 50 beats/min
51. Rg.3.33

Rhythm: Regular
Rate: 115 beats/min
P waves: Upright before each QRS
PR interval: 0.20 second
QRS duration: 0.10 to 0.12 second
QT interval: Unable to determine because T waves are
not clearly visible
Interpretation: Sinus tachycardia at 115 beats/min with
ST-segment depression
52. Fig. 3.34

Rhythm: Irregular
Rate: 70 beats/min
P waves: Upright before each QRS
PR interval: 0.12 to 0.16 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.28 to 0.32 second
Interpretation: Sinus arrhythmia at 70 beats/min with
STE
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LEARNING OBJEcnvES
AffBr reading t!Jis chapter, you should be able to:
1. Explain the concepts of abnormal automaticity, triggered activity, and
reentry.
2. Explain the terms bigeminy, trigeminy, quadrigeminy, and ron when
tEed to describe premature complexes.
3. Describe the electrocardiogram (ECG) cha!llcteristics, possible causes.
signs and symptoms, and initial emergency care for premature atrial
complexes tpACs).
4. Explain the difference between acompensatory and noncompensatory

pause.

5. Explain the terms wandering atlfal pacemaker am multJfoc81 atlfaf
fal;hycardla (MAT).
6. Descr1be ttle ECG chara.cter1s11cs, possible causes, signs and syrT¥l!Dms,

and lnlllal emergency care for wander1ng atrial pacemaker (multtfonn
atr1al rflylhm).
7. Describe the ECG characteristics, possible causes, signs and symp!Dms,
and initial emergency care for MAT.

8. Desa1be the ECG character1stlcs, possible causes, signs and symptoms,
and initial emergency care for atrial tachycardia (AT).
9. Explain the temns paro,xysmaJ afliaf fa:Chycardia and paroxysmal supraventricular tBchyca«}ia {PSVT).
10. List examples of vagal manauvem.
11. Discuss the indications for synchronized cardioversion.
12. Describe the ECG chamctariBiics, possible cauSSB, signs and symptoms,
and initEI emergency care for atrioventrioolar ~ raentrant tal:llyaJrdia
(A~RT).

13. Descr1be the ECG character1sllcs. possible causes, signs aoo
symptoms, and lnlllal emergency care for atrioVentricular reentrant
tachycardia (AVRT).
14. Descr1be ttle ECG characlertt!cs, possible causes, signs and symp!Dms,
and lnlllal emergency care for atrial flutter.
15. Descr1be the ECG dlaracter1stlcs, possible causes, signs and symptoms,
and initial emergency care for atrial fibrillaoon (Afib).

KEY TERMS
abnormal automaticity: A condition In which cardiac cells not normally
associated With the property of automaticity begin to depolarize spontaneously or Willen escape pacemaker sites Increase their flr1ng rate
beyond that considered normal
accessory pathway: N.l extra bundle of working myocardial tissue that
forms a connection between the atria and ventricles outside the normal
cond!Gion system; also called a bYTJ8SS tract
atrial kick: Blood pushed into the ventricles because of atrial contraction
atdal taclr,;'can.lla (M): A regular rhythm that arises from an ectopic focus
In the at11a at a rata faster than 100 beats/min and does not require the
participation of the atrloVel1trlcular (AI/} nod91D maintain the ~hythmla
blgemmy: Dysrhythmia In which fNelY other beat Is a premature ectDplc beat
blodcld (nonconducted) PAC: PAC not followed by a QRS complex
bruit: BloWing or swishing sound
bursts: Three or more sequential ecloJ)Ic beats; also referred to as a
•sa~vo• or "run•
carotid sinLIS pressure: Type of vagal maneuver in which pressure
is applied to the carotid sinus for a brief period to slow conduction
through theAV node

102

compensatory pause: Pause for which the normal beat after a premature
complex occurs when expected; also called a complete pause
couplet: Two consecullve premature complexes
deHa wave: Slurring of the beginning portion of the QRS complex, caused
by preexcitation
f wavas: Fibrillatory waves; irregularly shaped atrial waves associated
w~h AFib; oo:urring at a rata of 300 to 600 beats/min
Fwaves: Rutter waves; atrial waves associated w~h atrial flutter; usually
shaped like the teeth of a saw or a picket fence
focal atrtal1achycardla: AT that begins In a small area (focus) wtthln the
atria
multfform atrial rflythm: Dysrhythmia that oo:urs because of Impulses
originating from vanous sites, Including the sinoatrial (SA) node, the
atria, andfor the AV Junction; requires at least three different Pwaves,
seen In the same lead, for proper dlagnools
multfftlcal atrial tachyc:an:tla (MAT}: N.l Irregular rhythm at a rate faster
than 100 beats/min with three or more Pwaves of diffefing shapes
observed in the same lead
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noncompensatory pause: A Jm)se that often follows a PAC that represents
the dEEy du~ng which 1h9 SA node I8S8Is Its rtlythm fa' 1he next beat; the
pause is ramnpensaiD!y Wthe normal beat after the premature com~ex
occurs before it was eJ<IEied Q.e., the period be1ween the com~ex befae
ard after 1he premature beat t:l less 1ten 1Y.tl nonnal R-R lnlelvals)
nonconductBd (blocked) PAC: PAC that Is not followed by a aRS complex
palpitations: An unpleasant awareness of one's heartbeat
paroxysmal abial tachycardia: AT that starts or ends suddenly
paroxysmal supraventricular tachycardia (PSVT): A regular, narrowQRS tachycardia that starts or ends suddenly; also called paroxysmal
atria/ 1Behycardla
preaxcilalion: Term used to describe a rhythm that originates above
the ventricles and transmits an impulse along a pathway outside the
AV node and bundle of His; this supravent~cular Impulse excites the
ven~cles earlier than normal.
prarnatura complax: Ea~y beat occurring before the next expected beat;
can be atrial, juoctional, or venbicular
quadrtgemlny: Dysrhythmia In which every fourth beat Is a premature
ectopic beat
reen1ry: A disorder of Impulse conduction that results 1rom the spread of
an impulse through tissue already stimulated by that same impulse

supraventricular: Originating from a site above the bifurcation of the
bundle of His, such as the SA node, atrta. or AV junction
synchronized canliCMirsian: The timed delivery af a shock to the heart
by means of a defibrillator 1D terminate a rapid dysrhythmia
trtgemlny: Dysrhythmia In which every third beat Is a premature ectopic
beat
b'lggerad activity: A disorder of impulse fonnation that occurs when
escape pacemaker and myocardial wor1dng cells fire more than once
after stimulation by a single Impulse
vagal maneuvers: Methods used to stimulate the vagus nerve In an
attempt 1D slow conduction through the AV node, thereby slowing the
heart rate
wandering atrial pacemaker (multiform abial rtJylhm): Cardiac
dysrhythmia that occurs because of Impulses orlglmrtlng from va~aus
snas, Including the SA node, the attla. andlor the AV junction; requires
at least three different Pwaves, B99n in the same lead, for proper
diagnosis.
WOIII-Partdnson-Whlte (WPW) pattern: Type of preexcllallon pattern,
characterized by a short PR Interval, a slurred upstroke of U'e aPS CO!l1llex
(delta wave), and a wide CAS complex
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pacemaker sites. WJ.th abnormal automaticity, these cells fire
and initiate .impulses before a normal SA node impulse. If the
rapid firing rare occurs for more than 50% ofthe day, it is said to
be incessant. lhe rapid firing rate may also occur periodically. In
these cases, it is said to be episodic. Atrial dysrhythmias associated with abnormal automaticity include PACs, multifocal atrial
tachycardia (MAT), and atrial fibrillation (AFib).

The atria are thin-walled, low-pressure chambers that receive
blood from the systemic circulation and lungs. 1here is normally a continuous flow ofblood from the superior and inferior vena cavae into the atria_ About 70% of this blood flows
directly through the atria and into the ventricles before the
atria contract. When the atria contract. an additlonal30% is
added to filling ofthe ventricles_ This additional contribution
of blood because of atrial contraction is called atrial kick.
P waves reflect atrial depolarization_ A rhythm that begins in
the sinoatrial (SA) node has one positive (ie., upright) P wave
before each QRS complex. A rhythm that begins in the atria will
have a positive P wave that is shaped differently than P waves
that begin in the SA node. '!his difference in P wave configuration occurs because the impulse begins in the atria and follows a
different conduction pathwayto the atrioventricular (AV) node.

ATRIAL DYSRHYTI-IMIAS:
MECHANISMS
[Oblec:llve 1]
Atrial dysrhythmias reflect abnormal electrical impulse formation and conduction in the atria They result from abnormal automaticity, triggered activity, or reentry. Abnormal
automaticity and triggered activity are disorders in impulse
formation. Reentry is a disorder in impulse conduction_
Dysrhythmias caused by disorders of impulse formation are
often referred to as automatic. Dysrhythmias caused by a disorder in impulse conduction are referred to as reentrant.

Abnonnal Automaticity
Abnormal automatkity occurs in normal pacemaker cells and
in myocardial working cells that do not normally function as
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Causes of Abnormal Automaticity
•
•
•
•

Chemical or toxic substance exposure
Bectrolyte disorders
Hypoxia
Ischemia

Triggered Activity
nigered activity results from abnormal electrical impulses
that sometimes occur during repolarization (i.e., afterdepolarizations), when cells are normally quiet. Triggered activity
occurs when escape pacemaker and working cells fire more than
once after stimulation by a single impulse. 'fiiggered activity can
result in atrial or ventricular beats that occur alone, in pairs, in
runs ofthree or more beats, or as a sustained ectopic rhythm

0
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Causes of Triggered Activity
•
•
•
•
•
•

Catecholamine increase
Digitalis toxicity
Hypomagnesemia
Hypoxia
Medications that prolong repolarization (e.g., quinidine)
Myocardial Ischemia and Injury
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Reentry
Normally, an impulse spreads through the heart only
once after it is initiated by pacemaker cells. With reentry,
also called reactivation, an electrical impulse is delayed,
blocked, or both in one or more areas of the conduction
system while being conducted normally through the rest
of the system (see Fig. 2.13). This results in the delayed
electrical impulse entering cardiac cells that have just
been depolarized by the normally conducted impulse. If
the delayed impulse stimulates an area that is relatively
refractory, the impulse can cause those cells to fire. This
can produce a single early (i.e., premature) beat or repetitive electrical impulses, resulting in short periods of rapid
rhythms (i.e., tachydysrhythmias). Atrial rhythms associated with reentry include atrial flutter, AVNRT, and
AVRT. Common causes of reentry include hyperkalemia,
myocardial ischemia, some antiarrhythmic medications,
and the presence of an accessory pathway.
Most atrial dysrhythmias are not life threatening, but
some may be associated with extremely fast ventricular
rates. Increases in heart rate shorten all phases of the cardiac cycle, but the most important is a decrease in the length
of time spent in diastole. Remember that as the heart rate
increases, there is less time for the ventricles to fill and less
blood for the ventricles to pump out with each contraction; therefore, an excessively fast heart rate can decrea.!le
cardiac output. Examples of factors that influence heart rate
include hormone levels (e.g., thyroxin, epinephrine, norepinephrine), medications, stress, anxiety, fear, and body
temperature.

PREMATURE ATRIAL
COMPLEXES
[Obiactive Z]
Premature beats appear early, that is, they occur before the
next expected beat Premature beats are identified by their
site of origin:
• Premature atrial complexes (PACs)
• Premature junctional complexes (PJCs)
• Premature ventricular complexes (PVCs)

The tenn complex is used instead of contraction to correctly identify an early beat because the electrocardiogram
(ECG) depicts electrical activity, not mechanical function
of the heart. Some practitioners prefer the term conduction
instead of complex.
Premature beats may occur in patterns:
• Paired beats (couplet): Two premature beats in a row
• Runs or bursts: Three or more premature beats in a row
• Bigeminy: Every other beat is a premature beat
• Trigeminy: Every third beat is a premature beat
• Quad.rigeminy: Every fourth beat is a premature beat

How Do I Recognize It?
[Oblectlve 3]
A PAC occurs when an irritable site (ie., focus) within the

atria fires before the next SA node impulse is expected to fire.
This interrupts the sinus rhythm. If the irritable site is close
to the SA node, the atrial P wave will look very similar to the
P waves initiated by the SA node. The P wave of a PAC may
be biphasic (i.e., partly positive, partly negative), flattened,
notched, pointed, or lost in the preceding T wave.
When compared with the P-P intervals of the underlying rhythm, a PAC is premature-occurring before the next
expected sinus P wave. PACs are identified by the following:
• Early (premature) P waves
• Positive (upright) P waves (in lead II) that differ in shape
from sinus P waves
• Early P waves that may or may not be followed by a QRS
complex
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A PAC has a positive P WfMJ before the QRS complex.
Sometimes the P Wf*J&S are clear1y seen, and sometimes they
are not. If the P wave of an early beat isn't obvious, look for it in
the T wave of the preceding beat. The T wave of the preceding
beat may be of higher amplitude than other T waves or have an
extra ~hump: which suggests the presence of a hidden P wave.

Look at the rhythm strip in Fig. 4.1. At a glance, you
can see that the ventricular rhythm is irregular and that
the rate is about 110 beats/min. Now let's look more

Fig. 4.1 Sinus tachycanlia at 111 beatslmin wi1h tllree premature atrial complexes (PACs). From the left, beatll2, 7, and
10 are PACs.
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closely. Begin by locating the QRS complexes on the
rhythm strip. Evaluate each succeeding R-R interval. The
R-R intervals in this example occur regularly except for
three beats.
Now find the P waves on the rhythm strip. Remember
that P waves that begin in the SA node are normally smooth
and rounded. Atrial P waves will look different. Using a pen
or pencil, mark an "S," for SA node, above each normal
looking P wave. Mark an "A," for atrial, above those P waves
that look different When you are finished, you should have
an "A" marked over the P waves in beats 2, 7, and 10. The
rest of the P waves should be marked with an "S:' Notice
that the waveforms marked with an "S" above them occur
regularly except when they are interrupted by the three
atrial beats.
With the use of your calipers or a piece of paper, find
two sinus beats that appear next to each other, such as
beats 4 and 5. Using the sinus beats as your guide, determine the atrial rate. The distance between the sinus beats
is about 13.5 boxes, or 111 beats/min, which is close to
our initial estimated rate of 110 beats/min. Based on the
rate (i.e., faster than 100 beats/min) and an upright P wave
before each QRS, we know that the underlying rhythm is
a sinus tachycardia. Now move your calipers or paper to
the right. If beat 6 occurred on time, it will line up with
your calipers or paper. It is on time. Now move your calipers to the right again. The right point of your calipers
shows where the next sinus beat should have occurred.
You can see that beat 7 occurred earlier than expected.
This is a premature beat. When you continue this process,
you will find that beat 10 is also early. Working backward
and without adjusting your calipers, if you place the left
point of your calipers on beat 1 in the rhythm strip, you
will see that beat 2 is also early. So far, we can identify this
rhythm as a sinus tachycardia at 111 beats/min with three
premature beats.
Next, measure the PR interval. QRS duration. and QT
interval. The PR interval is 0.16 second, and the QRS is 0.08
second in duration. Because it is difficult to clearly identify T
waves in this rhythm strip, accurate determination ofthe QT
interval is not possible.
We must identify where the premature beats came from
because premature beats can start from more than one area
of the heart. To do this, we must examine the premature
beats more closely. Look carefully at beats 2, 7, and 10. The
QRS complexes look the same as those of the underlying
rhythm. This is because the impulse journeyed normally
through the conduction S}'ltem. Now look to the left of the
QRS complex in each of these early beats and look at the P
waves. Each P wave is positive (i.e., upright) but looks different from the P waves of the sinus beats. This is an important
finding and one that tells you that the P waves came from
the atria. The early beats are premature atrial compleus. A
PAC is not an entire rhythm-it is a single beat; therefore,
you must identify the underlying rhythm and the ectopic
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beat(s). To complete our identification of this rhythm, we
have a sinus tachycardia at 111 beats/min with three premature atrial complexes. 1he ECG characteristics of PACs are
shown in Table 4.1.

Noncompensatory versus
Compensatory Pause
[Ob,lec:tlve 4]
A noncompensatory (i.e., incomplete) pause often follows
a PAC. 1his represents the delay during which the SA node
resets its rhythm for the next beat A compensatory (ie.,
complete) pause often follows PVCs (Fig. 4.2).

Characteristics of Premature Atrial
lliiiiiii Complexes
Rhythm
Rata

Irregular because of the early beat(s)
Usually within normal range but depends on
underlying rhythm
Pwaves
Premature (ocaJrrlng earlier than the next expected
sinus P wave), positive (upright) in lead II, one
before each QRS complex, often differ in shape
from sinus P wa:ves- may be flattened, notched,
pointed, blphaslc, or lost In the preceding T WfM3
PR
May be normal or prolonged depending on the
interval
prematurity of the beat
QRS
Usually 0.11 sec or I~ but may be Vv'id9 (aberrant)
duration
or absent, depending on the prematurity of the
beat; the QRS of the premature atrial complex
(PAC) is similar in shape to 1hose of the underlying
rhythm unless the PAC is abnoonaly conducted

B

{

SINUS CYCLE RESET

Fig. 4.2 A, A prema1Ure ventricular complex M Is often followed by afull
compensatory pause. B, Apremature atrial canplex (PAC) is often fa lowed by a noo·
compensatory Qncanplete) pause. (From Crawford MV, Spence Ml: Commonsense
apptOOCh ID coronaiY care, rev ed 6, St. L.cuis, 1994, Mosby.)
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To find out whether or not the pause after a premature
complex is compensatory or noncompensatory, measure the
distance between the R-R intervals of three normal beats.
1hen compare that measurement with the distance between
the R-R intervals of three beats, one of which includes the
premature complex. 1he pause is noncompensatory if the
period between the complex before and after a premature
beat is less than two nonnal R-R intervals (Fig. 4.3). The
pause is compensatory if the period between the complex
before and after a premature beat is the same as two normal
R-R intervals.

Aberrantly Conducted
Premature Atrial Complexes
If a PAC occurs very early, the right bundle branch can be
slow to respond to the impulse (ie., refractory). The impulse
travels down the left bundle branch with no problem.
Stimulation of the left bundle branch subsequently results in
stimulation of the right bundle branch. lhe QRS will appear
wide (ie., greater than 0.11 second) because of this delay in
ventricular depolarization. PACs associated with a wide QRS
complex are called aberrantly conducted PACs. 1his indicates
that conduction through the ventricles is abnormal. Fig. 4.4

R-R Interval

shows a rhythm strip with two PACs. 1he first PAC (arrow in
Fig. 4.4) was conducted abnormally, producing a wide QRS
complex. 1he second PAC (arrow in Fig. 4.4) was conducted
normally. Compare the T waves before each PAC with those
of the underlying sinus bradycardia.

Nonconductad Premature
Atrtal Complexes
Sometimes when a PAC occurs very early and close to the T
wave of the preceding beat, only a P wave may be seen with
no QRS after it, appearing as a pause (Fig. 4.5). 1his type of
PAC is called a nonconducted or blocked PAC because the
P wave occurred too early to be conducted. Nonconducted
PACs occur because the AV junction is still refractory to
stimulation and unable to conduct the impulse to the ventricles (thus no QRS complex). Look for the early P wave in
the T wave of the preceding beat.

WHAT CAUSES THEM?
[Oblecdve 3]
PACs may be the result of abnormal automaticity or reentry. PACs are very common and can occur at any age. They
are very frequent in older adults. 1heir presence does not

Two R-R Intervals

containing the PAC of normal underlying
R
R
rhythm
R

Noncompensatory pause

Fig. 4.3 AnonCOifllansa!ory pause Is presant If lila period bBtwaan lila can~ax before and attar a pramaiUre beat Is lass
lllan bW normal R-R lntarvals. PAC, PrBmatura lllrlal can~ax.

AberranUy conducted PAC

Fig. 4.4 Premature atrial com~exas (PACs) with and wllhoot abnormal conduction (abarran~. (From Kinney MP, Paclca
DR: Andreoli's COIT1/)I'9h8n8l cardiac C819, ed 8, St Louis, 1996, Mosby.)
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necessarily imply underlying cardiac disease. Possible causes
ofPACs include the following:
• Mental and physical
• Acute coronary
fatigue
syndromes
• Stimulants: caffeine,
• Atrial enlargement
• Digitalis toxicity
tobacco, cocaine
• Electrolyte imbalance
• Sympathomimetic
• Emotional stress
medications, such as
epinephrine
• Heart failure
• Valvular heart disease
• Hyperthyroidism

What Do I Do About Them?
[Oblectlve 3]
PACs usually do not require treatment ifthey are infrequent.
IfPACs are frequent, the patient may perceive a skipped beat
or occasional palpitations. Some patients are unaware of
their occurrence. In susceptible individuals, frequent PAC,
may induce episodes of AFib or PSVT. Frequent PACs are
treated by correcting the underlying cause:
• Correcting electrolyte imbalances
• Reducing stress
• Reducing or eliminating stimulants
• Treating heart failure
If the patient is symptomatic, frequent PACs may be
treated with beta-blockers, such as atenolol or metoprolol

WANDERING ATRIAL
PACEMAKER
How Do I Recognize It?
[Oblactlves 5, B)
Multiform atrial rhythm is an updated tenn for the rhythm
formerly known as wandering atrial pacemaker. With this
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rhythm, the size, shape, and direction of the P waves vary,
sometimes from beat to beat. The difference in the look. of
the P waves is a result of the gradual shifting of the dominant pacemaker among the SA node, the atria, and/or the
AV junction (Fig. 4.6). Wandering atrial pacemaker requires
at least three different P waves, seen in the same lead, for
proper diagnosis.
Wandering atrial pacemaker is associated with a normal
or slow rate and irregular P-P, R-R, and PR intervals because
ofthe different sites of impulse formation. The QRS duration
is normally 0.11 second or less because conduction through
the ventricles is usually nonnal The ECG characteristics of
wandering atrial pacemaker are shown in Table 4.2.
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At least three different P-wave configurations, seen in the same
lead, are required for a diagnosis of wandering atrial pacemaker
or multifocal atrial tachycardia.

What Causes It?
Wandering atrial pacemaker may be observed in nonnal.
healthy hearts (particularly in athletes) and during sleep. It
may also occur with some types of underlying heart disease
and with digitalis toxicity. 1his dysrhythmia usually produces
no signs and symptoms unless it is associated with a slow rate.

What Do I Do About It?
Wandering atrial pacemaker is usually a transient rhythm
that resolves on its own when the firing rate of the SA node
increases and the sinus resumes pacing responsibility. If the
rhythm occurs because of digitalis toxicity, the drug should
be withheld.

Fig. 4.5 Sinus rflythm with a nonconducted (blocked) premature all1al complex (PAC). Not& the dlstor!Bd Twave of the
third QRS complex fran the 19ft.

Fig. 4.8 Wancla~ng at~al pacemaker. Nota 1t1e differences In the shapes of the Pwaves. (From Paul S, Habra JD: Th6
1118S9:, (JUid8 tD cardiac rhythm lntsrpretation: /mp//r;atJon8 tor pat/9ntctW. Phlladelphla, 1996, Saunders.)
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lfJ:!i( Q Characteristics of Wandering A1rial Pacemaker
Rhythm
Rate

Usually irregular as the pacemaker site shifts from the SA node to ectopic atrial locations or AV junction
Usually 60 to 100 beats/min but may be slower; if the rate is faster than 100 beats/min, the rhythm is termed

P waves

Size, shape, and direction may change from beat to beat; may be upright, Inverted, blphaslc, rounded, flat,
pointed, notched, or burled In the QRS complex
Varies as the pacemaker site shifts from the SA node to ectopic atrial locations or AV junction
0.11 sec or less unless abnormally conducted

multifocal atrial tachycaniia

PR Interval
QRS duration

AV, Atrioventricular; SA, sinoatrial.

Fig. 4.7 Multlro:al 81rfal1aehycardla (MAl}. (From Bnwnwald E, Ubby P. Zlpes DP. et al: Heatt disease: a textbook of
CMJiovascular medicine, ed 6, St. Louis, 2001, Mosby.)

MULTIFOCAL ATRIAL
TACHYCARDIA
How Do I Recognize It?
[ObJective 7]
When the wandering atrial pacemaker rhythm is associated with a ventricular rate of more than 100 beats/min, the
dysrhythmia is called multifocal atrial tadxytanlia (MAT)
(Fig. 4.7). As evidenced by its name, MAT is the result of the
random and chaotic firing of multiple ectopic sites in the atria.
The ECG characteristics of MAT are shown in Table 4.3.

What Causes It?
MAT is most often seen in patients with severe chronic obstructive pulmonary disease (COPD), but it is also seen in the setting
of acute coronary syndromes. valvular heart disease, or hypomagnesemia;anditm.aybeaprecursorofAFib (Hamdan,2010).

What Do I Do About It?
The treatment of MAT is directed at the underlying cause. If
the patient is symptomatic, it is best to consult a cardiologist
before starting treatment.

SUPRAVENTRICULAR
TACHYCARDIA
Suprave:ntr:kular arrhythmias begin above the bundle of
His; this means that supraventricular arrhythmias include
rhythms that begin in the SA node, atrial tissue, or the AV
junction. The tenn supraventricular tachycardia (SVT)
includes supraventricular rhythms with a ventricular .rate

Ill
Rhythm

Characteristics of Multifocal Atrial
Tachycardia
Irregular~ th9 pacemaker site shifts from th9 SA

node to ectopic atrial locations or AV junction
Faster than 100 beats/min
One P wave before each QRS but the size,
shape, and direction of the P wave may
change from beat to beat; may be upright,
inverted, biphasic, rounded, flat, pointed,
notched, or buried in the QRS complex; at
least three different P-wave configurations
{seen in same lead} are required for a diagnosis of mu!tifocal atrial tachycardia
PR interval
Varies as the pacemaker site shifts from the
SA node to ectopic atrial locations or the AV
junction
QRS duration 0.11 sec or less unless abnonnally conducted
Rate
P waves

AV. Atrioventricular; SA, sinoatrial.

faster than 100 beats/min at rest (Page et al, 2015). Three
examples of SVTs are shown in Fig. 4.8.

Did You Know?- - - - - - Some SVTs need the AV node to sustain the rhythm and some
do not. For example, AVNRT and AVRT require the AV node
as part of the reentry circuit to continue the tachycardia. Other
SVTs use the AV node only to conduct the rhythm to the ventricles. For example, atrial tachycardia, atrial flutter, and AFib
arise from a site (or sites) within the atlia; they do not need the
AV node to sustain the rhythm.

TheonsetofSVT symptoms often begins in adulthood and
can affect the quality oflife depending on the frequency and
duration of episodes and whether symptoms occur not only
with exercise but also at rest (Page et al. 2015). Complaints of
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Normal alnus rhythm

Atltal tactlycardla (AT)

Atrioventricular nodal reentrant
tactlycardia (AVNRT)
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Atrioventricular reentrant
tactlycardia (AVRT)

A~-;~J
nJ_,.~ L..__

u_ ....j__...._..j_

}..~j_l.}v'J.~
Fig. 4.B

T~ of supraventricular tachycardias. A, Normal sinus rhythm Is shown hare as a refinance. B, With at~al tachy-

cardia (Al), a ftx:us (XI outslda1ha slnoat~al (SA) noda flras off aUIIlmallcally at a rapd rats. c, With aiR!vantrlcular (AVJ nodal
rean1nlnt IIKtlycardla (AVNRI), the cardac sUmulus crlglnatas as a wave of 9XCII:a~on that spins around lhe AV junctional araa..
As a result, P waWIS may be burled In the CRS or appear Immediately before or Just afiBr the QRS complex (st'J'I'liW) bacausa of
naa~y simultaneous ac1lvatlon of lha a~a and van~clas. D, A similar type of raan1rant (cln:us mowment) machanlsm In WolffParkinson-White syndrome. This machanblm Is ratemKito as iitTiovfJrTtrfc lllflfllnmt tBchycsnJia (IWR1). Nota 1ha Pwave
In lead I somawhlll after the CRS complex. BT. Bypass tract. (From Gollllell)ar AL: C/lnlcsJ BkJctrrJcsnJlogy: as/mp/lfl6d
8p{JIDilCh, ad 7. St. Louis, 2006, Mosby.)

Sinus rhythm

y~~·-'L~t'\-l,Ji·~~r'
Fig. 4.8 Atrial tadlycardla. S4, SlllOIIIrlal.

lightheadedness are common. A drop in blood pressure typically occurs during SVT and is greatest in the first 10 to 30
seconda, normalizing within 30 to 60 seconda despite minimal changes in heart rate (Page et al, 2015).

Q ECG Pearl _ _ _ _ _ _ _ _ __
It is important to look closely for P waves in all dysrhythmias,
but it is very important when trying to figure out the origin of a
tachycardia. If P waves are not visible in one lead, tJy looking in
another before finalizing your rhythm diagnosis.

A'btal Tachycardias
Atrial tuhyurdia (AT) is a regular rhythm that arises
from an ectopic focus in the atria at a rate faster than
100 beats/min and does not require the participation of
the AV node to maintain the dysrhythmia (Ellenbogen
&: Stambler, 2014) (Fig. 4.9). This rapid atrial rate overrides the SA node and becomes the pacemaker. AT is
often precipitated by a PAC. When three or more PACs
occur in a row at a rate of more than 100 beats/min, AT is
present.
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HOW DO I RECOONIZE IT?
[Obiactives a, 9J
With AT, conduction of the atrial impulse to the ventricles is

often 1:1. This means that every atrial impulse is conducted
through the AV node to the ventricles. This results in a P
wave preceding each QRS complex. Although the P waves
appear upright, they tend to look diff"erent from those seen
when the impulse is initiated from the SA node. It is possible
for an AT to have negative P waves in the inferior leads if it
arises from the lower part of the atrium. Because conducted
impulses travel through the ventricles in the usual manner,
the QRS complexes appear normaL The ECG characteristics
of AT are shown in Table 4.4.
1he term paroxysmal describes a rhythm that starts or
ends suddenly. AT that starts or ends suddenly is called
paroxysmal supraventricular tachycardia (PSVT), once
known as paroxysmal atrial tachycardia {Fig. 4.10). PSVT
may last for minutes, hours, or days. If the onset or end of
PSVT is not observed on the ECG, the dysrhythmia is simply
calledSVT.
With very rapid atrial rates, the AV node begins to filter
some of the impulses coming to it. By doing so, it protects
the ventricles from excessively rapid rates. When the AV

I fJ:!I i! I
Rhythm
Rate
Pwaves

PR interval

QRS duration

Characteristics of Atrial Tachycardia

node selectively filters conduction ofsome of these impulses,
the rhythm is called paroxysmal supraventricular (or atrial)
tachycardia with block. PSVT with block is often associated
with disease of the AV node, medications that slow conduction through the AV node, or digitalis toxicity. When PSVT
with block exists, more than one P wave is present before
each QRS. When the AV node blocks every other atrial
impulse from traveling to the ventricles the rhythm is called
PSVTwith2:1 block {Fig. 4.11).
There is more than one type of AT. ATs may be caused
by an automatic, triggered, or reentrant mechanism
(Zimetbaum, 2016). MAT has already been discussed.
AT that begins in a small area {focus) within the atria is
called focal AT. Focal atrial tachycardia often presents
with PSVT. Automatic AT, also called ectopic AT, is a type
of focal AT in which a small cluster of cells with abnormal
automaticity tire. The impulse is spread from the cluster of
cells to the surrounding atrium and then to the ventricles
via the AV node. P waves look different from sinus P waves,
but they are still related to the QRS complex. Vagal maneuvers do not usually stop the tachycardia, but they may slow
the ventricular rate.

Although correct use of the term paroxysmal requires
observing the onset or cessation of the dysrhythmia and
identification of the underlying rhythm that preceded it,
some practitioners use the term to describe the sudden
onset or cessation of a patient's symptoms associated with
the dysrhythmia.

Regular
101 to 250 beatsfmin

One P wave precedes each QRS
complex in lead II; these P waves differ in shape from sinus P waves; an
isoelectric baseline is usually present
between P waves; if the atrial rhythm
originates in the low portion of the
atrium, P waves will be negative in
the Inferior leads; with rapid rates,
it may be difficult to distinguish P
waves from T waves
May be shorter or longer than normal;
may be difficult to measure because
P waves may be hidden in the T
waves of preceding beats
0.11 sec or less unless abnormally
conducted

WHAT CAUSES IT?
Atrial tachycardia can occur in people with normal hearts or
in those with organic heart disease. AT may be related to an
acute event such as the following:
• Acute illness with excessive catecholamine release
• Digitalis toxicity
• Electrolyte imbalance
• Heart disease including coronary artery disease (CAD),
valvular disease, cardiomyopathies, and congenital heart
disease

1=1-1~ ~mnmmffil

!=~~~!!~~!~

·Sinus rhythm
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Fig. 4.10 Paroxysmal supraventr1cular tachycarda that ends spontaneously with the abrupt resumptfon of sinus rhythm.
The Pwaves of 1he tachycardia (rate: about 150 beats/min) are ~erimposed on the preceding Twaves. (FrDm Goltl:lerger AL:
Cilnlc8/6lectroc8rr:Jioy: asJmp//fled approach, ed 7, St Louis, 2006, Mosby.)

Chepter 4

cardiac output and blood flow to the brain. Syncope is most
likely to occur just after the onset of a rapid AT or when the
rhythm stopa abruptly. Predisposed people may experience
angina or heart failure.
A rhythm that lasts from 3 beats up to 30 seconds is a
nonsustained rhythm. A sustained rhythm is one that lasts
more than 30 seconds. If episodes of AT are short, the
patient may be asymptomatic. If AT is sustained and the
patient is symptomatic because of the rapid rate, treatment
should include applying a pulse oximeter and administering oxygen (if indicated), obtaining the patient's vital signs,
and establishing intravenous (IV) access. A 12-lead ECG
should be obtained. If the patient is not hypotensive, vagal
maneuvers may be tried. Vagal maneuvers are discussed
later. Although vagal maneuvers are rarely successful, they
may be attempted in an effort to terminate the rhythm or
slow conduction through the AV node. If vagal maneuvers fail, antiarrhythmic medications should be tried if the
patient is hemodynamically stable. Adenosine can be useful
to either restore sinus rhythm or diagnose the tachycardia
mechanism in patients with suspected focal AT (Page et al,
2015).
Beta-blockers and calcium channel blockers (e.g., diltiazem, verapamil) may be ordered to slow the ventricular rate
(Page et al, 2015). If AT is sustained and causing persistent
signs of hemodynamic compromise, IV adenosine may be
ordered and, if it is ineffective or if administration is not
feasible, synchronized cardioversion should be performed
(Page et al, 2015). Synchronized cardioversion is discussed
later in this chapter.
PSVT with AV block often occurs because of excess
digitalis. In these cases, the patient's ventricular rate is not
excessively fast The drug should be withheld and serum
digoxin levels obtained. Long-term medication therapy may include the use of calcium channel blockers or
beta-blockers.
When AT is difficult to control and causes serious signs
and symptoms, radiofrequency catheter ablation may be
necessary. When catheter ablation is performed, electrophysiologic studies are done to locate the abnormal pathways and reentry circuits in the heart. Once localized, a
special ablation catheter is placed at the site of the abnormal pathway. Low-energy, high-frequency current is

• Infection
• Puhnonary embolism
• Stimulant use (e.g., caffeine, albuterol, theophylline,
cocaine)
The autonomic nervous system is assodated with initiating or triggering some ATs (Ellenbogen & Stambler, 2014).
Reports of AT triggered by belching. changes in posture,
and swallowing, and the tenninatlon of AT with a Valsalva
maneuver or with the administration of beta-blockers support the probable assodation between autonomic nervous
system activity and AT in some patients (Ellenbogen &
Stambler, 2014).

The signs and symptoms experienced by a patient with
a tachycardia depend on the ventricular rate, how long
the tachycardia lasts, the patient's general health, and
the presence of underlying heart disease. The faster the
heart rate, the more likely the patient Is to have signs and
symptoms resulting from the rapid rate.

WHAT DO I DO ABOUT IT?
[Obiective 8]
Assessment findings and symptoms assodated with AT vary
widely and may include the following:
• Acute changes in mental
status
• Asymptomatic
• Dizziness or
lightheadedness
• Dyspnea
• Fatigue

Atrtal Rhythms

• Fluttering sensation in
the chest
• Hypotension
• Ischemic chest discomfort
• PalpitatiODS
• Signs of shock
• Syncope or near syncope

When taking the patient's history, try to find out how
often the episodes occur, how long they last, and possible
triggers. If the patient complains of palpitations, find out if
they are regular or irregular. Palpitations that occur regularly with a sudden onset and end usually are the result of
AVNRT or AVRT. Irregular palpitations may be the result
of premature complexes, AFib, or MAT. Tachycardias may
cause syncope because the rapid ventricular rate decreases

lllfll

Fig. 4.11 A1rlal tachycardia 1\1111 2:1 block. Pwaves are clearly seen before 1he QRS complexes. Others are hl~en In the
Twaves. The atrial rate is 1BO beats/min, ard the ventricular rate is 90 beatslmin. (From Andreoli TE, Benjamin I, Griggs R,
et aJ: Andreoliand Gatpsnter's C6cll868911tfals ofmedlcJn6, Philadelphia, 201 1, Saunders.)
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delivered through this catheter. With each burst of energy
from the catheter, an area of tissue is destroyed (ablated).
The energy is applied in various areas until the unwanted
pathway is no longer functional and the circuit is broken.
ATs occasionally can recur at a different site after a successful ablation.

ct ~~-----------Adenosine
• Adenosine slows the rata of the sinoatrial node, slows
conduction time through the AV node, can interrupt reentry
pathways that involve the AV node, and can restore sinus
rhythm in SVT. Reentry circuits are the underlying mechanism for many episodes of SVT. Adenosine acts at specific
receptors to cause a temporary block of conducUon
through the AV node, interrupting these reentry circuits.
A 12-lead electrocardiogram recording is desirable when
adenosine is used.
• Adenosine has an onset of action of 10 to 40 seconds
and a duration of 1 to 2 minutes. Because of its short
half-life o.e., 10 seconds), the medication is administered intravenously as rapidly as possible (i.e., over a
period of seconds) and immediately followed with a
saline flush.

VAGAL MANEUVERS
[Oblec11ve10]
Vagal maneuvers are methods used to stimulate baroreceptors in the internal carotid arteries and the aortic arch.
1he stimulation of these receptors results in re:flex stimulation of the vagus nerve and the release of acetylcholine.
Acetylcholine prolongs the effective refractory period of the
AV node, thereby slowing conduction through the AV node
and interrupting the reentrant circuit
Carotid sinus massage, also called carotid sinus pressure, is a vagal maneuver that is performed with the
patient's neck extended. Steady pressure is applied to the
right or left carotid sinus just underneath the angle of the
jaw for 5 to 10 seconds (Page et al, 2015) (Fig. 4.12). The
pressure applied directly stretches the wall of the carotid
sinus, thereby stimulating the baroreceptors (Lederer,
2012). Carotid sinus pressure should be avoided in older
adults and in patients who have a history of stroke, known
carotid artery stenosis, or a carotid bruit on auscultation
(Olgin, 2008). Simultaneous, bilateral carotid pressure is
not recommended. Because many organizations stipulate
that carotid massage only be performed by a physician, it
is prudent to check your agency's policy with regard to this
procedure.
Application of a cold stimulus to the face (e.g., a washcloth soaked in iced water, a cold pack, or crushed ice
mixed with water in a plastic bag or glove) is another
type of vagal maneuver that is based on the classic diving reflex. This is done for up to 10 seconds. When using
this method, do not obstruct the patient's mouth or nose

or apply pressure to the eyes. The use of a cold stimulus
to the face is often effective in children but seldom in
adults.
1he Valsalva maneuver is a type of vagal maneuver during
which the patient is instructed to make a forced expiratory
effort against a closed glottis. This increases intrathoracic
pressure and stretches the aorta, stimulates the aortic baroreceptors, and triggers vagus nerve activation (Lederer, 2012).
The patient may be asked to blow through an occluded straw
or take a deep breath and bear down as if having a bowel
movement

Research has shown improved success rates when perforrni'lg a VaJsalva maneuver with the patient supine while forcefully
exhaling for at least 15 seconds {Walker & Cutting, 201 0). More
recerrtty, a modified \lalsalva maneuver has shO\IIIrl Improved
success with conversion to sinus rhythm. With this procedure, the patient is pla::ed in a semi-recumbent position and
asked to blow into a 10-mL syringe until the plunger moves
(Appelboam et al, 2015). The patient is then immediately
moved to a supine position with passive leg elevation by a staff
member at 45-degrees for 15 seconds and then returned to a
semi-recumbent position for 45 seconds before reassessment
of the patient's cardiac rhythm. Conversion to sinus rhythm
was significantly more common in the modified-maneuver
group (43%) than in the control group (17%) (Appel>oam et al,
2015).

SYNCHRONIZED CARDIOVERSION
[Oblectlve 11]
Syndlronlzed cardioverslon is the delivery of a shock to
the heart by means of a defibrillator to terminate a rapid
dysrhythmia. A synchronized shock means the shock is

Fig. 4.12 carotid sinus massage. The caroUd sinus (caroUd body) Is located

at the bifurcation of 1he carotid artery at the angle ot the jaw. (Frc.n Conover MB:
Und6rBt8nd/ng 6leclroc8rdlo(J ed 7' St. Louis, 1995.)

Chepter 4

timed to avoid the relative refractory period of the cardiac cycle. When the sync control is pressed, the machine
searches for the QRS complex. When a QRS complex is
detected. the monitor places a flag or sync marker on that
complex. It may appear as an oval. square, line, or highlighted triangle on the ECG display, depending on the
machine used. To deliver a shock, press and hold the shock
button on the defibrillator until a message appears on the
screen indicating that the shock has been delivered. If using
standard paddles, press and hold the shock control on each
paddle until the message is seen.

Indications
Because the machine must be able to detect a QRS complex
in order to sync, synchronized cardioversion is used to treat

rhythms that have a dearly identifiable QRS complex and a
rapid ventricular rate in patients who show signs of hemodynamic compromise. Examples of rhythms treated with
cardioversion include narrow-QRS tachycardias, AFib, atrial
flutter, and monomorphic ventricular tachycardia. Elective
cardioversion should not be performed in patients with evidence of digoxin toxicity, severe hypokalemia, or other electrolyte imbalances until these factors are corrected (January
et al, 2014).

Atrioventricular Nodal Reentrant
Tachycardia
[Obiactive 12]
Atrioventricular nodal reentrant tachycardia (AVNRT) is the
most common type of SVT (Mani & Pavri, 2014). Patients
with AVNRT have two pathways within the AV node that

Fut

Typlc:al AVNHT

Fig. 4.13 Schematic fer supraventr1cular tachycardia (SV1) resulting from
fA'IJ nooal reentry (AVNRl}. All, AV node; NSR, nonnal sinus rhythm;
PAc, premature atrial complex. (Frcm Braunwald E, Goldman L, Menz C: PTfmaty
C8ldlology, ed 2, Philadelphia, 2003, Saunders.)
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conduct impulses at different speeds and recover at different
rates (Zimetbaum, 2016). Under the right conditions, these
fast and slow pathways can form an electrical circuit or loop
(Fig. 4.13). As one side of the loop is recovering, the other is
firing.
Typical AVNRT, also termed slow-fast tachycardia, is usually caused by single or multiple PACs. It is estimated that
80% of AVNRTs are of the slow-fast type (Mani & Pavri,
2014). This means that a PAC, having found the fast pathway
refractory, conducts the impulse to the ventricles by means of
the slow pathway. This is reflected by a prolonged PR interval
on the ECG. If the fast pathway has recovered, the impulse
can conduct rapidly up the fast pathway and depolarize the
atria, resulting in an echo beat (Mani & Pavri, 2014). The
impulse can then reenter the slow pathway to conduct again.
If this pattern continues, AVNRT is initiated. resulting in a
very rapid and regular ventricular rhythm ranging from 150
to 250 beats/min.
A less common type of AVNRT is called atypical
AVNRT, also known as fast-slow tachycardia. Atypical
AVNRT is often initiated by a premature complex that
conducts down the fast pathway and returns by means of
the slow pathway.

HOW DO I RECOGNIZE IT?
Look at the example of AVNRT in Fig. 4.14. You can see narrow-QRS complexes that occur at a regular rate of 168 beats/
min. P waves are not clearly seen. Because AVNRT begins in
the area of the AV node, the impulse spreads to the atria and
ventricles at almost the same time. This results in P waves
that are usually hidden in the QRS complex. If the ventricles
are stimulated fust and then the atria, a negative (inverted) P
wave will appear after the QRS in leads II, III, and aVF. When
the atria are depolarized after the ventricles, the P wave typically distorts the end of the QRS complex. The PR interval is
not measurable because P waves are not seen before the QRS
complex.
In our example of AVNRT, you can see ST-segment
depression. ST-segment changes (usually depression) are
common in patients with SVTs. In most patients, these
ST-segment changes are thought to be the result of repolariz.ation changes. However, in older adults and those with
a high likelihood of ischemic heart disease, ST-segment
changes may represent ECG changes consistent with an acute
coronary syndrome. The patient should be watched closely.

A1ri~mntrlcular nooal reentrant tachycardia.
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Characteristics of Atrioventricular
Nodal Reentrant Tachycardia
Ventricular rhythm is usually very regular
150 to 250 beats/min; typically 180 to 200
beats/min In adults
P waves
Often hidden In the QRS complex; If the
ventricles are stfmulated 11rst and then
the atria, a negative Qnverted) P wave
will appear after the QRS in leads II, Ill,
and aVF; when the atria are depolarized
after the ventricles, the P wave typically
distorts the end of the QRS complex
PR interval
P waves are not seen before the QRS
complex; therefore, the PR interval is not
measurable
QRS duration
0.11 sec or less unless abnormally
conducted

Rhythm
Rate

.Appropriate laboratory tests and a 12-lead ECG should be
obtained to rule out infarction as needed. The ECG characteristics of AVNRT are summarized in Table 4.5.

WHAT CAUSES IT?
Although AVNRT can occur at any age, it often presents
in young adulthood, occurring more often in women than
in men (Zimetbaum, 2016). Whether a person is born
with a tendency to have AVNRT or whether it develops
later in life for an unknown reason has not been dearly
determined. AVNRT is most often seen in young adults
who have no structural heart disease or ischemic heart
disease. It also occurs in patients with COPD, CAD. valvular heart disease. heart failure, and digitalis toxicity.
AVNRT can be triggered by hypoxia, stress, anxiety, caffeine, smoking. sleep deprivation, and many medications.
AVNRT can cause angina or myocardial infarction (MI)
in patients with CAD.

WHAT DO I DO ABOUT IT?
Because AVNRT may be short-lived or sustained, treatment
depends on the duration of the tachycardia and severity of
the patient's signs and symptoms. Assessment findings and
symptoms that may be associated with rapid ventricular rates
may include the following:
•
•
•
•
•
•

Chest pain or pressure
Dizziness
Dyspnea
Heart failure
Lightheadedness
Nausea

• Neck pulsations
• Nervousness, anxiety
• Palpitations (common)
• Signs of shock
• Syncope
• Weakness

If the patient is stable but symptomatic and the symptoms
rate. apply a pulse o:Jimeter
and administer supplemental oxygen, if indicated. Obtain the
patient's vital signs. establish IV access. and obtain a 12-lead
ECG. Whilecontinuouslymonitoringthepatient's ECG,attempt
a vagal maneuver if there are no contraindications. AVNRT is
usually responsive to vagal maneuvers. If vagal maneuvers do
are the result of the rapid heart

not slow the rate or cause conversion of the tachycardia to a
sinus rhythm. the first antiarrhythmic given is adenosine. The
administration of calcium channel blockers or beta-blockers is

indicated when AVNRT fails to convert to sinus rhythm or ifit
recurs. It has been estimated that 80% to 98% of stable patients
with SVT respond to pharmacologic therapy with adenosine,
diltiaze.m, or verapamil (Page et al. 2015).
An unstable patient is one who has signs and symptoms of hemodynamic compromise. Examples of these
signs and symptoms include acute changes in mental status, chest pain or discomfort, hypotension, shortness of
breath, pulmonary congestion, heart failure, acute MI, and
signs of shock. If the patient is unstable, treatment should
include application of a pulse oximeter and administration
of supplemental oxygen (if indicated), IV access, and sedation (if the patient is awake and time permits) followed by
synchronized cardioversion.
Recurrent AVNRT may require treatment with a long-acting calcium channel blocker or beta-blocker. Antiarrhythmics
such as amiodarone may also be used. Recurrent episodes vary
in frequency, duration, and severity from several times a day
to every 2 to 3 years. Patients who are resistant to drug therapy
or who do not wish to remain on lifelong medications for the
dysrhythmia are candidates fur radiofrequency catheter ablation. Catheter ablation has become the treatment ofchoice in
the management of patients with symptomatic recWTent episodes of AVNRT. It is successful in permanently interrupting
the circuit and curing the dysrhythmia in most cases.

Atrioventricular Reentrant
Tachycardia
[Objacllve13]
Atrioventricular reentrant tachycardia (AVRT) is the next
most common type ofSVT. The term preexcltation refers to
a rhythm that originates above the ventricles and transmits
an impulse along a pathway outside the AV node and the AV
bundle. As a result, this supraventricular impulse excites the
ventricles earlier than would be expected if the impulse had
traveled through the normal conduction system.
During fetal development, strands of myocardial tissue
form connections between the atria and the ventricles, outside of the normal conduction system. These strands normally become nonfunctional shortly after birth; however,
in patients with preexcitation syndrome, these connections
persist. Because these connections bypass part or all of the
normal conduction system, they are called ac.ceaory pathways or bypass tracts (Fig. 4.15). Some people have more
than one accessory pathway. Anatomically, accessory pathways are most commonly round in the left side of the heart
(Leitch & Barlow, 2010).
With AVRT, the reentrant circuit involves fOur components-the atrium, the normal AV node, the ventricle, and
an accessory pathway (Saksena et al, 2012). Several types
of accessory pathways have been described. The location of
the accessory pathway and the conductive properties of the
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Normal sinus rhythm

Lead

I ~-..,_

A

Dena wave

B

c

·-. P wave

Fig. 4.1 S Nonnal and abnormal conducUon palhways. A, Conduction du ~ng sinus rflythm In 1hB nonnal heart spreads
from 1hB slnoatr1al (SA) node to the at~IMinlr1cular fAll) nods and then OO'Nn the bunlte branches. The jBgg8d /JnBindlcaiBII
phy81ologlc si!Mirc~ of condl.dlon In the AV node. B, Wlth WoHf-Parklnson-'MlltB (WPW) pai1Bm, an abnormal accessory
conduction pa1hway called a bypass tract (Bl) connacts 1hB atria and ventricles. With 'WPN, du~ng sin us rhythm, 1hB eiiiC!rlcal
Impulse Is conducted quickly di7M1 the bypass tract, praexcltlng the ventr1clas before the Impulse anlvas via the AV ncda.
Consequerrlly, 1hB PR ln!Brvalls short, and the QRS complex Is wide, with slurrlrc~ at Its onsat (deliB wave). C, 'WPN pradlsposas peUents to dBWIIop en ~aventrlcular n~entrant 1l!chycardla (AVRl), In which a pn~matu111 lllr1al beat may spiBild di7Nn
the normal pll1hway to 1hB ventr1des, travel back up 1hB ~ass tract, and racln:ulate down the AV nods again. This 1118ntrant
loop can repeat Itself over ard !Mll', resu111ng In a tachycardia. t«<ttoe the normal QRS com~ex and often negellve Pwave In
lead lllilrlng this type of bypass-tract tachycardia. (From Goldbsrger AI..: aJnlaJJ816ctmcstrJ/ogfy: a slmp//flfJd IJfJIJI'08Ch, ed
7. St. Louis, 2006, Mosby.)

pathway and AV node determine the extent of preacltation
(Hamdan, 2010). Unlike the AV node, an accel!isory pathway doeB not have the ability to slow or reduce the number
of atrial impulses transmitted to the vmtricles; therefore,
patients with preexcitation syndromes are prone to tachydysrhythmias, including PSVT, AVRT, and AFib. The number of atrial impulses reaching the ventricles may approach
300 to 350 beats/min, which significantly increases the risk
of development of ventricular fibrillation.
'Ihe most common form of preexcitation is the WolffParkinson-White (WPW) pattern. The WPW pattern
includes a triad offindings that consist of the foHowing: (1) A
short PR interval, (2) a delta wave, and (3) a wide QRS complex (Fig. 4.16). A patient is said to have WPW syndrome
when a WPW preexcitation pattern is present on the ECG
and a tachydysrhythmia occurs that is related to the accessory pathway (Olgin & Zipes, 2012).

Fig. 4.18 Typical WoHf.farklnson-Whlte (WPW) pettam sh!Ming a short PR
Interval, daiiB wave, wide QRS com~ex, and secondary sr and T-wave changes.
{From Chou T. Rarnalah LS: ElectrocBrrlogr In c11n1cs1 fDC1/C8: BliJit8lldp8di8trtc,
ed 4, Phlladalphla, 1996, Saundel'l!.)
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HOW DO I RECOONIZE IT?

Normally, conduction through the Purkinje fibers
is very fast. In WPW, the spread of the impulse is slow
because it must spread from working cell to working
cell in the ventricular muscle. This is because the accessory pathway bypasses the specialized cells of the heart's
conduction system. Because the impulse spreads slowly
through the working cells, the delay in conduction results
in a QRS that is usually more than 0.12 second in duration.
The QRS complex seen in WPW is actually a combination
of the impulse that preexcites the ventricles through the
accessory pathway and the impulse that follows the normal conduction pathway through the AV node (Hamdan,
2010). As a result, the end (i.e., terminal) portion of the
QRS usually looks normal. However, because the ventricles are activated abnormally, they repolarize abnormally.
This is seen on the ECG as changes in the ST segment
and T wave. The direction of the ST segment and T wave
is usually opposite the direction of the delta wave and
QRS complex, which can mimic ECG signs of myocardial
ischemia or injury. An example ofWPW is shown in Fig.
4.18. The ECG characteristics of WPW are summarized
in Table 4.6.

The ECG characteristics of WPW described here are usually
seen when the patient is not having a tachycardia. WPW syndrome usually goes undetected until it manifests in a patient
as a tachycardia.
When WPW is associated with a sinus rhythm, the P
wave looks normaL The PR interval is short (less than 0.12
second) because the impulse travels very quickly across
the accessory pathway, bypassing the normal delay in the
AV node. As the impulse crosses the insertion point of
the accessory pathway in the ventricular muscle, that part
of the ventricle is stimulated earlier (preexclted) than if
the impulse had followed the normal conduction pathway through the bundle of His and Purkinje fibers. On
the ECG, preexcitation of the ventricles can be seen as a
delta wave in some leads. A delta wave is an initial slurred
deflection at the beginning of the QRS complex that
may be positive or negative. It reflects the relatively slow
ventricular depolarization over the accessory pathway
(Fig. 4.17) (Mark et at, 2009).

Q ECG Pearl _ _ _ _ _ _ _ _ __
Recognizing the Wolff-Parkinson-White Pattern

WHAT CAUSES IT?

• Delta wave
• Short PR interval
• Widening of the QRS complex

WPW syndrome is more common among men than
among women, and most people with WPW syndrome
have no associated heart disease. WPW syndrome is
one of the most common causes of tachydysrhythmias
in infants and children. Although the accessory pathway in WPW syndrome i.s believed to be congenital in
origin, symptoms associated with preexcitation often do
not appear until the patient is a teenager or during young
adulthood.

WPW

Normal conduction

A

B

Fig. 4.17

~~

I

~M~

Delta

WHAT DO I DO ABOUT IT?

-

Although some people with AVRT never have symptoms,
common signs and symptoms associated with AVRT and a
rapid ventricular rate include the following:

oZl( M
'f

• Anxiety

• Chest discomfort
• Dizziness

CharaciB~sUc flmtrgs wllh tile Wolff-PB!klnson-Whlta (\WW) pa11Bm

•
•
•
•
•

(short PR Interval, QRS wldeniY,I, and della WIMI) ~ vd1h ramal oonWcUoo.
A. The usual BjiiE8IBIIal of ~ In leads In Yttlk111he (J!S CDTJIIex Is mainly ~~ght
B, The usuallljljl8lllllllC of ~ when 1hB (RS Is predominantly negallve. NagaUve
delta WIIVEIS may lilmulatB palhcloglc QWIIVIIS, mm~ng ITT)rolllllallnfarttlon. (From
Grauer K: ApriCIJcsl guide to ECG lntE:rpmtatJon, ed 2, St. Louis, 1998, Mosby.)

Lightheadedness
Palpitations (common)
Shortness of breath during exercise
Signs of shock
Weakness

IIIIII
I

Fig. 4.1a Rhythm st~p showing an emmpl& of lnlllrmltterrt prBBlrl:ltallcn. The first th rB9 biiiiiB show preexdtallon. This Is
followed by abrupt nonmall.za:1lon of 1he QRS compiBx In th& naxt two baa:ts. ThB pra&XCitatk:m pattBm raturm for 1he final thra&
bea:ts. (from Zlp98 DP, JaiHe J: C8rdlac81ectmphyslology: from CfJII tob8dslds, 9d 3, Phlladeii*Jia, 2000, Saunders.)
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If a delta wave is noted on the ECG but the patient is
asymptomatic, no specific treatment is required (Hamdan,
2010). If the patient is symptomatic because of the rapid
ventricular rate, treatment will depend on how unstable
the patient is, the width of the QRS complex (i.e., wide or
narrow), and the regularity of the ventricular rhythm.
Consultation with a cardiologist is recommended when caring for a patient with AVRT.
Vagal maneuvers are recommended if the patient is stable and there are no contraindications (Page et aL 2015).
Medications such as adenosine, digoxin, diltiazem, and
verapamil should be avoided. 1hese medications are contraindicated because they slow or block conduction across the
AV node, but they may speed up conduction through the
accessory pathway, thereby resulting in a further increase in
the ventricular rate (Link et al, 2015). Although the potential for beta-blockers to enhance conduction across an

II.IIR Characteristics of WoHf-Parkinsonlliliil White Pattern
Rhythm
Rate

P waves
PR interval

QRS duration

Regular, unless associated with ARb
Usually 60 to 100 beats/min if the underlying
rhythm is sinus in origin
Normal and positive in lead II unless WPW is
associated with AFib
If P waves are observed, 0.12 sec or less,
because the impulse travels very quickly
across the accessory pathway, bypassing
the normal delay in the AV node
Usually more than 0.12 sec; slurred upstroke
of the QRS complex (delta wave) may be
seen In one or more leads

AF/b, Atrtal tlbrtllatlon; All, atr1ovantrtcular; WPW, Wolff-Parkinson-Whits.
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accessory pathway is controversial, caution should be exercised in the use of these drugs in patients with AFib associated with preexcitation (Fuster et al, 2011). If the patient
is unstable, preparations should be made for synchronized
cardioversion.

ATRIAL FLUTTER
[Objective 14]
Atrial flutter is a reentrant rhythm in which an irritable site
within the atria fires regularly at a very rapid rate.

How Do I Recognize It?
Typical atrial ftutter, also known as common atrial flutter
or counterclockwise atrial flutter, is caused by reentry in
which an impulse circles around a large area of tissue, such
as the entire right atrium, in a counterclockwise direction
(January et al, 2014) (Fig. 4.19). Atrial waveforms are produced that resemble the teeth of a saw or a picket fence;
these are called flutter waves or F waves. F waves are predominantly negative in leads II, III, and aVF and positive
in V 1 (Fuster et al, 2011). The atrial rate typically ranges
from 240 to 300 beats/min (January et al, 2014). Because
P waves are not observed in atrial flutter, the PR interval is
not measurable. The QRS complex is usually 0.11 second
or less because atrial flutter is a supraventricular rhythm,
and the impulse is conducted normally through the AV
junction and Purkinje :fibers. However, if flutter waves are
buried in the QRS complex or if an intraventricular conduction delay exists, the QRS will appear wide (i.e., greater
than 0.11 second).
With atypical atrial flutter, the impulse circulates
in a clockwise direction, resulting in F waves that are

Sinus rhythm

Atrtal flutter

~L~UJP
QRS

Fig. 4.19 Atrial flutter. F. Autter wave; S4. sinoabiaJ.
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predominantly positive in leads II. m. and aVF and negative
in V1• The mechanism of atypical atrial flutter may be related
to indsional scars from previous cardiac surgeries involving
atrial tissue, previous atrial ablation, idiopathic fibrosis in
areas of the atrium, or other anatomic or functional barriers
to conduction in the atria (Goel et al. 2013; Olgin &: Zipes,
2012). It is important to recognize that the P-wave descriptions provided for typical and atypical atrial flutter are not
always reliable with regard to the location of the reentry circuit or the type of atrial flutter (January et al. 2014).
With atrial flutter. an irritable focus within the atrium typically depolarizes at a rate of 300 beats/min. If each impulse
were transmitted to the ventricles, the ventricular rate would
equal300 beats/min. The healthy AV node protects the ventricles from these extremely fast atrial rates. Normally, the
AV node cannot conduct faster than about 180 impulses/
min. Thus, at an atrial rate of 300 beats/min, every other
impulse arrives at the AV node while it is still refractory. The
resulting ventricular response of ISO beats/min is called 2:1
conduction. (The ratio of the atrial rate [300 beats/min] to
the ventricular rate [150 beats/min] is 2 to I.) Atrial flutter
with an atrial rate of 300 beats/min and a ventricular rate of
100 beats/min results in 3:1 conduction, 75 beats/min results
in 4:1 conduction, 50 beats/min results in 6:1 conduction,
and so on. Although conduction ratios in atrial flutter are
often even (i.e., 2:1, 4:1, 6:1), variable conduction can also
occur, which produces an irregular ventricular rhythm. In
individuals with an accessory pathway. atrial flutter may
be associated with 1:1 conduction because the AV node is
bypassed, producing extremely rapid ventricular rates. When
atrial flutter is present with 2:1 conduction, it may be difficult
to tell the difference between atrial flutter and sinus tachycardia, AT, AVNRT, AVRT, or SVT. The ECG characteristics of
atrial flutter are shown in Table 4.7.

0

ECO Pearl _ _ _ _ _ _ _ __

Atrial flutter or AFib that has a rapid ventricular rate is desaibed
as uncontrolled. Atrial flutter or ARb with a rapid ventrlctJiar response Is commonly calledA!futter with RVR or ARb with FWR.

What Causes It?
Atrial flutter is often precipitated by a brief episode of AT or
by AFib (January et al, 2014). It may last for seconds to hours

and occasionally persists for 24 hours or longer. Chronic atrial
flutter is unusual. This is because the rhythm usually converts
to sinus rhythm or AFib. either on its own or with treatment.
Conditions associated with atrial flutter are shown in Box 4.1.

What Do I Do About It?
Patients with atrial flutter commonly present with complaints of palpitations, difficulty breathing. fatigue. or chest
discomfort. The severity of signs and symptoms associated

lt+hjl(!l

Characteristics of Atrial Flutter

Rhythm

Rate

p WfJNeS
PR interval
QRS duration

Atrial regular; ventricular regular or irregular depending on AV conduction and
blockade
The atrial rate typically ranges from 240
to 300 beats/min: the ventricular rate
varies and is determined by AV blockade; the ventricular rate will usually not
exceed 160 beats/min as a result of
the intrinsic conduction rate of the AV
junction
No identifiable P waves; saw-toothed
"flutter" waves are present
Not measurable
0.11 sec or less but may be widened if
flutter waves are buried in the QRS
complex or if abnonnally conducted

AV, Atrioventricular.

•=
•
•
•
•
•
•
•
•
•
•

«~•

Conditions Associated with Atrial Flutter

Cardiac surgery
Cardiomyopathy
Chronic lung disease
Complication of myocardial infarction
Digitalis or quinidine toxicity
Hyperthyroidism
Ischemic heart disease
Mitral or tricuspid valve stenosis or regurgitation
Pericarditis or myocarditis
Pulmonary embolism

with atrial flutter vary, depending on the ventricular rate,
how long the rhythm has been present, and the patient's cardiovascular status. It is best to consult a cardiologist when
considering treatment options.
Vagal maneuvers may help to identify the rhythm by temporarily slowing AV conduction and revealing the underlying flutter waves (Fig. 4.20). When vagal maneuvers are used
in the management of atrial flutter, the response is usually
sudden slowing and then a return to the former rate. Vagal
maneuvers will not usually convert atrial flutter because the
reentry circuit is located in the atria, not the AV node.
If atrial flutter is associated with a rapid ventricular rate
and the patient is stable but symptomatic, treatment is usually aimed at controlling the ventricular rate with medications such as beta-blockers (e.g., esmolol. metoprolol.
propranolol) or nondihydropyridine calcium channel blockers (e.g., verapamil, diltiazem).
Synchronized cardioversion should be considered for any
patient with atrial flutter who has serious signs and symptoms because of the rapid ventricular rate (e.g., hypotension, signs of shock, or heart failure) (Link et al. 2015). If
synchronized cardioversion is performed, atrial flutter can
be successfully converted to a sinus rhythm with the use of
low energy levels.
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F1g. 4.20 Atrial flutter. A, Rhythm strip showing a narrow-QRS tachycardia wth a ventricular rate just under 150 beats/
mln. B, The same rhythm shown In A with amMS added lndlcaUng possible atrial actMty. C, When carotid sinus massage
(CSM) Is performed, the rate of conduc11on through the at~oven111cular (AVJ node slows, revealing atrial ftut!Br. (From Grauer K:
A {JfBCtlcal guide tll EC61rrt81prst8t/on, ed 2, St. Louis, 1998, Mosby.)

ATRIAL FIBRILLATION

How Do I Recognize It?

[Oblectlve 15]
AFib is the most common dyuhythmia treated in clinical practice and the most common dysrhythmia for which
patients are hospitalized (Morady & Zipes, 2015). AFib
occurs because of abnonnal automaticity in one or several
rapidly firing sites in the atria or reentry involving one or
more circuits in the atria (Fig. 4.21). Irritable sites in the
atria fire at a rate of 300 to 600 times per minute. These rapid
impulses cause the muscles of the atria to quiver (i.e., fibrillate), thereby resulting in ineffectual atrial contraction,
decreased stroke volume, a subsequent decrease in cardiac
output, and a loss of atrial kick. 1he ventricular response to
AFib depends on the electrophy~liologic properties of the AV
node and other conducting tissues, the level of sympathetic
and parasympathetic tone, the presence or absence of accessory pathwaf!, and the action of drugs (Fuster et al, 2011).
AFib may occur alone or in association with other atrial dysrhythmias (January et ai.. 2014).

With AFib, the AV node attempts to protect the ventricles from
the hundreds ofimpulses bombarding it per minute. It does this
by blocking many of the impulses generated by the irritable sites
in the atria. The ventricular rate and rhythm are determined by
the degree of blocking by the AV node of these rapid impulse!.
Look at the example of AFib in Fig. 4.22. One of the first
things you notice is that the ventricular rhythm is irregular. With AFib, atrial depolarization occurs very irregularly,
which results in an irregular ventricular rhythm. 1he ventricular rhythm associated with AFib is described as irregularly irregular because there is no pattern to the irregularity.
Because the ventricular rhythm is irregular, we will use the
6-second method of rate calculation to detennine the ventricular rate, which is about 80 beats/min.
Because of the quivering of the atrial muscle and because
there is no uniform wave ofatrial depolarization in AFib, there
is no P wave. Instead, you see a baseline that looks erratic (i.e.,
wavy). This corresponds with the rapid atrial rate. 1hese wavy
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deflections are called fibrilWory waves or f waves. Some clinicians refur to fibrillatory waves of large amplitude as coarse
fibrillatory waves and those of small amplitude as fine fibrilla-

tory waves. 1his distinction has no clinical relevance.
We cannot measure a PR interval because there is no P
wave. The QRS complex is narrow (i.e., measuring 0.08 to 0.10
second) because the impulse started above the bifurcation of
the bundle of His and was conducted nonnally through the
AV node and bundle and Purkinje fibers. We cannot measure
a QT interval because T waves are not clearly seen.

AFib may be confused with MAT because both rhythms
are irregular; however, P waves, although varying in size,
shape, and direction, are clearly visible in MAT and a distinct isoelectric period is seen between P waves (Page et a1,
2015). Suspect toxicity caused by digitalis, beta-blockers,
or calcium channel blockers if AFib occurs with a slow,
regular ventricular rate. This can occur when a patient who
has AFib is prescribed medications to slow the ventricular
rate. Excess medication can cause third-degree AV block
(Fig. 4.23}. When AFib is present with a third-degree AV

Sinus rhythm

Atrial ftbrtlladon

'~\r-~l~r++-t~r
QRS

Fig. 4. 21 Alr1alllbr111a:tlon. f, Abrllla!Dry WBYB; S4, slncab'lal.

Fig. 4.22 A!rial fibrillatiOn with a ventriCular response of 80 beats/min. (From Aehlert B: ECG Sl1ldy c.wm, Sl Louis,
2004, Mosby.)

v,

Fig. 4.23 Alrlal flbrlllallon !Mth third-degree atrloverrtrlcular block. The vantr1cular rate Is slaw and regular because of the
bled<. (From Gollllerger AL.: CllnlcaJ el8ctrocanflogry: as/mp/lfl6d approach, ed 7, St Louis, 2006, Mosby.)

Chapter 4
block, the diagnosis of AFib is made on the basis of the
presence off waves (Morady & Zipes, 2015). The ECG
characteristics of AFib are shown in Table 4.8.

What causes It?
Although most patients with AFib have some fonn of cardiovascular disease, APib can occur in patients without
detectable heart disease or related symptoms. Examples
of conditions that predispose patients to AFib appear in
Table 4.9.
Patients who experience AFib are at increased risk ofatrial
thrombus formation, leading to stroke, peripheral thromboembolism, or both (January et al, 2014). Because the atria
do not contract effectively and expel all of the blood within
them, blood may pool within these chambers and fonn clots.
A clot may dislodge on its own or because of conversion of
AFib to a sinus rhythm.

What Do I Do About It?
AFib may occur as a self-limiting episode, it may come
and go, or it may exist as a sustained rhythm. About
25% of patients who experience AFib are asymptomatic
(Morady & Zipes, 2015). When symptoms are present,
the severity of the signs and symptoms associated with
AFib vary with the ventricular rate (either too fast or too
slow), the loss of effective atrial contraction, sympathetic
activation, and the beat-to-beat variability in ventricular

lfJ:!I(!:I Characteristics of Atrial Fibrillation
Rhythm
Rate
Pwaves
PR interval
QRS duration

Ventricular rhythm usually irregularly irregular
Atrial rate usually 300 to 600 beets/min; ventricular rate variable
No identifiable P waves, fibrillatory waves
present; erratic, wavy baseline
Not measurable
0.11 sac or lass unless abnormally
conducted

Atrtal Rhythms

filling (January et al, 2014). Examples of common symptoms include fatigue (the most common symptom), chest
discomfort or pain, dizziness, effort intolerance, lightheadedness, palpitations, shortness of breath, and heart
failure.
Obtaining a thorough medical history and patient
assessment are important. When obtaining the patient's
history, asking about the number of episodes of AFib, their
frequency, the nature of the patient's symptoms, and possible triggers may help to determine the pattern of the
dysrhythmia.
Treatment decisions are based on the ventricular rate, the
duration of the rhythm, the patient's general health, and how
he or she is tolerating the rhythm. It is best to consult a cardiologist when considering specific therapies.
Rate control and rhythm control are the two primary
treatment strategies wed to control symptoms of AFib. With
rate control, the patient remains in AFib, but the ventricular rate is controlled to decrease acute symptoms, reduce
signs of ischemia, and reduce or prevent signs of heart failure from developing. With rhythm control, sinus rhythm is
reestablished.
If AFib is associated with a rapid ventricular rate and
the patient is stable but symptomatic, treatment is usually
aimed at controlling the ventricular rate with medications
such as beta-blockers (e.g., esmolol, metoprolol, propranolol) or nondihydropyridine calcium channel blockers (e.g.,
verapam.il. diltiazem). Synchronized cardioversion should
be considered if the patient with AFib has serious signs and
symptoms because of the rapid ventricular rate. Because
pharmacologic or electric cardiaversion carries a risk of
thromboembolism, anticoagulation is recommended before
attempting conversion of AFib to a sinus rhythm when the
duration of the AFib exceeds 48 hours (January et al, 2014).
Catheter ablation is recommended for selected patients with
AFib, such as those who have APib with WPW syndrome
and a history of syncope caused by the rapid heart rate. A
summary of atrial rhythm characteristics can be found in
Tables 4.10 and 4.11.

lfJ:!Ii!~l Conditions That Predispose Patients to Atrial Fibrillation
cantlovascular Condldons

Noncardlovascular Conditions

Iatrogenic causes

• Coronary artery disease
• Congenital heart disease (especially
atr1al septal defect In adults)
• Dilated cardiomyopathy
• Heart failure
• Hypertension

• Acute and chronic alcohol abuse
• Autonomic stimulation
• Diabetes mellitus
• Electrocution
• Hyperthyroidism
•Obesity
• Pulmonary diseases ~.e., chronic obstructive
pulmonary disease, pneumonia)
• Pulmonary embolism
• Sleep apnea

•
•
•
•
•
•

•

Hypertrophic cardiomyopathy

• Pericardia! disease
• Rheumatic heart disease
• Valvular disease (especially mitral
valve disease)

Antihistamines
Bronchodilating beta agonists
Cardiac and noncardlac surgery
Local anesthetics
Noncardiac diagnostic procedure
Nonprescription cold remedies
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lrJ:IIiSt~l Atrial Rhythms: Summary of Characteristics
Charactaristic

PACs

Wandering Abial Pacemaker Abial Tachycardia

AVNRT

Rhythm

Irregular because of the

May be irregular as pace-

Venbicular rhythm is
usually very regular

Premature, positive, one
precedes each QRS,
differ from sinus P
waves, may be lost in
preceding T wave
May be normal or
prolonged

Regular
maker site shifts from
SA node to ectopic atrial
locations and AV junction
Usually 60 to 100; if rate
101 to 250
greater than 100 beats/
min, rhythm is called multifocal afJiaJ ta.chycan:Jia
Size, shape, and direction
Atrial P WaYSS differ
may change from beat
from sinus P waves;
isoelectric baseto beat
line usually present
between P waves
Varies
May be shorter or longer
than normal

0.11 sec or less unless
abnormally conducted

0.11 sec or less unless
abnormally conducted

earfy beat(S)

Rate (beats/min) Usually within normal
range, but depends on
underlying rhythm
P waves ~ead II)

PR interval

QRS duration

150 to 250

P waves often hidden In
QRScomplex

If P W8N9S are seen, the
PRI will usually measure 0.12 to 0.20 sec
0.11 sec or less unless 0.11 sec or less unless
abnormally conducted
abnormally conducted

AV. Atrtoventrlcular; AVNRT, a1rlovantrlcular nodal reentrant tachycardia; PAC, prema1ure atrial complex; PRJ, PR lnte!Val; SA, sinoatrial.

iij:lli§ll Atrial Rhythms: Summary of Characteristics
Characteristic

Abial Flutter

Abial Fibrillation (Afib)

Rhythm

Atrial regular, venbicular regular
or irregular
Atrial rate typically 240 to 300;
ventricular rate variabledetermined by AV blockade
No identifiable P waves;
saw-t001tled "flutter" WaYeS
present
Not measurable
0.11 sec or less unless
abnormally conducted

Ventricular rhythm usually
Regular, unless associated with ARb
irregularly irregular
Atrial rate 300 to 600; ventricular 60 to 100 if the underlying rhythm is
rate variable
sinus in origin

Rate (beats/min)

P waves ~ead II)

PR interval
QRS duration
AV. Atrioventricular.

No identifiable P waves; fibrillatory waves present; erratic,
W€N'f baseline
Not measurable
0.11 sec or less unless
abnormally conducted

Wolff-Parkinson-White (WPW) Pattern

Normal and positive unless WPW is
associated with ARb
If P waves are seen, less than 0.12 sec
Usually greater than 0.12 sec; delta wave
may be seen in one or more leads
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STOP & REVIEW
True/False
Indicate whether the statement is true or false.
1. MAT is another name for .AFib.
_ _ 2. Synchronized cardioversion is recommended in the treatment offrequent PACs.
_ _ 3. Proper identification of wandering atrial pacemaker requires at least three different P waves, seen in the same lead.

Multiple Choice
Identify the choice that best completes the statement or answers
the question.
_ _ 4. All supraventricular dysrhythmias
a. involve accessory pathways.
b. begin above the bifurcation of the bundle of His.
c. begin below the bifurcation of the bundle of His.
d. require the AV nodes participation to sustain the
dysrhythmia.
_ _ 5. On the ECG, an impulse that begins in the atria and
occurs earlier than the next expected sinus beat will
appear as a
a. P wave that appears after the QRS complex.
b. QRS measuring more than 0.11 second in
duration.
c. P wave with a PR interval measuring more than
0.20 second.
d. P wave that may appear in the T wave of the preceding beat
__ I. A compensatory pause is a
a. series of waveforms.
b. delay that occurs following a premature beat that
resets the SA node.
c. period during the cardiac cycle during which
cardiac cells can be stimulated to conduct an
electrical impulse if exposed to a stronger than
normal stimulus.
d. period during the cardiac cycle during which cardiac cells cannot be stimulated to conduct an electrical impulse, no matter how strong the stimulus.
_ _ 7. 'Ihe most common type of SVT is
a. atrial flutter.
b. AT.
c. AVRT.
d. AVNRT.
_ _ 8. Signs and symptoms experienced during a tachydysrhythmia are usually primarily related to
a. atrial irritability.
b. vasoconstriction.
c. slowed conduction through the AV node.
d. decreased ventricular filling time and stroke
volume.

__ 9. The WPW pattern is associated with a
a. short PR interval. delta wave, and wide QRS

comple:x.
b. long PR interval, delta wave, and normal QRS
comple:x.
c. long PR interval, flutter waves, and narrow QRS
comple:x.
d. short PR interval, fibrillatory waves, and narrow
QRS complex.
__ 10. Which of the following ECG characteristics
cllstinguishes atrial tlutter from other atrial
dysrhythmias?
a. The presence offibrillatory waves
b. P waves of varying size and amplitude
c. The presence of delta waves before the QRS
d. The "saw-tooth• or "picket-fence• appearance of
waveforms before the QRS
_ _ 11. In AFib, the PR interval is usually
a. not measurable.
b. within normal limits.
c. less than 0.20 second in duration.
d. more than 0.20 second in duration.
_ _ 12. Which of the following dysrhythmias is most likely
to be associated with a reduction in cardiac output
and loss of atrial kick?
a. AFib
b. Sinus tachycardia
c. PACs
d. Wandering atrial pacemaker
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Rg. 4.24 [Fran Ashlert B: ECG study cards, St L.ruls, 2004, Mosby.)

Questions 13 through 17 pertain to the following scenario.
A 35-year-old woman is complaining of palpitations.
_ _ 13. The patient is alert and oriented to person., place,
time, and event. Her blood pressure is 144/82 mm
Hg, and her ventilations are 18 breaths/min and
unlabored. She appears anxious and states her
ilea.rt is racing." Which of the following statements
is correct with regard to assessment of this patienH
a. Despite the patient's age, palpitations generally
indicate the presence of cardiac disease.
b. A complaint of palpitations is a cause for concern
only if they are ofsudden onset and their rhythm
is irregular.
c. A complaint of palpitations is always associated
with evidence of a rhythm disturbance on the
cardiac monitor.
d. Information relayed by the patient can provide
important clues about her cardiovascular status.
_ _ 14. A pulse oximeter has been applied. The patient's
oxygen saturation on room air is 97%. The cardiac
monitor reveals the rhythm above (Figure 4.24).
'!his rhythm, recorded in lead II, is
a. sinus tachycardia.
b.AVNRT.
c.AVRT.
d. APib.

_ _ 15. The PR interval in Fig. 4.24
a. is 0.06 second.
b. is 0.12 second.
c. is 0.20 second.
d. cannot be measured.
_ _ 1&. The QT interval in Fig. 4.24
a. is 0.16 second.
b. is 0.24 second.
c. is 0.38 second.
d. cannot be measured.
_ _ 17. Intravenous access has been established. A repeat
set of vital signs reveals the following: blood pressure, 140/82 mm Hg; pulse, 188 beats/min; and
ventilations, 20 breaths/min. The patient's anxiety
has increased. She denies chest discomfort and
shortness of breath. Her skin is pink and warm
but moist On the basis of the information provided, you should anticipate orders for which of the
following?
a. Immediate sedation
b. Attempt vagal maneuvers
c. Synchronized cardioversion
d. Administer intravenous atropine

Matching
Match the terms below with their descriptions by placing the letter of each correct answer in the space provided.
1. Atrial kick
I. .Aberrantl.y conducted PAC
b. Premature
m. Anticoagulant
c. Beta-blockers
n. Erratic
o. AFib
d. Accessory pathway
e. Trigeminy
p. Vagal maneuvers
I. Bruit
q. Palpitations
g. Adenosine
r. Stroke
h. Delta wave
s. Preexcl.tation
I. Uncontrolled
L Multiform atrial rhythm
J. Nonconducted PAC
u. Bigeminy
k. Atrial flutter
_ _ 18. A dysrhythmia that requires at least three different P waves, seen in the same lead, for proper diagnosis
_ _ 11. Common complaint in a patient with a rapid heart rate
_ _ 20. Term used to describe a rhythm that originates above the ventricles and sends an impulse along a pathway outside the
AV node and bundle of His.
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__ 21. Baseline appearance in AFib
_ _ 22. ECG futding associated with WPW pattern
_ _ 23. Patients who experience AFib are at increased risk of having this.
_ _ 24. Blood pushed into the ventricles because of atrial contraction
__ 25. An extra bundle of working myocardial tissue that forms a connection between the atria and ventricles outside the
normal conduction system
_ _ 21. Methods used to stimulate the vagus nerve in an attempt to slow conduction through the AV node, resulting in slowing
of the heart rate
__ "LI. 'Ibis dysrhythmia has an irregularly irregular ventricular rhythm with no identifiable P waves.
__ 28. Atrial flutter or fibrillation with a rapid ~ntricular rate
__ 28. E~ other beat comes from somewhere other than the SA node.
__ 30. An early P wave with no QRS following it
_ _ 31. Earlier than expected
_ _ 32. These should be avoided in the presence of severe underlying pulmonary disease.
__ 33. Blowing or swishing sound within a vessel
__ 34. The name given a PAC associated with a wide QRS complex
__ 35. Drug of choice for AVNRT
__ 38. This dysrhythmia has saw-tooth waveforms instead of P waves.
_ _ :fl. Every third beat comes from somewhere other than the SA node.
__ 38. Before elective cardioversion, prophylactic treatment with a(n) _ is recommended for the patient in atrial flutter or
fibrillation.

Short Answer
38. PAT is visible on a patient's cardiac monitor. What does "paroxysmal• mean?

40. Explain why patients who experience AFib are at increased risk of having a stroke.

Atrtal Rhythms-Practice Rhythm Strtps
Use the five steps of rhythm interpretation to interpret each of the following rhythm strips. All rhythms were recorded in lead
II unless otherwise noted.
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Fig. 4.2!1

41. Fig. 4.25

Rhythm: _________ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT interval: _ _ _ _ _ _ _ __

mrerpaution: ________________________________________________
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Fig. 4.28

42. Fig. 4.26. This rhythm strip is from an 85-year-old man complaining of chest pain and shortness ofbreath.
Rhythm:

P waves:---------

Rate:

PR i n t e r v a l : - - - - - - - QRS duration:------ QT i n t e r v a l : - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

""'
~

1:;

1;:

F:•

I±

±.

~

4.27 (From Aehlert B: ECG studj CB!ds, St. Louis, 2004, 1\Aosby.)

43. Fig. 4.27. This rhythm strip is from a 53-year-old woman with an altered level of responsiveness.

Rhythm:

Rate:

P waves: _ _ _ _ _ _ _ __

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT interval: _ _ _ _ __
m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 4.28 [Frtr11 Pehlert B: ECG study ca!ds, St L.ruis, 2004, Mosby.)
44. Fig. 4.28. These rhythm strips are from an 82-year-old man complaining of back pain.

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ __

PR i n t e r v a l : - - - - - - QRS duration:------ QT i n t e r v a l : - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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Fig. 4.28 (From hlhlert B: ECG stiJdyClllds, St I.D.Jis, 2004, Mosby.)
46. Fig. 4.29

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - -

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ _ QT interval:-------m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 4.30 (FromAehlert B: ECGstiJdyClllds, St I.D.Jis, 2004, Mosby.)

46. Flg.UO

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - PR i n t e r v a l : - - - - - - - QRS duration:------- QT interval:------fu~tmtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 4.31

47. Fig. 4.31

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ _ p waves: _ _ _ _ _ _ _ __
PR interval:-------- QRS duration: _ _ _ _ _ _ QT interval:------m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Flg.4.32

48. Fig. 4.32

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ Pwa~s: _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - m~remtian:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 4.33 (Frcm Aehlert B: ECG sfiJdy cards, St Loois, 2004, Mosby.)
49. Fig. 4.33. These rhythm strips are from a 74-year-old woman with difficulty breathing.

Rhythm:

Rate:

P wa~s: _ _ _ _ _ _ _ __

PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT interval:-------m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 4.34 (Frcm Aehlert B: ECG sfiJdy cards, St Lruis, 2004, Mosby.)
50. Fig. U4. These rhythm strips are from a 78-year-old man complaining of shortness of breath.

Rhythm:

Rate:

P waves:----------

PR interval: _ _ _ _ _ _ _ QRS duration;------- QT interval:-------m~tion:

_______________________________________________________
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Flg.4.35

51. Flg.'-36

Rhythm:------- Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT i n t e r v a l ; - - - - - - - - m~llim:

________________________________________________

Flg.4.38

52. Fig. 4.38

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ QRS durallim: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~remtioo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Rg.4.37
53. Fig. 4.37. This rhythm strip is from a 45-year-old man who is complaining of chest pain.

Rhythm:

Rate:

P waves:----------

PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ _ QT interval: _ _ _ _ _ __
m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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Fig. 4.38 (Fran .Ashlert B: ECG siiJdy cards, St LeuIs, 2004, M!Jiby.)
54. Fig. 4.38. This rhythm strip is from a 14-~ar-old adolescent complaining of chest pain.

Rhythm:

Rate:

P waves: _ _ _ _ _ _ _ __

PR interval:------- QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 4.39 (Fran .Ashlert B: ECG siiJdy cards, St L.culs, 2004, M~J~by.)
55. Fig. 4.38. This rhythm strip is from the same 14-year-old patient as in Fig. 4.38. This rhythm was observed after 6 mg of

intravenous adenosine.

Rhythm: _ _ _ _ _ _ _ R a t e : - - - - - - - - - - P waves: _ _ _ _ _ _ __
PR i n t e r v a l : - - - - - - QRS duration: _ _ _ _ _ _ _ QT interval:------fu~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 4.40 (Fran .Ashlert B: ECG siiJdy cards, St L.culs, 2004, M!Jiby.)
56. Fig. 4.40

Rhythm: _ _ _ _ _ _ _ R a t e : - - - - - - - - - - P w a v e s : - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS dmation: _ _ _ _ _ _ _ QT interval: _ _ _ _ _ __
m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Fig. 4.41
ffl. Fig. 4.41

Rhythm: _ _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - -

PR interval: _ _ _ _ _ _ _ QRS duration:------ QT interval:-------m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Rg. 4.42 [From Ashlert B: ECG siiJdy C8lds, St L..ruls, 2004, Mosby.)

58. Fig. 4.42. This rhythm strip is from a 72-year-old man complaining of nausea and lightheadedness.

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ p waves: _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ _ QRS duration:------ QT interval:-------fu~~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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58. Fig. 4.43. This rhythm strip is from a 6-year-old boy immediately after a seizure.

Rhythm:

Rate:

P waves: _ _ _ _ _ _ __

PR interval:------- QRS duration: _ _ _ _ _ _ QT interval:------fu~ti.on:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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80. Fig. 4.44

Rhythm: _ _ _ _ _ _ _ R a t e : - - - - - - - - Pwaves: - - - - - - - - PR interval:------- QRS duration: _ _ _ _ _ _ QT interval:------m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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61. Flg.U5

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT interval:------m~emtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

82. Fig. 4.48. This rhythm strip is from a 54-year-old man who had a syncopal episode.

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ __
PR interval:------- QRS duration:------ QT i n t e r v a l : - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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4.47 (From Aehlert B: ECG studj carrJs, st. Louis, 2004, Mosby.)

83. Fig. 4.47. This rhythm strip is from a 57-year-old man with no cardiac history.

Rhythm:

Rate:

P waves:---------

PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Rg. 4.48 (Frcrn Aehlert B: fCG sfudy care&, St L.ouis, 2004, Mosby.)

84. Fig. 4.48

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ Pwaves: _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ _ QT interval: _ _ _ _ _ __
m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.4.49

85. Fig. 4.49. This rhythm strip is from a 67-year-old woman found unresponsive on the side of the road. Outdoor temperature
was ll2°F. Her blood pressure was 238/110 mm Hg, and her ventilatory rate was 60 breaths/min.

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ __
PR i n t e r v a l : - - - - - - - QRS duration:------- QT i n t e r v a l : - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Chapter 4

Atrial Rhythms

-t

J'

~'

C'-1

""

ffl !

.~

I

Fig. 4.50 (From hlhlert B: ECG stiJdy Clllds, St I.D.Jis, 2004, Mosby.)
88. Fig. 4.50. This rhythm strip is from a 67-year-old woman complaining of dizziness and a "funny feeling" in her chest.

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ __
PR interval:------- QRS duration: _ _ _ _ _ _ QT interval:-------m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Fig. 4.&1 (From Braunwald E, Utmy P. Zipes DP, et al: Heart fisease: a texJtJook of catr!iova'!IC/Jiar medicil'le, ed 6, Sl
I.D.Jis, 2001, Mosby.)

81. Fig. 4.51

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ __
PR interval:------- QRS duration: _ _ _ _ _ _ _ QT interval: _ _ _ _ _ __
mUTpRmtion: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.4.&2
68. Fig. 4.52. This rhythm strip is from an 81-year-old woman who experienced a massive myocardial infarction.

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ Pwaves: _ _ _ _ _ _ _ __
PR interval:------- QRS duration:------ QT interval:------m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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Fig. 4.&3 (From Qlldberger.&L: aJtical ~a~ 8/)f)IO/ICh, oo 7, St. Louis, 2006, MC617j.)
811. Fig. 4.53

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration:------ QT i n t e r v a l : - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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70. Fig. 4.54. This rhythm strip is from a 62-year-old woman complaining ofchest pain. She reported a history of three previous
heart attacks and had undergone a three-vessel coronary artery bypass graft 10 years ago.

Rhythm: _ _ _ _ _ _ _ _

Rate:--------- P w a v e s : - - - - - - - - -

PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT interval:-----fu~tioo:

j

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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71. Fig. 4.55

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT interval:------m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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STOP & REVIEW I ANSWERS
1. R AFib maybe confused with MAT because both rhythms
are irregular; however, P waves, although varying in size,
shape, and direction, are clearly visible in MAT. With
AFib, there is no uniform wave of atrial depolarization;
thus, there is no P wave. Instead, wavy deflections called
fibrillatory waves orf waves are present
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for MAT.
2. F. Electrical therapy, such as synchronized cardiover-

sion, is not indicated in the treatment ofPACs. Examples
of rhythms treated with cardioversion include narrowQRS tachycardias, AFib, atrial flutter, and monomorphic ventricular tachycardia. Frequent PACs are treated
by correcting the underlying cause.
OBJ: Discuss the indications for synchronized cardioversion.
3. T. Wandering atrial pacemaker requires at least three
diJferent P waves, seen in the same lead, for proper

diagnosis.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for wandering
atrial pacemaker (multiform atrial rhythm).
4. B. A supraventricular rhythm is one that originates from
a site above the bifurcation of the bundle of His, such as
the SA node, atria, or AV junction.
OBJ:N/A
5. D. When compared with the P-P intervals of the underlying rhythm. a PAC is premature-occurring before the
ne:s:t expected sinus P wave. PACs are identified by early
(premature) P waves, positive (upright) P waves (in lead
IT) that diHer in shape from sinus P waves (atrial P waves
may be flattened, notched, pointed, biphasic. or lost in
the preceding T wave), and early P waves that may or
may not be followed by a QRS complex.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for PACs.
8. B. A compensatory pause is a delay that occurs after a
premature beat that resets the SA node. A series of waveforms is called a complex. The period during the cardiac cycle during which cardiac cells can be stimulated
to conduct an electrical impulse if exposed to a stronger than normal stimulus describes the relative refractory period. The period during the cardiac cycle during
which cardiac cells cannot be stimulated to conduct an
electrical impulse, no matter how strong the stimulus
describes the absolute refractory period.
OBJ: Explain the diHerence between a compensatory and
noncompensatory pause.
7. D. AVNRT, which is caused by reentry in the area of the
AV node, is the most common type ofSVT.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for AVNRT.

8. D. Signs and symptoms experienced during a tachydys-

rhythmia are usually primarily related to a decrease in
the length of time spent in diastole. Remember that as
the heart rate increases, there is less time for the ventricles to :fill and less blood for the ventricles to pump
out with each contraction. Thus, an excessively fast heart
rate can lead to decreased cardiac output.
9. A. The WPW pattern includes a triad (meaning three) of
ECG findings that consist of the following: (1) A short
PR interval, (2) a delta wave, and (3) a wide QRS complex. In addition, secondary ST-segment and T-wave
changes are often present

OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for AVRT.
10. D. With atrial flutter, atrial waveforms are produced that

resemble the teeth of a saw, or a picket fence; these are
called flutur waves or P waves.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and initial emergency care for atrial
flutter.
11. A. Because there are no P waves associated with AFib, a
PR interval cannot be measured.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for AFib.
12. A. With AFib. rapid impulses cause the muscles of the
atria to quiver (fibrillate). This results in ineffectual
atrial contraction, decreased stroke volume, a subsequent decrease in cardiac output, and loss of atrial
kic.k.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for AFib.
13. D. Information relayed by the patient as part of the history can provide important dues to her cardiovascular
(and pulmonary) status. Ask questions to find out the
patient's description of her symptoms, when and how
often they occur, how long they last, possible triggers,
and what measures she has taken to relieve them. A
complaint of palpitations warrants timely assessment
and intervention, whether or not their rhythm is regular. It is important to determine if chest pain or discomfort, difficulty breathing, or shortness of breath
accompanies her palpitations. Some practitioners recommend having the patient "tap out" the rhythm of the
palpitations to help determine rhythmicity. Palpitations
that occur regularly with a sudden onset and end usually are caused by AVNRT or AVRT. Irregular palpitations may be the result of premature complexes, AFib,
or MAT. Patients may report palpitations even when
there is no evidence of a rhythm disturbance on the
cardiac monitor. This occurs most often in patients
with anxiety disorders. Although symptoms such as
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chest pain or discomfort, dyspnea. palpitations, edema,
and syncope are classic symptoms of cardiac disease,
they may also occur because of other organ system
diseases (e.g., musculoskeletal, pulmonary, renal, and
gastrointestinal).
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for AVNRT.
14. B. The rhythm shown is AVNRTat 188 beats/min.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care fm AVNRT.
15. D. Because there are no P waves visible in Fig. 4.24, the
PR interval cannot be measured.
OBJ: Define and describe the significance of each of the following as they relate to cardiac electrical activity: P wave,
QRS complex. T wave, U wave, PR segment, TP segment, ST
segment, PR interval, QRS duration, and QT interval.
16. B. The QT interval in Fig. 4.24 measures 0.24 second.

OBJ: Define and describe the significance of each of the following as they relate to cardiac electrical activity: P wave,
QRS complex, T wave, U wave, PR segment, TP segment,
ST segment, PR interval, QRS duration, and QT interval
17. B. The patient is symptomatic but stable. Vagal maneuvers may be attempted. If vagal maneuvers were
unsuccessful, anticipate orders for IV administration
of adenosine. Sedation and cardioversion would be
appropriate if the patient was unstable (showing signs
of hemodynamic compromise). Because atropine is
administered to increase heart rate and this patient is
already tachycardic, it is contraindicated in this patient
situation.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for AVNRT.
18. T
19. Q

20. s
21. N
22. H

23. R
24. A
25. D
28. p
27. 0
28. I

28. u
30. J
31. B

c

32.
33. F
34. L

35. G
3B. K
37. E
38. M

Atrtal Rhythms

39. The term paroxysmal is used to describe a rhythm that
starts or ends suddenly. Some practitioners use this term to
describe the sudden onset or end ofa patient's symptoms.
OBJ: Explain the terms paroxysmal atrial tachycardia and
paroxysmal supraventricular tachycardia.

.a.

Because the atria do not contract effectively and expel all
of the blood within them, blood may pool within them
and form clots. A clot may dislodge on its own or because
ofconversion to a sinus rhythm. A stroke can result ifa clot
moves from the atria and lodges in an artery in the brain.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for AFib.

Practice Rhythm Strtp Answers
Note: Because of the distortion ofECGs that can occur
during printing, a range of acceptable measurements is provided in the rhythm strip answers throughout this textbook.
41. Flg.4.25

Rhythm: Irregular
Rate: 120 beats/min
P waves: Sinus P waves look alikf:; P waves ofbeats 4 and
10 are early
PR interval: 0.16 second
QRS duration: 0.08 to 0.10 second
QT interval: 0.28 second
Interpretation: Sinus tachycardia at 120 beats/min with
PACs (beats 4 and 10)
42. Rg.426

Rhythm: Irregular
Rate: 110 beats/min
P waves: Fibrillatory waves present
PR interval: None
QRS duration: 0.08 to 0.10 second
QT interval: 0.28 to 0.32 second
Interpretation: AFib at 110 beats/min
43. Rg.427

Rhythm: Regular
Rate: 231 beats/min
P waves: None visible; hidden in T waves
PR interval: None
QRS duration: 0.06 to 0.08 second
QT interval: 0.24 second
Interpretation: AVNRTat231 beats/min with ST-segment
depression

44. Fig. 4.28
Rhythm: Irregular
Rate: 71 beats/min (sinus beats)
P waves: Upright befure each QRS; one early P wave distorts the Twave ofbeat4 (most clearly seen in leadMCL1)
PR interval: 0.20 second (lead II)
QRS duration: 0.12 second (lead IT)
QT interval: 0.40 to 0.44 second (lead II)
Interpretation: Sinus rhythm at 71 beats/min with a
wide QRS and a nonconducted PAC
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46. Fig. 4.29

Rhythm: Irregular
Rate: 80 beats/min (sinus beats)
P waves: Upright before each QRS; an early P wave
appears with beat 6
PR interval: 0.12 second (sinus beats)
QRS duration: 0.06 to 0.08 second (sinus beats)
QT interval: 0.24 second (sinus beats)
Interpretation: Sinus rhythm at 80 beats/min with a PAC
(beat6)
46. Fig. 4.30

Rhythm: Regular
Rate: 177 beats/min
P waves: Upright before each QRS
PR interval: 0.12 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.20 to 0.24 second
Interpretation: Sinus tachycardia at 177 beats/min
47. Flg.4.31

Rhythm: Irregular
Rate: 80 beats/min
P waves: Fibrillatory waves present
PR interval: None
QRS duration: 0.08 second
QT interval: Unable to determine; T waves are not consistently visible
Interpretation: AFib at 80 beats/min
48. Fig. 4..32

Rhythm: Irregular
Rate: 97 beats/min (sinus beats), 200 beats/min (PSVT)
P waves: Upright before each QRS (sinus beats); hidden
in T waves (PSVT)
PR interval: 0.16 second (sinus beats)
QRS duration: 0.08 second
QT interval: 0.24 to 0.32 second
Interpretation: Sinus rhythm at 97 beats/min with a PAC
precipitating a run of PSVT at 200 beats/min, back to a
sinus rhythm at 97 beats/min
49. Fig. 4.33

Rhythm: Irregular
Rate: 80 beats/min
P waves: Flutter waves of varying ratios present
PR interval: None
QRS duration: 0.08 to 0.10 second
QT interval: Unable to determine
Interpretation: Atrial :flutter at 80 beats/min
50. Fig. 4.34

Rhythm: Irregular
Rate: 70 beats/min
P waves: Fibrillatory waves present
PR interval: None
QRS duration: 0.10 to 0.12 second
QT interval: 0.32 second
Interpretation: AFib at 70 beats/min

51. Fig.4.35
Rhythm: Regular
Rate: 70 beats/min
P waves: Upright before each QRS but vary in shape
PR interval: Varies
QRS duration: Varies
QT interval: 0.44 second
Interpretation: Underlying rhythm is sinus, but pacemaker
site varies; ventricular rate about 70 beats/min; patient
with known WPW syndrome; note the delta waves
52. Rg.4.36

Rhythm: Irregular
Rate: 120 beats/min
P waves: Sinus P waves look al.ila:; early P waves of beats
2 and 6 distort the T waves of the preceding beats
PR interval: 0.16 to 0.18 second (sinus beats)
QRS duration 0.08 to 0.10 second
QT interval 0.26 to 0.28 second
Interpretation Sinus tachycardia at 120 beats/min with
two PACs (beats 2 and 6)
53. Rg.4.37

Rhythm: Irregular (all beats but the :first are regular)
Rate: 94 beats/min
P waves: Uniform and upright before each QRS
PR interval: 0.20 to 0.22 second
QRS duration: 0.06 second
QT interval: 0.32 second
Interpretation: Sinus rhythm at 94 beats/min with
inverted T waves (because the rhythm is technically
irregular, the rhythm could be interpreted as sinus
arrhythmia)
54. Rg.4.38

Rhythm: Regular
Rate: 214 beats/min
P waves: None visible; hidden in T waves
PR interval: None
QRS duration: 0.06 second
QT interval: 0.20 to 0.24 second
Interpretation: AVNRTat214 beats/min with ST-segment
depression
55. Rg.4.39

Rhythm: Regular to irregular as rhythm conversion
occurs
Rate: 214 beats/min (AVNRT) to about 30 beats/min
(sinus beats)
P waves: None visible with AVNRT; upright before QRS
with sinus beats
PR interval: 0.12 to 0.16 second (sinus beats)
QRS duration: 0.06 second (AVNRT, last sinus beat)
QT interval: 0.28 second (sinus beats)
Interpretation: AVNRTat214 beats/min with ST-segment
depression; rhythm conversion evidenced by a sinus beat,
a possible PAC, and then sinus bradycardia at about 30
beats/min
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58. Fig. 4.40

Rhythm: Regular
Rate: 85 beats/min
P waves: Flutter waves present
PR interval: None
QRS duration: 0.06 second
QT interval: Unable to determine
Interpretation: Atrial flutter at 85 beats/min with
ST-segment depression
Sl. Flg.4.41

Rhythm: Irregular
Rate: 100 beats/min
P waves: Fibrillatory waves present
PR interval: None
QRS duration: 0.06 to 0.10 second
QT interval: 0.32 second
Interpretation: AFib at 100 beats/min
58. Fig. 4.42

Rhythm: Irregular
Rate: 80 beats/min
P waves: Sinus P waves look alike; early P waves of
beats 4 and 8 distort the T waves of the preceding
beats
PR interval: 0.20 second (sinus beats)
QRS duration: 0.06 to 0.08 second
QT interval: 0.40 second
Interpretation: Sinus rhythm at 80 beats/min with two
PACs (beats 4 and 8) and ST-segment depression
58. Fig. 4.43
Rhythm: Irregular
Rate: 90 beats/min (within normal limits for age)
P waves: Upright before each QRS; P wave amplitude
varies among beats
PR interval: 0.08 to 0.16 second
QRS duration: 0.08 second
QT interval: 0.32 second
Interpretation: Sinus arrhythmia at 90 beats/min

BD. Fig. 4.44
Rhythm: Irregular
Rate: 110 beats/min
P waves: Flutter waves present
PR interval: None
QRS duration: 0.08 to 0.10 second
QT interval: Unable to determine
Interpretation: A1ri.al :flutter at 110 beats/min
81. Fig.W

Rhythm: Irregular
Rate: 120 beats/min
P waves: Fibrillatory waves present
PR interval: None
QRS duration: 0.08 second
QT interval: 0.28 to 0.32 second
Interpretation: AFib at 120 beats/min
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82. Fig.4.48
Rhythm: Regular
Rate: 60 beats/min
P waves: Uniform and upright before each QRS
PR interval: 0.20 second
QRS duration: 0.08 second
QT interval: 036 second
Interpretation: Sinus rhythm at 60 beats/min
83. Fig.4A7
Rhythm: Irregular
Rate: 90 beats/min
P waves: Upright before each QRS but some vary in
shape and amplitude; an early P wave appears after beat 3
PR interval: 0.12 to 0.18 second
QRS duration: 0.08 second
QT interval: 0.28 to 0.30 sec; unable to clearly determine
because of artifact
Interpretation: Sinus rhythm at 90 beats/min with a
nonconducted PAC

64. Rg. .US

Rhythm: Irregular
Rate: 60 beats/min
P waves: Fibrillatory waves present
PR interval: None
QRS duration: 0.06 to 0.08 second
QT interval: Unable to determine
Interpretation: AFib at 60 beats/min
65. Rg.4.49

Rhythm: Regular
Rate: 107 beats/min
P waves: Upright before each QRS; artifact present
PR interval: 0.16 to 0.18 second
QRS duration: 0.08 to 0.10 second
QT interval: 0.28 to 0.32 second; artifact present
Interpretation: Sinus tachycardia at 107 beats/min with
ST-segment depression
88. Rg.4.50
Rhythm: Regular
Rate: 177beats/min
P waves: None visible; hidden in T waves
PR interval: None
QRS duration: 0.06 to 0.10 second
QT interval: 0.24 second
Interpretation: AVNRT at 177beats/min with ST-segmen.t
depression

87. Fig.4.51
Rhythm: Irregular
Rate: 120 beats/min
P waves: Vary in size, shape, and direction
PR interval: Varies
QRS duration: 0.08 to 0.10 second
QT interval: 0.24 to 0.28 second
Interpretation: MAT at 120 beats/min
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Ag. 4.52

Rhythm: Irregn1ar
Rate: 140 beau/min
P waves: Flutter wave~ visible despite artifact
PR interval: None
QRS duration: 0.12 to 0.16 second
QT interval: Unable to determine
Interpretation: Atrial flutter with a ventricular respo1111e
of 140 beats/min
18. Flg.4.53

Rhythm: Irregn1ar
Rate: 50 beats/min (top strip)
P waves: Vary in size, shape, and direction
PR interval: Varies
QRS duration: 0.06 to 0.08 second
QT interval: 0.40 to 0.44 second
Interpretation: Wandering atrial pacemaker at 50 beau/
min

70. Fig. 4.54

Rhythm: Regular
Rate: 75 beats/min
P W~Ms: Upright before each QRSbutvaryin size and shape
PR interval: 0.16 to 0.18 second
QRS duration: 0.12 to 0.14 second
QT interval: 0.36 second
Interpretation: Sinus rhythm at 75 beats/min with wide,
notched QRS complexes, ST-segment depression, and
inverted T waves
11. Fig. 4.55

Rhythm: Irregular
Rate: 60 beats/min
P waves: Upright before each QRS but some vary in
amplitude
PR interval: 0.14 to 0.16 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.38 to 0.42 second
Interpretation: Sinus arrhythmia at 60 beats/min
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LEARNING OBJECTIVES
Aftsr madlng this cllapret; you should b8 able to:
1. Describe the electrocardiogram (ECG) character1stlcs, possible causes,
signs and symproms, and initial emergency care for premature junctional complexes (PJCs).
2. Describe the ECG characteristics and possible causes for junctional
escape beats.
3. Explain the difference between PJCs and junctional escape beats.

Desc~be the ECG characte~stlcs, possible causes, signs and ~p
toms, and lniHal emergency care for a junctional escape rflyttlm.
5. Describe the ECG characteristics, possible causes, signs and ~p
toms, and initial emergency care for an accelenrtBd junctional rhythm.
6. Describe the ECG characteristics, possible causes, signs and symptoms, and initial emergency care for j unctional1achycardia.

4.

KEY TERMS
accelarabld Junctional rhythm: Dysrhythmia originating in the atrioventricular (AV) bundle with a rata betwaan 61 and 100 baatB/min
abioventricular bundle: The bundle of His
abioventricular node: A groop of cells that conduct an elecbical impulse
through the heart; loca1ed in the floor of the right atrium immediatEly
behind the tricuspid valve and near the opening of the coronary sinus
bundle of HIs: Fibers located In the upper portion of the Interventricular
septum that conduct an electrical Impulse through the heart

INTRODUCTION
lhe atrioventricular node (AV node) is a group of specialized cells located in the lower part of the right atrium above
the base of the tricuspid valve (Fig. 5.1). The AV node's main
job is to delay an electrical impulse. This allows the atria to
contract and complete filling of the ventricles with blood
before the next ventricular contraction.
After passing through the AV node, the electrical impulse
enters the bundle of His. The bundle of His, also called the
common bundk or the AV bundle, is located in the upper
part of the interventricular septum. It connects the AV node
with the right and left bundle branches. The bundle of His
has pacemaker cells that are capable of discharging at a
rhythmic rate of 40 to 60 beats/min. The AV node and the

junctional bradycanfla: A rtlythm that begins in the AV bundle with a rata
of lass than 40 beatsfmin
junctional escape rflylhm: A rhythm that begins in the AV bundle; characterized by a very regular ventricular rate of 40 to 60 beats/min
junctional tachycardia: A rhythm that begins in theAV bundle with a
ventricular rate of more than 100 beatslmln
retrograde: Moving backward; moving In the opposite direction to that
which Is considered normal

nonbrancbing portion of the bundle of His are called the AV
junction (Fig. 5.2). The bundle of His conducts the electrical
impulse to the bundle branches.
Remember that the sinoatrial (SA) node is normally the
heart's pacemaker. The AV junction may assume responsibility for pacing the heart if:
• The SA node fails to discharge (e.g., sinus arrest).
• An impulse from the SA node is generated but blocked as
it exits the SA node (e.g., SA block).
• lhe rate of discharge of the SA node is slower than that
of the AV junction (e.g., a sinus bradycardia or the slower
phase of a sinus arrhythmia).
• An impulse from the SA node is generated and is conducted through the atria but is not conducted to the ventricles (e.g., an AV block).
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Fig. & .1 The ab1ovanb1cular (AV) node Is bca!Bd In the lawar portion of the ~ght
atrium. The bundle of His Is lcca:ted In the ~per part of the Interventrlcular septum.
54, Sinoatrial. From lgrnvlclus oo, Workman LM: Medlcal-8urg/c8 nutBing:
patient-centiJr8d collaboratJV6 C81S, ad 8, Ph llade~hla, 2016, Saunders.)

I

,(I \
aVF

Fig. & •3 If 1he atrioYentrk:ular r)..V) junction paces the heart, 1he elecbical
impulse must travel in a backward (retrogrllle) direction to activabl the abia. If a P

wave is seen, it wi 11 be inverted in leads II, II, ard aVF because the impulse iS traveling lltf<f1 from 1he positive electrode. S4, Siooatrial. (From !huer K: A practiCal guide
lD ECG interpretatiOn, ed 2, St Louis, 1998, Mosby.)

QRS complex. and an inverted P wave will appear after the QRS.
The QRS duration associated with a rhythm that begins in the
AV junction measures 0.11 second or less ifconduction through
the bundle branches, Purkinje fibers, and ventricles is normal

0
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P waves are usually positive (I.e., upright) in lead I. Inverted P
waves may be seen in soma, all, or none of the chest leads.
Bundle branctlas

PREMAT\JRE JUNCTIONAL
COMPLEXES
How Do I Recognize Them?
Fig. S .2 The atrioventricular r)..V) ]unction.

Rhythms that begin in the AV junction used to be called
nodal rhythms until electrophysiologic studies proved the
AV node does not contain pacemaker cells. The cells nearest
the bundle of His are actually responsible for secondary pacing function. Rhythms originating from the AV junction are
now called junctional dysrhythmia.s.
If the AV junction paces the heart, the electrical impulse
must travel in a backward (rel:rop'ade) direction to activate
the atria. If a P wave is seen, it will be inverted in leads IT, m,
and aVF because the impulse is traveling away from the positive electrode (Fig. 5.3). If the atria depolarize befure the ventricles, an inverted P wave will be seen before the QRS complex,
and the PR interval will usually measure 0.12 second or less
(Fig. 5.4). The PR interval is shorter than usual because an
impulse that begins in the AV junction does not have to travel
as fur to stimulate the ventricles. Ifthe atria and ventricles depolarize at the same time, a P wave will not be visible because it will
be hidden in the QRS complex. When the atria are depolarized
after the ventricles, the P wave typically distorts the end of the

[Oblectlve 1]
A PJC occurs when an irritable site (i.e., focus) within the
AV junction fires before the next SA node impulse is ready
to fire. This interrupts the sinus rhythm. Because the impulse
is conducted through the ventricles in the usual manner, the
QRS complex will usually measure 0.11 second or less. PJCs
are sometimes called premature junctional extrtu)'stoles. A
noncompensatory (incomplete) pause often follows a PJC.
This pause represents the delay during which the SA node
resets its rhythm for the next beat. PJCs may occur in patterns-couplets, bigeminy, trigeminy, and quadrigeminy.

e

Lead In _ _ _ _ _ _ _ _ _ __

Distinguishing PACs from PJCs
You can usually tell the difference between a PAC and a PJC
by the P wave. A PAC typically has an upright P wave before
the QRS complex in leads II, Ill, and aVF. A P wave may or may
not be present with a PJC. If a P wave is present, it is inverted
(retrograde) and may precede or follow the QRS. PJCs can
be misdiagnosed when the P wave of a PAC is buried in the
preceding T wave.
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Fig. 5.4 A. Wllh a sinus rhythm, the Pwaw is positive (upright) in lead II because the waw It depolarization is moving
tuward 1he positive elecbode. lhe Pwave associated with a jurdional beat On lead IQ may be inwrled (retrograde) and appear
before the CRS 8, be hidden by 1he QRS C, or appear after the CAS D. (Frtrn Glilller K: Apr.rrjjca/ guide fD ECG inffllprelation,
ed 2, Sl Louis, 1998, Mosby.)

Junctional complexes may come early (before the next
expected sinus beat) or late (after the next expected sinus
beat). If the complex is earl,)'. it is called a premature junctional complex. If the complex is late, it is called a junctional
escape beat. To determine if a complex is early or late, we
need to see at least two sinus beats in a row to establish the
regularity of the undedying rhythm.
Let's look at Fig. 5.5. Looking at the overall rhythm, it
appears to be irregular. Because the rhythm is irregular,
we estimate the rate using the 6-second method of rate
calculation at 140 beats/min. AU QRS complexes appear
to be narrow, so we assume that all impulses started from
above the ventricles. Using a pen or penciL mark an "s·
for SA node above each normal-looking P wave. Mark a
"J" for junctional above those P waves that are inverted
or absent. When you are finished, you should have a j"
marked over the P waves in beats 2, 5, 8, and 11. The rest of
the P waves should be marked with an "S.n Now take your
calipers or a piece of paper and mark the third and fourth
complexes in Fig. 5.5. We already determined that these
complexes came from the SA node. These beats reflect
the underlying rhythm. We now know that the underlying rhythm is a sinus tachycardia at about 140 beats/min.
Now move your calipers or paper to the right. If beat 5
occurred on time (i.e., when the next sinus beat was
expected), it will line up with your calipers or paper. The
fifth complex is early; it occurred before the next expected
sinus beat; therefore, this complex is a PJC. The other
beats that have an inverted P wave before the QRS are
also PJCs.

A PJC is not an entire rhythm; rather, it is a single beat When
identifying a rhythm, be sure to specify the underlying rhythm
and the origin of the ectopic beat(s). In this rhythm strip, we
found that the underlying rhythm was a sinus tachycardia at
about 140 beats/min. AU of the ectopic beats were early and
came from the AV junction; therefore, we intetptet this rhythm
strip as sinus tachycardia at 140 beats/min with frequent PJCs.
The ECG characterist:ic ofPJCs are shown in Table 5.1.

What Causes Them?
Premature junctional complexes are less common than either
PACs or PVCs. Cau.ses ofPJCs are shown in Box 5.1.

What Do I Do About Them?
PJCs do not normally require treatment because most individuals who have PJCs are asymptomatic. However, PJCs
may lead to symptoms of palpitations or the feeling of
skipped beats. Ughtheadedness, dizziness, and other signs
of decreased cardiac output can occur if PJCs are frequent.
If PJCs occur because of ingestion of stimubnts or digitalis
toxicity, these substances should be withheld.
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Keep in mind that inverted P waves are normal in lead V1 • To
determine if a beat or rhythm came from the AV junction using
this lead, look for a short PR interval. Use lead II, Ill, or aVF to
confirm your findings.

Rg. & .& Sinus tachycartlla at 140 bea181mlnwith frequent pramature Junctional COfl1llexes.

Chapter 5

1111

Junctional Rhythms

Characteristics of Premature
Junctional Complexes

lrmgular because of the premature beats
Usually within normal range but depends on
underlying rhythm
Pwaves
May occur before, during, or after the QRS; if
visible, the P wave is inverted in leads II, Ill,
andaVF
PR interval
If a P wave occurs before the QRS, the PR
interval will usually be 0.12 sec or less; if no
P wave occurs before the QRS, there will
be no PR interval
QRS duration 0.11 sec or less unless abnormally conducted
Rhythm
Rate

~:m.;.,. ~ Causes of Premature Junctional

Complexes
• Acute coronary syndromes
• Digitalis toxicity
• Electrolyte imbalance
• Heart failure
• Mental and physical fatigue
• Rheumatic heart disease
• Stimulants (e.g., caffeine, tobacco, cocaine)
• valvular heart disease

.JUNCTIONAL ESCAPE BEATS
OR RHYTHM
How Do I Recognize It?
[Objectives 2, 3, 4]
A junctional escape beat begins in the AV junction and
appears late (i.e., after the next expected sinus beat).
Junctional escape beats frequently occur during episodes
of sinus arrest or follow pauses of nonconducted PACs.
Look at Fig. 5.6. Looking at the rhythm strip, you can
see that the rhythm is irregular. There are three normallooking beats on the left and two more on the far right. In
the center of the strip is an odd-looking beat that appears
in the middle of a long pause between beats 3 and 5.
Looking more closely at beats 1, 2, 3, 5, and 6, you can see

an upright P wave before each QRS complex. These beats
came from the SA node. On the basis of this information,
we know that the underlying rhythm is sinus in origin.
Using your calipers or a piece of paper, mark the first and
second complexes. When you move the calipers or paper
to the right, you can see that beat 4 came late-that is,
after the next expected sinus beat.
Now let's try to figure out where beat 4 came from and
why. If you put your finger over beat 4, can you explain
what happened? The long pause between beats 3 and 5 is
an episode of sinus arrest. Remember that if the SA node
faUs to initiate an impulse, an escape pacemaker site (i.e.,
the AV junction or ventricles) should assume responsibility for pacing the heart. Look closely at beat 4. The
QRS complex is narrow, and there is no P wave before the
QRS complex. The narrow QRS complex and absence of a
positive P wave before the QRS complex tells us the beat
came from the AV junction. Because the beat is late, it
is a junctional escape beat. If beat 4 had been early, we
would call it a PJC. What happened here? The SA node
fired in beats 1, 2, and 3. When the sinus did not fue again
when it should have, the AV junction kicked in and fued.
Thus, a junctional escape beat is protective-preventing
cardiac standstill. This beat is followed by two sinus beats.
Complete identification of the events that occurred in
this rhythm strip would be as follows: Sinus rhythm at 60
beats/min with an episode of sinus arrest and a junctional
escape beat. The ECG characteristics of junctional escape
beats are shown in Table 5.2.

0
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Junctional escape beats and rhythms occur when the SA node
fails to pace the heart or AV conduC1ion fails.

A junctional rhythm is several sequential junctional
escape beats. 'Ihe terms junctional rhythm and junctional
escape rhythm are used interchangeably. Remember that
the intrinsic rate of the AV junction is 40 to 60 beats/min.
Because a junctional rhythm starts from above the ventricles,
the QRS complex is usually narrow, and its rhythm is very
regular.

Rg. 5.8 Sinus rhythm at 60 beats/min IM1h an episode of sinus arrest and a junctional ElS{)8p9 beat. {From J\ehlert B: ECG
Sl1Jdy Cllrds, StLouis, 2004, Mosby.)
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If the AV junction paces the heart at a rate slowtr than 40
beats/min. the resulting rhythm is called a janctional bradycardia. 1his may seem confusing because the AV junction's normal
pacing rate of 40 to 60 beats/min is bradycardic. However, the
term junctional bradycardia refers to a rate slower than normal
for the AV junction. Fig. 5.7 is a continuous rhythm strip. In A,
you can see inverted (ie., retrograde) P waves befure the QRS
complexes. In B, note the change in the location ofthe P waves.
In the first beat, the retrograde P wave is seen before the QRS. In
the second beat, no P wave is seen. In the remaining beats, the P
wave is seen after the QRS complexea. The ECG c:baracteristic
ofa junctional rhythm are shown in Table 5.3.

Junctional Rhythms

Junctional escape beats may also be observed in healthy
individuals during sinus bradycardia. Causes of a junctional
rhythm include the following:
• Acute coronary syndromes (particularly inferior wall
myocardial infarction [MI])
• Effects ofmedications (e.g., beta-blockers, digitalis, diltiazem, quinidine, venpamil)
• Hypoxia
• Immediately after cardiac surgery
• Increased parasympathetic tone
• Rheumatic heart disease
• SA node disease
• Valvular disease

What Causes It?
Junctional escape beats frequently occur during episodes
of sinus arrest or after pauses of nonconducted PACs.

-

Characteristics of Junctional Escape

-

Characteristics of Junctional Escape

liiiiiil Beats

liiiil Rhythm

Rhythm
Rate

Rhythm
Rate

P waves

PR interval

QRS duration

Irregular because of late beats
Usually within normal range but depends
on underlying rhythm
May occur before, during, or after the
QRS; if visible, the P wave is inverted
in leads II, Ill, and aVF
If a P wave occurs before the QRS. the
PR interval will usually be 0.12 sec or
less; If no P wave occurs before the
QRS, there will be no PR interval
0.11 sec or less unless abnormally
conducted

Pwaves
PR interval

QRS duration

Very regular
40 to 60 beats/min
May occur before, during, or after the
QRS; if visible, the P WfMJ is inverted
in leads II, Ill, and aVF
If a P wave occurs before the QRS,
the PR interval will usually be
0.12 sec or less; if no P wave
occurs before the QRS, there will
be no PR Interval
0.11 sec or less unless abnormally
conducted

Fig. &.7 Junctional escape rhythm. Continuous sbips. A. Note the inverted (retrugrade) Pwaves before 1he QRS complexes. B, Note 1he change in the localion of the Pwaves. In the 1irsl beat. 1he retrograde P wave is seen beftre 1he OilS. In
the second beat, no P wave is seen. In the remaining beam, the Pwave is seen after 1he CRS complexes. (Frnm Aehlert B: ECG
study csrris, St. Louis, 2004, Mosby.)
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What Do I Do About It?

-

The patient may be asymptomatic with a junctional escape
rhythm, or he or she may experience signs and symptoms
that may be associated with the slow heart rate and decreased
cardiac output Treatment depends on the cause of the dysrhythmia and the patient's presenting signs and symptoms.
Signs and symptoms may include weakness, chest pain or
pressure, syncope, an altered level of consciousness, and
hypotension. If the dysrhythmia is caused by digitalis toxicity, this medication should be withheld. If the patient's signs
and symptoms are related to the slow heart rate, treatment
should include application of a pulse oximeter and administration of supplemental oxygen, if indicated. Establish
intravenous (IV) access and obtain a 12-lead ECG. Atropine,
given IV; is typically the first medication given for symptomatic bradycardia. Reassess the patient's response and continue monitoring the patient

ACCELERATED JUNCTIONAL
RHYTHM
How Do I Recognize It?
[Objective 5]
If the AV junction speeds up and fires at a rate of 61 to 100
beats/min, the resulting rhythm is called an accelerated
junctional rhythm. This rhythm is caused by abnormal
automaticity of the bundle of His. 'Ihe only ECG di1ference
between a junctional rhythm and an accelerated junctional
rhythm is the increase in the ventricular rate. An example
of an accelerated junctional rhythm is shown in Fig. 5.8. The
ECG characteristics of this rhythm are shown in Table 5.4,
and Box 5.2 o1fers a snapshot ofjunctional rhythms.

What Causes It?
Causes of this dysrhythmia include acute MI, cardiac surgery, chronic obstructive pulmonary disease, digitalis tmicity, hypokalemia, and rheumatic fever.

What Do I Do About It?
The patient is usually asymptomatic because the ventricular
rate is 61 to 100 beats/min; however, the patient should be

Characteristics of Accelerated

Miiil Junctional Rhythm
Rhythm
Rate
P waves

PR interval

QRS duration

•~

if.l-.,.....

Very regular
61 to 100 beets/min
May occur before, during, or after the QRS;
if visible, the P wave is inverted in leads II,
Ill, andaVF
If a P wave ooours before the QRS, the PR
interval will usually be 0.12 sec or less; if
no P wave occurs before the QRS, there
will be no PR Interval
0.11 sec or less unless abnormally
conducted

Junctional Dysrhythmias at a Glance

• Junctional rhythm: 40 to 60 beats/min
• Accelerated junctional rhythm: 61 to 100 beats/min
• Junctional tachycardia: 101 to 160 beats/min

monitored closely. If the rhythm is caused by digitalis toxi.city. this medication should be withheld.

JUNCTIONAL TACHYCARDIA
How Do I Recognize It?
[Objective 6J
Junc:tiODal tacbyalnlia is an ectopic rhythm that begins in the
pacemaker cells found in the bundle ofHis. When three or more
sequential PJCs occur at a rare of more than 100 beats/min, a
junctional tachycardia exists. Junctional tachycazdias can be
regular or irregular with variable conduction to the atria (Page
et al. 2015). Nonparoxysmal (i.e., gradual onset) junctional tachycardia is a benign dysrhytlunia that is usually associated with a
gradual increase in rate (ie., a warm-up pattern) to more than
100 beats/min. It rarely exceeds 120 beats/min (Zime1baum,
2016). Paroxysmal junctional tachycardia, which is also known
as focal or automatic junctional tachycardia, is an uncommon
dysrhythmia that starts and ends suddenly and that is often
precipitated by a PJC. 'Ihe ventricular rate for paroxysmal junctional tachycardia is generally faster, at a rate of 140 beats/min
or more. When the ventricular rate is greater than 150 beats/
min, it is difficult to distinguish junctional tachycardia from

Rg. 5.8 Aooelera!Jld junctional rhyttlm at 93 beats/min.
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other supraventricular tachycardias. An example of junctional
tachycardia is shown in Fig. 5.9. The ECG characteristics of tbis
rhytlun are shown in Table 5.5.

What causes It?
Junctional tachycardia is uncommon in adults and more
common in children (Kumar et al, 2006). When it occurs,
it is generally caused by abnormal automaticity or triggered
activity (Kumar et al, 2006). Junctional tachycardia may
occur because of an acute coronary syndrome, digitalis toxicity, heart failure, or theophylline administration.

What Do I Do About It?
Patients experiencing a junctionaltachycardia maybe asymptomatic. With sustained ventricular rates of 150 beats/min or
more, the patient may complain of fatigue, palpitations, or
chest discomfort or may experience syncope. Symptoms are
most common at the onset of the dysrhythmia (Zimetbawn,
2016). Because of the fast ventricular rate, the ventriclea may
be unable to fill completely, which results in decreased cardiac output The more rapid the rate, the greater the incidence of symptoms because of increased myocardial oxygen
demand. Junctional tachycardia associated with an acute
coronary syndrome may do the following:
• Cause heart failure, hypotension, or cardiogenic shock
• Extend the size of an MI

Junctional Rhythms

• Increase myocardial ischemia
• Increase the frequency and severity of chest pain
• Predispose the patient to ventricular dysrhythmias
Treatment depends on the severity of the patient's signs
and symptoms, and expert consultation is advised. If the
patient tolerates the rhythm, observation is often an that
is needed. If the patient is symptomatic because of the
rapid rate, initial treatment should include application
of a pulse oximeter and administration of supplemental
oxygen, if indicated. Establish IV access and obtain a
12-lead ECG. Because it is often difficult to distinguish
junctional tachycardia from other narrow-QRS tachycardias, vagal maneuvers and, if necessary, IV adenosine may
be ordered to help determine the origin of the rhythm. If
the rhythm is the result of digitalis toxicity, the medication
should be withheld. If the rhythm is the result of theophylline administration, the infusion should be slowed or
stopped. A beta-blocker or calcium channel blocker may
be ordered (if no contraindication& exist) to slow conduction through the AV node and thereby slow the ventricular rate. A summary of junctional rhythm characteristics
appears in Table 5.6.

ct
~~-----------Patients who do not tolerate treatment with antiarrhythmic
medications or who have recurring episodes of junctional
tachycardia may be referred for radiofrequency ablation.

Fig. & .a Junctional tachycardia at 115 bealsfmin.

ltJ:!IJ!J Characteristics of Junctional Tachycardia
Rhythm
Rate
P waves
PR interval
QRS duration

Ventricular rhythm may be regular or irregular
101 to 180 beats/min
May occur before, during, or after the QRS; If visible, the P wave Is Inverted In leads II, Ill, and aVF
If a P wave occurs before the QRS, the PR interval will usually be 0.12 sec or less; if no P wave occurs
before the QRS, there will be no PR interval
0.11 sac or less unless abnormally conducted
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lrJ:II(j;j Junctional Rhythms: Summary of Characteristics
CharaciBristic

PJCs

Rhythm

Irregular because
of premature
beats
Usually wiltlin
normal range
but depends
on underlying
rhythm
May occur before,
during, or after
the QRS; if visible, the P wave
is inverted
If a P wave occurs
before the QRS,
the PR interval
will usually be
0.12 sec or less;
if no Pwave
occurs before
the QRS, there
will be no PR
interval
0.11 sec or less
unless abnormally conducted

Rate (beats/min)

P waves ~eads II, Ill,
aVF)

PR interval

QRS duration

PJC,

Premature lunctlonal complex.

Junctional Escape
Beat

Junctional Escape
Rhythm

Accelera1Bd
Junctional Rhythm

Junctional
Tachycardia

Irregular because
of late beats

Regular

Regular

Regular or irregular

Usually within
normal range
but depends
on underlying
rhythm
May occur before,
during, or after
the QRS; if visible, the P WfNe
is inverted
If a P waNe occurs
before the QRS,
the PR interval
will usually be
0.12 sec or less;
if no Pwave
occurs before
the QRS, there
willbenoPR
interval
0.11 sec or less
unless abnormally conducted

40to 60

61 to 100

101 to 180

May occur before,
during, or after
the QRS; if visible, the P wave
is inverted
If a P wave occurs
before the QRS,
the PR interval
will usually be
0.12 sec or less;
if no P wFJNe
occurs before
the QRS, there
willbenoPR
interval
0.11 sec or less
unless abnormally conducted

May occur before,
during, or after
the QRS; if visible, the P wave
is inverted
If a P wave occurs
before the QRS,
the PR interval
will usually be
0.12 sec or lass;
if no P wave
occurs before
the QRS, there
will be no PR
interval
0.11 sac or lass
unless abnormally conducted

May occur before,
during, or after
the QRS; if visible,
the Pwaveis
inverted
If a P wave occurs
before the QRS,
the PR interval will
usually be 0.12
sec or less; if no
P wave occurs
before the QRS,
there will be no
PR interval
0.11 sec or less
unless abnormally
conducted
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STOP & REVIEW
True/False
Indicate whether the statement is true or false.
_ _ 1. Premature junctional complexes are more common than PACs or PVCs.
_ _ 2. A PJC produces a positive (upright) P wave in leads ll,lii, and aVF that comes before, during. or after the QRS complex.
_ _ 3. The intrinsic rate of the AV junction is 20 to 40 beats/min.

Multiple Choice
Identify the choice that best completes the statement or
answers the question.
__ 4. The term junctional bradycardia is used to describe a
rhythm that is junctional in origin with
L an atrial rate of 40 to 60 beats/min.
b. an atrial rate slower than 60 beats/min.
c. a ventricular rate of 40 to 60 beats/min.
d. a ventricular rate slower than 40 beats/min.
_ _ 5. A _ _ pause often follows a PJC and represents
the delay during which the SA node resets its rhythm
for the next beat.
L noncompensatory (incomplete)
b. compensatory (complete)
__ &.In rhythms originating from the AV junction, the
QRS duration is typically _ _ or less unless an
intraventricular conduction delay exists.
1. 0.04 second
b. 0.11 second
c. 0.14 second
d. 0.20 second
_ _ 7. An accelerated junctional rhythm is identified
by a regular ventricular response occurring at a
rate of
1. 20 to 40 beats/min.
b. 40 to 60 beats/min.
c. 61 to 100 beats/min.
d. 101 to 180 beats/min.

_ _ 8.

Select the incorrect statement regarding junctional

dysrhythmias.
a. A junctional rhythm may be seen in acute coronary syndromes.
b. An accelerated junctional rhythm is a potentially
life-threatening dysrhythmia.
c. 1he ventricular rhythm associated with a junctional rhythm is typically very regular.
d. lhe QRS complex of a PJC is typically markedly
different from the QRS complex of a beat conducted by the SA node.
_ _ 9. The primary waveform used to dUferentiate PJCs
from PACs is the
a. Pwave.
b. Qwave.
c. Rwave.
d. Twave.
_ _ 10. In a junctional rhythm viewed in lead II, where is
the location of the P wave on the ECG ifventricular
depolarization precedes atrial depolarization?
a. Before the QRS complex
b. During the QRS complex
c. After the QRS complex
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Questions 11 to 14 pertain to the following scenario.

A 63-year-old man is complaining of mzziness that began about 45 minutes ago while he was cleaning his garage. Because the
patient's oxygen saturation level on room air was 88%, supplemental oxygen is being administered. The cardiac monitor has
been applied. revealing the rhythm below. A coworker is attempting to establish intravenous access.

Fig. 5.1 0 (Frnm Aehlert B: ECG stud; catrJs. St.Louis, 2004, Mosby.)
_ _ 11. Which of the following statements is true with

regard to this patient's cardiac rhythmr
a. The atrial rhythm is irregular.
b. There are more P waves than QRS complexes.
c. The ventricular rhythm is regular and the QRS
is wide.
d. The ventricular rhythm is regular and the QRS
is narrow.
__ 12. The patient's ventricular rate is
a. 32 beats/min.
b. 45 beats/min.
c. 60 beats/min.
d. 75 beats/min.
__ 13. The rhythm shown on the cardiac monitor is
a. sinus bradycardia.
b. junctional bradycardia.
c. junctional escape rhythm.
d. accelerated junctional rhythm.

_ _ 14. The patient's blood pressure is 82/50 mm Hg and ventilations are 16 breaths/min. He states that his normal

blood pressure is about 130/80 mm Hg. The patient
denies chest discomfort and states that he talces no
prescription medications. His skin is cool. pink. and
moist. and his breath sounds are clear. Intravenous
access has been successfully established. On the basis
of the information provided, which of the following
statements is true regarding this patient situation?
a. Because the patient is symptomatic with this
rhythm, a vagal maneuver should be attempted.
b. 1he patientis symptomaticwith this rhythm. Obbrin
a 12-lead ECG and then ad.rniniBt.er atropine IY.
c. Therapeutic interventions are not indicated
because there is no evidence of ST-segment
elevation (STE) on the cardiac monitor.
d. Although the patient is complaining of dizziness,
this symptom does not warrant any further intervention other than cardia.c monitoring at this time.

Matching
Match the terms below with their descriptions by placing the letter ofeach correct answer in the space provided.

a. Retrograde
b. Accelerated junctional rhythm
c. Nodal rhythms
d. Inverted P wave appears before the QRS complex in leads
II, III, and aVF

t. Junctional tachycardia
g. Digitalis
h. Hidden within the QRS complex (not visible)
I. Location of the bundle of His
J. Premature junctional complex

e. Location ofthe AV node
__ 15. Lower part of the right atrium above the base of the
tricuspid valve
_ _ 111. Name given to a dysrhythmia that originates in the
AV junction with a ventricular rate between 101 to
180 beats/min
__ 17. Upper part of the interventricular septum
18. Location ofthe P wave on the ECG ifatrial and ventricular depolarization occurs simultaneously
_ _ 111. Term formerly used fur dysrhythmias that originate
in the AV junction

__ 20. A beat originating within the AV junction that
appears earlier than the next expected sinus beat
_ _ 21. Name given to a dysrhythmia that originates in the
AV junction with a ventricular rate between 61 to
100 beats/min
__ 22. Occurring in a backward direction
__ 23. Location of the P wave on the ECG ifatrial depolarization precedes ventricular depo.lari.zation
24. Excess of this medication is a common cause of
junctional dysrhythmias
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Short Answer
25. Fill in the blank areas in the table below to help you recall the primary differences among junctional rhythm, accelerated
junctional rhythm, and junctional tachycardia.

ECGFinding

Rhythm

Junctional Rhythm
Regular

Ac:c:eleratecl Junctional Rhythm
Regular

Junctional Tachycardia
Regular or irregular

0.11 sec or less unless
abnonnally

0.11 sec or less unless abnormally conducted

0.11 sec or less unless
abnonnally conducted

Rate (beats/min)

P waves (lead II)
PRinterval

QRS duration

conducted

Junctional Rhythms-Practice Rhythm Strips
Use the five steps ofrhythm interpretation to interpret each of the following rhythm strips. All rhythms were recorded in lead
II unless otherwise noted.

Flg.S.11
28. Fig. 5.11

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p waves: _ _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 6.12

"£1. Fig. 5.12. Identify the rhythm (lead III).

Rhythm:

Rate: _ _ _ _ _ _ p w a v e s : - - - - - - - - - - -

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - -

mUTpremtion: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Fig. 5.13

28. Fig. 5.13. 'Ibis rhythm strip is from a 74-year-old woman with chest pain. She rated her pain 9/10.

Rhythm:

Rate:

P waves:-----------

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l ; - - - - - - - - - m~tion:

_______________________________________________________

Fig. &.14 (From Aahlert B: ECG SIJRJJ carr:l8. St. Louis, 2004, Mosby.)
29. Fig. 5.14

Rhythm: _ _ _ _ _ _ Rate: ______________ P w a v e s : - - - - - - - - - - - -

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l ; - - - - - - - - - m~tioo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 5.15
30. Fig. 5.15

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ _ __
PR interval:----- QRS duration:----- QT interval:------------------m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Fig. 5.18 (Frnm Aehlert B: ECG siudj csnJs. st. Louis, 2004, Mosby.)

31. Fig. 5.16

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - mt~~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig, 5.17 from Aehlert B: ECG si1Jdy cards, St Louis, 2004, Mosby.)

32. Fig. 5.17. This rhythm strip is from an 80-year-old woman who states, "The room is spinning.'"
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p waves: _ _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - mbrrp~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.l5.18
33. Fig. 5.18. This rhythm strip is from an 88-year-old woman who experienced a syncopal episode. Her medical history includes
a myocardial infarction 9 years ago, a stroke 5 years ago, hypertension, and diabetes.

Rhythm:

Rate:

P waves:-----------

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - mterpreation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Fig. &.19

34. Fig. 5.18. 'Ibis rhythm strip is from a 72-year-old man presenting with left-sided weakness. He has a history ofa brain tumor.

Rhythm:

Rate:

P waves:----------

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.5.20

35. Fig. 5.20
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~remfum:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 5.21 (From Aehlert B: ECG stud! carrJs. St.Louis, 2004, Mosby.)

3B. Fig. 5.21

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ p waves: _ _ _ _ _ _ _ _ __
PR interval:----- QRS duration:----- QT i n t e r v a l : - - - - - - - - m~uation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Fig. &.22

:r1. Fig. 5.22

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 5.23 from hlhlert B: ECG sfiJdyC8lds, St L..wls, 2004, Mosby.)
38. Fig. 5.23

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Flg.IS.24 from hlhlert B: ECG sfiJdy C8lds, St L..wls, 2004, Mosby.)

38. Fig. 5.24. This rhythm strip is from a 43-year-old woman who was complaining of palpitations. The patient had a history of
supraventricular tachycardia and stated that she could not tolerate adenosine.
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p waves: _ _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Fig.5.25

40. Fig. 5.25. This rhythm strip is from a 43-year-old man after a seizure.
P waves:-----------

Rate:

Rhythm:

PR interval:----- QRS duration:---- QT i n t e r v a l : - - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.IS.28
41. Fig. 5.26

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - m~tmtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

..
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1
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Fig. 5.27

(From Aehlert B: ECG sludy carrfs, St. Louis, 2004, MosbyJ

42. Fig. 5.27. This rhythm strip is from a 96-year-old man complaining of chest pain and palpitations.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ _ __

PR interval:----- QRS duration:----- QT i n t e r v a l : - - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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43. Fig. 5.28. This rhythm strip is from a 79-year-old man complaining of palpitations. His initial blood pressure was 112/84 mm
Hg. His second blood pressure, 8 minutes after the :first, was 78/P mm Hg.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p waves: _ _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Rg. &.29 [Fran hlhlert B: ECG st/Jdy cards, StLouis, 2004, Mosby.)
44. Rg. 5.29

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - mt~reallim:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 5.30 [Fran Aehlert B: ECG st/Jdy ca!ds, St Louis, 2004, Mosby.)
46. Fig. 5.3D

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - -

mterpreation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Fig. 5.31
48. Fig. 5.31

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P wa~: _ _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - -

mb9premtian: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 5.32

(Frtr11 khlert B: ECG sflJdy C8lfis, st l..o.Jis, 2004, Mooby.)

47. Fig. 5.32. This rhythm strip (lead I) is from a 51-year-old man found unresponsive. He had a history of esophageal varices
and gastrointestinal bleeding.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

i;tt~;;~l:~;;jti-~~~~~= :•1:: .;;.;*~;:;~. · ·
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Fig. &.33
48. Fig. 5.33

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Flg.&.34

48. Fig. 5.34. This rhythm strip is from a 75-year-old man complaining of chest pain that had been present for 20 minutes.
He rated his pain 8/10.

Rhythm:

P waves:-----------

Rate:

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Rg. &.3& fran hlhlert B: ECG study cards, St Lools, 2004, Mosby.)

50. Fig. 5.35. 1his rhythm strip is from a 76-year-old woman complaining of weakness.

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ QT interval: _ _ _ _ _ _ _ _ __
m~dation:

_______________________________________________________
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STOP & REVIEW I ANSWERS
1. F. Premature junctional complexes are less common
than either PACs or PVCs.

OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for PJCs.
2. E A P wave may or may not be present with a PJC. If a P
wave is present. it is inverted (retrograde) and may pre-

cede or follow the QRS. PJCs can be misdiagnosed when
the P wave ofa PAC is buried in the preceding T wave.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for PJCs.

3. E 1he AV node and the nonbranching portion of the
bundle of His are called the AV junction. The bundle of
His has pacemaker cells that are capable of discharging
at a rhythmic rate of 40 to 60 beats/min.
OBJ: Describe the location, the function, and (where appropriate) the intrinsic rate of the following structures: SA node,
AV bundle, and Purkinje fibers.
4. D. Ifthe AV junction paces the heart at a rate slower than
40 beats/min, the resulting rhythm is called a junctional
bradycardia. 1his may seem confusing because the AV
junction's normal pacing rate (40 to 60 beats/min) is

bradycardic. However, the term junctional bradycardia
refers to a rate slower than normal for the AV junction.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for a junctional
escape rhytlun.
5. A. A noncompensatory(incomplete) pause often follows

a PJC. This pause represents the delay during which the
SA node resets its rhythm for the next beat.
OBJ: Explain the di1ference between a compensatory and
noncompensatory pause.
6. B. The QRS duration associated with a rhythm that
begins in the AV junction measures 0.11 second or less

if conduction through the bundle branches, Purkinje
fibers, and ventricles is normal.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for a junctional
escape rhythm.
7. C. An accelerated junctional rhythm is a dysrhythmia
originating in the AV bundle with a ventricular rate
between 61 and 100 beats/min.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for an accelerated
junctional rhythm.
8. B. 1he patient who bas an accelerated junctional rhythm is
usually asymptomatic because the ventricular rate is 61 to
100 beats/min, which is the same rate as a sinus rhythm.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for an accelerated
junctional rhythm.

9. A. You can usually tell the difference between a PAC and

a PJC by the P wave. A PAC typically has an upright P
wave before the QRS complex in leads II, III, and aVF. A
P wave may or may not be present with a PJC.Ifa P wave
is present. it is inverted (retrograde) and may precede or
follow the QRS.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for PJCs.
10. C. If the AV junction paces the heart, the electrical
impulse must travel in a backward (retrograde) direction to activate the atria. If a P wave is seen, it will be
inverted in leads II, III, and aVF because the impulse is
traveling away from the positive electrode. If the atria

depolarize before the ventricles, an inverted P wave will
be seen before the QRS compla. and the PRinterval will
usually measure 0.12 second or less. 1he PR interval is
shorter than usual because an impulse that begins in the
AV junction does not have to travel as far to stimulate
the ventricles. Ifthe atria and ventricles depolarize at the
same time, a P wave will not be visible because it will be
hidden in the QRS comple:x. When the atria are depolarized after the ventricles, the P wave typically distorts the
end of the QRS complex. and an inverted P wave will
appear after the QRS.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for a junctional
escape rhythm.

11. D. In this rhythm strip, the atrial rate and rhythm cannot be determined because P waves are not visible. 1he
ventricular rhythm is regular and the QRS is narrow,
measuring 0.08 second.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for a junctional
escape rhythm.
12. A. The patient's ventricular rate is about 32 beats/min

(1500 divided by 46.5).
OBJ: Identify how heart rates, durations, and amplitudes
may be determined from ECG recordings.
13. B. The cardiac monitor shows a junctional bradycardia at 32 beats/min with ST-segment depression and
inverted T waves.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for a junctional
escape rhythm.
1C. B. Although there is no evidence ofSTE on the cardiac
monitor, this patient is symptomatic with his slow heart

rate as evidenced by his dizziness and hypotension.
Treatment of a patient with symptomatic bradycardia
should include application of a pulse oximeter and
administration of supplemental oxygen (if indicated)
and establishing IV access, which have already been
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done. Next. obtain a 12-lead ECG and then administer atropine IV. Reassess the patient's response to your
interventions and continue to monitor the patient.
Because vagal maneuvers are used to attempt to slow
the heart rate of some tachycardias and this patient is
bradycardic, vagal maneuvers are contraindicated in
this situation.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care fur a junctional
escape rhythm.

15. E
16. F
17. I
18. H

18. c
20. J
21. B
22. A
23. D

24. G

25. ANS:
ECGFinding

Junctional Rhythm

Accelerated Junctional Rhythm

Rhythm

Regular

Regular

Rate (beats/min)
P waves (lead II)

40to60
May occur before, durIng, or after the QRS;
ifvisible, the P wave
is inverted.
If a P wave ocau'8 before
the QRS, the PR interval will usually be
0.12 sec or less; if DO
P wave occun before

61 to 100
May occur before, during, or
after the QRS; ifvisible, the

PRinterval

Pwaveisimerted
If a P wave ocaars before the
QRS, the PR Interval will

usually be 0.12 sec or less;
ifDO P wave OCCIIl'S before
the QRS, there will be no PR
interval

the QRS, there will be
DO PR interval

QRS duration

0.11 sec orless unless
abnonnallyconducted

0.11 sec or less unless abnormally conducted

Junctional Tachycardia
Regular or irregular

101 to 180
May occur before, durIng, or after the QRS;
ifvisible, the P wave
isiDverted
If a P wave ocau'8 before the QRS, the PR

interval will usually
be 0.12 sec or leu;
ifDO p wave OCCUl1l
before the QRS, there
will be DO PR interval
0.11 sec orless unless
abnonnally conducted

OBJ: Describe the ECG characteristics, possible causes, signs and symptoms, and initial emergency care for junctional
escape rhythm, accelerated junctional rhythm, and junctional tachycardia.

Practice Rhythm Strip Answers
Note: Because of the distortion of ECGs that can occur during printing, a range of acceptable measurements is provided in the
rhythm strip answers throughout this textbook.

28. Fig. 5.11
Rhythm: Irregular
Rate: 70 beats/min
P waves: Sinus P waves look alike; P waves of beats 1, 4,
and 7 are early and inverted
PR interval: 0.12 to 0.16 second (sinus beats)
QRS duration: 0.06 second
QT interval: 0.36 second
Interpretation: Sinus rhythm at 70 beats/min with PJCs
(junctional trigeminy)
'D. Fig. 5.12

Rhythm: Regular
Rate: 100 beats/min
P waves: Inverted before each QRS
PR interval: 0.12 to 0.16 second

QRS duration: 0.08 to 0.10 second
QT interval: 0.28 to 0.32 second
Interpretation: Accelerated junctional rhythm at 100
beats/min with STE
28. Fig.5.13

Rhythm: Irregular
Rate: 130 beats/min
P waves: Upright before each QRS, but the shape and
amplitude of some di1fer; P wave of beat 10 is early and
hidden in the T wave of the preceding beat
PR interval: 0.14 second
QRS duration: 0.06 to 0.08 second
QT interval; 0.28 second
Interpretation: Sinus tachycardia at 130 beats/min with
a PAC
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29. Fig. 5.14

35. Fig. 5.20

Rhythm: Irregular

Rhythm: Irregular

Rate: 80 beats/min
P waves: Flutter waves present
PR interval: None
QRS duration: 0.08 to 0.10 second
QT interval: Unable to determine
Interpretation: A1ri.al :flutter at 80 beats/min

Rate: 80 beats/min
P waves: Upright before each QRS
PR interval: 0.16 to 0.20 second
QRS duration: 0.08 second
QT interval: 0.32 second
Interpretation: Sinus arrhythmia at 80 beats/min

30. Fig. 5.15
Rhythm: Regular
Rate: 136 beats/min
P waves: None visible; hidden in T waves
PR interval: Unable to determine
QRS duration: 0.10 to 0.12 second
QT interval: 0.32 to 0.36 second
Interpretation: Narrow-QRS tachycardia. probably junctional tachycardia. at 136 beats/min

38. Fig. 5.21

Rhythm: Irregular
Rate: 33 beats/min (sinus beats); 32 beats/min Qunctional
beats)
P waves: Sinus P waves upright before QRS; none visible
for junctional beats
PR interval: 0.16 to 0.20 second (sinus beats)
QRS duration: 0.04 to 0.06 second
QT interval: 0.36 to 0.40 second
Interpretation: Sinus bradycardia at 33 beats/min to
junctional bradycardia at 32 beats/min

31. Fig. 5.18

Rhythm: Irregular
Rate: 70 beats/min

P waves: Sinw P waves are upright and some are notched; P
wave ofbeat 3 is early, inverted, and appears after the QRS
PR interval: 0.16 second
QRS duration: 0.08 to 0.10 second
QT interval: 0.36 second
Interpretation: Sinus rhythm at 70 beats/min with a PJC
(beat 3 is the PJC)

32. Fig. 5.17

Rhythm: Regular
Rate: 115 beats/min
P waves: Upright before each QRS but some differ in
shape
PR interval: 0.12 to 0.16 second
QRS duration: 0.12 second
QT interval: 0.32 second
Interpretation: Sinus tachycardia at 115 beats/min with
a wide QRS and STE

33. Fig. 5.18

Rhythm: Regular
Rate: 75 beats/min
P waves: Inverted before each QRS
PR interval: 0.16 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.32 to 0.36 second
Interpretation: Accelerated junctional rhythm at 75
beats/min
34. Fig. 5.19

Rhythm: Regular
Rate: 75 beats/min
P waves: Upright before each QRS
PR interval: 0.12 second
QRS duration: 0.08 second
QT interval: 0.36 second
Interpretation: Sinus rhythm at 75 beats/min

:n.

Rg.5.22

Rhythm: Irregular
Rate: 70 beats/min
P waves: Sinus P waves upright before each QRS; an

early P wave appears after beat 5 and distorts the T wave;
beat 6 has no P wave
PR interval: 0.16 second
QRS duration: 0.08 second
QT interval: 0.36 second
Interpretation: Sinus rhythm at 70 beats/min with a
nonconducted PAC (note distortion of the T wave of the
beat preceding the pause) and a junctional escape beat

38. Rg.5.23

Rhythm: Regular
Rate: 45 beats/min
P waves: None visible
PR interval: None
QRS duration: 0.08 to 0.11 second
QT interval: 0.48 to 0.52 second
Interpretation: Junctional rhythm at 45 beats/min with
STE and a prolonged QT interval

39. Rg.5.24

Rhythm: Irregular; regular during the tachycardia
Rate: 160 beats/min; 188 beats/min during the tachycardia
P waves: Inverted after QRS in beat 1; sinus P wave in
beats 2 and 3; cannot differentiate with certainty between
inverted P waves and inverted T waves in beats associated
with the tachycardia
PR interval: 0.14 to 0.16 second (sinus beats)
QRS duration: 0.06 to 0.08 second
QT interval: 0.24 second if the inverted waveforms during the ta.chycardia are T waves
Interpretation: Junctional beat, two sinus beats. changing
to a narrow QRS tachycardia that is probably junctional
tachycardia at 188 beats/min; ST-segment depression
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40. Fig. 5.25
Rhythm: Regular
Rate: 136 beats/min
P waves: Upright before each QRS; some are notched,
some are pointed, others are smooth and rounded
PR interval: 0.14 to 0.16 second
QRS duration: 0.08 second
QT interval: 0.24 to 0.28 second
Interpretation: Sinus tachycardia at 136 beats/min with
ST-segment depression
41. Fig. 5.26

Rhythm: Irregular
Rate: 60 beats/min
P waves: Upright before sinus beats, early and inverted
before the QRS in beat 3, early and upright in beat 5
PR interval: 0.18 to 0.20 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.40 to 0.44 second
Interpretation: Sinus rhythm at 60 beats/min with a PJC
(beat 3), a PAC (beat 5), and ST-segment depression;
artifact is present
42. Fig. 5.27
Rhythm: Irregular
Rate: 100 beats/min
P waves: Fibrillatory waves present
PR interval: None
QRS duration: 0.06 to 0.08 second
QT interval: 0.32 to 0.36 second
Interpretation: Atrial :fibrillation at 100 beats/min
43. Fig. 5.28
Rhythm: Regular
Rate: 143 beats/min
P waves: None visible before each QRS; cannot differentiate with certainty between inverted P waves and
inverted T waves after each QRS
PR interval: None
QRS duration: 0.06 to 0.08 second
QT interval: 0.24 second if the inverted waveforms after
each QRS are T waves
Interpretation: Narrow-QRS tachycardia, probably junctional tachycardia, at 143 beats/min with ST-segment
depression
44. Fig. 5.29
Rhythm: Regular
Rate: 97 beats/min
P waves: None visible
PR interval: None
QRS duration: 0.06 to 0.08 second
QT interval: 0.28 to 0.32 second
Interpretation: Accelerated junctional rhythm at 97
beats/min; inverted T waves
46. Fig. 5.30

Rhythm: Irregular
Rate: 80 beats/min

P waves: Sinus P waves are upright; early inverted P
waves appear in beats 3 and 6
PR interval: 0.16 second (sinus beats)
QRS duration: 0.04 to 0.06 second (sinus beats)
QT interval: 0.36 to 0.40 second
Interpretation: Sinus rhythm at 80 beats/min with PJCs
(beats 3 and 6)
48. Rg.5.31
Rhythm: Irregular
Rate: 79 beats/min (junctional beats)
P waves: Upright before sinus beats; not visible for junctional beats
PR interval: 0.10 second (sinus beats)
QRS duration: 0.04 to 0.06 second
QT interval: 0.32 second
Interpretation: Sinus rhythm changing to an accelerated junctional rhythm at 79 beats/min, back to a sinus
rhythm
47. Rg.5.32

Rhythm: Regular
Rate: 73 beats/min
P waves: Upright before each QRS
PR interval: 0.12 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.36 to 0.40 second
Interpretation: Sinus rhythm at 73 beats/min
48. Rg.5.33

Rhythm: Regular
Rate: 40 beats/min
P waves: Low amplitude but upright before each QRS;
some are notched
PR interval: 0.12 to 0.16 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.36 to 0.40 second
Interpretation: Sinus bradyarrhythmia at 40 beats/min
with ST-segment depression; U waves are present
48. Rg.5.34
Rhythm: Irregular
Rate: 100 beatll/min
P waves: Fibrillatory waves present
PR interval: None
QRS duration: 0.06 to 0.08 second
QT interval: 0.28 to 0.32 second
Interpretation: Atrial fibrillation at 100 beats/min with
ST-segment depression
50. Fig. 5.35
Rhythm: Irregular
Rate: 60 beats/min
P waves: None visible
PR interval: None
QRS duration: 0.04 to 0.06 second
QT interval: 0.32 to 0.36 second
Interpretation: Junctional rhythm at 60 beats/min; STE
inMCL1
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LEARNING OBJECTlVES
AffBr reading t!Jis chapter, you should be able to:
1. Describe the electrocartliogram {ECG) characteristics, possible causes,
signs and symptoms, anct initial emergency care for premature ventricular complexes (PVCs).
2. Explain the terms bigeminy, frigBminy, quadrigsminy, and ron as used
to describe premature complexes.
3. Explain the difference between PVCs and ventricular e~ beats.
4. Describe the ECG characteristics of ventricular escape beats.
5. Describe the ECG characteristics, possible causes, signs and symptoms, and Initial emergency care tor an ldloventrlcular rhythm (IVR).
6. Explain the term pufsefess e1eat1ca1 at:tfvfty (PEA).
7. Descr1be tt1e ECG cllata:terlstlcs, possible causes, signs and syrnpll)mS,
and Initial emergerv..)' care filr an accelerated ldloventrlcular rflylhm (AIIIR).

8. Explain the tErms sustalned and nonsusfJJ/ned ventrfaJtar tacflyc;ud/a
(VT), tnOI'10fT10{lJh VT, and polymorphic VT{PMVT).
9. Describe the ECG characteristics, possible causes, signs and symptoms, and in~ial emergency care for monomorphic VT.
10. Describe the ECG characteristics, possible causes, signs and symptoms, and in~ial emergency care for PMVT.
11. Describe the ECG characteristics, possible causes, signs and symptoms, and in~ial emergency cam for ventriwlar fibrillation (VF).
12. State the purpose and indications for defibrillation.
13. Oescr1be the ECG character1sUcs. possible causes, signs and symptoms, and lnttlal emergency care for asystOle.

KEY TERMS
accelerated idioventricular rhythm (AIVR): Dysrhythmia originating in
the ventricles with a raiD between 41 and 100 beats/min
agonallflythm: Dysrhythmia similar in appearance to an IVR but occurring at a rate of lass than 20 beats/min: dying heart
asystole: Atotal absence of ventricular electrical activity
automated external defibrillator (AED): A machine with a sophisticated
computer system that analyzes apaUent's heart rhythm using an
algorithm to distinguish shockable rhythms from nonshockable rhythms
and providing visUal and audiTory Instructions to the rescuer to deliver
an electrical shock, If a shock Is Indicated.
atrioventricular (AV) dissociation: /torly dysrhythmia In wttlch the atria
and ventricles beat lndependenlly (e.g., VT, complete AV block)
burst Three or more sequential ectopic beats; also referred ID as a
"salvo" or •run•
compensatory pa1.19e: Pause fur which the nonnal beat after a premature
complex occurs when expected; also called a complete /]llUSe
defibrillation: Delivery of an electrical currant across the heart muscle
over a very brief period to terminate an abnormal heart rhythm; also
called unsynchronized courrtstshockor asynchronous countershock
because the delivery of current has no relationship to the cardiac cycle.

fusion beat: Beat that occurs because of simultaneous activation of one
cardiac chamber by two sites ~oa); in pacing, the ECG waveform that
results wtlen an intrinsic depolarization and a pacing stimulus occur
simultaneously and both contribute to depolarization of that cartliac
chamber
lnllll'p01at8d PVC: PVC that occurs between two normally conducted QRS
complexes and that does not disturb the next ventricular depolarlzaUon
or slnoatr1al (SA) node aCIMty
monomorphic: HCI\IIng !he same shape
polymorphic: varying In shape
run: Three or more sequential ectopic beats; also referred to as a •salvo"
or •burst•
salvo: Three or more sequential ec!Dpic beats; also referred to as a "run•
or •burst"
1orsades de pointes (TdP}: Type of polymorphic VT associated with a
prolonged QT interval: the QRS changes in shape, amplitude, and width
and appears to twist around the isoelectric line, resembling a spindle
ventricular tachycanJia (VT): Dysrhythmia originating in the ventricles
vmt1 a ventrtcular rata greater than 100 beats/min
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INTRODUCTION
The ventricles are the heart's least efficient pacemaker (Fig.
6.1). If the ventricles function as the heart's pacemaker, they
normally generate impulses at a rate of 20 to 40 beats/min.
The ventricles may assume responsibility for pacing the heart
ifthe sinoatrial (SA) node fails to discharge, an impulse from
the SA node is generated but blocked as it exits the SA node,
the rate ofdischarge of the SA node is slower than that of the

ventricles, or an irritable site in either ventricle produces an
early beat or rapid rhythm.
The shape of the QRS complex is influenced by the site
of origin of the electrical impulse. Normally, an electrical
impulse that begins in the SA node, atria, or AV junction
results in depolarization of the right and left ventricles at
about the same time. The resulting QRS complex is usually
narrow, measuring 0.11 second or less in duration.
If an area of either ventricle becomes ischemic or injured.
it can become irritable. This irritability affects the manner in
which impulses are conducted. Ventricular beats and rhythms
can start in any part of tire ventricles and may occur because
of reentry. abnormal automaticity, or triggered activity (Be.rger
et al. 2016; Garan, 2016). When an ectopic site within a ventricle assumes responsibility for pacing the heart. the electrical impulse bypasses the normal infl'avenb.icular conduction
pathway. This results in stimulation of the ventricles at slightly
di1ferent times. As a result. ventricular beats and rhythms usually have QRS complexes that are abnormally shaped and longerthan nonnal. (e.g., greater than 0.11 second). Iftire atria are
depolarized after the ventricles. retrograde P waves may be seen.
Because ventricular depolarization is abnormal, ventricular repolarization is also abnormal and results in changes
in ST segments and T waves. 1he T waves are usually in a
direction opposite that of the QRS complex; ifthe major QRS
d.e:flection is negative, the ST segment is usually elevated, and
the T wave is positive (i.e., upright). If the major QRS d.e:flection is positive, the ST segment is usually depressed, and the
T wave is usually negative (i.e., inverted). P waves are usually

not seen with ventricular dysrhythmias. but if they are visible, they have no consistent relationship to the QRS complex
(ie., atrioveDtricnlar [AV] clissociation).

e

Lead In _ _ _ _ _ _ _ _ _ __

Getting the Big Picture
When a venbicular rhythm is present, the appearance of ST
segments and T waves in 1tte opposite direction of the last portion of tne QRS complex can complicate matters when looking
for ECG signs of myocardial injury and infarctiOn. For example,
when the QRS complexes of a ventricular rhythm am negative,
the ST segment is usually elevated. The resulting ST-segment
elevation may be the result of abnormal repolarlzatlon and not
a result of any infarction-related causes. Assess the patient's
clinical presentation and the results of other diagnostic studies
in additiOn to your ECG findings.

PREMATURE VENTRICULAR
COMPLEXES
How Do I Recognize lllem?
[Objaclive1]
A premature ventricular complex (PVC), also called a premature ventricular extrasystole, ventricular premature beat,
or premature ventricular depolarization, arises from an irritable site (i.e., focus) within either ventricle. By definition. a
PVC is premature, occurring earlier than the next expected
sinus beat. 1he shape of the QRS of a PVC depends on the
location of the irritable focus within the ventricles (Fig.
6.2). 'Ihe width of the QRS of a PVC is typically 0.12 second or greater because the PVC causes the ventricles to nre
prematurely and in an abnormal manner (Fig. 6.3). 1he T
wave usually points in a direction opposite that of the QRS
complex.
A compensatorypaue often follows a PVC and occurs
because the SA node is usually not affected by the PVC

8
A
Fig. 8.1 Tha ventricles Bnl ttle heart's least efficient pacemaker. AV.
AtrfaventrlaJlar, S4, sinoatrial. (From lgnatavlclus 00, Workman LM: M8dlcslSIJigica/ nutSing: patient-antered collaboratwe cam, ed 8, Philooelphia, 2016,
Saunde!i.)

fAI
~ M0;,._,

Rg. 8.2 A, Right premature verrtrfcular (l()mplex (PVC). The Sl)l'&a(l of depolarlmUoo Is from right to left, away from the poslttve electrod9 In lead V1 (MC11),
resulting In a wid&, negatllle QRS (l()mplex. 8, l.8!t ventrfcular PVC. The spr&ad of
depolarlzaUon Is from left to right. IXlW!lnl1he poslllve eleclrode In lead V1 (MCL1).
The QfiS (l()mplex is v.ide and upright. (From Urtlen lD, stacy KM, Lough ME: CliticaJ
cam fiiJISing, ed 8, St Louis, 2018, Mosby.)
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(Fig. 6.4). The SA node discharges at its regular rate and
rhythm, including the period during and after the PVC.
It iJ important to note that the presence of a full compensatory pause does not reliably differentiate ventricular ectopy from atrial ectopy; this is because atrial ectopy
may produce a sintilar compensatory pattern if it does not
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reset the SA node (Crawford & Spen~. 1995). In addition, when backward (i.e., retrograde) conduction occurs
and a PVC is conducted to the atria, as in slow sinus rates,
the PVC can reset the SA node, thereby resulting in a
noncompensatory pause (Berger et ai. 2016; Crawford &
Spen~. 1995).

II

II

II

Fig. e. 3 Premature beaiB. A. Sinus rhythm with pn~matura 111r1al complexes (PACs). The fourth and sixth beaiB are
pn~csdad by premature PWB'o'EIS 1hat look dlffarant from the normally conducllld sinus beats. NoiB that the QRS complex that
follows each of these PACs Is narrow and Identical In appearance to that of the sinus-conducted beats. B, Sinus rhylhm with
premature lunctlonal complexes (PJCs).llle fourth and sixth beats are PJCs. Beet No. 41s preceded by an Inverted Pwave with
a ltlort PR Intarval. Thera Is no ldsntH~e BlriBI ac!Mty associated with belli No. B. C, Sinus rhythm wKh IJ'IIffilltUra ven1rlcular
complexes (PVCs). The foorth and sixth beats are very different in appeanince from the normally conducted sinus beals. Beall!
4 and B are PVCs. They are rot preceded by Pwaves. (From Grauer K: A pmctJcaJ guide ID ECG lntetprofBtion, ed 2, St. Louis,
1998, Mosby.)

Two R-R Intervals of
A normal underlying rhythm A

R-R Interval
containing the PVC

A

Fig. e.4 A pnma!Ura Vlll1Jtcular complex (PVC) Is o1tan loii!M'Bd by alull arnpensaiDry psuse. AcompansaiDry pause Is
presant Hthe pe~od balween 1ha complex before and af111r a pramallJra IJiat Is the same ~ I.'Ml normal R-R llllllrlab!. (Fran Paul
S, Habra JD: The nurse's guide to estr1l8c rhythm /ntBqJrofBtloo: ~lS frJrptitJent csre, Phlladelltlla, 1998, Saunders.)
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A fusion beat is a result of an electrical impulse from a
supraventricular site (e.g., SA node) discharging at the same
time as an ectopic site in the ventricles (Fig. 6.5). Because
fusion beats are a result of both supraventricular and ventricular depolarization, these beats do not resemble normally
conducted beats, nor do they resemble true ventricular beats.

PATTERNS OF PREMATURE
VENTRICULAR COMPLEXES
PVCa may occur alone or in groups (i.e., patterns). PVCa
that occur infrequently with no identifiable pattern are called
Osee

isolared PVCs. Two consecutive PVCs are called a pair or couplet (Fig. 6.6). Couplets are also referred to as "two PVCs in
a row" or '"back-to-hack PVCa." 1he appearance of couplets
indicates the ventricular ectopic site is very irritable. 1hree or
more sequential PVCs are termed a run, a salvo, or a bW"St,
and three or more PVCs that occur in a row at a rate of more
than 100 beats/min are comidered a run of VT.
Ventricular bigeminy describes a rhythm in which every
other beat is a PVC (Fig. 6.7); with ventricular trigeminy,
every third beat is a PVC; and with ventricular quadrigeminy,
every fourth beat is a PVC.
3sec

I

I

PVC

e.

Fusion

aro

Fig. & Yelllrk:ular fusoo beat (secood a.rrow). The QI\S liraliCil iS or1y o.os seam, 111e ShaPe represents the nonnaJ
QRS and the ~ous premature venlrb.llar comJjex (PVC). (From Urdeo LD, su.:y KM, L.Dugh ME: Ciflic8l are nursing. ed 8, St.
Lruls, 2018, Mosl:y.)

Fig. e.e Sinus rhythm wi1h a run of venbicular ~hycardia and one episode of ventricular couJjels. (From Aehlert B: ECG
studj csrrls, St. L.ouls, 2004, Mosby.)

Rg. 8.7 Sinus bradycardia wth ventricular bigeminy. (From Ashlar! B: ECG~~ StLouis, 2004, Mosby.)
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TYPES OF PREMATURE
VENTRICULAR COMPLEXES
Unlfonn and Muldfonn Premature Venb'lcular
Complexes
[Oblec11ve 2]
PVCs that look alike in the same lead and begin from the same
anatomic site (i.e., focus) are called uniform PVCs (Fig. 6.8).
PVCs that look different from one another in the same lead
are called multifimn PVCs (Fig. 6.9). 1he terms unifocal and
multifocal are sometimes used to descn"be PVCs that are similar or different in appeara.ace. Uniform PVCs are unifoc.al; that
is, they arise from the same anatomic site within the ventricles.
Mult:ifunn PVCs often, but do not always, arise from difrerent
anatomic sil:e.!l; therefore. multifonn PVCs are not necessarily
multifucal (Goldberger et al., 2013). In general, multiform PVCs
are considered more serious than uniform PVCs because they
suggest a greater area of:irritable myocardial tissue.
A PVC can occur with any supraventricular dysrhythmia.
Thus it is important when identifying the rhythm to first
describe the patient's underlying rhythm and then describe
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the ectopic beats present (i.e., "Sinus tachycardia with uniform PVCs at 110 beats/m.inM or "Sinus tachycardia with
multiform PVCs at 120 beats/min,.).

Interpolated Premature Ventricular Complexes
When a PVC occurs between two normally conducted QRS
complexes without interfering with the normal cardiac cycle
it is called an interpolated. PVC (Fig. 6.10). An interpolated
PVC does not have a full compensatory pause; rather, it is
squeezed between two normally conducted QRS complexes
(i.e., the R-R intervals between sinus beats remain the same)
and does not disturb the next ventricular depolarization or
SA node activity. An interpolated PVC usually occurs when
the PVC is very early or when the patient's underlying heart
rate is relatively slow.

R-on-T Premature Vanb'icular Complues
An R-on-T PVC occurs when the R wave of a PVC falls on
the Twave of the preceding beat (Fig. 6.11). Because ventricular repolarization is not yet complete during the last half of
the T wave (i.e., the relative refractory period), it is possible

Fig. a.8 Sinus tachyCardia with uniform premature ...entrieular complexes. (From Aehlert B: ECG SIIJdy catrJs, St. LouiS,
2004, Mosby.)

Fig. a. 9 Sinus tachyCardia with multHonn premature verrlricular complexes.(F11111 Aehlerl B: ECG sfJJdy catrJs. Sl Louis,
2004, Mosby.)

Fig. 8.10 Sinus bradycarda with an Interpolated pramature ventrtcular complex and ST-segment elevation.
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F"18o 8.11 Sinus rhythm '#lith two R-cn-T premalure ventricular COIJlllexes. (Frcm Aehlert B: ECG siiJdy catrls, st. Louis,
2004, Mosby.)

-

Characteristics of Premature

liiiiiil Ventricular Complexes
Rhythm

lrTeQular because of the premature beats; if the
premature ventricular complex (PVC) is an
interpolated PVC, the rhythm will be regular
Usually within normal range, but depends on
the underlying rhythm
Usually absent or, with retrograde conduction
to the atria, may appear after the QRS (usually upr1ght In the ST segment or T wave)
None with the PVC because the ectopic beet
originates in the ventricles
Usually 0.12 sec or greater; T waw is usually in
the opposite direction of the QRS complex

Rate
P waves

PR interval
QRS
duration

lliiLI=-AJ
•
•
•
•
•

Common Causes of Premature
Ventricular Complexes
•

•
•

Acid-base imbalance
Acute coronary syndromes
cardiomyopathy
Digltalls toxicity
Electrolyte Imbalance (e.g.,
potassium, magnesium)
Exercise
Heart failure

•

Hypoxia

•
•

•
•
•

Increase in catecholamine&
and sympathetic tone (e.g.,
emotional stress, anxiety)
Medications (e.g., sympathomimetic drugs)
Normal variant
Stimulants (e.g., caffeine,
tobacco)
Valvular heart disease
Ven111cular aneurysm

that a PVC that occurs during this period of the cardiac
cycle will precipitate VT or VF. The term R-on-T phenomenon refers to the start of a ventricular tachydysrhythmia u
a result of an improperly timed electrical impulse on the T
wave (Spotts, 2011). The general characteristics of PVCs are
shown in Table 6.1.

What Causes Them?
PVCs are common, occurring in healthy individuals with
apparently normal hearts, as well as in individuals with structural heart disease. When cardiac monitoring extends over 24
hours or longer, PVCs may be seen in 50% of healthy individuals (Garan, 2016). PVCs can occur for no apparent Clllllle,
and the frequency with which they occur increases with age.
PVCs can occur at rest or they can be associated with exercise.
Common causes ofPVCs are shown in Box 6.1.

What Do I Do About Them?
The signs and symptoms associated with PVCs vary and generally depend on their frequency. Depending on thdr frequency, PVCs may or may not affect cardiac output. Some
patients experiencing PVCs are asymptomatic; others may
experience palpitations (ie., sensation of a racing heart,
skipped beats, or flip-flops), weakness, lightheadedness, dizziness, fatigue, or a pounding sensation in the neclc.
Treatment of PVCs depends on the cause, the patient's
signs and symptoms, and the clinical situation. Most patients
experiencing PVCs do not require treatment with antiarrhythmic medications; rather, treatment of PVCs focuses on
the search for and treatment of potentially reversible causes.
For example, provide reassurance to the patient who is complaining of palpitations while searching for possible triggers
for his or her PVCs (e.g., excessive caffeine ingestion, nicotine use, emotional stress). In the setting of an acute coronary syndrome, treatment is directed at ensuring adequate
oxygenation; relieving pain; and rapidly identifying and correcting hypoxia, heart failure. and electrolyte or add-base
abnormalities.

cto~~-------------Antiarrhythmic Agents
When PVCs causa serious symptoms, antiarrhythmic medications (e.g., amiodarone, procainamide, lidocaine) are sometimes used to reduce the frequency with which they occur
or to eliminate them. However, antiarrhythmics can cause a
proanhythmic effect, which means that they have the potential to cause serious adverse effects, more serious dysrhythmias, or both than those that they were intended to treat. For
example, the treatment of occasional PVCs, which are not life
threatening, may initiate a life-threatening sustained ventricular
tachydysrhythmla.

VENTRICULAR ESCAPE BEATS
OR RHYTHM
How Do I Recognize It?
[Objactival3, 4. 5)
Remember that premature beats are early, and escape beats
are late. We need to see at least two sinus beats in a row to

establish the regularity of the underlying rhythm and to
determine if a complex is early or late.

Chapter 8
Although ventricular escape beats share some physical
characteristics with PVCs (e.g., wide QRS complexa, T waves
deflected in a direction opposite the QRS), they differ in some
very important areas. A PVC appears early, before the next
expected sinus beat PVCs often reflect irritability in some area
of the ventricles. A ventricular escape beat occurs after a pause
in which a supraventricular pacemaker failed to fire; thus, the
escape beat is late, appearing after the next expected sinus
beat. A ventricular escape beat is a protective mechanism, safeguardi.ng the heart from more extreme slowing or even 88}'5tole. Because it is protective, you would not want to administer
any medication that would wipe out the escape beat.
Take a look at Fig. 6.12. In looking at this rhythm strip, one
of the first things you notice is that the rhythm is irregular at
a rate of about 60 beats/min, and there is a QRS complex that
differs from the others. Although this beat looks interesting,
let us first examine the rhythm strip systemically. There are
upright P waves before beats 1, 2, 3, 5, and 6. Now we know that
the underlying rhythm is sinus in origin. Next, let us examine the wide-QRS beat more closely and see what happened
here. Look to the left of the wide-QRS beat and see if anything
looks amiss. When you look closely at the T wave of beat 3,
it has an extra protrusion or hump. If you take a moment to
plot P waves across the strip, you will find that this extra hump
is actually an early P wave that was not conducted. 1his is a
nonconducted premature atrial complex (PAC). In plotting

Ventricular Rhythms

the P waves, you should have noticed that the wide-QRS beat
occurred late-after the next expected sinus beat. This late beat
is an escape beat. Because the QRS associated with it is wide, it
is a ventricuhu- escape beat. A juncticmal escape beat is also late,
but it usually has a narrow QRS. Notice that the T wave of this
beat is deflected in a direction opposite that of its QRS compia When you look at the PR intervals and ST segment, you
will :find that the PR interval is longer than normal, measuring
about 0.24 second. For now, we will simply say that it is prolonged. We will explore the reasons fur this and give it a name
in the next chapter. ST-segment depression is also present.
Our interpretation of this rhythm strip would be something
like this: "Sinus rhythm with a prolonged PR interval, nonconducted PAC, ventricular escape beat, and ST-segment depression at 60 beats/min:' My goodness! That was one complicated
rhythm strip! The electrocardiogram (ECG) characteristics of
ventricular escape beats are shown in Table 6.2.
An idioventricular rhythm (IVR}, also called a ventricular
escape rhythm, exists when three or more ventricular escape
beats occur in a row at a rate of20 to 40 beats/min. The QRS
complexes seen in IVR are wide because the impulses begin
in the ventricles, bypassing the normal conduction pathway.
When the ventricular rate slows to less than 20 beats/min.
some practitioners refer to the rhythm as an apal rhythm
or dying heart. An example ofiVR is shown in Fig. 6.13, and
the characteristics ofthis rhythm are described in Table 6.3.

Fig. 8.12 Sinus rtlylhm with a prolOnged PR inteMII, nonconwcred premature atrial COI'f1llex, ventrk:ular escape beat.
arxt Sf-segment depression. (Frum Chou T, Ramaiah L.S: ~Yin cJirlicaJpractice: aliuftandpediatric, ed 4,
Philadelphia, 1996, Saunders.)

Fig. 8.13 ldiovenbicular rflylhm. fm"n Aehlert B: ECG siiJdy catris, St L.Duis, 2004, Mosby.)

lij:llj:@j Characteristics of Ventricular Escape Beats
Rhythm
Rate
P waves
PR interval
QRS duration

Irregular because of fate beats; the ventricular escape beat occurs after the next expected sinus beat
Usually within normal range, but depends on the underlying rhythm
Usually absent or, with retrograde conduction to the atria, may appear after the QRS (usually upright in
the ST segment or T WENS)
Nona with the ventricular escape beet because the ectopic beat originates in the ventricles
0.12 sec or greater; the T W8N9 is frequently in the opposite direction of the QRS complex
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Characteristics of ldioventricular
l l i i l i i i Rhythm
Rhythm
Rate
Pwaves

PR interval
QRS
duration

Ventricular rhythm is essentially regular
Ventricular rate 20 to 40 beats/min
Usually absent or, with retrograde conduction
to the atria, may appear after the QRS {usually upright in the ST segment or T wave)
None
0.12 sec or greater; the T wave is frequently in
the opposite direction of the QRS complex

What Causes It?
A ventricular escape rhythm may occur under one of three
circumstances: (1) the SA node and the AV junction fail to
initiate an electrical impulse; (2) the SA node or AV junction discharge at a rate less than that of the intrinsic rate of
the Purkinje fibers; or (3) the impulses generated by a supraventricular pacemaker site are blocked. A ventricular escape
rhythm may also occur as a result of an acute coronary syndrome, digitalis toxicity, or metabolic imbalances.

What Do I Do About It?
[Objective 6]
Because the ventricular rate associated with IVR is slow (ie.,
20 to 40 beats/min) with a loss of atrial kick, the patient may
experience serious signs and symptoms because ofdecreased
cardiac output. Ifthe patient has a pulse and is symptomatic

~

W Reversible
Causes of Cardiac
Emergencies

•:r.n:Jt'~

The 5 Hs and 5 Ts Is a memory aid that can be used to
recall the potentially reversible causes of cardiac emergencies, including cardiac arrest:

Five Hs and Five Ts
Hypovolemia
Hypoxia
HypothetTTiia
Hypo-/hyperkalemia
Hydrogen lon (acidosis)

because of the slow rate, treatment should include application of a pulse oximeter and administration of supplemental
oxygen if indicated. Establish intravenous (IV) access and
obtain a 12-lead ECG. Because the ventricular rate is slow, IV
atropine may be ordered. Reassess the patient's response and
continue monitoring the patient. Transcutaneous pacing or
a dopamine or epinephrine IV infusion may be tried if atropine is ineffective. Ventricular antiarrhythmic medications
such as lidocaine should be avoided during the management
of patients with this rhythm because they may abolish ventricular activity, possibly causing asystole in a patient with a
ventricular escape rhythm.
If the patient is not breathing and has no pulse despite
the appearance of organized electrical activity on the cardiac monitor, pulseless electrical activity (PEA) exists. The
management of PEA should include cardiopulmonary resuscitation (CPR), giving oxygen, starting an IV, possible placement of an advanced airway, and an aggressive search for the
underlying cause of the situation (Box 6.2).

ACCELERATED
IDIOVENTRICULAR RHYTHM
How Do I Recognize It?
[Objaclive1]
An accelerated idioventricular rhythm (AIVR) exists
when three or more ventricular beats occur in a row at a
rate of 41 to 100 beats/min (Fig. 6.14). Some cardiologists
consider the ventricular rate range of AIVR to be 41 to
120 beats/min.
AIVR is usually considered a benign escape rhythm. It
appears when the sinus rate slows and disappears when the
sinus rate speeds up. Episodes of AIVR usually last a few
seconds to 1 minute. Because AIVR usually begins and ends
gradually. it is also called nonparoxysmal VT. Fusion beats
are often seen at the onset and end of the rhythm. The ECG
characteristics of AIVR are shown in Table 6.4.

Tamponade, cardiac
Tension pneumothorax
Thruf'Tt)()Ss: lurgs (massive pulmonary

What Causes It?

embolism)
Thrombosis: heart (acute oorunary
syndromes)
Tablets/toxins: drug overdose

AIVR is usually considered a benign escape rhythm. It is
often seen during the first 12 ho\11'8 of an a(:Ute myocardial
infarction (MI), and it is common after successful reperfusion
therapy or after interventional coronary artery procedures

Flfl. 8.14 Aooalarated l!loverrtrfcular rhythm. {From Aetllart B: ECG siJJdy can:Js, St. IJluls, 2004, Mosby.)
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(Goldberger et aL 2013). ANRhas been observed in patients
with the following:
• Acute myocarditis
• Cocaine toxicity
• Digitalis toxicity
• Dilated cardiomyopathy
• Hypertensive heart disease
• Subarachnoid hemorrhage

What Do I Do About It?
AIVR generally requires no treatment because the rhythm is
protective and often transient, spontaneously resolving on its
own; however, possible dizziness, lightheadedness, or other
signs of hemodynamic compromise may occur because of
the loss of atrial kick. When treatment is indicated. apply
a pulse oximeter and administer supplemental oxygen if
indicated. Establish IV access and obtain a 12-lead ECG.

11.1111 Characteristics of Accelerated
liiiliill ldioventricular Rhythm
Rhythm
Rate
P waves

PR interval
QRS duration

Ventricular rhythm is essentially regular
41 to 100 (41 to 120 per some cardiologists)
beats/min
Usually absent or, with retrograde conduction
to the atria, may appear after the QRS (usually upright In the ST segment or T wave)
None
0.12 sec or greater; the T wave is frequently
In the opposite direction of the QRS
complex

Ventricular Rhythms

IV atropine or atrial pacing may be ordered to suppress the
AIVR (Chung et aL 2010; Olgin & Zipes, 2012). Reassess the
patient's response and continue monitoring him or her.

VENTRICULAR TACHYCARDIA
VentriQIJar tadry~ (VT) exists when three or more
sequential PVCs occur at a rate of more than 100 beats/min.
VT may occur with or without pulses, and the patient may be

stable or unstable with this rhythm.

How Do I Recognize It?
[Ob]ec:tlve 8]
VT may occur as a short run that lasts less than 30 seconds
and spontaneously ends (i.e., nonsustamed VT) (Fig. 6.15).
Episodes of nonsustained VT may be recorded in up to 3% of
apparently healthy individuals with no identifiable heart disease (Garan, 2016). The frequency with which nonsustained
VT occurs increases with age and with the presence and severityofunderlyingheartdisease (Garan, 2016). In patients with
heart disease, nonsustained VT is often a predictor ofhigh risk
for sustained VT or VF (Martin & Wharton, 2001).
Sustained VT persists for more than 30 seconds (Fig.
6.16). The rapid heart rate associated with sustained VT can
cause a marked decrease in ventricular function and cardiac
output, particularly in patients with underlying heart disease, resulting in acute heart failure, syncope, hypotension,
or circulatory collapse within several seconds to minutes
after the onset ofVT (Garan, 2016).

IWI

Fig. &.115 Nonsustalned ventricular tachycardia. (From Crawford MV, Spence Ml: COmmonsense atJI)IOaCh to COITJI1Il1Y
care, rev ed 6, St.IJJuis, 1994, Mosby.)

Fig. &.1 8 Hthis rhythm lasts lorcJer than 30 seconds, it is called sustBined ventticular tach~. (From Aehlert B: ECG
study carrJs, St Louis, 2004, Mosby.)
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Rg. 8.17 Monomorphic van1r1cu IBr tachycanlla. (From Aahlart B: ECG stJJdyC8l'ds, St. Louis, 2004, Mosby.)

11.1111 Characteristics of Monomorphic
lliiiiil Ventricular Tachycardia
Rhythm
Rate
P waves

PR interval
QRS duration

Ventricular rhythm is essentially regular
101 to 250 (121 to 250 per some cardiologists) beats/min
Usually not seen; if present, they have no
set relationship with the QRS complexes
that appear between them at a rate different from that of the ventr1cular tachycardia
None
0.12 sec or greater; often difficult to differentiate between the QRS and T wave

MONOMORPHIC VENTRICULAR
TACHYCARDIA
[Oblectlve B)
Similar to PVCs, VT may originate from an ectopic focus in
either ventricle. When the QRS complexes of VT are of the
same shape and amplitude, the rhythm is called monomorphic VT (Fig. 6.17). Monomorphic VT with a ventricular
rate of 150 to 300 beats/min is called ventricular flutter by
some cardiologists (Olgin &: Zipes, 2012}. The ECG characteristics of monomorphic VT are shown in Table 6.5.

What Causes It?
Ventricular tachycardia may be the result of disorders of
impulse formation, such as abnormal automaticity or triggered
activity, or the result ofdisorders of conduction, such as reentry (Olgin &: Zipes, 2012). Sustained monomorphic VT is often
associated with underlying heart disease. When VT occurs in
patients with underlying heart disease, the subsequent risk for
sudden cardiac death is increased (Olgin &: Zipes, 2012).
Possible causes ofVT include the following:
• Add-base imbalance
• Acute coronary syndromes
• Cardiomyopathy
• Cocaine abuse
• Digitalis toxicity
• mectrolyte imbalance (e.g., hypokalemia, hyperkalemia,
hypomagnesemia)
• Mitral valve prolapse
• Trauma (e.g., myocardial contusion, invasive cardiac
procedures)
• Tricyclic antidepressant overdose
• Valvular heart disease

What Do I Do About H?
Signs and symptoms associated with VT vary. A patient who
has sustained monomorphic VT may be stable for long periods. However, if the ventricular rate is very fast or myocardial ischemia is present, monomorphic VT can degenerate to
polymorphic VT or VF. Syncope or near-syncope may occur
because of an abrupt onset of VT. 1he only warning symptom may be a brief period oflightheadedness.
During VT, the severity of the patient's symptoms is
related to a nwnber offactors, including how rapid the ventricular rate is, how long the tachycardia has been present,
current medications, the presence and extent of underlying
heart disease, and the presence and severityofperipheral vascular disease (Chung et ai. 2010; Martin & Wharton. 2001).
Signs and symptoms of hemodynamic instability related to
VT may include the following:
• Acute altered mental status
• Acute heart failure
• Chest pain or discomfort
• Hypotension
• Pulmonary congestion
• Shock
• Shortness of breath

0

ECG Pear1 _ _ _ _ _ _ _ __

Sustained vr does not always produce signs of hemodynamic
instability.

Treatment is based on signs and symptoms and the
type of VT. If the rhythm is monomorphic VT (and the
patient's symptoms are caused by the tachycardia):
• CPR and defibrillation are used to treat the pulseless
patient with VT.
• Stable but symptomatic patients are treated with oxygen
(if indicated), IV access, and ventricular antiarrhythmics
(e.g., procainamide, amiodarone, sotalol) to suppress the
rhythm. Procainamide should be avoided if the patient
has a prolonged QT interval or signs of heart failure.
Sotalol should also be avoided if the patient has a prolonged QT interval
• Unstable patients (usually a sustained heart rate of 150
beats/min or more) are treated with oxygen. IV access,
and sedation (if the patient is awake and time permits)
followed by synchronized cardioversion.
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Fig. 8.1 B Polymorphic verrtricular tachycardia. This rhythm sbip is from an-year-old man 1hree days aftEr myocardial
infarctioo (MO. His chief oompiBint at the cnset of 1his episode was chest pain. He had a IBSI medical hislllry of a previcus Ml
and an abdom inaJ aortic aneurysm repair. The patient was given a verrtricular antiarrhythmic and defibrillated several limes
without succaBS. l.aboratnry WIJ1I: 111V8111ed a serum poii!Eium {K+) IBYBI of 2.0.1ntravenous K+ was admlnlslllnld, and 1hB
pa:tlerrt COOI8rtlld 1D a sin us rhythm with the next deflbr111atlon.

AIL....--_ _ ______.
Bl.______ _ _ _______.
c ~I--------------------------------------~-~-~---~
----------~
t-- 1 seo---1
Fig. 8.18 Vantrbllar tac~hmlas. A. Rhythm str1p sh!Mfng monomorphic ventr1cular tachycardia. B. Example
of po~rphk; ventr1cular tachycardia. C, Example of vent~cular fibrillation. All tracings are from lead V1. (From Goldman L.,
Auslello DA,ArendW, etal: Cecil medlcJne, ed 23, Philadelphia, 2007, Saunders.)

®

Lead In _ _ _ _ _ _ _ _ _ __

Initiating Prompt Treatment for Possible
Ventricular Tachycardia
A supraventricular tachycardia (SVD with an intraventricu-

lar conduction delay may be difficult to distinguish from vr.
Keep In mind that vr Is considered a potenHally life-threatening
dysrhythmia. If you are unsure whether a regular, wide-QRS
tachycardia is vr or SVT with an intraventricular conduction
delay, treat the rhythm as vr until proven othetWise. Obtaining
a 12-lead ECG may help differentiate vr from SVT, but do not
delay treatment If the patient Is symptomatic.

In all cases, an aggressive search must be made for the
cause of the VT.

POLYMORPHIC VENTRICULAR
TACHYCARDIA

-

Characteristics of Polymorphic

liiiiliiil Ventricular Tachycardia
Rhythm
Rate

Pwaves
PR interval
QRS duration

Ventricular rhythm may be regular or irregular
Ventricular rate 150 to 300 beats/min; typically 200 to 250 beats/min
None
None
0.12 sec or more; there is a gradual alteration in the amplitude and direction of the
QRS complexes; a typical cycle consists
of 5 to 20 QRS complexes

intermediate severity between monomorphic VT and VF
(Fig. 6.19). When PMVT is very fast, it may be difficult to
distinguish from VF (Garan, 2016). 1he ECG characteristics
of polymorphic VT are shown in Table 6.6.

[01Jiactive10]

What causes II?

With polymorphic: VT (PMVT), the QRS complexes vary in
shape and amplitude from beat to beat and appear to twist
from upright to negative or negative to upright and back,
resembling a spindle (Fig. 6.18). PMVT is a dyuhythmia of

Several types of PMVT and their possible causes have
been identified. Polymorphic VT that occurs in the
presence of a long QT interval (typically 0.45 second or
more and often 0.50 second or more) is called tor1ade.
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de pointes (TdP). A long QT interval may be congenital, acquired (typically precipitated by antiarrhythmic
drug use or hypokalemia, which are typically associated
with bradycardia), or idiopathic (neither familial nor
with an identifiable acquired cause). Polymorphic VT can
occur in the presence of an abnormally short QT interval (typically less than 0.32 second). This type of polymorphic VT is called short-QT PMVT. Polymorphic
VT that occurs in the presence of a normal QT interval
is simply referred to as polymorphic VT or normal-QT

prolong the QT interval If the patient is stable, the use of
IV amiodarone (if the QT interval is normal), magnesium,
or beta-blockers may be effective, depending on the cause of
the PMVT. Ifthe patient is unstable or has no pulse, proceed
with defibrillation as for VF.

VENTRICULAR FIBRILLATION
How Do I Recognize It?
[Oblectlve 11]

PMVT.

What Do I Do About It?
The signs and symptoms associated with PMVT are usually
related to the decreased cardiac output that occurs because
of the fast ventricular rate. Signs of shock are often present.
The patient may experience a syncopal episode or seizures.
The rhythm may occasionally terminate spontaneously and
recur after several seconds or minutes, or it may deteriorate
to VF. The patient with sustained PMVT is rarely hemodynamically stable.
It is best to seek expert consultation when treating a
patient with PMVT because of the diverse mechanisms of
PMVT as there may or may not be clues as to its specific
cause at the time of the patient's presentation. Treatment
options vary and can be contradictory. For example, a medication that may be appropriate for the treatment of a patient
with TdP may be contraindicated when treating a patient
with another form of PMVT. In general, if the patient is
symptomatic because of the tachycardia, treat ischemia (if
it is present), correct electrolyte abnonnalities, and discontinue any medications that the patient may be taking that

Ventricular fibrillation (VF) is a chaotic rhythm that begins
in the ventricles. In VF, there is no organized ventricular
depolarization. The ventricular muscle quivers, and as a
result, there is no effective myocardial contraction and no
pulse. The resulting rhythm looks chaotic with deflections
that vary in shape and amplitude. No normal-looking waveforms are visible. VF with waves that are 3 or more mm high
is called coarse VF (Fig. 6.20). VF with low amplitude waves
(i.e., less than 3 mm) is called fine VF (Fig. 6.21). Table 6.7
lists the ECG characteristics of VF, and Fig. 6.22 illustrates a
comparison ofventricular dyuhythmias.

IQ:!Ij:£1 Characteristics of Ventricular Fibrillation
Rhythm
Rate

Pwaves
PR interval
QRS duration

Rapid and chaotic with no pattern or
regularity
cannot be determined because there are no
discernible waves or complexes to measure
Not discernible
Not discernible
Not discernible

Fig. &.20 Ventricular fibrillation (Vf) with waves that are 3 mm high or more is called coarse W.

Rg. &.21 Ventricular ftbrtlll!llon (\IF) 1\1111 low-amplltlXIe waves o.e., 1988 lt'en 3 mm) Is call9d fine~
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Fig. 8.22 Comparlsal of ventricular dySrhylhmias. A, leloveotrtcular ltlylhm at 38 beats/min. B, Pl:Celerated idi0venlr1CU·
lar rtlylhm at751lea:ts/min. C, l\tmo111011lhie ventricular tachycartlia at 150 beal&lmin. D, Coarse ventricular 1iMIIation. (From
Grauer K: A practica/ guide to ECG inteqn{atjon, ed 2, St. Louis, 1998, Mosby.)

What Causes It?
Factors that increase the susceptibility of the myocardium to
fibrillate include the following:
• Acute coronary syndromes
• Dysrhythmias
• Electrolyte imbalance
• Environmental factors (e.g., electrocution)
• Hypertrophy
• Increased sympathetic nervous system activity
• Proarrhythmic effect of antiarrhyth.m.ics and other
medications
• Severe heart failure
• Vagal stimulation

What Do I Do About It?
1he patient in VF is unresponsive, apneic, and pulseless. 'Ihe
priorities of care in cardiac arrest as a result of pulseless VT
or VF are high-quality CPR and defibrillation. Use the mnemonic ·the 5 Hs and 5 Ts"' to recall possible reversible causes
of pulseless VT or VE Administer medicatiOllS and perform
additional interventions in accordance with current resuscitation guidelines. Cardiac arrest rhythms are shown in Box 6.3.

Because artifact can mimic VF, B!Ways check the patient's
pulse before beginning treatment.
•:rn:~•

DEFIBRILLATION
[Oblectlve 12]
Defibrillation is the delivery of an electrical current across
the heart muscle over a very brief period to tenninate an
abnormal heart rhythm. Defibrillation is also called unsynchronized countershock or asynchronous countershock
because the delivery of current has no relationship to the
cardiac cycle. 1he shock attempts to deli~r a uniform electrical current of sufficient intensity to depolarize myocardial
cells (including fibrillating cells) at the same time, thereby
briefly stunning the heart. This provides an opportunity for
the heart's natural pacemakers to resume normal activity.
When the cells repolarize, the pacemaker with the highest
degree of automaticity should assume responsibility for pacing the heart.
Manual defibrillation refers to the placement of paddles
or pads on a patient's chest. the interpretation of the patient's
cardiac rhythm by a trained health care professional, and the
health care professional's decision to deliver a shock. if indicated. Automated extmJal defibrillaticm refers to the placement
of paddles or pads on a patient's chest and the interpretation
of the patient's cardiac rhythm by an automated exler:nal.
defibrillator (AED).1he AED has a sophisticated computer
system that analyzes a patient's heart rhythm using an algorithm to distinguish shockable rhythms from nonshockable
rhythms and providing visual and auditory instructions to the
rescuer to deliver an electrical shock. if a shock is indicated.
Defibrillation is indicated in the treatment of pulseless monomorphic VT, sustained polymorphic VT, and VF.

Cardiac Arrest Rhythms

• Asystole
• Pulseless elecb1cal activity (PEA)
• Venbicular fibrillation {VF)
• Pulsaless ventricular tachycardia (Vl1
VF and pulseless vr are shockable rhythms, which means
that delivering a shock to the heart by means of a defibrillator may result in termination of the rhythm. Asystole and
PEA are nonshock.able rhythms.

ASYSTOLE (CARDIAC
STANDSTILL)
How Do I Recognize It?
[Oblectlve13]
Asystole, also called cardiac standstill, is a total absence of
atrial and ventricular electrical activity(Fig. 6.23).1here is no
atrial or ventricular rate or rhythm, no pulse, and no cardiac
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._ 8.23 Asystole.

Fig. a. 2 4 P-wava asystole (also known as 'l9f11llcular standstJif).

I iJ:!I ij j:l Characteristics of Asystole
Rhythm
Rate

Pwaves
PR interval
QRS duration

Ventricular not discernible; atrial may be
discernible
Ventricular not discernible, but atrial activity
may be observed o.e., p wave asystole)

Usually not discernible
Not measurable
Absent

output. If atrial electrical activity is present. the rhythm is
called P wave asystole or ventricular standstill (Pig. 6.24). The
ECG characteristics ofasystole are shown in Table 6.8.

may occur temporarily after termination of a tachycardia
with medications, defibrillation. or synchronized cardioversion (Fig. 6.25).

What Do I Do About It?
When asystole is observed on a cardiac monitor, confirm
that the patient is unresponsive and has no pulse, and then
begin high-quality CPR. Additional care includes establishing vascular access, considering the possible causes of the
arrest. and administering medications and performing additional interventions in accordance with current resuscitation
guidelines. A summary ofall ventricular rhythm characteristics appears in Table 6.9.

What Causes It?
Use the mnemonic •the 5 Hs and 5 Ts" to recall possible

reversible causes of asystole. In addition, ventricular asystole

Shock delivered

._ 8.215 This rhythm strip Is from a 62-yee.r-cld man complaining of pelplta:tlons. The pa:dent's lnh!al rhythm was monomorphic ventricular tachycardia. Asynchronized shock was delivered, resulting in a sinus rhythm with a prolorcJed PR interval.
Note 1ha short period of asystole attar the shock was dellvsred. from Aehlert B: ECG study~ St Louis, 2004, Mosby.)
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lrJ:IIi:!~l Ventricular Rhythms: Summary of Characteristics
Premllllra Ventricular
Complexes

ventricular
Escape Beat

ldiovanbicular
Rhythm

Accelerated
ldiOVBnbicular Rhythm
Essentially regular

PR interval
QRS duration

None
Usually 0.12 sec or greeter

Irregular because of
late beats
Usually within normal
range, but depends
on underlying rhythm
Usually absent or,
with retrograde
conduction to the
atria, may appear
after the QRS (usually
upright in ST segment
orTwave)
None
0.12 sec or greater

Essentially regular

P waves ~eed II)

Irregular because of
early beats
Usually within normal
range, but depends
on underlying rhythm
Usually absent or,
with retrograde
conduction to the atria,
may appear after the
QRS {usually upright in
ST segment or T wave)

41 to 100; some
experts consider the
rate 41 to 120
Usually absent or, with
Usually absent or, with
retrograde conducretrograde conduction to the atria, may
tion to the atria, may
appear after the QRS
appear after the
{usually upright in ST
QRS (usually upright
segment or T wave)
in ST segment or T
wave)
None
None
0.12 sec or greater
0.12 sec or greeter

Monomorphic
Ventricular Tachycardia

Polymorphic
Ventricular Tachycardia

Ventricular
Rbrtlllltlon

Asystole

Usually regular
101 to 250; some experts
consider the rate 121 to 250
May be present or absent; if
present, they have no set
relationship to the QRS
complexes, appearing
between the QRSs at a
rate different from that of
the ventricular tachycardia
None
0.12 sec or greater

Irregular
150to 300

Chaotic
Not discernible

None
None

Independent or none

Absent

Atrial activity may be
observed {P-wave
asystole)

None
0.12 sec or greater

None
Not discernible

None
Absent

CharaciBristic
Rhythm
Rate (beats/min)

Characteristic
Rhythm
Rate (beats/min)
P waves ~eed II)

PR interval
QRS duration

20to 40
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STOP & REVIEW
True/False
__1. TdP is a type of monomorphic VT.
__1., Uniform PVCs are unifocal. but multiform PVCs

are not necessarily multifocal
_ _3. An accelerated junctional or an accelerated ven-

tricular rhythm is faster than its intrinsic rate but
slower than 100 beats/min.

Multiple Choice
_ _4. How would you differentiate a junctional escape
rhythm at 40 beats/min from an idi.oventr:i.cular
rhythm at the same rate?
a. It is impossible to differentiate a junctional
escape rhythm from an idioventricular
rhythm.
b. 'Ihe junctional escape rhythm will have a narrow
QRS complex; the idioventricular rhythm will
have a wide QRS complex.
c. 'Ihe rate (i.e., 40 beats/min) will indicate a junctional escape rhythm, not an idioventricular
rhythm.
d. 'Ihe junctional escape rhythm will have a wide
QRS complex; an idioventricular rhythm will
have a narrow QRS compleL

_ _5. The term for three or more PVCs occurring in a row
at a rate of more than 100/min is
a. ventricular trigeminy.
b. ventricular fibrillation.
c. a run ofVT.
d. a run of ventricular escape beats.

Matching
a. Current
J. Proarrhythmic
b. Fusion beat
k. AV dissociation
c. AIVR
I. Multiform
d. Compensatory pause
m. AED
e. VT
n. Interpolated PVC
f. Asywtole
o. Polymorphic
g. Monomorphic
p. R-on-T phenomenon
h. Agonal rhythm
q. Idioventricular rhythm
I. Defibrillation
_ _6. A dysrhythmia that is similar in appearance to an idioventricular rhythm but occurs at a rate ofless than 20 beats/min
_ _7. Varying in shape
_ _8. A dysrhythmia that originates in the ventricles with a rate between 20 and 40 beats/min
_ _9. A machine with a sophisticated computer system that analyzes a patient's heart rhythm using an algorithm to distinguish shockable rhythms from nonshock.able rhythms
__10. AntiaiThythmics can cause a(n) _effect. which means that they have the potential to cause serious adverse effects,
more serious dysrhythmias. or both, than those that they were intended to treat
_11. Any dysrhythmia in which the atria and the ventricles beat independently
_12. A PVC that occurs between two normally conducted QRS comple:es and that does not disturb the next ventricular depolarization or sinoatrial node activity
_13. A total absence of atrial and ventricular electrical activity
_14. A beat that occurs because of the simultaneous activation of one cardiac chamber by two sites
_15. 'Ihe ilow ofan electrical charge from one point to another
_1&. A term used to describe PVCs that are different in appearance
_17. A dysrhythmia that originates in the ventricles with a rate between 41 and 100 beats/min
_18. 'Ihe initiation of a ventricular tachydysrhythmia as a result of an improperly timed electrical impulse on the T wave
_19. Delivery of an electrical current across the heart muscle over a very brief period to terminate an abnormal heart rhythm
_20. A dysrhythmia that originates in the ventricles with a ventricular response greater than 100 beats/min
~ Having the same shape
~ This often follows a PVC and occurs because the sinoatrial node is usually not affected by the PVC
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Short Answer
23. Explain the difference between a PVC and a ventricular escape beat

24. How do coarse and fine ventricular fibrillation differ?

Venbicular Rhythms-Practice Rhythm Strips
Use the five steps of rhythm interpretation to interpret each of the following rhythm strips. All rhythms were recorded in lead
II unless otherwise noted.
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Rg. 8.28 [Fran .Ashlert B: ECG s(IJ(Jy cards, St Lruls, 2004, Mosby.)

25. Fig. 6.26

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - - fu~t:i.oo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

Rg.8.27

26. Fig. 6.27
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - -

PR interval: _ _ _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - m~t:i.oo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Fig. 8.28 Q"ron hlhlert B: ECG s(IJdy cards. St LOJis, 2004, Mosby.)

rr.

Fig. 8.28. This rhythm strip is from a 63-yea.r-old man who collapsed on the kitchen floor. He is unresponsive, apneic, and pulseless. His past medical history includes a coronary artery bypass graft 8 years ago and pacemaker implantation 5 years ago.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - - PR i n t e r v a l : - - - - - QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~reation:

____________________________________________________

Fig. 8.28 (Modified from Aehlert B: ECG shJdy cards, St Louis, 2004, Mosby.)

28. Fig. 8.28. This rhythm strip is from a 1-month-old infant after a 3-minute seizure.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT interval: _ _ _ _ _ _ _ __
m~~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

In

lll lfl'
F.. 8.30 (From Aehlert B: ECG S1JJdi C'&'t1s, St. Louis, 2004, Mosby.)
29. Fig. 6.3D

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ __
PR interval: ___________ QRS duration:----- QT interval:---------------m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Rg. 8.31 (From Aahlert B: ECG Btudj Clllds, St.Louis, 2004, Mosby.)

30. Fig. 8.31

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~fum:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Rg.8.32

31. Fig. 8.32

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~fum:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

!1:: I::Wt::t: ;#;

; :

:.

I

Fig. 8.33 (Modified from Aehlert B: ECG sllJdy cards, St Louis, 2004, Mosby.)

32. Fig. 6.33

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration:----- QT i n t e r v a l : - - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Rg. 8.34 [From Ashlert B: ECG stJJdy cards, St L.ruls, 2004, Mosby.)
33. Fig. 6.34. This rhythm strip is from a 73-year-old woman complaining of chest pain.

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - - - -

mUTpreation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Fig. a.as (Modified from Aehlert B: ECG siJJdy csrrJs, St Louis, 2004, Mosby.)

34. Fig.ll.35. This rhythm strip is from a 25-year-old man with an altered level of responsiveness because of alcohol

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p waves: _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - - - mUTpr~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.B.3B
35. Fig. 6.38

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ __
PR interval:------ QRS duration:------ QT i n t e r v a l : - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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Rg.8.37
38. Fig. 8.37

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Fig. a.aa (Modified from Aehlert B: ECG siJJdy csrrJs, St Louis, 2004, Mooll'J.)
'g,

Fig. 8.38

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT interval:---------m~emtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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Rg. 8.38 (Frtr11 Aehlert B: ECG stiJdy cards, St Lruis, 2004, Mooby.)

38. Fig. 6.39

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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Fig. 8.40 (Modified fnlm hlhlert B: ECG study carris, St Louis, 2004, Mcsby.)

38. Fig. 8AO. 'Ibis rhythm strip is from a 47-year-old man with an altered level of responsiveness. His blood pressure is 118/86
mm Hg, and his blood sugar is 37 mgldL.

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - - m~tioo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 8.41

40. Fig. 8.41. This rhythm strip is from a 69-year-old man who is complaining of substernal chest pain. He rates his discomfort
as 9/10.
Rhythm: _ _ _ _ _ _ _ R a t e : - - - - - - - - - P w a v e s : - - - - - - - - -

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - - -

mterpreation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

•••

0

I

Ill

...

t+•

4

I

o

o

i

Fig. 8.42 (Modified fnlm hlhlert B: ECG studyC8lds, St Louis, 2004, Mcsby.)
41. Fig. 6.42. This rhythm strip is from a 68-year-old man with a head injury after a fall.

Rhythm: _ _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ P waves: _ _ _ _ _ __
PR interval: _ _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT interval:------

mterpretation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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Defibrillation

Rg. 8.43 [FranAshlen B: ECGsrudycards, St L.ools, 2004, M~by.)

42. Fig. 6.43. This rhythm strip is from a 58-year-old man who was initially unresponsive, apneic, and pulseless.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration:------ QT i n t e r v a l : - - - - - - - - - m~~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 8.44

43. Fig. 8.44

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - - - -

mtapremtion: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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(From Ashlart B: ECG stiJdy CB!ds, St. L.ools, 2004, M~by.)

44. Fig. 6.45. This rhythm strip is from a 61-year-old woman who is complaining of shortness of breath.

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration:----- QT i n t e r v a l : - - - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Fig. B.48 (From hlhlert B: ECG stiJdy Clllds, St I.D.Jis, 2004, Mosby.)
46. Fig. &.46
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration:----- QT i n t e r v a l : - - - - - - - - - m~tion:

_________________________________________________________

Fig. 8.47 (From Aehlert B: ECG stut:ty cardS, St. Louis, 2004,1'1o0Sby.)

48. Fig. 8.47

Rbythm: ________ Rate: _ _ _ _ _ _ _ _ _ Pwaves: _ _ _ _ _ _ _ _ _ _ __
PR interval:------ QRS duration: _ _ _ _ _ QT interval:-----------------m~fum:
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Fig. 8.48 (From Conovar MB: Undf1fs11Jnd/ng Blsctmca!rJ/tJgy, ad 7, St. Louis, 1995, Mosby.)

47. Fig. 6.48
Rhythm: ________ R a t e : - - - - - - - - - P w a v e s : - - - - - - - - - - - PR interval:------ QRS duration: _ _ _ _ _ QT interval:-----------------m~fum:

_________________________________________________
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Fig, 8.48 (F1001 Aehlert B: ECG siiJdyC8lds, St LeuIs, 2004, Mosby.)

48. Fig. 8.49

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR i n t e r v a l : - - - - - - QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~reation:
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Fig. 8 .ISO (F1001 Ashlert B: ECG siiJdy C8lds, St LeuIs, 2004, Mosby.)

49. Fig. 8.50. This rhythm strip is from a 90-year-old unresponsive woman. She has a history of heart failure. Her medications
include furosemide and albuterol.

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR i n t e r v a l : - - - - - - QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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STOP & REVIEW I ANSWERS
1. P. TdP is a type ofpolymorphic VT that occurs in the pres-

ence of a long QT interval (typically 0.45 second or more
and often 0.50 second or more).
OBJ: Describe the ECG characteristia, possible causes,
signs and symptoms, and initial emergency care for
PMVT.
2. T. Uniform PVCs are unifocal; that is, they arise from

the same anatomic site. Multiform PVCs often, but do
not always. arise from di1ferent anatomic sites; therefore,
multiform PVCs are not necessarily multifocal. In general, multiform. PVCs are considered more serious than
uniform PVCs because they suggest a greater area of irritable myocardial tissue.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for PVCs.

3. T. The intrinsic rate for an accelerated junctional rhythm
is 61 to 100 beats/min. The intrinsic rate for an AIVR
is 41 to 100 beats/min. Some cardiologists consider the
ventricular rate range of AIVR to be 41 to 120 beats/
min.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and initial emergency care for an
AIVR.
4. B. The intrinsic rate of a junctional escape rhythm is 40

to 60 beats/min. A junctional escape rhythm has a narrow QRS complex. The intrinsic rate ofan idioventr:i.cular
rhythm is 20 to 40 beats/min. An idioventricular rhythm
has a wide QRS complex.
OBJ: Describe the ECG characteristics, possible causes. signs
and symptoms, and initial emergency care for an IVR.

5. C. Three or more sequential PVCs are termed a "run" or
"'burst," and three or more PVCs that occur in a row at a rate
of more than 100 beats/min are considered a run ofVT.

OBJ: Explain the terms bigeminy, trigeminy, quadrigeminy,
and run as used to describe premature complexes.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
18.
17.
18.
19.

H
0
Q
M

1
K
N
F

B
A
L

c

p
I
20. E
21. G
22. D

23. A PVC is premature and occurs before the next expected
sinus beat. A ventricular escape beat is late, occurring
after the next expected sinus beat.
OBJ: Explain the difference between PVCs and ventricular
escape beats.
24. Coarse ventricular fibrillation (VP) is 3 nun or more in
amplitude. Fine VF is less than 3 mm in amplitude.

OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for VF.

Practice Rhythm Strip Answers
Note: Because of the distortion ofECGs that can occur during printing, a range of acceptable measurements is provided in the
rhythm strip answers throughout this textbook.
2S. Rg.6.26
'1.7. Rg. 6.28
Rhythm: Irregular
Rhythm: Irregular
Rate: 120 beats/min
Rate: None
P waves: Uniform and upright before each QRS (sinus
P waves: None
PR interval: None
beats)
PR interval; 0.12 to 0.16 second (sinus beats)
QRS duration: None
QRS duration: 0.06 to 0.08 second (sinus beats)
QT interval; None
QT interval: 0.32 to 0.34 second (sinus beats)
Interpretation: Coarse ventricular fibrillation
Interpretation: Sinus tachycardia at 120 beats/min with
28. Rg.8.29
ventricular quadrigeminy
Rhythm: Regular
26. Flg.627
Rate: 125 beats/min (within normal limits for age)
P waves: Upright before each QRS; most are smooth and
Rhythm: Regular
rounded; a few are pointed
Rate: 55 beats/min
PR interval: 0.14 to 0.16 second
P waves: None visible
QRS duration: 0.06 to 0.08 second
PR interval: None
QRS duration: 0.12 to 0.14 second
QT interval: 0.24 second
QT interval: 0.44 second
Interpretation: Sinus rhythm at 125 beats/min
Interpretation: AlVR at 55 beats/min
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29. Fig. 8.30
Rhythm: Irregular
Rate: 70 beats/min
P waves: Upright before sinus beats and the fusion beat
PR interval: 0.16 second (sinus beats)
QRS duration: 0.06 to 0.08 second (sinus beats)
QT interval: 0.32 to 0.36 second (sinus beats)
Interpretation: Sinus rhythm at 70 beats/min with a
fusion beat, a pair of PVCs, ST-segment depression, and
inverted T waves

34. Fig. 8.35
Rhythm: Irregular
Rate: 80 beats/min
P waves: Upright with sinus beats; early with beat 6, distorting the T wave of beat 5
PR interval: 0.18 to 0.20 second
QRS duration: 0.10 second
QT interval: 0.32 to 0.34 second
Interpretation: Sinus rhythm at 80 beats/min with a premature atrial complex

30. Fig. &.31

35. Rg.6.36

Rhythm: Irregular

Rhythm: Irregular; two rhythms are present
Rate: 90 beats/min (sinus beats); 160 beats/min (VT)
(because two rhythms are present, a rate for each should
be documented)
P waves: Upright in sinus beats; none visible with VT
PR interval: 0.16 second (sinus beats)
QRS duration: 0.10 second (sinus beats); 0.14 second

Rate: 70 beats/min
P waves: Upright before sinus beats; none visible with
beat4
PR interval: 0.20 to 0.22 second
QRS duration: 0.10 second
QT interval; 0.40 to 0.44 second
Interpretation: Sinus rhythm at 70 beats/min with an
interpolated PVC and inverted T waves

(VT)

QT interval: 0.32 to 0.36 second (sinus beats)
Interpretation: Sinus rhythm at 90 beats/min, a fusion
beat, and then monomorphic VT at 160 beats/min

38. Rg.8.37

Rhythm: Regular
Rate: 79 beats/min
P waves: None visible
PR interval: None
QRS duration: 0.08 second
QT interval: 0.32 second
Interpretation: Accelerated junctional rhythm at 79
beats/min with ST-segment elevation

31. Fig. 8.32

Rhythm: Irregular; two rhythms are present
Rate: 60 beats/min (sinus beats); 300 to 375 beats/min
(VT)

P waves: Upright in sinus beats; one is notched; none
visible with VT
PR interval: 0.16 second (sinus beats)
QRS duration: 0.08 to 0.10 second (sinus beats); 0.12
second(VT)
QT interval: 0.40 second (sinus beats)
Interpretation: Sinus rhythm at 60 beats/min to PMVT
at 300 to 375 beats/min
32. Fig. 8.33
Rhythm: Irregular
Rate: 110 beats/min
P waves: Upright with sinus beats; early and inverted in
beats 5 and 11
PR interval: 0.12 to 0.16 second
QRS duration: 0.08 to 0.10 second (sinus beats)
QT interval: 0.32 second (sinus beats)
Interpretation: Sinus tachycardia at 110 beats/min with
two premature junctional complexes
33. Fig. &.34

Rhythm: Regular
Rate: 68 beats/min
P waves: None visible
PR interval: None
QRS duration: 0.12 second
QT interval: 0.32 to 0.38 sec (difficult to clearly identify
end ofT waves)
Interpretation: AlVR at 68 beats/min; artifact is present

n.

Fig.8.38

Rhythm: Irregular to regular
Rate: 143 to 167 beats/min (atrial beats); 150 beats/min
with beats 11 through 16

P waves: None visible
PR interval: None
QRS duration: 0.08 second (atrial beats)
QT interval: 0.20 to 0.24 second
Interpretation: Atrial fibrillation (AFib) at 143 to 167
beats/min with two ventricular complexes and a fusion
beat, changing to supraventricular tachycardia (SVT) at
150 beats/min; ST-segment depression is present
38. Rg.8.39

Rhythm: None
Rate: None
P waves: None

PR interval: None
QRS duration: None
QT interval; None
Interpretation: Asystole
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QRS duration: 0.06 second (sinus beats)
QT interval: Unable to determine because T waves are

39. Fig. 8.40

Rhythm: Irregular
Rate: 70 beats/min
P waves: Uniform and upright before each QRS
PR interval: 0.16 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.40 second
Interpretation: Sinus arrhythmia at 70 beats/min with
ST-segment depression; artifact is present

not visible
Interpretation: Sinus tachycardia at 130 beats/min with
multiform PVCs
G. Rg.6.46

Rhythm: Regular
Rate: 188 beats/min
P waves: None visible
PR interval: None
QRS duration: 0.14 to 0.18 second
QT interval: Unable to determine
Interpretation: Monomorphic VT at 188 beats/min

40. Flg.BA1

Rhythm: Irregular
Rate: 80 beats/min
P waves: Uniform and upright with sinus beats; none
with beats 2, 4, and 6
PR interval: 0.16 to 0.20 second (sinus beats)
QRS duration: 0.10 second (sinus beats)
QT interval: 0.40 second (sinus beats)
Interpretation: Sinus rhythm at 80 beats/min with uniformPVCs
41. Fig. &.42

Rhythm: Regular
Rate: 47 beats/min
P waves: Uniform and upright before each QRS
PR interval: 0.14 to 0.16 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.44 second
Interpretation: Sinus bradycardia at 47 beats/min; U
waves are visible in lead MCL1

42. Fig. 8.43
Rhythm: Irregular
Rate: None to 40 beats/min
P waves: None visible
PR interval: None
QRS duration: 0.16 second
QT interval: 0.36 second
Interpretation: Ventricular fibrillation, a shock (defibrillation), idioventricular rhythm at 40 beats/min
43. Fig. 11.44

Rhythm: Irregular
Rate: Sinus rate 88 beats/min; overall rate about 110
beats/min
P waves: Upright with sinus beats but some are notched
PR interval: 0.20 second (sinus beats)
QRS duration: 0.08 second (sinus beats)
QT interval: 0.36 second (sinus beats)
Interpretation: Sinus rhythm at 88 beats/min with a run
of VT and a PVC, ST-segment depression, and inverted
Twaves
44. Flg.&M

Rhythm: Irregular
Rate: 130 beats/min
P waves: Upright before each QRS (sinus beats); none
visible with beats 7 and 10
PR interval: 0.12 second (sinus beats)

.a.

Rg.6A7
Rhythm: Irregular
Rate: Two ventricular complexes to none
P waves: One visible on the far right of the strip; otherwisenone
PR interval: None
QRS duration: 0.14 second to none
QT interval: 0.48 second to none
Interpretation: Agonal rhythm/asystole

47. Rg.8.48
Rhythm: Irregular
Rate: 70 beats/min
P waves: Upright before each QRS (sinus beats); none
visible with beat 5
PR interval: 0.16 to 0.18 second (sinus beats)
QRS duration: 0.08 to 0.10 second (sinus beats)
QT interval: 0.28 second (sinus beats)
Interpretation: Sinus rhythm at 70 beats/min with an
R-on-T PVC and ST-segment elevation
48. Fig. 6.49

Rhythm: Regular
Rate: 52 beats/min
P waves: Upright before QRS in beat 1; none visible with
remaining beats
PR interval: 0.14 sec (sinus beat)
QRS duration: 0.06 to 0.08 second
QT interval: 0.44 second
Interpretation: Sinus beat to junctional rhythm at 52
beats/min; inverted T waves

48. Rg.&.SO

Rhythm: Irregular
Rate: 65 beats/min (sinus beats) to 167 to 214 beats/min
(PMVT)
P waves: Upright before each QRS (sinus beats); none
visible with PMVT
PR interval: 0.16 second (sinus beats)
QRS duration: 0.10 to 0.12 second (sinus beats)
QT interval: 0.32 second (sinus beats)
Interpretation: Sinus rhytlun at 65 beats/min with
ST-segment depression to PMVT at 167 to 214 beats/min
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LEARNING OBJEcnvES
AffBr reading t!Jis chapter, you should be able to:
1. Describe ttle electrocardiogram (ECG) characteristics, possible causes,

signs and symptoms, and emergency management for first-degree
atrioventricolar f}.I/J block.
2. Describe the ECG characteristics. possible causes, signs and symptoms. and emergency management for second-degree AV block
type I.

3. Describe the ECG characteristics, possible causes, signs and symptoms, and emergency management for second-degree AV block
type II.
4. Describe 2:1 AV block and advanced second-degree AV block.
5. Desaibe the ECG dlaractaristics, possible causes. signs and symptoms, and emergency management for third-degree AV block.

KEY TERM
atrioventricular (AV) block: Adelay or interruption in impulse
conduction from the atria to the ventricles that occors because of

INTRODUC"nON
You have learned that the atrioventricular (AV) node and
AV bundle have many important functions (Fig. 7.1). First,
a supraventricular impulse that enters the AV node is normally delayed, thereby allowing the atrial chambers to contract and empty blood into the ventricles before the next
ventricular contraction begins. Second, the healthy AV node
is able to filter some of the supraventricular impulses coming
to it, thereby protecting the ventricles from excessively rapid
rates. Third, the AV bundle has pacemaker cells that have an
intrinsic rate of 40 to 60 beats/min and can function as an
escape pacemaker if the sinoatrial (SA) node fails.
Depolarization and repolarization are slow in the AV
node, which makes this area vulnerable to blocks in conduction. When impulse conduction from the atria to the
ventricles is delayed or interrupted because of a transient or
permanent anatomic or functional impairment in the conduction system, the resulting dysrhythmia is called an AV
blod: (Issa et al, 2012).

194

atransient or permanent anatomic or functional impairment in the
conducUon system

When analY%ing a rhythm strip, you can assess PRintervals to detect AV conduction disturbances. Remember
that the PR interval is made up of the P wave and the PR
segment. The normal PR interval measures 0.12 to 0.20
second.
AV block is classified into (1) first-degree AV block.
(2) second-degree AV block. and (3) third-degree AV block
(Fig. 7.2). With first-degree AV block. impulses from the SA
node to the ventricles are de14yed; they are not blocked. With
second-degree AV blocks, there is an intermittent disturbance in the conduction of impulses between the atria
and the ventricles. With third-degree AV block. there is a
complete block in the conduction of impulses between the
atria and the ventricles.
First-degree AV block usually occurs because of a conduction delay within the AV node. Second- and third-degree
AV blocks can occur at the level of the AV node. the bundle
of His. or the bundle branches. AV blocks located at the bundle of His or bundle branches are called infranodaJ or subnodal AV blocks.
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FIRST-DEGREE
ATRIOVENTRICULAR BLOCK
[Obiactive 1]

Fig. 7.1 Interruptions In Impulse transmission between the at~a and ventricles
can be detected by assessing PR Intervals. AV. Atrlovent~cular; S4, slnoat~al. (From
lgnai:II'Jidus DO, Workman LM: M8dlcal-8urgJcal IIUfBing: patient-cenfJJIOO collaboratlv8 aw, ed 8, Philadelphia, 2016, Saunders.)

Second-degree, type II
Third-degree

AV node
First-degree
Second-degree, type I
Third·degree

Bundle branches
Second-degree, type II
Third-degree

With a 1irst-degree AV block, all components of the cardiac
cycle are usually within normal limits, with the exception
of the PR interval. This is because electrical impulses travel
nonnally from the SA node through the atria, but there is a
delay in impulse conduction, usually at the level of the AV
node (Fig. 7.3). Despite its name, the SA node impulse is not
blocked during a 1irst-degree AV block; rather, each sinus
impulse is ddayed for the same period before it is conducted
to the ventricles. The terms AV delay and delayed AV conduction have been suggested as alternative names for first-degree
AV block. Delayed AV conduction results in a PR interval
that is longer than normal (ie., more than 0.20 second in
duration in adults) and constant before each QRS complex.
Despite the prolonged PR interval, each P wave is followed
by a QRS complex (i.e., there is a 1:1 relationship of P waves
to QRS complexes).
When the QRS complex associated with a 1irst-degree AV
block is narrow, the conduction abnormality is usually within
the AV node (Hamdan. 2010). When the QRS complex associated with a first-degree AV block is wide, the conduction
abnormality may be located in the AV node, the bundle of
His, or the bundle branches (Issa et al. 2012).

e

Lead In _ _ _ _ _ _ _ _ _ __

Not all AV blocks have a 1:1 relationship of P wave to QRS complex. When inspecting a rhythm strip, be sure to determine both
atrial and ventricular regularity, identify P waves, assess the PR
interval, and determine if the QRS complex is narrow or wide.

Fig. 7. 2 Common lOCations of atriovenbicular (AV) blOCks.

AV blocks that occur at the level of the AV node have a
tremendous advantage because there is usually a reliable
junctional pacemaker available that can fire at 40 to 60
beats/min. However, when an AV block occurs below the
AV junction, the only available pacemaker may be a slow
ventricular one, firing at 20 to 40 beats/min. Not only are
ventricular pacemakers slow, but they are also prone to
long pauses, making them less than reliable. Therefore,
AV blocks at the level of the AV node usually have a more
effective and reliable escape pacemaker than do AV blocks
at the bundle of His or below.

The clinical significance of an AV block depends on the
following:
• The degree of the block
• The rate of the escape pacemaker Ounctional versus
ventricular)
• The patient's response to that ventricular rate

How Do I Recognize It?
Let's look at the rhythm shown in Fig. 7.4. 1he ventricular
rhythm is regular at a rate of88 beats/min. Each QRS complex is preceded by an upright P wave. The atrial rhythm is
also regular at a rate of 88 beats/min. On the basis of these
findings, we now know that the underlying rhythm is a sinus
rhythm at 88 beats/min. The QRS duration is within normal
limits; however, the PR interval measure.'! 0.28 second, which
is longer than normal, and the interval is consistent before
each QRS. The 1:1 relationship of P wave to QRS complex
and a longer than normal PR interval fit the criteria for a
1irst-degree AV block.
First-degree AV block is not a dysrhythmia itself; rather,
it is a condition that describes the prolonged (but constant)
PR interval that is seen on the rhythm strip. Our interpretation of the rhythm strip in Fig. 7.4 must include a
description of the underlying rhythm, the ventricular rate,
and then a description of anything that appears amiss. In
this case, we will identify the rhythm as sinus rhythm at
88 beats/min with a 1irst-degree AV block and ST-segment
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Sinus rhythm

Flr&t-degree AV block
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Characterls11cs of First-Degree

liiiilll Atrioventricular Block
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;:ardia during
1ccur because

elevation (STE). The characteristics of first-degree AV
block are shown in Table 7.1.

of the following:
• Acute myocardial infarction
• Acute myocarditis or endocarditill
• Cardiomyopathy
• Degenerat:i:ve fibrosis and sclerosis ofthe conduction system
• Drug effect
• Hyperkalemia
• Increased vagal tone (e.g., carotid massage. inferior infarction, vomiting)
• Ischemia or injury to the AV node or AV bundle
• Rheumatic heart disease
• Valvular heart disease

What causes It?

~ DftWAMrl _____________________

Rhythm
Rate

Regular
Usually within nonnal range, but depends
on underlying rhythm

P waves

Normal in size and shape; one positive
(upright) P wave before each QRS
Prolonged O.e., more than 0.20 sec) but

PR Interval

QRS duration

constant
Usually 0.11 sec or less unless abnormally
conducted

First-degree AV block may be a normal finding in individuals with no history of cardiac disease, especially in athletes.
In some people, mUd prolongation of the PR interval may be

Agents that can cause AV blocks include amiodarone, betablockers, digoxin, diltiazam, procainarnide, and verapamil.
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What Do I Do About It?
Patients with first-degree AV block are often asymptomatic;
however, marked first-degree AV block can cause symptoms
even in the absence of higher degrees of AV block (Barold,
1996). First-degree AV block that occurs with acute myocardial infarction (MI) should be monitored closely to detect
progression to higher-degree AV block (Blank et al, 2014). If
:first-degree AV block accompanies a symptomatic bradycardia, treat the bradycardia.

SECOND-DEGREE
ATRIOVENTRICULAR BLOCKS
1he term seccmd-degree AV block is used when one or more,
but not all, sinus impulses are blocked from reaching the ventricles. Because the SA node is generating impulses in a normal manner, each P wave will occur at a regular interval across
the rhythm strip (ie., all P waves will plat through on time),
although not every P wave will be followed by a QRS complex.
1his suggests that the atria are being depolarized normally,
but not every impulse is being conducted to the ventricles (ie.,
intermittent conduction). As a result, more P waves than QRS
complexes are seen on the electrocardiogram (ECG).
Second-degree AV block is classified as type I or type
II, depending on the behavior of the PR intervals associated with the dysrhythmia. The type I or type II designation is used to describe the BCG pattern of the PR intervals
and should not be used to describe the anatomic site (i.e.,
location) of the AV block (Issa et al, 2012). At least two
consecutively conducted PR intervals must be observed to
determine their pattern.

SECOND-DEGREE
ATRIOVENTRICULAR

BLOCK TYPE I
[Oblac11ve ZJ
Second-degree AV block type I is also known as type I block,
Mobitz I, or Wenckebach (Fig. 7.5). Wenckebach phenomencm
is a progressive lengthening of conduction time in any cardiac conduction tissue that eventually results in the dropping
of a beat or a reversion to the initial conduction time. With
type I AV block, atrial impulses arrive earlier and earlier during the relative refractory period of the AV node, resulting in
longer and longer conduction delays and PR intervals, until
an impulse arrives during the absolute refractory period and
fails to conduct (Issa et al, 2012). 1he nonconducted impulse
appears on the ECG asaP wave with no QRS complex after it
1he following features are associated with classic Wenckebach phenomenon (Blanket al, 2014):
• Progressive prolongation of the PR intervals; the greatest
increase in the duration of the PR interval is noted in the
second beat ofa cycle

Atrioventricular Blocks

• Gradual shortening of R to R intervals
• A P wave not followed by a QRS complex
• A pause with an R to R interval less than the sum of two P
to P intervals
• The first conducted atrial impulse after the pause shows a
shorter or normal PR interval
It is generally recognized that all ofthe classic Wenckebach
features are found in perhaps fewer than 50% of cases (Latcu
&: Nadir, 2010). For example, the second conducted PR
interval after a blocked impulse may fail to show the greatest increase in length; instead, the PR interval may actually
shorten and then lengthen in the middle of a grouped beating pattern (Barold & Hayes, 2001). Alternately, the duration
of the PR intervals may show no obvious change in the middle or for a few beats just before the end of a group (Barold
& Hayes, 2001).
When a second-degree AV block type I occurs with a narrow QRS complex, the conduction delay and site of block is
almost always within the AV node (lssa et al, 2012). When
a second-degree AV block type I occurs with a wide QRS
complex, the site of block may be in the AV node, but it is
more likely to lie within or below the His-Purkinje system
(Blanket al, 2014).

How Do I Recognize It?
Second-degree AV block type I is characterized by a repeating pattern that consists of conducted P waves (i.e., each P
wave is followed by a QRS) and then a P wave that is not
conducted (i.e., the P wave is not followed by a QRS). In
second-degree AV block type I, any P to QRS ratio may be
seen. For example, an AV conduction ratio of 3:2 means
that for every three P waves, two are followed by QRS complexes. Four conducted P waves to three QRS complexes
results in 4:3 conduction, five conducted P waves to four
QRS complexes results in 5:4 conduction, and so on. The P
wave that is not conducted ends a group of beats. Because
QRS complexes are periodically absent, the ventricular
rhythm is irregular. 1he cycle then begins again. The repetition of this cyclic pattern is called grouped beating. It is
important to note that tltis pattern of grouped beats occurs
in fewer than 50% of patients with second-degree AV block
type I (Olgin &: Zipes, 2012).
Let's look at the example of this type of AV block in Fig.
7.6. For the purposes of our discussion, consider first labeling the QRS complexes on this rhythm strip 1 through 6. You
can quickly see that the ventricular rhythm is irregular with
an overall rate of about 60 beats/min. Now look to the left of
each QRS and label each P wave in the rhythm strip. Place
your calipers or a piece of paper on two P waves and begin
moving from the left side of the strip to the right to see ifthe
P waves occur on time. You will :find that there is an extra
P wave after beat 3. 1he extra P wave occurs on time, but
there is no QRS after it. The remainder of the P waves occur
on time. 1he atrial rhythm is regular with a rate of about 68
beats/min.
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Fig. 7.5 A. Sinus rhythm. B, Secood-degree e:trkwentrtcular block t)lle I. 54. Sinoatrial.

Fig. 7.6 Seccnc:Hiegree atrilwentricular block type I at 60 beats/min.

Although we are discussing AV blocks iD this chapter,
how do you know that the extra P wave with no QRS after
it isn't a nonconducted premature atrial complex (PAC)?
Well, the difference is in the timing of the P waves. If you
have not been plotting P waves when analyzing rhythm
strips until now, it is very important that you do so when
identifying AV blocks. In second- and third-degree AV
blocks, there are more P waves than QRS complexes, and
the P waves occur on time. This happens because the problem in second- and third-degree AV blocks is not within
the SA node. The problem occurs somewhere in the conduction system below the SA node. Therefore, the sinus fires
regularly-as it is supposed to. The P wave that occurs after
beat 3 is not a nonconducted PAC because all of the P waves
are on time. By definition. the P wave of a nonconducted
premature atrial complex is early.
The duration of the QRS complexes in Fig. 7.6 is within
nonnallimits. Now, look closely at the PR intervals and
determine if a pattern exists. To do this, we need to see at
least two PQRST cycles in a row that do not contain extra
waveforms. Beats 1, 2, and 3 allow us to do this because there
is one P wave before each QRS. When you compare the PR
intervals of these beats, the PR interval of beat 1 is short. The
PR interval of beat 2 is longer than that ofbeat 1, and the PR
interval of beat 3 is longer than that of the first two beats.
The PR intervals of beats 1 through 3 can be described as

lengthening. The blocked sinus impulse appears on the ECG
as a P wave with no QRS after it (Le., a dropped beat). The
cycle begins again after the dropped beat The PR interval of
the first conducted beat after the blocked sinus impulse (ie.,
beat 4) is shorter than the PR interval of the conducted beat
before the blocked beat (i.e., beat 3). This finding is an important one in identifying second-degree AV block type I. We
would interpret this rhythm strip as second-degree AV block
type I at 60 beats/min. The ECG characteristics of seconddegree AV block type I are shown in Table 7.2.

What Causes It?
Remember that the right coronary artery (RCA) supplies the
AV node in 90% of the population. The RCA also supplies
the inferior wall of the left ventricle and the right ventricle in
most individuals. Blockage of the RCA, resulting in an inferior MI or right ventricular infarction, can result in conduction delap such as first-degree AV block and second-degree
AV block type I. Second-degree AV block type I can also
occur in athletes, probably related to an increase in resting
vagal tone (Olgin & Zipes, 2012), and in healthy individuals during sleep. Other possible causes of this dysrhythmia
include aortic valve disease, atrial septal defect, medications
(e.g., beta-blockers, digoxin, diltiazem, verapamU), mitral
valve prolapse, and rheumatic heart disease.
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11.111!1 Characteristics of Second-Degree
liiiilil Atriovenbicular Block Type I
Rhythm

Rate
P waves

PR interval

QRS duration

Ventricular irregular; atrial regular ~.e., P
waves plot through on time); grouped
beating may be present
Atrial rate is greater than the ventricular rate
Normal in size and shape; some P waves are
not followed by a QRS complex (i.e., more
P waves than QRS complexes)
Lengthens with each cycle (although lengthening may be very slight) until a P wave
appears without a QRS complex; the PR
interval after a nonconducted P wave is
shorter than the interval preceding the
nonconducted beat
Usually 0.11 sec or less; complexes are
periodically dropped

What Do I Do About It?
The patient with type I AV block is usually asymptomatic because the ventricular rate often remains nearly
normal, and cardiac output is not significantly affected.
When it is associated with an acute inferior wall Ml, this
dysrhythmia is usually transient and resolves within 48
to 72 hours as the effects of parasympathetic stimulation
disappear.
If the heart rate is slow and serious signs and symptoms
occur because of the slow rate, treatment should include
applying a pulse oximeter and administering oxygen (if indicated), obtaining the patient's vital signs, and establishing
intravenous (IV) access. A 12-lead ECG should be obtained.
Atropine, administered intravenously, is the drug of choice.
Reassess the patient's response and continue monitoring him
or her. When this rhythm occurs in conjunction with acute
MI, the patient should be observed closely fur increasing AV
block.

ct ~~------------

lf the patient with an AV block Is symptomatic and the dysrhythmia is a result of medications, these agents should be
withheld.
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SECOND-DEGREE
ATRIOVENTRICULAR BLOCK

TYPE II
[Oblectlve 3]
Second-degree AV block type II is also called type II block
or Mobitz II AV block. The site of block in second-degree AV
block type II is almost always below the AV node. occurring in
the bundle ofHis about 30% ofthe time and within the bundle
branches in the remainder (lssa et a1. 20 12). Although seconddegree AV block type II is less common than type I, type II is
more serious and is a cause for concern because it has a greater
potential to progress to a third-degree AV block.

How Do I Recognize It?
As it is with second-degree AV block type I, there are more
P waves than QRS complexes with second-degree AV block
type II, and the P waves occur on time. The PR interval with
type II block can be normal or prolonged, but it is constant
for the conducted beats. Most important, the PR intervals
before and after a blocked sinus impulse (ie., P wave) are

constant.
Let's look. at Fig. 7.7. You can see right away that the ventricular rhythm is irregular at an overall rate of about 70
beats/min. You can quickly see that there are more P waves

than QRS complexes in this rhythm strip. Use your calipers
or paper to plot the P waves and see whether they occur on
time. Indeed, they occur regularly at a rate ofabout 94 beats/
min, although not every P wave is followed bya QRS complex.
Each P wave occurs at a regular interval across the rhythm
strip (i.e., all P waves plot through on time) because the SA
node is generating impulses in a normal manner. Impulses
generated by the SA node are conducted to the ventricles
until a sinus impulse is suddenly blocked-appearing on the
ECG as a P wave with no QRS after it (ie., a dropped beat);
this results in an irregular ventricular rhythm. Looking at the
QRS complexes in Fig. 7.7, you can see that they are slightly
wider than normal, measuring about 0.12 second.
Now look closely at each of the PR intervals and compare
them. Are they the same or different? In this rhythm strip.
the PR intervals are the same, and then a P wave suddenly
appears with no QRS after il When the PR intervals measure
the same, we say that they are constant or fixed. This is an
important difference between second-degree AV block type

Fig. 7.7 Second-dlY;Irae atrtCM~ntrtular bkx:k ~ II at 70 baal&lmln. (From Aei'lert B: ECG studyC8l$, St. Lools, 2004, Mosby.)
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Characteristics of Second-Degree

liiiilil Atriovenbicular Block Type II
Rhythm
Rate

P waves

PR interval

QRS duration

Ventricular irregular; atrial regular O.e., P
waves plot through on time)
Atrial rate is greater than the ventricular
rate; ventricular rate is often slow
Normal in size and shape; some P waves
are not followed by a QRS complex O.e.,
more P waves than QRS complexes)
Within normal limits or prolonged but
constant for the conducted beats; the
PR intervals before and after a blocked
P wave are constant
Within normal limits if the block occurs
above or within the bundle of His; greater
than 0.11 sec if the block occurs below
the bundle of His; complexes are periodically absent after P waves

I and second-degree AV block type II. In second-degree AV
block type II, the PR interval may be within normal limits or
prolonged, but it is constant for the conducted beats. Most
important, the PR intervals before and after a blochd sinus
impulse (i.e., P wave) are constant.
Our interpretation of the rhythm in Fig. 7.7 is seconddegree AV block type II at 70 beats/min. 1he ECG characteristics of second-degree AV block type II are shown in
Table 7.3.

What Causes It?
You will recall that the site of block in second-degree AV
block type II is almost always below the AV node. occurring in the bundle branches about 70% of the time (Issa et al,
2012). Because a branch of the l.e:ft coronary artery supplies
the bundle branches and the anterior wall of the left ventricle, disease of the left coronary artery or an anterior MI is
often associated with conduction defects that occur within
the bundle branches. Second-degree AV block type IT may
also occur because of acute myocarditis, aortic valve disease,
cardiomyopathy, fibrosis of the conduction system, or rheumatic heart diseue.

What Do I Do About It?
The patient's response to this rhythm is usually related to
the ventricular rate. If the ventricular rate is within nonnal
limits, the patient may be asymptomatic. More commonly,
the ventricular rate is significantly slowed and serious signs
and symptoms result because of the slow rate and decreased
cardiac output. The greater the number is of nonconducted
beats, the greater the impact is on the cardiac output.
Because second-degree AV block type II may abruptly progress to third-degree AV block, the patient should be closely
monitored for increasing AV block. Ifthe heart rate is slow and

serious signs and symptoms occur because of the slow rate,
treatment should include applying a pulse oximeter, obtaining
the patient's vital signs, administering oxygen (if indicated),
and establishing IV access. A 12-lead ECG should be obtained
and a cardiology consult should be sought. Temporary or permanent pacing may be necessary. Continue monitoring the
patient and observe closely fur increasing AV block.

2:1 ATRIOVENTRICULAR
BLOCK
How Do I Recognize It?
[Objactive 4]
Before we discuss 2:1 AV block, let's review a few very important points regarding second-degree AV blocks. So far you
have learned how important it is to plot P waves to make sure
that they occur on time. If there are more P waves than QRS
complexes and the P waves occur on time, you know that
you have some type of AV block. The ventricular rhythm is
irregular with both second-degree AV block type I and type
II. The QRS complex with a second-degree AV block type I
is usually narrow; it is usually wide with a second-degree AV
block type II, although exceptions exist with both types of
second-degree blocks.
You have also learned that there are differences in the
PR interval patterns with second-degree AV block type I
and type II, and that these differences are important in differentiating between type I and type II AV block. To compare PR intervals, we must see at least two PQRST cycles
in a row. More important, we must look at the PR interval
of the conducted beat after a dropped QRS complex and
compare it with the PR interval of the last conducted beat
before the dropped QRS. With this information, you can
then begin to d.Uferentiate what type of second-degree AV
block it is. For example, if the PR interval after a dropped
QRS complex is shorter than the PR interval before the
dropped complex, a pattern consistent with second-degree
AV block type I is present. Ifthe PR interval after a dropped
QRS complex is the same as the PR interval before the
dropped complex, a pattern consistent with second-degree
AV block type II exists.
With second-degree AV block in the form of 2:1 AV
block, there is one conducted P wave followed by a blocked
P wave; thus, two P waves occur for every one QRS complex (i.e., 2:1 conduction). Because there are no two PQRST
cycles in a row from which to compare PR intervals, 2:1 AV
block cannot be conclusively classified as type I or type II.
To determine the type of block with certainty, it is necessary to continue close ECG monitoring of the patient until
the conduction ratio of P waves to QRS complexes changes
to 3:2, 4:3, and so on, which would enable PR interval
comparison.
If the QRS complex measures O.ll second or less, the
block is likely to be located within the AV node and a form
of second-degree AV block type I (Fig. 7.8). A 2:1 AV block
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Fig. 7 .a 2:1 abtlvanb'lcular block with narrow QRS canpllllrSS.

Fig. 7.a 2:1 at~oveiTirlcular block wtth wide QRS complexlls.
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Characteristics of Second-Degree 2:1

11iii1i1 Atrioventricular Block
Rhythm
Rate

P waves

PR Interval
QRS duration

Ventricular regular; atr1al regular (P waves
plot through on time)
Atrial rate is twice the ventricular rate

Normal in size and shape; fMlrY other P
waw is not followed by a QRS complex
O.e., more P waves than QRS complexes)
Constant
May be narrow or wide; complexes are
absent after every other P wave

associated with a wide QRS complex (i.e., more than 0.11 second) is usually associated with a block below the AV node;
thus, it is usually a type II block (Fig. 7.9). The ECG characteristics of 2:1 AV block are shown in Table 7.4. The causes
and emergency management for 2:1 AV block are those of
type I or type II block previously described.

ADVANCED SECOND-DEGREE
ATRIOVENTRICULAR BLOCK
[ObJective 4]
The term advanced or high-grade second-degree AV block may
be used to describe three or more consecutive P waves that are
not conducted. For example, with 3:1 AV block, every third P
wave is conducted (i.e., fullowed by a QRS complex); with 4:1
AVblock. every fourth P wave is conducted (Fig. 7.10).
AB is the case with 2:1 AV block. advanced second-degree
AV block cannot be conclusively classified as type I or type II
because there are no two PQRST cycles in a row from which
to compare PR intervals. Monitoring of the patient's ECG fur
changes in P wave to QRS conduction ratios to enable PR
interval comparison is e!ISential. Because of the frequency
with which impulses from the SA node to the Purkinje fibers
are blocked, the presence of advanced AV block is a cause
for concern, and the development of third-degree AV block
should be anticipated.

Fig. 7.10 An mmple of lllNanced second-degraa atriC¥BITirlcular block. (From Aahlart B: EC6 stJJrJ; cants, St. Louis,
2004, Mosby.)
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ECG Pearl _ _ _ _ _ _ _ _ __

A Quick Look at P Waves and Atrioventricular (AV) Blocks
AVBiock

First degree

Second degree
Third degree

P Wave Conduction
All P waves conducted but delayed; slowed
conduction
Some P waves conducted, others blocked;
intermittent conduction
No P waves conducted; absent conduction

THIRD-DEGREE
ATRIOVENTRICULAR BLOCK
Second-degree AV blocks are types of incomplete blocks
because at least some of the impulses from the SA node are
conducted to the ventricles. With third-degree AV block,
there is a complete block in conduction of impulses between
the atria and the ventricles.

How Do I Recognize It?
[OIJiactiva 5]
With third-degree AV block, the site of block may occur at
the level of the AV node, the bundle of His, or distal to the
bundle of His (Fig. 7.11). A secondary pacemaker (either

junctional or ventricular) stimulates the ventricles; therefore,
the QRS may be narrow or wide, depending on the location
of the escape pacemaker and the condition of the intraventricular conduction system.
Let's look at the rhythm strip in Fig. 7.12. Determine the
ventricular rhythm and then calculate the ventricular rate.
You will find that the ventricular rhythm is regular and the
ventricular rate is 29 beats/min. Next, locate the P waves.
In locating P waves, it often helps to place your calipers, or
to make marks on a piece of paper, on two clearly identifiable P waves and then move the calipers (or paper) left and
right across the strip, marking the remaining P waves as you
go. For example, it would be a good idea to mark P waves 2
and 3 first in this rhythm strip because they are readily seen;
then move to the left, identifying P wave 1, and then move
to the right, identifying P waves 4 through 7. P wave 4 is hidden in the T wave following the second QRS complex. When
all of the P waves have been identified, determine their regularity and then determine their rate. You will :find that the
P waves occur regularly and that the atrial rate is 68 beats/
min. So far, because you have more P waves than QRS complexes and the P waves occur on time, you know that you
have some type of AV block. To determine which one, you
must look closely at the PR intervals. As you can see, there is
no true PR interval because the atria and ventricles are beating independently of each other. 1he ECG characteristics

Fig. 7 .1.2 Third-degree a1110'18ntrlcular block at 29 beal8/mln with a wide QRS. {frcm Aehlert B: ECG s/JJdycatrls, St.
Louis, 2004, Mosby.)

Chapter 7

Atrioventricular Blocks

lt,\:j!JJJI Characteristics of Third-Degree Atrioventricular Block
Rhythm
Rate
P waves
PR interval
QRS duration

Ventricular regular; atrial regular (P waves plot through); no relationship between the
atrial and vantr1cular rtlythms O.e., atr1oventrlcular dissociation Is present)
The ventricular rate is determined by the origin of the escape pacemaker; the atrial
rate is greater than (and independent oij the ventricular rate
Normal in size and shape; some P waves are not followed by a QRS complex Q.e.,
more P waves than QRS complexes)
None; the abia and the ventricles beat independently of each other, so there is no true
PR interval
Narrow or wide, depending on the location of the escape pacemaker and the condition of the intraventricular conduction system

discussed so far and the fact that there is no true PR interval fit the criteria for a third-degree AV block. The QRS is
wide, measuring 0.16 second, and the QT interval measures
0.36 to 0.38 second. Our interpretation of the dysrhythmia
in Pig. 7.12 is third-degree AV block at 29 beats/min with
a wide QRS. The ECG characteristics of third-degree AV
block are shown in Table 7.5.

What Causes It?
Causes of third-degree AV block include the following:
• AcuteMI
• Acute myocarditis
• Congenital heart disease
• Drug effect
• Fibrosis of the conduction system
• Increased parasympathetic tone
Third-degree AV block associated with an inferior MI is
thought to be the result of a block above the bundle of His.
It often occurs after progression from first-degree AV block
or second-degree AV block type I. lhe resulting rhythm is
usually stable because the escape pacemaker is usually junctional (i.e., narrow QRS complexes) with a ventricular rate
of more than 40 beats/min. 'Ihird-degree AV block that is
associated with an anterior or an anteroseptal MI is often
preceded by second-degree AV block type II or an intraventricular conduction delay (Le., right or left bundle branch
block) (Issa et al, 2012). The resulting rhythm is usually
unstable because the escape pacemaker is usually ventricular (Le., wide QRS complexes) with a ventricular rate ofless
than 40 beats/min. In the setting of an acute anterior MI,
the development of third-degree AV block is associated
with a higher risk of ventricular tachycardia and ventricular
fibrillation, hypotension, pulmonary edema, and in-hospital
mortality (Issa et al, 2012}.

What Do I Do About It?
1he patient's signs and symptoms will depend on the origin
of the escape pacemaker (Le., junctional versus ventricular) and the patient•s response to a slower ventricular rate.
Possible rate-related signs and symptoms include dizziness,
lightheadedness, generalized weakness, seizures, and AdamsStokes syndrome (which is also known as Stokes-Adams
attacks). Adams-Stokes syndrome is sudden, recurring episodes of loss of consciousness caused by the transient interruption of cardiac output by incomplete or complete heart
block; the ventricular rate is inadequate to maintain cerebral
perfusion and results in a syncopal episode.
If the patient is symptomatic as a result of the slow rate,
treatment should include applying a pulse oximeter and
administering oxygen (if indicated), obtaining the patient's
vital signs, establishing IV access, and obtaining a 12-lead
ECG. IV administration of atropine may be tried. If the
disruption in AV nodal conduction is caused by increased
parasympathetic tone, the administration of atropine may
be effective in reversing excess vagal tone and improving
AV node conduction. Other interventions that may be used
in the treatment of third-degree AV block include epinephrine or dopamine IV infusions, or transcutaneous pacing.
Frequent patient reassessment is essential. Most patients
with third-degree AV block have an indication for permanent pacemaker placement.
Examples of most of the AV blocks discussed in this chapter appear in Fig. 7.13. A summary of AV block characteristics is given in Table 7.6.

Fig. 7.13 A1rlo'lantrlcular lf..V) blocks. A, First-degree AV block; the PR lntllrvalls amstant and roora !han 0.20 sea~nd.
B. Second-degree AV block type 1. The PR Intervals alter the noncon!lJcled Pwaves (8!1Uti'IS) are shorter !han the Interval preceding the nonconducted beat. C, Second-degree AV black type I. Nanconducted Pwaves are sun (anows). The PR intervals
before and after the nonconductel1 P waves are constant. D, 2:1 AV block CkJring IM'IiC:h fMI'I othtlf Pwave is oonllueted.
E, Third-degree AV block with AV dlsoodatlon and aJunctional escape rhyttlm. (From Andreoli TE, Griggs R, Wing W. Fltz JG:
Andr8oll and Cstpentsfs C8CIJ 68S8I1IIa/s of medicine, ed 9, Philadelphia, 2016, Saunders.)

liJ:IIfj:l A1rioventricular Blocks: Summary of Characteristics
Characteris6c First-Degree Block
Rhythm
Rate

Pwaves
(lead 10

PR interval
(PRI)

QRS duration

Atrial regular, vantricular regular
Usually within
normal range,
but depends on
underlying rhythm

second-Degree
Block Type I

Second-Degree Block
Type II

Second-Degree 2:1
AVBiock

'Dlird-Degree
Block

Atrial regular, vantricular irregular
Atrial rate greater
than ventricular
rate; both often
within normal
limits

Atrial regular, ventricular
irregular
Atrial rate greater than
ventricular rate; ventricular rate often slow

Atrial regular, vantricular regular
Atrial rate greater
than ventricular
rate

Atrial regular, vantricular regular
Atrial rate greater
than ventricular
rate; ventricular
rate determined
by origin of
escape rhythm
Normal in size and
shape; some P
waves are not
followed by a
QRScomplex
O.e., more Ps
than QRSs}
None; the atria
and ventricles
beat independently of each
other, so there
Is no true PRI

Normal; one P wave Normal in size and
Normal in size and
Normal in size and
precedes each
shape; some P
shape; some P waves
shape; every
QRS
waves are not folare not followed by
other P wave is
lowed by a QRS
a QRS complex O.e.,
not followed by
complex o.e.,
more Ps than QRSs)
a QRS complex
morePsthan
Q.e., more Ps than
QRSS)
QRSs}
Greater than 0.20
Lengthening; the
Wrthin normal limits or
Constant
sec and constant
PRI after the nonprolonged but constant
fur the conducted
conducted beat
beats; the PRis before
Is shorter than the
Interval prec:edand after a blocked
lng the nonconsinus Impulse O.e., P
wave) are constant
ducted beat
Usually 0.11 sec
Usually 0.11 sec or Within normal limits If the Narrow or wide
or less unless an
less and Is perfblock occurs aboVe
depending on
intraventricular
odically dropped
or within the bundle of
location of escape
conduction delay
His; greater than 0.11
pacemaker and
sec if the block occurs
condition of intraexists
below the bundle
venbicular conof His; periodically
duclion system:
absent after P waves
absent after every
otherPwave

AV, Atrioventricular.

Narrow or Wide
depending
on location
of escape
pacemaker and
condition of
intraventricular
conduction
system
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STOP & REVIEW
True/False
Indicate whether the statement is true or false.
__ 1. During a first-degree AV block, the PR intervals are completely variable because the atria and ventricles beat independently ofeach other.
_ _ 2. Second-degree AV blocks are examples of incomplete AV blocks.
_ _ 3. 'Ihe site of block in second-degree AV block type II is limited to the bundle branches.
_ _ 4. With second-degreeAV block type II, the PR intervals before and after a blocked sinus impulse (i.e., P wave) are constant

Multiple Choice

_ _ 10. Which of the following dysrhythmias is more

Identify the choice that best completes the statement or
answers the question.
_ _ S. Which of the following dysrhythmias may be a normalfinding in individuals with no history of cardiac
disease, especially in athletes?
L Atrial fibrillation
b. First-degree AV block
c. Third-degree AV block
d. Ventricular tachycardia
_ _ &. An ECG rhythm strip shows a regular ventricular
rhythm at a rate of 128 beats/min, one upright P
wave before each QRS, a regular atrial rate, a constant PR interval of 0.24 second, and a QRS duration
of 0.08 second. 1his rhythm is
a. third-degree AV block.
b. second-degree AV block type I.
c. sinus tachycardia with first-degree AV block.
d. junctional tachycardia with first-degree AV
block.
_ _ 7. 'Ihird-degree AV block is characterized by
a. irregular P to P intervals.
b. irregular R to R intervals.
c. regular P to P intervals and regular R to R
intervals.
d. regular P to P intervals and irregular R to R
intervals.
_ _ 8. An ECG rhythm strip reveals second-degree 2:1 AV
block. Which of the following statements is correct
regarding this rhythm?
a. The ventricular rate is twice the atrial rate.
b. The presence of constant PR intervals allows
classification of the block as type I or type 11.
c. The PR intervals are generally progressive until a
P wave appears without a QRS after it
d. This rhythm is characterized by P waves that are
normal in size and shape, but every other P wave
is not followed by a QRS.
_ _ 8. 'Ihe term sec<>nd-dep AV block type I is the same as
.. Mobitzii.
b. AV dissociation.
c. Mobitz I or Wenckebach.
d. Wolff-Parkinson-White pattern.

commonly seen with an inferior wall myocardial
infarction?
a. Sinus arrhythmia
b. Second-degree AV block type I
c. Second-degree AV block type 11
d. Third-degree AV block with a wide QRS
_ _ 11. An ECG rhythm strip reveals an irregular ventricular rhythm at a rate of 28 to 40 beats/min, more P
waves than QRS complexes, regular P-P intervals,
a constant PR interval of 0.16 second, and a QRS
duration of 0.14 second. This rhythm is
a. 2:1 AV block.
b. third-degree AV block.
c. second-degree AV block type I.
d. second-degree AV block type II.
_ _ 12. Of the following, which dysrhythmia has the greatest potential for sudden, third-degree AV block?
a. Sinus bradycardia
b. Junctional escape rhythm
c. Second-degree AV block type I
d. Second-degree AV block type II
__ 13. The difference between second-degree type I and
type II AV block is that with
a. type I the P waves occur irregularly.
b. type I the ventricular rhythm is regular.
c. type II the QRS duration is con.s.istently more
than 0.12 sec in duration.
d. type II the PR intervals before and after a
blocked P wave are constant
_ _ 14. With a third-degree AV block, the PR interval
a. shortens.
b. isabsent
c. is inconstant
d. remains constant.
__ 15. An ECG rhythm strip reveals an irregular ventricular
rhythm at a rate of 46 to 54 beats/min. more P waves
than QRS complexes with regular P-P intervals, PR
intervals after nonconduaed P waves are shorter
than the interval preceding the nonconducted beats,
and a QRS duration of0.08 second. This rhythm is
a. 2:1 AV block.
b. third-degree AV block.
c. second-degree AV block type I.
d. second-degree AV block type :0:.

Chapter 7

Atrioventricular Blocks

Matching
Match the terms below with their descriptions by placing the letter ofeach correct answer in the space provided
& Regular
d. First-degree AV block
b. Third-degree AV block
a. PRI pattern in second-degree AVblock type II
c. PRI pattern in second-degree AV block type I
f. Irregular

__ 18. Ventricular rhythm pattern in second-degree AV block types I and II
__ 17. The PRI after the nonconducted P wave is shorter than the interval preceding the nonconducted beat
_ _ 18. AV block characterized by a PR interval greater than 0.20 sec and one P wave for each QRS complex
_ _ 111. Ventricular rhythm pattern in 2:1 and third-degree AV block
20. The PRis before and after a blocked P wave are constant
__ 21. AV block characterized by regular P-P intervals, regular R-R intervals, and a PR interval with no consistent value or
pattern

Short Answer
22. Indicate the ECG criteria for the following dysrhythmias.
Sewnd-Degree AV Block 'I)pe I

Third-Degree AV Bl<Kk

Ventricular rhythm
PRinterval
QRSwidth
23. Indicate the ECG criteria for the following dysrhythmias.

Second-Degree AV Block 'I)pe II

2:1AVBlock

Ventricular rhythm
PRinterval
QRSwidth

AV Blocks-Practice Rhythm Sbips
Use the five steps of rhythm interpretation to interpret each of the following rhythm strips. All rhythms were recorded in lead
II unless otherwise noted.

Ag. 7.14 (Froo1 Alilhlert B: ECG sllAty G8.'tW, St l.a.lls, 2004, Mosby.)

24. Rg. 7.14

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT interval: _ _ _ _ _ _ _ __
Interpremtion: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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Fig. 7.15

25. Fig. 7.15
Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - -

PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~remtioo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 7.18

28. Rg. 7.16

Rhythm:-------- Rate: _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT interval: _ _ _ _ _ _ _ __
fu~fum:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.7.17

'D. Fig. 7.17

Rhythm:-------- Rate: _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT interval: _ _ _ _ _ _ _ __
fu~fum:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____
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Fig. 7.18 (From Phillips RE, Feeney MK: The cardiac rhythms: a sysiBm8tlc spprosch fD lniBipretalkxl, ed 3, Philadelphia,
1990, Saunders.)

28. Rg. 7.18

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Fig. 7.19

29. Rg. 7.19

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Fig. 7.20 (From Aehlart B: ECG study csrrJs, St. Lools, 2004, Mosby.)

311. Fig. 7.20

Rhythm:-------- Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT interval: _ _ _ _ _ _ _ __
m~da&m:

______________________________________________________

Atrioventricular Blocks
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Fig. 7.21

31. Rg. 7.21. This rhythm strip was recorded as a 58-year-old man began complaining of a sudden onset of chest pain.
Rhythm:

Rate:

P waves:----------

PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

fill, 7.22
32. Fig. 722. This rhythm strip is from a 77-year-old woman who stated that she felt fine. She stopped at a blood pressure
machine in Walmart. and the machine would not read her pulse rate. She later went to her physician's office and then to the
emergency department

Rhythm:-------- Rate: _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - -

m~llim=--------------------------

~

7.23 (From Aehlsrt B: ECG study csrrJs, St. Loots, 2004, Mosby.)

33. Rg. 7.23
Rbythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ p waves: _ _ _ _ _ _ _ _ __

PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~retation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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Fig. 7.24 (From Aahlelt B: ECG siJJdyCMil, St. Louis, 2004. Mosl7j.)
34. Fig. 7.24. This rhythm strip is from a 97-year-old woman after a fall.

Rhythm:

Rate:

P waves:-----------

PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

~

7.25 (From Aahlart B: ECG sllJdy CB/rJs, St. Louis, 2004, Mosby.)

35. Fig. 7.25

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - -

PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - mt~r~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Rg.7.28
36. Fig. 7.26

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - -

PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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Rg. 7.27 (Modified lrtrn .&ahlert B: ECG SI1Jdy canJs, St Louis, 2004, Mosby.)
:fl. Fig. 7Zl. This rhythm strip is from an 86-year-old woman complaining of dizziness.

Rate:

Rhythm:

P waves:-----------

PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m«xpremtion: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Rg.7.28
38.

Fig. 7.28
Rhythm:

Rate:

Pwaves:

PR interval:

QRS duration:

QT interval:

mterpretation:
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Fig. 7.29 (Modified from Aehlert B: ECG stud/ C8l11s, St. Louis, 2004, Mosby.)

39. Fig. 7.29. This rhythm strip is from a 25-year-old asymptomatic paramedic student

Rhythm:

Rate:

P waves:-----------

PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - mUxpremtion: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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~

7.30 (From Aahlart B: ECG Bllldj CB!ds, St. Louis, 2004, Mosby.)

40. Fig. 7.30. 'Ibis rhythm strip is from an asymptomatic 56-year-old man.

Rhythm:-------- Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~llim:

_________________________________________________

Fig. 7.31 from Aehlert B: ECG 81IJdy C8fds, St Louis, 2004, Mosby.)
41.

Fig. 7.31
Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

~

7.32 (From Aahlart B: ECG Bllldj CB!ds, St. Louis, 2004, Mosby.)

42. Fig. 7.32

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~ctallim:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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Fig. 7.33

43. Rg. 7.33. These rhythm strips are from a 26-year-old man with end-stage cardiomyopathy. His condition was apparently the
result of chronic methamphetamine use.
Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT interval: _ _ _ _ _ _ _ __

mterpremtion: ______________________________________________________

IIIIII

Fig. 7.34
44. Rg. 7.34. This rhythm strip is from a 51-year-old man complaining of dull chest pain that began about 2 hours earlier. He
rates his discomfort as 6/10. His blood pressure is 70/48 mm Hg. His skin is cool. pale, and diaphoretic.
Rhythm: _ _ _ _ _ _ _ _ Rate: ____________ p waves: _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - -

futerpremtion: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

· l u..

~

n,

i

7.35 (From Aehlert B: ECG studj CIHds, st. Louis, 2004, Mosby.)

46. Fig. 7 .35. This rhythm strip is from a 62-year-old woman who experienced a syncopal episode.
Rhythm: _ _ _ _ _ _ _ _ Rate: ____________ p waves: _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - -

mterpremrum: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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7.38 (From Aahlart B: ECG sllJdj CB!ds, St. Louis, 2004, Mosby.)

46. Fig. 7.36. 1his rhythm strip is from a 66-year-old woman with abdominal pain and weakness that began suddenly while she
was eating breakfast.

Rhythm:-------- Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - -

m~mm=----------------------------------------------------

Fig. 7.37

(From Aehlert B: ECG study C8lds, St Louis, 2004, Mosby.)

47. Fig. 7Sl

Rhythm:-------- Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - mUXpremllim: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Fig. 7

.sa (From Aahlart B: ECG sllJdy card8, St. Louis, 2004, Mosby.)

48. Fig. 7.38

Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - -

mterpreation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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7.39 (From Aehlert B: ECG studJ cards, St. Louis, 2004, Mosby.)

49. Rg. 7.39
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ P waves: _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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7.40 (From Aehlart B: ECG studJ carrJB, St. Louis, 2004, Mosby.)

50. Rg. 7.40 1his rhythm strip is from a 78-year-old woman complaining ofleft upper quadrant abdominal pain.
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT interval: _ _ _ _ _ _ _ __
m~r~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Fig. 7.41 [From Aehlert B: ECG SIIJdy cards, St Louis, 2004, Mosby.)

51. Fig. 7A1

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ p w a v e s : - - - - - - - - - -

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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7.42 (From Aahlart B: ECG Bllldj CB!ds, St. Louis, 2004, Mosby.)

52. Fig. 7.42
Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~tian:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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7.43 (From Aahlart B: ECG Bllldj CB!ds, St. Louis, 2004, Mosby.)

Fig. 7.43
Rhythm: _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ P w a v e s : - - - - - - - - - - PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ QT i n t e r v a l : - - - - - - - - m~tian:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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STOP & REVIEW I ANSWERS
1. F. With a first-degree AVbloclc. there is a 1:1 relationship
between P waves and QRS complexes. The PR intervals
are prolonged (i.e., more than 0.20 second) but constant.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for first-degree
AVbloclc.
2. T. Second-degree AV blocks are types of incomplete

blocks because at least some of the impulses from the
SA node are conducted to the ventricles. With thirddegree AV block, there is a complete block in conduction
of impulses between the atria and the ventricles.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management for thirddegree AV block.

3. E The conduction delay in second-degree AV block type
:0: occurs below the AV node, within the His-Purkinje
system. About 70% of the time, the block occurs below
the bundle of His, which usually produces a wide QRS
(ie., more than 0.11 second in duration). About 30% of
the time, the block occurs in the bundle of His, which is
associated with a narrow QRS.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for seconddegree AV block type :0:.
4. T. With second-degree AV block type II, the PRintervals are within normal limits or prolonged but constant
for the conducted beats, and the PR intervals before and
after a blocked sinus impulse (i.e., P wave) are constant
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for seconddegree AV block type :0:.
5. B. First-degree AV block may be a normal finding in
individuals with no history of cardiac disease, especially
in athletes. In some people, mild prolongation of the PR
interval may be a nonnal variant, especially with sinus
bradycardia during rest or sleep. Second-degree AV
block type I can also occur in athletes, probably related
to an increase in resting vagal tone, and in healthy individuals during sleep.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for first-degree
AVbloclc.
8. C. A sinus tachycardia is present when there is a 1:1
relationship between P waves and QRS complexes and
the ventricular rate is faster than 100 beats/min. A firstdegree AV block is present when there isa 1:1 relationship
between P waves and QRS complexes and the PR interval
is prolonged (ie., more than 0.20 second) and constant.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for first-degree
AVbloclc.

7. C. Third-degree AV block is characterized by regular P
toP intervals (i.e., a. regular atrial rhythm) and regular R
to R intervals (ie., a regular ventricular rhythm); how-

ever, there is no relationship between the atrial and ventricular rhythms.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management for thirddegree AV block.
&. D. Second-d~ 2:1 AV block is characterized by Pwaves
that are normal in size and shape, but every other P wave is
not followed. by a QRS. The atrial rate is twice the ventric-

ular rate. Because there are no two PQRST cycles in a row
from which to compare PR intervals, 2:1 AV block cannot
be conclusively classified as type I or type II. To determine
the type ofblock with certainty; it is necessary to continue
close ECG monitoring of the patient until the conduction
ratio ofP waves to QRS complexes changes to 3:2,4:3, and
so on, which would enable PR interval comparison.
OBJ: Describe 2:1 AV block and advanced second-degree AV
block.
9. C. Second-degree AV block type I is also known as type

I block, Mobitz I, or Wenckebach.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management for
second-degree AV block type I.
10. B. Remember that the right coronary artery (RCA) supplies the AV node in 9096 of the population. The RCA
also supplies the inferior wall of the left ventricle and
the right ventricle in most individuals. Blockage of the
RCA, resulting in an inferior myocardial infarction or
right ventricular infarction, can also result in conduction delays such as first-degree AV block and seconddegree AV block type I.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for seconddegree AV block type I.
11. D. With second-degree AV block type II, the ventricular
rhythm is irregular. There are more P waves than QRS
complexes, and the P-P interval is regular. P waves are
normal in size and shape, but some P waves are not
followed by a QRS compleL The PR interval may be
within normal limits or prolonged, but it is constant for
the conducted beats; the PR intervals before and after
a blocked P wave are constant 'Ihe QRS duration is
within normal limits ifthe block occurs above or within
the bundle of His; it is greater than 0.11 second if the
block occurs below the bundle of His. QRS complexes
are periodically absent after P waves.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for seconddegree AV block type II.
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12. D. Although second-degree AV block type II is less
common than second-degree AV block type I, type II
is more serious and is a cause for concern because it
has a greater potential to progress to a third-degree AV
block.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for seconddegree AV block type II.
13. D. With both second-degree type I and type II AV blocks,
P waves occur regularly and the ventricular rhythm is
irregular. With second-degree type II, the QRS duration is within normal limits if the block occurs above
or within the bundle of His and it is greater than 0.11
second ifthe block occurs below the bundle of His. QRS
complexes are periodically absent after P waves. With
second-degree AV block type II, the PR intervals before
and after a blocked P wa~ are constant; with seconddegree AV block type I, the PR interval after a nonconducted P wave is shorter than the interval preceding the
nonconducted beat.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for seconddegree AV block type II.
14. B. Third-degree AV block is characterized by regular

P-P intervals (i.e., a regular atrial rhythm) and regular R-R intervals (i.e., a regular ventricular rhythm);
however, because there is no relationship between the
atrial and ventricular rhythms, there is no true PR
interval.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management for thirddegree AV block.
15. C. With second-degree AV block type I, the ventricu-

lar rhythm is irregular. There are more P waves than
QRS complexes, and the P-P interval is regular. P waves
are normal in size and shape, but some P waves are
not followed by a QRS complex. The PR intervals are

inconstant. The PRI after a nonconducted P wa~ is
shorter than the interval preceding the nonconducted
beat The QRS duration is usually 0.11 second or less,
and QRS comple:z:es are periodically dropped.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for seconddegree AV block type I.

18. F
17.

c

18. D

19. A
20. E
21. B
22.

Ventricular
rhythm
PRinterval
QRSwidth

Second-Degree AV
Block Type I
Irregular

Third-Degree AV
Block
Regular

Inconstant; generally
progressive
Usually narrow

None
Narrow or wide

OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for seconddegree AV block type I and third-degree AV block.
23.

Ventricular
rhythm
PRinterval
QRSwidth

Second-Degree AV
Block Type ll
Irregular

2:1 AVBlock

ConstaDt
Narrow or wide

Constant
Narrow or wide

Regular

OBJ: Describe 2:1 AV block and advanced second-degree AV
block.

Practice Rhythm Sbip Answers
Note: Because of the distortion ofECGs that can occur during printing, a range of acceptable measurements is provided in the
rhythm strip answers throughout this textbook.

24. Fig. 7.14

Rhythm: Regular
Rate: 107 beats/min
P waves: Upright before each QRS; 1:1 relationship
PR interval: 0.24 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.28 to 0.32 second
Interpretation: Sinus tachycardia at 107 beats/min with
first-degree AV block

25. Fig. 7.15

Rhythm: Regular
Rate: Ventricular 34 beats/min; atrial65 beats/min
P waves: Upright before each QRS; 2:1 relationship
PR interval: 0.32 second
QRS duration: 0.12 to 0.14 second
QT interval: 0.40 second
Interpretation: 2:1 AV block at 34 beats/min with a wide
QRS

Chapter 7
28. Rg. 7.18

Rhythm: Regular
Rate: Ventricular 50 beats/min; atrial167 beats/min
P wa~: Upright; more Ps than QRSs; no relationship to
QRSs
PR interval: None
QRS duration: 0.06 second
QT interval: 0.32 second
Interpretation: 1hird-degree AVblockat 50 beats/min with

STE
'D.

Fig. 7.17
Rhythm: Ventricular irregular; atrial regular
Rate: Ventricular about 40 beats/min; atrial60 beats/min
P waves: Upright; more Ps than QRSs
PR interval: 0.16 second
QRS duration: 0.12 second
QT interval: Unable to determine because T waves are
not visible
Interpretation: Advanced second-degree AV block
at 40 beats/min with a wide QRS and ST-segment
depression

28. Rg. 7.18

Rhythm: Ventricular irregular; atrial regular
Rate: Ventricular about 50 beats/min; atrial 56 beats/min

P waves: Upright; more Ps than QRSs
PR interval: Lengthening
QRS duration: 0.06 to 0.08 second
QT interval: 0.48 to 0.52 second
Interpretation: Second-degree AV block type I at 50
beats/min with ST-segment depression and a prolonged
QTinterval
29.

Fig. 7.19
Rhythm: Ventricular irregular; atrial regular
Rate: Ventricular ranges from less than 20 to 94 beats/
min; atrial94 beats/min
P waves: Upright; more Ps than QRSs
PR interval: Lengthening
QRS duration: 0.06 to 0.08 second
QT interval: 0.36 second
Interpretation: Second-degree AV block type I with a
ventricular response ranging from less than 20 to 94
beats/min; note the absence of ventricular activity for
slightly more than 5 seconds

311. Fig. 7.20

Rhythm: Irregular
Rate: 40 beats/min
P waves: Upright before the QRS of beats 1, 2 and 4,
none visible in beat 3
PR interval: 0.36 second
QRS duration: 0.06 second
QT interval: 036 to 0.40 second
Interpretation: Sinus bradycardia at 40 beats/min with
first-degree AV block and a premature junctional
complex

Atrioventricular Blocks

31. Rg. 7.21
Rhythm: Regular
Rate: 54 beats/min
P waves: Upright but artifact obscures visibility with
some beats
PR interval: 0.20 to 0.24 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.28 to 0.32 second
Interpretation: Sinus bradycardia at 54 beats/min with
first-degree AV block and STE; artifact is present

32. Fig. 7.12.
Rhythm: Regular
Rate: Ventricular 36 beats/min; atrial68 beats/min
P waves: Upright; 2:1 relationship
PR interval: 0.28 second
QRS duration: 0.14 to 0.16 second
QT interval: 0.44 second
Interpretation: 2:1 AV block at 36 beats/min with a wide
QRSandSTE
33. Fig. 7.23
Rhythm: Regular
Rate: Ventricular 56 beats/min; atrial107 beats/min
P waves: Upright; 2:1 relationship
PR interval: 0.16 second
QRS duration: 0.04 to 0.06 second
QT interval: 0.36 second (estimated; difficult to determine because T waves are not clearly visible)
Interpretation: 2:1 AV block at 56 beats/min with STE

34. Fig. 7.24
Rhythm: Regular
Rate: 88 beats/min
P waves: Upright before each QRS
PR interval: 0.24 second
QRS duration: 0.06 second
QT interval: 0.32 second
Interpretation: Sinus rhythm at 88 beats/min with firstdegree AV block and ST-segment depression

35. Rg. 7.25
Rhythm: Regular
Rate: Ventricular 45 beats/min; atrial115 beats/min
P waves: Upright; more Ps than QRSs
PR interval: None
QRS duration: 0.14 to 0.16 second
QT interval: 0.40 to 0.44 second
Interpretation: Third-degree AV block at 45 beats/min

38. Fig. 7.28
Rhythm: Irregular
Rate: 70 beats/min
P waves: Sinus P waves; none with early beats
PR interval: 0.14 to 0.16 second (sinus beats)
QRS duration: 0.08 to 0.10 second (sinus beats)
QT interval: 0.36 to 0.38 second (sinus beats)
Interpretation: Sinus rhythm at 70 beats/min with
uniform PVCs and ST-segment depression
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'ZT. Rg. 7ZI
Rhythm: Regular
Rate: Ventricular rate 35 beats/min; atrial rate 70 beats/
min

P waves: Upright before each QRS; 2:1 relationship
PR interval: 0.20 second
QRS duration: 0.12 to 0.14 second
QT interval: 0.48 to 0.52 second
Interpretation: 2:1 AV block at 35 beats/min with a wide
QRS and a prolonged QT interval
38.

Fig. 7.28
Rhythm: Essentially regular
Rate: Ventricular 32 beats/min; atria17l beats/min
P waves: Upright; more Ps than QRSs
PR interval: None
QRS duration: 0.10 second
QT interval: 0.52 second
Interpretation: !bird-degree AV block at 32 beats/min
with a prolonged QT interval

39. Fig. 729

Rhythm: Irregular
Rate: 110 beats/min
P waves: Upright before each QRS; artifact is present
PR interval: 0.12 to 0.16 second
QRS duration: 0.10 second
QT interval: 0.28 to 0.30 second
Interpretation: Sinus tachyarrhythmi.a at 110 beats/min
40. Fig. 7.30
Rhythm: Irregular
Rate: 80 beats/min
P waves: Upright before each QRS; none with early ventricular beat
PR interval: 0.16 to 0.18 second (sinus beats)
QRS duration: 0.12 to 0.16 second (sinus beats)
QT interval: 0.32 to 0.36 second (sinus beats)
Interpretation: Sinus rhythm at 80 beats/min with a
wide QRS, an R-on-T premature ventricular complex,
andSTE
41. Fig. 7.31

Rhythm: Irregular
Rate: 100 beats/min (sinus beats); 150 beats/min (ventricular tachycardia [VT])
P waves: Sinus P waves; none with ventricular beats
PR interval: 0.24 second (sinus beats)
QRS duration: 0.08 second (sinus beats)
QT interval: 0.28 to 0.30 second (sinus beats)
Interpretation: Sinus rhythm at 100 beats/min with
first-degree AV block to monomorphic VT at 150
beats/min
42. Fig. 7.32
Rhythm: Ventricular irregular; atrial regular
Rate: Ventricular 50 beats/min; atrial60 beats/min
P waves: Upright; more Ps than QRSs
PR interval: Lengthening

QRS duration: 0.06 to 0.08 second
QT interval: 0.32 second
Interpretation: Second-degree AV block type I at 50
beats/min
43. Fig. 7.33

Rhythm: Regular
Rate: Ill beats/min
P waves: Tall and upright before each QRS
PR interval: 0.20 second (borderline first-degree AV
block)
QRS duration: 0.08 to 0.10 second
QT interval: 0.28 second
Interpretation: Sinus tachycardia at 111 beats/min; tall P
waves
44. Fig. 7.34

Rhythm: Ventricular regular; atrial slightly irregular
Rate: Ventricular 52 beats/min; atrial 71 beats/min
P waves: Upright; more Ps than QRSs
PR interval: None
QRS duration: 0.08 to 0.10 second
QT interval; 0.24 to 0.28 second
Interpretation: Third-degree AV block at 52 beats/min
withSTE
45. Rg. 7.35

Rhythm: Ventricular irregular; atrial regular
Rate: Ventricular 40 beats/min; atrial100 beats/min
P waves: Upright; more Ps than QRSs
PR interval: 0.14 second
QRS duration: 0.10 to 0.12 second
QT interval: 0.48 to 0.52 second (prolonged)
Interpretation: Second-degree AV block type II at 40
beau/min with ST-segment depression and a prolonged
QTinterval
46. Fig. 7.36

Rhythm: Regular
Rate: 37 beats/min
P waves: Upright; 1:1 relationship
PR interval: 0.22 to 0.24 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.44 to 0.48 second (slightly prolonged)
Interpretation: Sinus bradycardia at 37 beats/min with
first-degree AV block and a slightly prolonged QT interval
47. Fig. 1.n

Rhythm: Ventricular irregular; atrial regular
Rate: Ventricular 50 beats/min; atrial83 beats/min
P waves: Upright; more Ps than QRSs
PR interval: Lengthening
QRS duration: 0.08 second
QT interval: 0.32 second
Interpretation: Second-degree AV block type I at 50 beats/
min; although the complexes on the right side of the
rhythm strip show 2:1 conduction, comparison of the
PR intervals of beats 1 through 3 enables a diagnosis of
second-degree type I AV block

Chapter 7
48. Rg. 7.38

51. Rg. 7.41

Rhythm: Ventricular regular; atrial regular
Rate: Ventricular 38 beats/min; atrial63 beats/min
P waves: Upright; more Ps than QRSs
PR interval: None
QRS duration: 0.06 second
QT interval: 0.52 second (prolonged)
Interpretation: Third-degree AV block at 38 beats/min
with ST-segment depression, inverted T waves, and a
prolonged QT interval
49. Fig. 7.39

Rhythm: Ventricular regular; atrial regular
Rate: Ventricular 47 beats/min; atrial92 beats/min
P waves: Upright; more Ps than QRSs; 2:1 relationship
PR interval: 0.12 to 0.16 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.44 second
Interpretation: 2:1 AV block at 47 beats/min
50. Fig. 7.40

Rhythm: Regular
Rate: 75 beats/min
P waves: Low amplitude, but upright before each QRS
PR interval: 0.16 second
QRS duration: 0.10 to 0.12 second
QT interval: 0.32 to 0.36 second (estimated; difficult
to determine because the ends of the T waves are not
clearly visible)
Interpretation: Sinus rhythm at 75 beats/min with STE
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Atrioventricular Blocks

Rhythm: Regular
Rate: 62 beats/min
P waves: Inverted before each QRS
PR interval: 0.14 to 0.16 second
QRS duration: 0.08 to 0.10 second
QT interval: Unable to determine
Interpretation: .Accelerated junctional rhythm at 62 beats!
min
52.

Fig. 7.42
Rhythm: Irregular
Rate: 70 beats/min
P waves: Upright before each QRS; the P wave of beat 3
is early; an early P wave with no QRS after it distorts the
T wave of beat 6
PR interval: 0.20 second (sinus beats)
QRS duration: 0.08 second (sinw beats)
QT interval: 0.32 second (sinus beats)
Interpretation: Sinus rhythm at 70 beats/min with a PAC
and a nonconducted PAC

53. Rg. 7.43
Rhythm: Ventricular regular; atrial regular
Rate: Ventricular 36 beats/min; atrial 70 beats/min
P waves: Upright; more Ps than QRSs; 2:1 relationship
PR interval: 0.32 second
QRS duration: 0.10 to 0.12 second
QT interval: 0.36 to 0.40 second
Interpretation: 2:1 AV block at 36 beats/min
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LEARNING OBJEC'm/ES
AffBr reading t!Jis chapter, you should be able to:
1. Identify the components of a pacemaker system.
2. Discuss the terms tliggering, inhibition, pat;ing, CIJ/)ture, elecfTicaJ
capture, mechanical capture, and sensitivity.
3. Describe the appeamnce of a typical paremaker spike on the electrocardiogram (ECG).

4. Describe the awearance of the waveform on the ECG produced as a
result of atrial pacing and ventricular pacing.
5. Explain the differences between single-dlamber and dual-chamber
pacemakers and between fixed-rate and demand pacemakers.
6. Ust three types of pacemaker malfunction.
7. Describe how to analyze pacemaker function on the ECG.

KEY TERMS
abioventricular (AV) interval: In dual-chamber pacing, the length of
time between an atrial sensed or atrial paced event and the delivery of
a ventricular pacing stimulus: analogous to the PR interval of intrinsic
wavatonns; also called the 8lfifici8J « el6ctronic PR intsrvsl
base rate: Rate at whk:h the pac;ernal<er's pulse geoorator I~ Impulses
lNhen ~Intrinsic ac1Mty Is detecXad: 9)(!)I'SSS6d In pulses per minute ~)
capture: The successful conduction of an artiHclal pacemaker's Impulse
through the myocartUum, resulttng In depolarization
demand pacemakEr: Pacemaker that discharges only when the patient's
heart rate drops below the preset rate fur the pacemaker; also knoWn
as a synchronous or /10IICOIT/fJI1tlttve pacemaker
dual-chamber pacemaker: Pacemaker that stimulates the atrium and
ventricle; dual-chamber pacing is also called physiologic pacing
escape interval: Trme measured between a sensed cardiac event and the
next pacemaker output
failure 10 capture: Aparemaker maKunction that occurs when the artijicial pacemaker stimulus is unable to depolarize the myocardium
1allure to pace: Al)&almaker maKunction that occurs when the pacemaker falls to deliver an electrical stimulus at Its programmed time;
also referred to as failure to fire or failure (Jfpulse generaffon
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fixed-rate pacemaker: Pacemaker that continuously discharges at a
preB&t rata regardless of the patienfs intrinsic activity; also known as
an &5ynchronous /)8£fHTIIlkBr
mhlbltlon: Pacemakar response in which the output pulse is suppressed
when an lntr1nslc event Is sensed
oversenslng: Apacemaker maHuncUon that results from Inappropriate
sensing of extranoous electrical signals
paced Interval: Period between two consecutive paced events In the
same cardiac chamber; also known as the allfomaflc lnfBtval
pacemaker: Abattery-powered deVIce that delivers an electrical current
to the heart 1D stimulate depolarization
sensHivlty: The extent to which an artiHclal pacemaker recognizes Intrinsic cardiac electrical activity
threshold: The minimum amount of voltage O.e., milliamperes) needed to
obtain 0011sistent capture
underaenaing: A pacemaker malfunction that occurs when the artificial
pacemaker fails to recognize spontaneous myocardial depolarization
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PACEMAKER SYSTEMS
[Obiactivas 1' 2]
A cardiac pacemaker is a battery-powered device that delivers an electrical current to the heart to stimulate depolarization. A pacemaker system consists of a pulse genemtor
(i.e., the power source) and pacing leads. The pulse generator houses a battery and electronic circuitry. The circuitry
worb like a computer, converting energy from the battery
into electrical pulses. Whereas a lithium battery is usually
the power source for implanted pacemakers and implantable
cardioverter-defi.brillators (ICDs), a 9-volt alkaline battery is
usually used to power a temporary external pulse generator.
A pacing lead is an insulated wire that is used to carry an electrical impulse from the pulse generator to the patient's heart.
It also carries information about the heart's electrical activity back to the pacemaker. The pacemaker responds to the
information received either by sending a pacing impulse to
the heart (Le., triggering) or by not sending a pacing impulse
to the heart (i.e., inhibition).
An artificial pacemaker can be external (a temporary inter~ntion) or implanted. An external pacemaker may be wed
to control transient disturbances in heart rate or conduction
that result from drug tcW.city or that occurs during a myocardial infarction (MI) or after cardiac surgery when increased
vagal tone is often present. Patients who have chronic dysrhythmi.as that are unresponsi~ to medication therapy and
that result in decreased cardiac output may require the surgical implantation of a permanent pacemmr or an lCD.

Pennanent Pacemakers
and Implantable
Csrdioverter-Defibrillators
A permanent pacemaker is wed to treat disorders of the
sinoatrial (SA) node (e.g., bradycardias), disorders of the
atrioventricular (AV) conduction pathways (e.g., seconddegree AV block type n, third-degree AV block), or both,
that produce signs and symptoms as a result of inadequate
cardiac output (Box 8.1). The pacemaker's pulse generator is
usually implanted under local anesthesia into the subcutaneous tissue of the anterior chest just below the right or left
clavicle (Fig. 8.1). 1he patient's handedness, occupation, and
hobbies determine whether the pacemaker is implanted on
the right or left side.
l:m:,.
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An lCD is a programmable device that can deliver a range
of therapies (also called tiered therapy), including defibrillation, antitachycardia pacing (i.e., C1Verdrive pacing), synchronized cardioversion, and bradycardia pacing, depending on
the dysrhythmia detected and how the device is programmed
(Fig. 8.2). A physician determines the appropriate lCD therapies for each patient.

Did You Know?- - - - - - - During overdrive pacing, the pacemaker is set to pace at a rate
faster than the rate of the tachycardia. After a few seconds, the
pacemaker is stopped to allow the return of the heart's intrinsic
pacemaker.

When ICDs were initially introduced, they were surgically placed subcutaneously in the left upper quadrant of the
patient's abdomen. With improvements in technology, ICDs
are now small enough to be surgically placed in the pectoral area. ICDs were initially wed for patients with one or
more sudden cardiac arrests or drug-refractory ventricular
fibrillation or sustained ventricular tachycardia. Today, ICDs
are also used for patients who have experienced an extensive MI resulting in decreased cardiac output, patients who
have a history of MI with recurrent episodes of unexplained
syncope, and children with congenitallong-QT syndrome,
among other conditions.
The circuitry of pacemakers and ICDs is housed in a hermetically sealed case made of titanium that is airtight and
impermeable to fluid. Pacemakers and ICDs store infonnation about the activities of the patient's heart. as well as information about the device itself (e.g., number of dysrhythmia
episodes; provoking rhythm; dates of pacing, defibrillation,
or both). The stored information is periodically retrieved
and reviewed by the patient's physician and. if necessary,
changes in the device's settings are made. Lithium batteries are almost exclusively used in modem pacemakers and
ICDs. Battery life depends on the number oftimes therapies

Clini~ Indications of Decreased
Cardiac Output

• Acutely altered mental
status
• Dizziness
• Exercise intolerance
• Fainting
• Fatigue
• Heart failure

•
•
•
•
•
•

Ughtheadedness
Palpitations
Pulsations in the neck
Seizures
Shortness of breath
Tightness in the chest

Fig. 8.1 Site of lm~antatlon of a permanent pacemaker or lmr;jantabl& can:lloregion, but
It may be placed elseYotlere If necessary. (From Forbes C, Jackson W: Color aJla8 and
text of ciJnlcaJ fTI6dlcln6, St Louis, 2003, Mooby.l

vermr~ellbr111amr. The pacemaker Is usually Implanted In the left pectoral
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lCD: Tiered lllerapy

A
Ventricular tachycardia

Antitachyamfia pacing

Sinus rhythm

Ventricular tachycardia

Cerdloverslon shock

Sinus rhythm

B

c
Ventricular fibrillation

Defibrillation shock

Sinus rhythm

Fig. a. 2 Tiered (stllged) dysrlrflhma tharaP'f and l1111lantabla cardlovarl:llr-dsftbriiiHIDrs OCDs). Th&SI! dlllllc&S are capable
of aulllnatlcally dellve~lll stagad lharapy In lrllllllll! ventrlc!Jar tachycardia (V1) or ventrt:ular 11b~llatlon (VF), lnclurJng antitachycardia IJ!Cing A. or cardloverslon shockB B, for VT and dBIIMIIatlon shcD<B C, for VF. (from Goldberger AI., Gadberger ZD,
StMikfn A: GoldbB/rJflr'B cllnlc81 flleclrrJcatrJlslimpJitlsd spproach. ad 8, Philadelphia, 2013, Saunders.)

are delivered, the frequency of pacing, and the number of
cardiac chambers paced.
Complications of permanent pacing associated with the
implantation procedure include bleeding, local tissue reaction, pneumothorax, cardiac dysrhythmias, air embolism,
and thrombosis. Long-term complications of permanent
pacing may include infection, electrode displacement, heart
failure, fracture of the pacing lead, pacemaker-induced dysrhythmias, extemalization of the pacemaker generator, and
perforation of the right ventricle with or without pericardia!
tamponade.

Temporary Pacemakers
The pulse generator of a temporary pacemaker is located
externally. Temporary pacing can be accomplished through
transvenous, epicardial, or transcutaneous means.

TRANSVENOUS PACING
Transvenous pacemakers stimulate the endocardium of
the right atrium or ventricle (or both) by means of an
electrode introduced into a central vein, such as the subclavian, femoral, brachial, internal jugular, or external
jugular vein. Complications of temporary transvenous
pacing include bleeding; infection; pneumothorax; cardiac
dysrhythmias; Ml; lead displacement; fracture of the pacing lead; hematoma at the insertion site; perforation of the
right ventricle with or without pericardia! tamponade; and
perforation of the inferior vena cava, pulmonary artery,
or coronary arteries because of improper placement of the
pacing lead.

EPICARDIAL PACING
Epicardial pacing is the placement of pacing leads directly
onto or through the epicardium. Epicardial leads may be
used when a patient is undergoing cardiac surgery and the
outer surface of the heart is easy to reach.

TRANSCUTANEOUS PACING
Transcutaneous pacing (TCP), also called temporary external pacing or noninvasive pacing, is the use of electrical
stimulation through pacing pads positioned on a patient's
torso to stimulate contraction of the heart. TCP is indicated for significant bradycardias that are unresponsive
to atropine therapy or when atropine is not immediately
available or indicated. It may also be used as a bridge until
transvenous pacing can be accomplished or the cause of
the bradycardia is reversed (e.g., drug overdose, hyperkalemia). Standby pacing refers to the application of the pacing pads to the patient's chest in anticipation of possible
use, but pacing is not yet needed. For example, standby
pacing is often warranted when second-degree AV block
type II or third-degree AV block is present in the setting
of acute MI.
TCP requires attaching two pacing electrodes to the skin
surface of the patient's outer chest wall. The electrical signal
exits from the negative terminal on the machine (and subsequently the negative electrode) and passes through the chest
wall to the heart. The range of output current of a transcutaneous pacemaker varies depending on the manufacturer
(Fig. 8.3).
1he primary limitation of TCP is patient discomfort that
is proportional to the intensity ofskeletal muscle contraction
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a.

Fig. 3 An exampi& of a moniiDr/d&flbrlllaiDr !hill provld&S cardiac monlto~ng'
dllllbrlllatbl, alriii!MIIIIIon, mllnlniDJ!anEious J8:1ng. (CoPYitlhl C2G16 Madtronlc.
All rights resarved. l.lwl with 1he permission of Madtronlc.)

Fig.
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a.

4 E.llllmple of a temporary unipolar pacing lead. (Cqlyrlght 02016
Medtronlc. All ~ghts reserved. l.5ed with 1he permission of Medtrnnlc.)

and the direct electrical stimulation of cutaneous nerves.
Because TCP is uncomfortable, the administration of sedatives or analgesia is usually necessary in responsive patients.
Temporary transvenous pacing is indicated when prolonged
TCP is needed.
Possible complications ofTCP include the following:
• Coughing
• Skin bums

• Interference with sensing from patient agitation or muscle
contractions
• Discomfort as a result of the electrical stimulation of the
skin and muscles
• Failure to recognize that the pacemaker is not capturing
• Tissue damage. including third-degree burns, with improper or prolonged TCP
• When pacing is prolonged, pacing threshold changes,
thereby leading to capture failure

Pacing Lead Systems
[Oblectlves 2, 3)
Pacemaker lead S}'5tems may consist of single, double, or
multiple leads. The exposed portion of the pacing lead-that
is, the electrode-is placed in direct contact with the heart.
Pacing, wo called pacemahr firing, occurs when the pacemaker's pulse generator delivers energy (milliamperes [rnA])
through the pacing electrode to the myocardium. Evidence
of pacing can be seen as a vertical Une or spike on the electrocardiogram (ECG). Capture is the successful conduction
of an artificial pacemaker's impulse through the myocardium, resulting in depolarization. Capture is obtained after
the pacemaker electrode is properly positioned in the heart;
with one-to-one capture, each pacing stimulus results in
depolarization ofthe appropriate chamber. On the ECG, evidence of electrical capture can be seen as a pacemaker spike
followed by an atrial or a ventricular complex. depending on
the cardiac chamber that is being paced. Mechanical capture
is assessed by palpating the pati.enfs pulse or by observing

Fig. a.& E.llllmpl& of a bipolar pacll'(llead. (Capy~ght @2016 Madlronlc. All
~ghts reserved. Used with th& permission at Madtronlc.)

right atrial pressure, left atrial pressure, or pulmonary artery
or arterial pressure waveforms.
A unipolar electrode has one pacing electrode that is
located at its distal tip (Fig. 8.4). The negative electrode is
in contact with the cardiac tissue, and the pulse generator
(located outside the heart) functions as the positive electrode.
1he pacemaker spike produced by a unipolar lead system is
often large because of the distance between the positive and
negative electrode. Unipolar leads are less commonly used
than bipolar lead systems because of the potential for pacing
the chest wall muscles and the susceptibility of the unipolar
leads to electromagnetic interference.
A bipolar lead system contains a positive and negative
electrode at the distal tip of the pacing lead wire (Fig. 8.5).
Most temporary transvenous pacemakers use a bipolar lead
system. A permanent pacemaker may have either a bipolar
or a unipolar lead system. The pacemaker spike produced by
a bipolar lead system is smaller than that of a unipolar system because of the shorter distance between the positive and
negative electrodes (Fig. 8.6).
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Bipolar spike

Unipolar spike

Fig. 8.8 Bipolar and unipolar pacing. A, Pacemaker spike produced by a b_,olar lead system. B, ~akBr spike produced by a unipolar lead systsm. (Fran lkden LD, Stacy KM, Lough ME: CrltJcal car6 nursing, ed 8, StLouis, 2018, Mosby.)

Fig. B.7 Bectrocanlogram of a Single-Chamber pacemaker with atrial pacing spikes (anti~

Fig. a .a Electrocardiogram of a Single·chamber pacemaker wi1h ventrk:ular pacing spikes (at1lMS).

PACING CHAMBERS AND
MODES
A pacemaker S)'!tem may be single or dual chamber.

Single-Chamber Pacemakers
[Obiactiva& 4, 5)
A pacemaker that paces a single heart chamber, either the
atrium or ventricle, has one lead placed in the heart. Atrial
pacing is achieved by placing the pacing electrode in the
right atrium. Stimulation of the atria produces a pacemaker

spike on the ECG followed by a P wave (Fig. 8.7). Atrial pacing may be used when the SA node is diseased or damaged,
but conduction through the AV junction and ventricles is
nonnal. This type of pacemaker is ineffective if an AV block
develops because it cannot pace the ventricles.
Ventricular pacing is accomplished by placing the pacing
electrode in the right ventricle. Stimulation of the ventricles
produces a pacemaker spike on the ECG followed by a wide
QRS, resembling a ventricular ectopic beat (Fig. 8.8). The
QRS complex is wide because a paced impulse does not follow the nonnal conduction pathway in the heart A singlechamber ventricular pacemaker can pace the ventricles but
it cannot coordinate pacing with the patient's intrinsic atrial
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rate. This results in asynchronous contraction of the atrium
and ventricle (ie., AV asynchrony). Because of this loss of
AV synchrony, a ventricular demand pacemaker is rarely
used in patients with an intact SA node. Conversely, a ventricular demand pacemaker may be used for patients with
chronic atrial fibrillation.

Dual-Chamber Pacemakers
[Oblec11ves 4, 5]
A dual-chamber pacemaker uses two leads: One lead is
placed in the right atrium and the other in the right ventricle
(Fig. 8.9). Dual-chamber pacing is also called physiologic pacing. A dual-chamber pacemaker stimulates the right atrium
and right ventricle sequentially (stimulating first the atrium
and then the ventricle), mimicking normal cardiac ph)l5iology and thus preserving the atrial contribution to ventricular
filling (ie., atrial kick).
When spontaneous atrial depolarization does not occur
within a preset interval, the atrial pulse generator iires and
stimulates atrial depolarization at a preset rate. The pacemaker is programmed to wait-simulating the normal delay
in conduction through the AV node (Le., the PR interval).
The artificial or electronic PR interval is referred to as an
atrioftlltric:ular (AV) interval (Fig. 8.10). If spontaneous

Pacemaker Rhythms

ventricular depolarization does not occur within a preset interval. the pacemaker fires and stimulates ventricular
depolarization at a preset rate.

Biventricular Pacemakers
A biventricular pacemaker has three leads-one lead for
each ventricle and one lead for the right atrium. This device
uses cardiac resynchronization therapy to restore normal
simultaneous ventricular contraction for patients with
heart failure, thereby improving cardiac output and exercise tolerance.

Fixed-Rate Pacemakers
[OblecUve 5]
A fixed-rate pacemaker, also known as an asynchronous
pacemaker, continuously discharges at a preset rate (usually
70 to 80 impulses/min) regardless of the patient's heart rate
or metabolic demands. An advantage of the fixed-rate pacemaker is its simple circuitry, reducing the risk of pacemaker
failure; however, this type of pacemaker does not sense the
patient's own cardiac rhythm. This may result in competition
between the patient's cardiac rhythm and that of the pacemaker. Ventricular tachycardia or ventricular fibrillation
may be induced if the pacemaker were to fire during the T
wave (i.e., the vulnerable period) of a preceding patient beat
Fixed-rate pacemakers are not often used today.

Demand Pacemakers
[OblecUve 5]
A demand pacemaker, also known as a synchronous or non-

competitive pacemaker, discharges only when the patient's

Right ventricle

Fig. B.9 Pacing leads In bath 1hB atrtum and 1hB vant~de enablll a dualchamber 18C9makar ID sensa and 18C9 In bath heart chambers. from Lewis Sl,
Budlar I., Haltkamper MM, Haning MM: Medlcal-surg/caJ nursing: 8SS8SSfTI6I1t tllld
11l8118g81T18Jlt ofcllnlcBI prob/sms, ed 10, St Louis, 2017, Els!Mer.)

heart rate drops below the pacemaker's base rate. For
example, if the demand pacemaker was preset at a base rate
of 70 impulses/min, it would sense the patient's heart rate
and allow electrical impulses to flow from the pacemaker
through the pacing lead to stimulate the heart only when the
rate falls below 70 beats/min. Demand pacemakers can be
programmable or nonprogrammable. The voltage level and
impulse rate are preset at the time ofmanufacture in nonprogrammable pacemakers.

Fig. 8.1 0 Electrwlrdlogram of a dual-<:hamber 18C&maker wlltl atrtal pacing spikes (Al and vantrtwlar pact~ splkas M- AV. A111Mntrlcular lntaNal.
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lrJ:IIi:!l Revised NASPEIBPEG Generic Code for Antibractycardia Pacing
I

II

category

Chamber(s) Paced

Chamber(s) Sensed Response to Sensing Rate Modulation

0= None
A=Atrium

O=None
A=Atrium
V =Ventricle
D = Dual (A + V)
S = Single (A or V)

Manufacturer's
designation only

V = Ventricle
D = Dual (A + V)
S = Single (A or V)

Ill

v

Position

IV

O=None
T =Triggered
I= Inhibited
D = Dual (T + I)

Muldslte Pacing

0 = None
0 = None
R = Rate modulation A =Atrium
V = Venb1cle
D = Dual (A + V)

NASPE/BPEG, North American Society of Pacing and Electrophysiology/British Pacing and Electrophysiology Group.
From Bernstein A, Daubert J, Fletcher R, Hayes D, at al. The revised NASPEIBPEG generic coda for anUbradycardla, adaptive-rata, and multlslte pacing. North American Society of Pacing and Electrophysiology/British Pacing and Electrophysiology Group, Pacing Clln Elactrophyslol
2002;25(2):260-264.

Aafractory
period

Alalt

pertad

Pacemaker Codes
[Obiactive 5]
Pacemaker codes are used to assist in identifying a pacemaker's preprogrammed pacing, sensing, and response
functions (Table 8.1). The first letter of the code identifies
the heart chamber (or chambers) paced (stimulated). A
pacemaker used to pace only a single chamber is represented by either A (atrial) or V (ventricular). A pacemaker
capable of pacing in both chambers is represented by D
(dual). The second letter identifies the chamber of the heart
where patient-initiated (i.e., intrinsic) electrical activity is
sensed by the pacemaker. The third letter indicates how the
pacemaker will respond when it senses patient-initiated
electrical activity. The fourth letter identifies the availability
of rate modulation (i.e., the pacemaker's ability to adapt its
rate to meet the body's needs caused by increased physical activity and then increase or decrease the pacing rate
accordingly). A pacemaker's rate modulation capability
may also be referred to as rate responsiveness or rate adaptation. The fifth letter denotes multisite pacing (i.e., biventricular pacing or more than one pacing site in one ventricle).
Although the use of all five letters is sometimes needed
for completeness, the :first three letters are always required
(Bernstein et al, 2002).
1he ventricular demand (VVI) pacemaker is a common
type of pacemaker. With this device, the pacemaker electrode is placed in the right ventricle (V); the ventricle is
sensed (V) and the pacemaker is inhibited (I) when spontaneous ventricular depolarization occurs within a preset
interval. When spontaneous ventricular depolarization
does not occur within this preset interval, the pacemaker
fires and stimulates ventricular depolarization at a preset
rate (Fig. 8.11). P waves can appear anywhere in the cardiac
cycle and have no relationship with the QRS complexes
because a ventricular demand pacemaker does not sense or
pace atrial activity. A disadvantage of ventricular demand
pacing is its fixed rate, regardless of the patient's level of
phf5ical activity.

Fig. 8.11 During the 111fractory period, a vent~cular demand pacemaker
does not sense any elact~cal activity. The rafractDry period Is followad by the alert
pe~od. If no QRS romplex Is sensed by the end of ttl& alert psr1od, the pacemaker
f1111s and stlmulaiBB ventricular depolarization at a preset rata. {From Goldberger
AI..: CllnlcBllll8ctrrJcsrrJiy: a s/mpl/fl9d approach, ad 7, St. Louis, 2006,
Mosby.)

A dual-chamber pacemaker may also be called a DDD

pacemaker, indicating that both the atrium and ventricle
are paced (D), both chambers are sensed (D), and the pacemaker has both a triggered and inhibited mode of response
(D) (Fig. 8.12). The presence of a DDD pacemaker does not
necessarily mean that the pacemaker is in DDD mode. DDD
pacemakers can be programmed to VVI mode, depending on patient need (e.g., the development of chronic atrial
:fibrillation).
A defibrillator code was developed in 1993, and it is
used to describe the capabilities and operation of ICDs
(Table 8.2).

PACEMAKER MALFUNCTION
Problemsthat can occur withpacinginclnde failure topace, failure
to capture. and failure to sense (e.g.. undersensing, oversensing).

Failure to Pace
[OIJiac:tive 6)
Failure to pace, also referred to as failure to fire or failure
ofpulse generation, is a pacemaker malfunction that occurs
when the pacemaker fails to deliver an electrical stimulus
at its programmed time. Failure to pace is recognized on
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Du•I·Ch•mber (DDD) Pacam•kar FUnction.
A. Atrial sensing

Venb1cular pacing

B. Atrial pacing
Venb1cular pacing
C. Atrial pacing
Venb1cular sensing

~
_ JI
l...__.,----E'\--f tL....._.r

I
111

..-. ~
·I

IA-/\~\-,,.._r

rl---'--VJ~
~

II

D. Atrial and ventricular ...-J
senslng

~L-"--

Fig. 8.12 A dual-chamber (ODD) pacamakar sen88S and paces In both 1he lllr1a and ventricles. Th& pac&maksr emits
a stimulus (spke) whemMir an lnt~nslc P wave or CRS complmc Is nlll sensed 'llflhln 90018 pqJramrnad Urns lntsrval. (Fitlll
Golll!arg&r AI..: CIJnlcsJ 918ctrrJcsnJ/ogy: as/mp//fl6d spprosch, ad 7, St. LeuIs, 2006, Mosby.)
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NASPEIBPEG Defibrillator Codes

Position I

Position II

Position Ill

PosiUon IV

Shock Chamber

Antitachycanlia Pacing Chamber

Tachycantia Detection

Antibradycardia Pacing Chamber

0= None
A=Atrium
V= Ventricle
D = Dual (A + V)

0 =None
A= Atrium
V=Ventrlcle
D = Dual (A + V)

E =Electrogram

O=None
A=Atrium
V =Ventricle
D = Dual (A + V)

H = Hemodynamic

NASPEIBPEG, North American Society of Pacing and Electrophysiology/British Pacing and Electrophysiology Group.
From Bernstein AD, Camm AJ, Fisher JD, Fletcher AD, at al. North American Society of Pacing and Electrophysiology policy statement: The NASPEI
BPEG defibrillator coda, Pacing Clin Bectrophysiol1993;16: 1776-1780.
Failure to pace

Fig. 8.13 Failure to pace. (From Lynn-McHale Wiegar'lj DJ, editor: MCN proce(}ure manual for Cl1lic8J care, ed 6,
Philadelphia, 2011, Saurrlers.)

the ECG as an absence of pacemaker spikes, even though
the patient's intrinsic rate is less than that of the pacemaker,
and a return of the underlying rhythm for which pacing
was initiated (Fig. 8.13). Patient signs and symptoms may
include bradycardia, chest discomfort, hypotension, and
syncope.
Causes of failure to pace are listed in Box 8.2. Treatment
may include adjusting the sensitivity setting, replacing the
pulse generator battery, replacing the pacing lead, replacing
the pulse generator unit. tightening connections between the
pacing lead and pulse generator, or removing the source of
electromagnetic interrerence.

Failure to Cepture
[Obiactive B]
FaUure to capture is the inability of the artificial pacemaker
stimulus to depolarize the myocardium and is recognized
on the ECG by visible pacemaker spikes not followed by
P waves (if the electrode is located in the atrium) or QRS

•:m:w.. Causes of Failure to Pace
•
•
•
•
•

Battery failure
Fracture of the pacing lead wire
Displacement of the electrode tip
Pulse generator failure
Broken or loose connection between the pacing lead
and the pulse generator
• Electromagnetic interference
• Sensitivity set too high
complexes (if the electrode is located in the right ventricle)
(Fig. 8.14). Patient signs and symptoms may include bradycardia, fatigue, and hypotension.
Causes of failure to capture are shown in Box 8.3. If the
problem is a result of low output energy, slowly increasing
the output setting (m.A) until capture occurs may resolve the
problem. With transvenous pacing, repositioning the patient
to the left side may promote the contact of a transvenous
pacing lead with the endocardium and septum.
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Capture

Capture

Failure to

Capture

Fig. 8.14 Failure to captura.

1:m:~ 11 Causes of Failure to Capture

• Displacement of pacing lead wire (common causa}
• Output energy O.e., mA) set too low {common cause)
• Battery failure
• Fracture of the pacing lead wire
• Edema or scar tissue formation at the electrode tip
• Increased stimulation threshold as a result of medications or electrolyte imbalance

Failure to Sense
[Oblectlve &]
Senlitivity is the extent to which an artificial pacemaker
recognizes intrinsic cardiac electrical activity. Unclenensing
occurs when the artificial pacemaker fails to recognize spontaneous myocardial depolarization and it is recognized on
the ECG by pacemaker spikes that occur within P waves,
pacemaker spikes that follow too closely behind the patient's
QRS complexes, or pacemaker spikes that appear within T
waves (Fig. 8.15). Because pacemaker spikes occur when
they should not. this type of pacemaker malfunction may
result in pacemaker spikes that fall on T waves (i.e., R-on-T
phenomenon), competition between the pacemaker and the
patient's own cardiac rhythm, or both. The patient may complain of palpitations or skipped beats.
Causes offailure to sense are shown in Box 8.4. Treatment
may include increasing the sensitivity setting, replacing the
pulse generator battery, or replacing or repositioning the
pacing lead.
Ovusenlling is a pacemaker malfunction that results
from inappropriate sensing of extraneous electrical signals.
Atrial sensing pacemakers may inappropriately sense ventricular activity; ventricular sensing pacemakers may misidentify a tall, peaked intrinsic T wave as a QRS complex.
Oversensing is recognized on the ECG as pacemaker spikes
at a rate slower than the pacemaker's preset rate or no paced
beats even though the pacemaker's preset rate is greater than
the patient's intrinsic rate (Pig. 8.16). Treatment includes
adjustment of the pacemaker's sensitivity setting or possible
insertion of a bipolar lead if oversensing is caused by unipolar lead dysfunction.

ANALVZING PACEMAKER
FUNCTION ON n-IE ECG
[Oblectlve 7)
To practice analyzing pacemaker function on the ECG, let's
look at Fig. 8.17. The first step in our analysis of this rhythm
strip should include identification of the patient's underlying
rhythm and its rate, if possible. Pig. 8.17 provides a look at
the patient's rhythm from two leads, and six QRS complexes
are visible in each lead. Each QRS complex is preceded by
one upright P wave. Based on this information, we know that
the underlying rhythm is sinus in origin. The atrial and ventricular rates are regular at 65 beats/min.
Next, let's look for evidence of paced activity (i.e., atrial
pacer spikes, ventricular pacer spikes, or both) and evaluate
the paced interval The paced interval also called the automatic inte~al, is the period between two consecutive paced
events in the same cardiac chamber. Measure the distance
between two consecutively paced atrial beats using calipers
or paper when atrial pacer spikes are present. Because there
is no pacemaker spike before any of the P waves in this
rhythm strip, there is no evidence of paced atrial activity;
however, a pacer spike is clearly visible before each QRS
complex.
Because paced ventricular activity is present. we must
evaluate the rate and regularity ofthe ventricular paced interval by measuring the distance between two consecutively
paced ventricular beats. The ventricular paced interval is
regular at 65 pulses/min. lfboth atrial and ventricular pacemaker spikes were present, you would know that this patient
had a dual-chamber pacemaker. Because only wide-QRS
complexes are present and each QRS is preceded by a pacemaker spike, it is reasonable to conclude that this patient has
a ventricular pacemaker. Next. compare the escape interval
with the paced interval measured earlier. The escape interval
is the time measured between a sensed cardiac event and the
next pacemaker output. The paced interval and escape interval should measure the same. In Fig. 8.17, the paced interval
and the escape interval are the same.
Next, analyze the rhythm strip for failure to pace, failure to capture, and failure to sense. Remember that with
failure to pace, the ECG will reveal an absence of pacemaker spikes at their programmed time. Because the pacer
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Rg. 8.111 Undersanslng.

•:m:~~

•
•
•
•
•
•
•
•

causes of Failure to Sense

Displacement of the electrode tip (most common cause)
BaHery failure
Fracture of the pacing lead wire
Decreased P wave or QRS voltage
Circuitry dysfunction (e.g., pulse generator unable to process the QRS signal)
Increased sensing threshold from antiarrhythmic medications
Severe electrolyte disturbances
Myocardial perforation

Atrial

paced beat

Elcpectsd venb1cular
paced beat

a

Fig. 8.1 Ventr1cular oversenslng and passl~y vanll1cular pulse ganeratkm 1aJlure. Venll1cular spike expected at 150
msec. Venb1cular spike and corresponding ventricular depola~zatlon did not occur at points A and B. Also, at~al timing rasst by
overBBnsed ventricular ac1Mty resui!Bd In erratic ab1al pacing (suspicious fa" fracture af ventricular lead). (From Lynn-McHala
Wlagand DJ, Bdtnr: AACN procedur9 manual frJr crltJcBJ catB. ed 6, Philadelphia, 2011 , Saunders.)

Rg. 8.17 Practice sll1p, analy.zlng paa~maker function. (From Aahlart B: ro2 stJJdy C8lds, Sl Louis, 2004, Masby.)
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spikes in Fig. 8.17 occur regularly, we know that failure to
pace is not present. When failure to capture occurs, pacer
spikes appear regularly but the wavefunns after them are
periodically absent (i.e., P waves are periodically absent if
the pacing electrode is in the atrium, QRS complexes are
periodically absent if the pacing electrode is in the ventricle). Because there is a 1:1 relationship between pacemaker
spikes and QRS complexes in this rhythm strip, we know
that 100% ventricular capture is present. When failure to
sense exists, unexpected paced beats or unexpected pacer
spikes are present (i.e., undersensing), or prolonged pauses
are present (i.e., oversensing). Evaluation of the waveforms
and pacer spikes in Fig. 8.17 reveals that there are no unexpected beats, there are no unexpected pacer spikes, and
there are no prolonged pauses; thus, failure to sense is not
present.
Before we complete our interpretation, we should
briefly discuss what looks like ST-segment elevation in this
rhythm strip. The QRS complexes are negatively deflected
(i.e., a QS configuration), and the ST segments and T
waves are in the opposite direction of the last portion of
the QRS complex. As you have learned, these findings are
common in ventricular rhythms and in left bundle branch
block (LBBB). A ventricular paced beat can be thought of
as a manmade LBBB. Consider that when LBBB occurs,

the electrical impulse travels down the right bundle branch

and depolarizes the right ventricle, and the impulse spreads
through the myocardiwn to depolarize the left ventricle.
Pacemakers are most often introduced into the right ventricle. When a pacemaker fires, it sends its impulse into the
right ventricle, which depolarizes, and the impulse is spread
through the myocardiwn to depolarize the left ventricle.
Therefore, just as with LBBB, ventricular paced rhythms
may exhibit ST-segment elevation that is not the result of
any infarct-related causes because ventricular depolarization is abnormal.

0

ECG Peart _ _ _ _ _ _ _ __

Careful correlation of the patient's ECG, his or her clinical
presentation, and the results of other diagnostic studies is
essential.

In summary, we will identify the rhythm strip in Fig. 8.17

as a sinus rhythm with a ventricular pacemaker and 100%
capture and a paced interval of65 pulses/min. If the patient's
intrinsic rate were different from that of the pacemaker,
we would include the paced rate in pulses per minute and
the patient's heart rate in beats per minute in our rhythm
description.
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STOP & REVIEW
Matching
Match the terms below with their descriptions by placing the letter of each correct answer in the space provided.

a. AV interval

i. Failure to pace

b. Oversen.sing
c. Dual chamber
d. Inhibition
e. Demand
f. Failure to capture
g. Baserate
h. Pacemaker spike

j. Rate modulation

k. Pulse generator
I. Undersensing

m. 11ueshold
n. Paced interval
o. Fixed rate

_ _ 1. A vertical line on the ECG that indicates the pacemaker has discharged

__ 2. A pacemaker malfunction that occurs when the artificial pacemaker fails to recognize spontaneous myocardial depolarization
__ 3. A pacemaker malfunction that occurs when the artificial pacemaker stimulus is unable to depolarize the myocardium
__ 4. 'Ihe period between two consecutive paced events in the same cardiac chamber
__ 5. 'Ibis type of pacemaker stimulates the atrium and ventricle
__ 6. In dual-chamber pacing, the length of time between an atrial sensed or atrial paced event and the delivery of
a ventricular pacing stimulus; an artificial or electronic PR interval
__ 7. 'Ibis type of pacemaker discharges only when the patient's heart rate drops below the preset rate fur the pacemaker
__ 8. Ability of a pacemaker to increase the pacing rate in response to physical activity or metabolic demand
__ 9. 'Ibis type of pacemaker continuously discharges at a preset rate regardte$8 of the patient's intrinsic activity
__ 10. A pacemaker malfunction that results from inappropriate sensing ofextraneous electrical signals
_ _ 11. Power source that house$ the battery and circuitry for regulating a pacemaker
__ 12. 'Ihe rate at which the pacemaker's pulse generator initiates impulSe$ when no intrinsic activity is detected; expressed in
pulses per minute
__ 13. 'Ihe minimum amount of voltage (i.e., milliamperes) needed to obtain consistent capture
_ _ 14.. Pacemaker response in which the output pulse is suppressed when an intrinsic event is sensed
__ 15. A pacemaker malfunction that occurs when the pacemaker fails to deliver an electrical stimulus at its programmed
time

Pacemaker Rhythms-Practice Rhythm Sbips
For each of the following rhythm strips, identify the patient's underlying rhythm (if possible); determine the presence of atrial
paced activity, ventricular paced activity, or both; and then analyze the rhythm strip for pacemaker malfunction. All rhythm
strips were recorded in lead II unless otherwise noted.
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Fig. 8.1 8 (From Aehlert B: ECG studj catrJs, st. Louis, 2004, Mosby.)
16. Fig. 8.18. These rhythm strips are from a 52-year-old man with syncope.

Atrial paced activity?

Ventricular paced activity? _ _ _ _ _ _ _ __

Pacemaker malfunction? _ _ _ _ _ _ _ _ _ Interpretation: _ _ _ _ _ _ _ _ _ _ _ __

Fig. 8.1 8 (From Aehlert B: ECG studj catrJs, st. Louis, 2004, Mosby.)
17. Fig. 8.19

Atrial paced activity? _ _ _ _ _ _ _ _ _ _ Ventricular paced activity? _ _ _ _ _ _ _ __
Pacemaker malfunction? _ _ _ _ _ _ _ _ InterpretatioD: _ _ _ _ _ _ _ _ _ _ _ __

Fig. 8.20 (From Sol9 ML, Klein DG, MCIHIIay MJ: lnlrod1Jclion tD aiiJcBJ C8l9 nutSing. ad 5, Philadelphia, 2008, Saum&s.)
18. Fig. 8.20

Atrial paced activity? _ _ _ _ _ _ _ _ _ Ventricular paced activity? _ _ _ _ _ _ _ __
Pacemaker malfunction? _ _ _ _ _ _ _ _ Interpretation:-------------
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Rg. 8.21 (Modified from Aehlert B: fCG studyQll$, St. Louis, 2004, Mosby.)
19. Rg. 8.21. These rhythm strips are from a 63-year-old man complaining ofepigastric pain.

Atrial paced activity?

Ventricular paced activity? _ _ _ _ _ _ _ __

Pacemaker malfunction? _ _ _ _ _ _ _ _ I n t e r p r e t a t i o n : - - - - - - - - - - - -

Fig. 8.22 (Modified from Ashlert B: ECG stJJdy C8lds, St Louis, 2004, Mooby.)

20. Rg. 1.22. This rhythm strip is from a 97-year-old man with chest pain.

Atrial paced a c t i v i t y ? - - - - - - - - - Ventricular paced a c t i v i t y ? - - - - - - - - Pacemaker malfunction? _ _ _ _ _ _ _ _ Interpretation: _ _ _ _ _ _ _ _ _ _ __

Rg. 8.23 (Fran Ashlert B: fCG stiJdy cards, St l..ools, 2004, Mooby.)
21. Rg.8.23

Atrial paced a c t i v i t y ? - - - - - - - - - Ventricular paced a c t i v i t y ? - - - - - - - - Pacemaker malfunction?-------- I n t e r p r e t a t i o n : - - - - - - - - - - - -
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Fig, 8.24 (Modified from Aehlert B: ECG study cards, st Louis, 2004, Mooby.)

22. Fig. 8.24

Atrial paced a c t i v i t y ? - - - - - - - - - Ventricular paced a c t i v i t y ? - - - - - - - - -

Pacemaker malfunction' _ _ _ _ _ _ _ _ Interpretation:-------------

Rg. 8 •.215 [From Aehlert B: ECG stW/ cards, St Lools, 2004, Mooby.)

23. Fig. 8.25

Atrial paced activity? _ _ _ _ _ _ _ _ _ Ventricular paced activity? _ _ _ _ _ _ _ __

Pacemaker malfunction' _ _ _ _ _ _ _ _ Interpretation:-------------

Fig. 8.28

24. Fig. 8.26

Atrial paced activity? _ _ _ _ _ _ _ _ _ Ventricular paced a c t i v i t y ? - - - - - - - - -

Pacemaker malfunction' _ _ _ _ _ _ _ _ Interpretation:-------------
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8.27 (From Aahlart B: ECG Bllldj CB!ds, St. Louis, 2004, Mosby.)

25. Fig. 8.2'7. 1his rhythm strip is from a 90-year-old woman with shortness of breath.
Atrial paced activity? _ _ _ _ _ _ _ _ _ Ventricular paced a c t i v i t y ? - - - - - - - - -

Pacemaker malfunction~ _ _ _ _ _ _ _ _ Interpretation:-------------

~
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Flg.B.2B
26. Fig. 8.28
Atrial paced a c t i v i t y ? - - - - - - - - - Ventricular paced a c t i v i t y ? - - - - - - - - -

Pacemaker malfunction? _ _ _ _ _ _ _ _ I n t e r p r e t a t i o n : - - - - - - - - - - - - -

Flg.B.29

"D. Fig. 8.29

Atrial paced activity? _ _ _ _ _ _ _ _ _ Ventricular paced a c t i v i t y ? - - - - - - - - - -

Pacemaker malfunction? _ _ _ _ _ _ _ _ I n t e r p r e t a t i o n : - - - - - - - - - - - - -
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Flg.B.30
28. Fig. IL3D

Atrial paced activity? _ _ _ _ _ _ _ _ _ Ventricular paced activity? _ _ _ _ _ _ _ __
Pacemaker malfunction? _ _ _ _ _ _ _ _ I n t e r p r e t a t i o n : - - - - - - - - - - - - -

rt:r:- l:torl:t:m lm 1;r:t1t1·1't rr' tr. : :11::-t

•
Rg. 8.31 (Moolfted from Ashlert B: ECG study c:anis, St. Louis, 2004, Mosby.)

29. Fig. 8.31. This rhythm strip is from an 80-year-old woman complaining of weakness.
Atrial paced activity?

Ventricular paced activity? _ _ _ _ _ _ _ __

Pacemaker malfunction' _ _ _ _ _ _ _ _ Interpretation: _ _ _ _ _ _ _ _ _ _ _ __

Flg.B.32

30. Fig. 8.32

Atrial paced a c t i v i t y ? - - - - - - - - - Ventricular paced a c t i v i t y ? - - - - - - - - Pacemaker malfunctionf _ _ _ _ _ _ _ _ Interpretation:-------------
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STOP & REVIEW I ANSWERS
1.
2.
3.
4.
5.

H
L

F
N

c

6. A
7. E

8. J
9. 0
10. B
11. K
12. G
13. M
14. D
15. I

Practice Rhythm Strip Answers
Note: Because of the distortion ofECGs that can occur
during printing. a range of acceptable measurements is provided in the rhythm strip answers throughout this textbook.
16. Rg.&18

Atrial paced ac:tivity? Yes
Ventricular paced activity? No
Pacemaker malfunction? No
Interpretation: Atrial paced rhythm with 10096 capture
at 79 pulses/min
17. Flg.8.19

Atrial paced activity? Yes
Ventricular paced activity? Yes
Pacemaker malfunction? No
Interpretation: Dual-chamber pacem.ake.r rhytlun with
10096 capture at 79 pulses/min
18. Rg.UO
Atrial paced activity? No
Ventricular paced activity? Yes
Pacemaker malfunction? Yes-failure to capture; 7 of
9 paced impulses captured
Interpretation: Ventricular paced rhythm at 65 pulses/
min with failure to capture
19. Rg.8.21

Atrial paced activity? Yes
Ventricular paced activity? Yes
Pacemaker malfunction? No
Interpretation: Dual-chamber pacemaker rhythm
with 10096 capture at 88 pulses/min
20. Fig.822

Atrial paced activity? Yes
Ventricular paced activity? Yes
Pacemaker malfunction? Yes-failure to capture; 4 of
6 paced impulses captured
Interpretation: Dual-chamber pacemaker rhythm at
60 pulses/min with failure to capture

21. Fig. 8.23

Atrial paced activity? No
Ventricular paced activity? Yes
Pacemaker malfunction? No
Interpretation: Ventricular paced rhythm with 10096
capture at 68 pulses/min
22. Rg.8.24

Atrial paced activity? No
Ventricular paced activity? Yes
Pacemakermaifunction? No
Interpretation: Ventricular paced rhythm with 10096
capture at 80 pulses/min
23. Rg.8.25

Atrial paced activity? Yes
Ventricular paced activity? Yes
Pacemaker malfunction? No
Interpretation: Dual-chamber pacemaker rhythm with
10096 capture at 71 pulses/min
24. Rg.8.26
Atrial paced activity? No
Ventricular paced activity? Yes
Pacemaker malfunction? Yes-failure to capture; 3 of7
paced impulses captured (the first complex is not counted
because the pacer spike before the complex is not visible)
Interpretation: Ventricular paced rhythm at 79 pulses/
min with failure to capture
25. Rg.8.27

Atrial paced activity? No
Ventricular paced activity? Yes
Pacemaker malfunction? No
Interpretation: Ventricular-paced rhythm with 10096
capture at 60 pulses/min; underlying rhythm appears to
be a third-degree AV block
21. Fig. 8.28

Atrial paced activity? No
Ventricular paced activity? Yes
Pacemaker malfunction? No
Interpretation: Ventricular demand pacemaker at
60 pulses/min; underlying rhythm appears to be atrial
fibrillation
%7. Rg.8.29

Atrial paced activity? No
Ventricular paced activity? Yes
Pacemaker maifunction? Yes-failure to capture; 3 of
8 paced impulses captured
Interpretation: Ventricular demand pacemaker rhytlun
at 72 pulses/min with failure to capture
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28. Fig. 8.30
Atrial paced activity? No
Ventricular paced activity? Yes
Pacemaker malfunction? No
Interpretation: Ventricular paced rhythm with 100%
capture at 74 pulses/min; underlying rhythm appears to
be atrial flutter

28. Fig. 8.31
Atrial paced activity? No
Ventricular paced activity? Yes
Pacemaker malfunction? No
Interpretation: Ventricular paced rhythm with 100%
capture at 83 pulses/min

REFERENCES
Bernatein, A. D., Daubert,

J. C., Fletcher, R. D., Hayes. D. L.,

Liideritz. B., Reynolds, D. W., & Sutton, R. (2002). The revi&ed
NASPEIBPEG generic code for antibradycardia, adaptiverate, and multisite pacing. North American Society of Pacing
and ffiectrophysiology/British Pacing and Electrophysiology
Group. PACing Clin &ctrophysiol, 25(2), 260-264.

30. Fig. 8.32
Atrial paced activity? No
Ventricular paced activity? Yes
Pacemaker malfunctionf Yes-failure to sense (under-

sensing)
Interpretation:

Sinus rhythm at 88 beats/min with

a ventricular pacemaker and pacemaker malfunction
(undersensing); note the pacer spikes in the T waves of
the second and eighth beats from the left

LEARNING OBJECTIVES
AffBr reading t!Jis chapter, you should be able to:
1. Give examples of indications for using a 12-lead electroCc'lrdiogram
(ECG).
2. Explain 1he tenn electric8f axis and its significance.
3. Disct.ms the determination of electrical axis using leads I and aVF.
4. Recognize 1he changes on the ECG that may reflect evidence of myocardial ischemia, injury, or infarction.

KEY TERMS
bundle llnnch block (BBB): Adisruption in impulse conduction from
the bundle of His through 1he right or left bundle branch to 1he Purkinje
fibers; a BBB may be intermittent or permanent
electrical axil: Net direction, or angle in degrees. in which 1he main vector of depolartzaUon Is pointed

5. Describe the awearance of right and ten bundle branch block as seen
in leadV1.
6. Discuss 1he ECG changes that are charactelistic of right a1rial,ten atrial,
light ventricular. and left ventricular enlargement.
7. Identify the ECG changes characteristically produced by hyperl<alemia,
hypokalemia, hypercalcemia, and hypocalcemia.
8. Desaibe a systematic msthod for analyzing a 12-lead ECG.

YICIDr. Quantity having direction and magnitude, usually depicted by a
straight arrow whose length represents magn~ude and who-se head
represents direction

INTRODUC110N
[ObJective 1]
A standard 12-lead electrocardiogram (ECG) provides views
of the heart in both the frontal and horizontal planes and
views the surfaces of the left ventricle from 12 different
angles. Multiple views of the heart can provide useful information including the following:
• Identification ofST-segment and T-wave changes associated with myocardial ischemia, injury. and infarction
• Identification of ECG changes associated with certain
medications and electrolyte imbalances
• Recognition ofbundle branch blocks (BBBs)
Indications for using a 12-lead ECG are shown in Box 9.1.

lr."~ Indications for Obtaining a 12-Lead ECG
• Abdominal or epigastric •

pain
•

Assisting in dysrhythmia •

interprmation
• Chest pain or
dlscomfort

• Diabetic ketoacidosis
• Dizziness
•
•

•

Dyspnea
Electrical injuries
Known or suspected

•

Known or suspected medication
overdoses
Right or left ventricular failure

Status baforo and after electrical
therapy {e.g., defibrillation, cardio-

version, pacing}
Stroke
• Syncope or near syncope
• Unstable pelient ll1known etiology
•

electrolyte Imbalances
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Chapter 9

LAYOUT OF THE 12-LEAD
ELECTROCARDIOGRAM
Most 12-lead monitors record all 12 leads simultaneously
but display them in a conventional three-row by fourcolumn format. The standard limb leads are recorded in the
first column, the augmented limb leads in the second column, and the chest leads in the third and fourth columns
(Table 9.1).
1he 12-lead ECG provides a 2.5-second view of each lead
because it is assumed that 2.5 seconds is long enough to
capture at least one representative complex. Although most
• rJ:t• ::t: ~ • Layout of a Four-Column 12-Lead ECG

Chest Leads

Umbi.Bads

S1andard
Leads

Augmantltd

Leads

V1 toV3

V4 toVa

COlumn I

COlumn II

COlumn Ill

COlumn IV

1: Lateral

aVR: None
aVL: Lateral
aVF: Inferior

V1: Septum
V2: Septum
V3 : Anterior

V4: Anterior
V5 : Lateral
Ve: Lateral

II: Inferior

Ill: Inferior

Female

Room:

L.oc:

Caucasian

Vent. rate
PR interval
QRSdurallon
QT/QTc

P-R-Taxae

12-lead ECG machines obtain the signals for all leads at the
same time, other machines obtain the signals sequentially
(i.e., all limb leads, then the augmented limb leads followed
by leads V 1 through V 3 and finally leads V4 through V6).
The 12-lead computer's interpretive program provides measurements of intervals and duration in milliseconds (msec).
Seconds can be easily converted to milliseconds by moving
the decimal point three places to the right. An example of a
12-lead ECG is shown in Fig. 9.1.

VECTORS
[Obiactiva 2]
Leads have a negative (-) and positive (+) electrode pole that
senses the magnitude and direction of the electrical force
caused by the spread of waves of depolarization and repolarization throughout the myocardium. A vector (arrow) is a
symbol representing this force. A vector points in the direction of depolarization. Leads that face the tip or point of a
vector record a positive deflection on ECG paper. A mean
vector identifies the average of depolarization waves in one
portion of the heart. The mean P vector represents the average magnitude and direction of both right and left atrial

Normal sinus rhythm
Normal ECG

77bpm
156ms
80ms
356/402ms
73 56 60
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coronatY syndromes, ed 3, St. L..cuiS, 2012, Mosby.)
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+150°

.avL

c
Fig. 9.2 A. EinltKPJen's equilateral triangle formed by leads I, II, and Ill. B, The augmentEd leads are added to the equilateral triangle. C, The hexalcial reference system derived from 8. (From Chou T, Ramaiah L.S: ElectrocatrJiogy in clinical
/]faCfice: adult and pediatric, ed 4, Philadelphia, 1996, Saundm.)

depolarization. The mean QRS vector represents the average magnitude and direction of both right and left ventricular depolarization. The average direction of a mean vector
is called the mean axis and is only identified in the frontal
plane. An imaginary line joining the positive and negative
electrodes of a lead is called the axis of the lead. Electrlcal
am refers to the net direction, or angle in degrees, in which
the main vector of depolarization is pointed. When axis is
used by itself, it refers to the QRS axis.
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111/'1 \
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\
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[Oblectlves 2, 3]
During nonnal ventricular depolarization, the left side of
the interventricular septum is stimulated first The electrical
impulse then crosses the septum to stimulate the right side.
The left and right ventricles are then depolarized simultaneously. Because the left ventricle is considerably larger than
the right, right ventricular depolarization forces are overshadowed on the ECG. As a result, the mean QRS vector
points down {i.e., inferior) and to the left.
The axes ofleads I, II, and III form an equilateral triangle with the heart at the center (i.e., Einthoven's triangle)
(Fig. 9.2, A). Einthoven's law states that the sum of the
electrical currents recorded in leads I and III equals the
sum of the electrical current recorded in lead II. This can
be expressed as lead I+ lead III= lead II.
If the augmented limb leads are added to the equilateral triangle and the axes of the six leads move in a way in
which they bisect each other, the result is the hexaxial reference system (Pig. 9.2, B). The hexaxial reference sy5tem represents all of the frontal plane (limb) leads with the heart in
the center and is the means used to express the location of
the frontal plane axis. This system forms a 360-degree circle
surrounding the heart. The positive end of lead I is designated at 0 degrees. The six frontal plane leads divide the circle into segments, each representing 30 degrees. All degrees

Fig. 9.3 Alds of Blec1rlcal activation. A, Vectors for 1he limb leads In the frontal
plana. B, Hexadalreferencafor da!Bnnlnlng the frontal plane axis. NoiB ltlat the
YIICbJrs for leads I, II, and Ill 11n1 In the same dllliCilon as In A. blll now, similar ID the
augmen!Bd limb leads, these standard limb lead YIICbJrs have bean moved so that
!hay emanate from the canter of the figure. fran Goldman L.lwslalk:J DA, Arand W,
et al: C8c/l medlcJne, ad 23, Philadelphia, 2007, Saunders.)

B

in the upper hemisphere are labeled as negative degrees, and
all degrees in the lower hemisphere are labeled as positive
degrees (Fig. 9.2, C).
In the hexaxial reference system, the axes of some leads
are perpendicular to each other. Lead I is perpendicular to
lead aVF. Lead II is perpendicular to lead aVL. and lead III
is perpendicular to lead aVR. If the electrical force moves
toward a positive electrode, a positive (i.e., upright) deflection will be recorded. If the electrical force moves away from
a positive electrode, a negative (ie., downward) defiection
will be recorded. If the electrical force is parallel to a given
lead, the largest deflection in that lead will be recorded. If the
electrical force is perpendicular to a lead axis, the resulting
ECG complex will be isoelectric, equiphasic, or both in that
lead Notice that leads III and aVL are positioned on opposite (ie., reciprocal) sides of the hexaxial reference system
(Fig. 9.3). Axis determination can provide clues in the differential diagnosis of wide QRS tachycardia and localization
of accessory pathways.
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•A

~

"--

aVF+

Lead I

LeaclaVF

Axis

A
Normal

(Oto +90)

I+

1- ~)
aVF+

v

aVF-

~
I+ 1- ~
'-~

A

v

A

Right
(+90 to :!::180)

aVF-

Left
(0 to -90)

v

v

Northwest
(-90to :!:180)

Fig. 8.4 Determlnatkm of llRS axis quadrant by noting predominant CRS polarity In leads I and aVF. Normal axis: If the
QRS Is p~mar11y pasiUve In both I and aVF, !he axis falls within 1he normal quadrant from 0 to 90 degrees. Right axis devlllllon:
If the llRS arnplex is primarily negative in I and positive in aVF, right axis deviation is present left axis deviation: If the CAS

complex is predominantly positive in I and negative in aVF, left axis deviation is present. lndeterminllle axis: If the llRS is
prtma~ly negative In both I and aVF, a IT'IBikedly abnormal 'I ndetermlnam' or 'northwest' mds Is present (From Unlen LD, sta:y
KM, l.Dugh ME: CrfficaJ care mning, ed 8, st Leuis, 2018, Mosby.)

To determine electrical axis, look at the 12-lead ECG in
Fig. 9.1. Because the h.exa.xial reference system i.s derived
from the limb leads, we will be focusing on the leads shown
in the two columns on the left side of the figure (leads L II,
III, aVR, aVL, and aVP). Look fur the most equiphasic or i.soelectric QRS complexes in these leads. Lead aVL shows QRS
complexes that most closely reflect our criteria. The patient's
QRS axis i.s perpendicular to the positive electrode in lead
aVL. Look at the henxial reference system diagram (see Fig.
9.3) to determine which ECG lead i.s perpendicular to lead
aVL. Lead II i.s perpendicular to lead aVL. Now we know
that the patient's QRS axis is moving along the same vector
as lead II. Note that the values associated with lead II in the
ha.uial reference system diagram are -120 degrees and +60
degrees. To determine ifthe QRS axis is moving in a positive
or negative direction, look at lead II in Fig. 9.1 and determine if the QRS complex is primarily positive or negative
in this lead. You will see that the QRS is primarily positive
in lead II; therefore, this patient's QRS axis is approximately
+60 degrees. At the top of Fig. 9.1, you will see the computer's
calculation of the patient's P-QRS-T axes. The computer calculated the patient's QRS axis at +56 degrees. Our estimate of
+60 degrees was very close!
In adults, the normal QRS axis is considered to be between
-30 and +90 degrees in the frontal plane. Current flow to the
right of normal is called right axis deviation (between +90
and ± 180 degrees). Current tlow in the direction opposite of
normal is called indeterminate, "no man's land," northwest, or
extreme right axis deviation (between -90 and ±180 degrees).
Current flow to the left of normal i.s called left axis deviation
(between -30 and -90 degrees).
Shortcuts exist to determine axis deviation. Leads I and
aVP divide the heart into four quadrants. These two leads
can be used to quickly estimate electrical axis. In leads
I and aVF, the QRS complex is normally positive. If the

QRS complex in either or both of these leads is negative,
axis deviation is present (Fig. 9.4).
Right axis deviation may be a normal variant, particularly in the young and in thin individuals. Other causes of
right axis deviation include mechanical shifts associated with
inspiration or emphysema, right ventricular hypertrophy,
chronic obstructive pulmonary disease, Wolff-ParkinsonWhite syndrome, and pulmonary embolism.
Left axis deviation may be a nonnal variant, particularly
in older and obese individuals. Other causes ofleft axis deviation include mechanical shifts associated with expiration; a
high diaphragm caused by pregnancy, ascites, or abdominal
tumors; hyperkalemia; emph)15ema; left atrial hypertrophy;
and dextrocardia.

ACUTE CORONARY
SYNDROMES
[Oblactlva 4]
You will recall from Chapter 1 that acute coronary syndromes (ACSs) are conditions that are caused by an abrupt
reduction in coronary artery blood flow. Partial or intermittent blockage of a coronary artery may result in no clinical signs and symptoms (silent ischemia), unstable angina
(UA), non-ST-elevation MI (NSTEMI), or, possibly, sudden
death. Complete blockage of a coronary artery may result in
ST-elevation MI (STEMI) or sudden death. UA and NSTEMI
are often grouped together as non-ST-elevation acute coronary syndromes (NSTE-ACS) because ECG changes associated with these conditions usually include ST-segment
depression and T-wave inversion in the leads that face the
a1fected area. Cardiac biomarkers (e.g., troponins) are elevated when an infarction is present Biomarkers are not elevated in patients with UA because there is no tissue death.
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Left circumflex coronary
artery

Right
coronary
artery

Left anterior dHC:enclng
corvnary artery
\LJI.IIi!fol. - Acute coronary
arterial ooclus1on

.,,,,...,.8 _

Cross-aaction
of myD!)Brdlum
ObstiUcted
coronary
artery

~~ill\

\

/

Zone ar perfualon
(araa at risk)

Ohr
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24hr

Fig. 9.& Progression of a myocardial Infarction. (From Kumar V, Abbas AK, Aster JC: Robbins basic pa/ho/ogy, ed 9,
Philadelphia, 2013, saunders.)

The diagnosis of an ACS is made on the basis of the
patient's clinical presentation, history, ECG findings, and
cardiac biomarker results. If ST segments are elevated in two
contiguous leads and elevated cardiac biomarkers are present, the diagnosis is STEMI. IfST-segment elevation (STE) is
not present but biomarker levels are elevated, the diagnosis
is NSTEMI. If the ST segments are not elevated and cardiac
biomarkers are not elevated, the diagnosis is UA (Thygesen
et al, 2012).
In caring for any patient with an ACS, time is muscle.
The region of the heart supplied by the blocked artery is
called the area at risk (Fig. 9.5). The longer the area at risk
is deprived of oxygen and nutrients, the greater the likelihood of permanent damage. Therefore, if myocardium is to
be saved, the blockage must be removed before irreversible
tissue death occurs. Ifblood tlow is quickly restored, the area
at risk can potentially be salvaged. Of the patients who are
experiencing ACSs, those who are experiencing a STEM!
are most likely to benefit from reperfusion therapy. The benefits of reperfusion therapy are often time dependent. The
primary choices for reperfusion therapy are fibrinolysis and
percutaneous coronary intervention (PCI). Fibrinolytics are
medications that are administered to break up blood dots. A
PCI is a procedure in which a catheter is used to open a coronary artery that has been blocked or narrowed by coronary
artery disease.
The area supplied by a blocked coronary artery goea
through a sequence ofevents that have been identified as zones
of ischemia. injury, and infarction. Each zone is associated

Zona of Ischemia
Zone of Injury
Zona of lnfarcllon

Reciprocal ct~ena
•hown on oppollte
8lda

~r,

LEFT VENTRICLE

\f
tjlf

Fig. 8.8 Zales of Ischemia, ln]IIY. and lnfartllon shov.1ng lntJCIIIIYe eloclrocardia;lram ch!r!ges and reclpra:al dlanges amspomtng Ill each zooe. (Mcdfled from
Urden LD, stacy I<M, l..cu!tl ME: CrilicaJ care nl6SirJJ, ed 8, Sll...ol..is, 2018, Mosby.)
with characteristic ECG changes that affect the shape of the
QRS complex, the ST segment, and the T wave (Fig. 9.6).
Because most infarctions occur in the left ventricle and a
standard 12-lead ECG views the surfaces of the left ventricle from multiple angles, obtaining and reviewing a 12-lead
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ECG is an important component of the initial care provided
to a patient presenting with ischemic chest discomfort. The
first 12-lead ECG should be obtained within 10 minutes of
patient contact in all patients with symptoms of suspected
ACS. Obtain a repeat 12-lead ECG with each set of vital
signs, when the patient's symptoms change, and as often as
necessary. After the 12-lead ECG has been obtained, carefully review it for signs of ischemia, injury, and infarction.
Look closely at each lead for STE or ST-segment depression.
Ifpresent, compare the ST segment deviation to the isoelectric line using the TP segment for this comparison and document the degree ofdisplacement in millimeters. Examine the
T waves for any changes in orientation, shape, and size. Next,
look at each lead for the presence of a Q wave. If a Q wave is
present, measure its duration.

lnterventricu lar
septum

v,

V2

va .•.

~- ·· ' ·/ · ·

Septal •••. · Anterior
leads
leads

Fig. 9.7 The area'! of the heart as seen by the chest leads. L.eadsV1 , V2, andV3
are corlligurus. Leads V:~o V4, and V5 are contiguous as wen as V4, V5, and Vs-1\k:lte
that neither the light ventricular wan (X) nor the inferobasal (Posleri~ surface of the
left ventricle (t? Is well vtsuallzed by any of the usual sbc chest leads. (From Grauer K:
Apractical (JtJide (l) ECG lnteiJ)retallon, ed 2, St. Louis, 1998, Mostly.)
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Localizing ECG Changes

1: Lateral aVR: None
II: Inferior aVL: Lateral
Ill: Inferior aVF: Inferior

V1 : Septum
V2:Septum
V3:Anterior

V4 : Anterior
V5 : Lateral
V6 : Lateral

Anatomic Location of a
Myocardial Infarction
1he left ventricle has been divided into regions where a myocardial infarction (MI) may occur: septal, anterior, lateral,
inferior, and inferobasal (i.e., posterior). You will recall that
ECG changes are considered significant if they are viewed in
two or more anatomically contiguous leads (Fig. 9.7). Color
has been added to Table 9.2 so you can quickly recognize
contiguous lead groups.
In the standard 12-lead ECG, leads II, III, and aVF view
the inferior wall of the left ventricle, which is supplied by
the right coronary artery (RCA) in most people. If an ECG
shows STE in these leads, it is reasonable to suppose that
these ECG changes are caused by partial or complete blockage of the RCA (Phalen & Aehlert, 2012a). When indicative
changes appear in the leads viewing the septal, anterior, and/
or lateral walls of the left ventricle (i.e., V1 to Vfi> I, and aVL),
it is reasonable to suspect that the left coronary artery is partially or completely blocked (Phalen & Aehlert, 20 12a).
To evaluate the relative extent or size of an infarction,
determine how many leads show indicative changes. An
ECG showing changes in only a few leads suggests a smaller
infarction than one that produces changes in many leads. In
general, the more proximal the blockage in the vessel. the
larger the infarction and the greater the number of leads
showing indicative changes (Phalen & Aehlert, 20 12a). Table
9.3 summarizes the pattern in which coronary arteries most
commonly supply the myocardium.

It is important to remember that some areas of the heart

are not shown on a standard 12-lead ECG. It is also essen·
tial to recall that some infarctions do not show changes on
the 12-lead ECG. Therefore, if infarct changes are seen on
the 12-lead ECG, the greater the number of leads showing
Indicative changes, the larger the Infarction. But If the patient
presents with signs and symptoms suggestive of an ACS
and the 12-lead ECG does not show indicative changes, an
Ml cannot be ruled out based solely on the ECG findings.

lrJ:IIi(}i Localizing a Myocardial Infarction
Ml Location

ECG L.eads

Probable Culprit COronary Artary

Anterior wall

Indicative changes: V3, V4
Reciprocal changes: Ill, aVF
Indicative changes: V1, V2
Indicative changes: I, aVL, V5, Va
Reciprocal changes: II, Ill, aVF Of high lateral MQ
Indicative changes: II, Ill, aVF
Reciprocal changes: I, aVL
Indicative changes: V7, Va. Ve
Reciprocal changes: V1. V2. V3
Indicative changes: V1R-v6R
Reciprocal changes: I, aVL

LAD

Ventricular septum
Lateral wall
Inferior wall
lnferobasal (posterior) wall
Right ventricle

LAD
Cx, LAD, or RCA
RCA (most common) or Cx

RCAorCx
RCA

Cx. Ciroumflex artery; ECG, electrocardiogram; LAD, left antenor desoending artery; M/, myocardial infarction; RCA. right ooronary artery; STEM/,
ST~evation myocardial infarction.
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It is important to emphasize that the approach discussed
here with regard to localization of an infarction (ie., determining which and how many coronary arteries are affected)
works reasonably well for STEMI. However, ST-segment
depression and T-wave changes that suggest the presence
of myocardial ischemia, as in NSTE-ACS, are less reliable
in localizing the culprit vessel because these ECG changes
reflect subendocardial rather than transmural ischemia
(Halim et al, 2010). Furthermore, recognition of STEMI is
often difficult in the presence of right BBBs (RBBBs) and
left BBBs (LBBBs), left ventricular hypertrophy, pericarditis, and paced ventricular rhythms because these conditions can cause STE, mimicking STEM!. Factors including
the anatomic position and size of the heart, the patient's
unique pattern of coronary artery distribution, the location
of the occlusion along the length of the coronary artery, the
presence of collateral circulation. previous infarctions, and
related drug- and electrolyte-related ECG changes may also
affect the perceived location ofan infarction versus its actual
location.
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the heart. Increased sympathetic nervous system activity is
common with anterior Mls with resulting sinus tachycardia,
hypertension, or both. A blockage in the septal area may
result in BBBs, second-degree atrio~ntricular (AV) block
type II, and third-degree AV block. BBBs are discussed later
in this chapter.

R-Wave Progression
1he wave of ventricular depolarization in the major portions of the ventricles is normally from right to left and in

Cln:umtlex 8l1llly

ANTERIOR INFARCTION
[Oblactlva 4]
The left main coronary artery supplies the left anterior
descending (LAD) artery and the circwnftex (Cx) artery
(Fig. 9.8). Blockage of the proximal portion of the LAD
artery (ie., the "widow maker·) often leads to cardiogenic
shock and death if reperfusion does not occur promptly.
An anterior wall myocardial infarction (AWMI) occurs
when the blood supply to the LAD artery is disrupted
(Fig. 9.9). Evidence of an AWMI can be seen in leads V 3
and V 41 which face the anterior wall of the left ventricle.
Septal involvement is evidenced by changes in leads V 1
and V 2 (Fig. 9.10). If an infarction involves the anterior
wall and septum, ECG changes will be visible in V 1, V 2,
V 3, and V 41 and the descriptive name anteroseptal MI is
used (Fig. 9.11).
Because the LAD artery supplies a large portion of the left
ventricle, a blockage in this area can lead to more widespread
myocardial damage and complications (e.g., heart failure,
cardiogenic shock) than infarctions involving other areas of

Fig. 9.8 The left main cororery artery su~lles the left ante~or descending
artery and the circumflex artery. (From Phalen T, Aehlert BJ: The 12-/ead ECG in
acut9 corcnary sync/rom8s, ed 3, St Louis, 2012, Mosby.)
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Fig. 8.8 Antel1cr Infarction. Qa:luslon of the mldporUon of the IIIII entllt1cr
desamdlng ~ artery results In an entllt1cr lnfardl111. Prmlmalooclusloo of the
LAD may bealme an anteroseptallnfarclloo It the septal branch Is Involved or an
anteroleterallnlaretlon It the marginal branch Is lnvolvad. It the occlusion CCCUIS
prmdmal tD both the septal and dla~mal branches, an 91denslva an!Br1or Infarction ~llll!Sult. (From Phalen T, Aahlert BJ: The 12-IBad ECG In 8ClJIB CDfDfl8IY
syndromBs, ad 3, St. Louis, 2012, Mosby.)
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Fig. 9.10 Septal Infarction. LAD, Left anterlcr datr:enclrc~. [From Phalen T, Aehlart
BJ: The 12-leadfCG In IJQJfs r»tDll8lY ~ ed 3, St. L..ouls, 2012, Mosl7/.)
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Fig. 8.11 An!Eroseptal infarction. Note the ST-segment elevation in leads V1 through V"" (Frum Phalen T, .Aehlert BJ:
111e 12-/eatiECG in acure corrmaty syndmmes, ed 3, St. L.ruis, 2012, Mosby.)

+

v1

l'
v,

V5 • ffiectrode placement in the correct intercostal space is
critical in evaluating R-wave progression.
Poor R-wave progression is a phrase used to describe R
waves that decrease in size from V 1 to V 4. (Pig. 9.13). This
may be a nonspecific indicator of an anterior wall infarction,
but it may be a normal variant in young people, particularly
in young women. Other causes of poor R-wave progression
include left BBB, right or left ventricular hypertrophy, and
severe chronic obstructive pulmonary disease (particularly
emphysema).

+ + +

v2 v3 v4

LATERAL INFARCTION

-y . .r A. J_ l
I

v2

Va

v4

v5

Ve

Fig, 8.12 Ventricular activation and R·wave progression as viewed in the
chest leads. In normal R·wave progression, the ORS complex is negillive in v,
positive in Va. and SWitches from negative to positive in the V3 to V4 transition
zone. (From Conover MB: Unr1e!standing electrocardiography, ed B, St. Louis,
2003, Mosby.)

an anterior to posterior direction. When viewing the chest
leads in a normal heart, the R wave becomes taller (ie.,
increases in amplitude), and the S wave becomes smaller
as the electrode is moved from right to left (Fig. 9.12).
1his pattern is called R-wave prognwion. In V 1 and V2,
the QRS deflection is predominantly negative (i.e., moving
away from the positive chest electrode), reflecting depolarization of the septum and right ventricle (small R wave)
and the left ventricle (large S wave). As the chest electrode
is placed farther left, the wave of depolarization is moving toward the positive electrode. 1he transition zone is
the area at which the amplitude of the R wave begins to
exceed the amplitude of the S wave (Ganz, 2012). This usually occurs in the area ofleads V3 and V4 • The phrase early
transition is used when the transition is seen in V2• Late
transition describes a delay in transition until leads V 4 and

[Oblactlva 4]
Leads I, a VL, V5, and V6 view the lateral wall of the left
ventricle. Because the lateral wall of the left ventricle may
be supplied by the Cx artery, the LAD artery, or a branch
of the RCA, a lateral infarction may be associated with
an anterior, inferior, or posterior infarction (Fig. 9.14).
An isolated lateral infarction is most commonly associated with a Cx artery occlusion (Brown, 2013). An example of an infarction involving the lateral wall is shown in
Fig. 9.15.

INFERIOR INFARCTION
[Obiactiva 4]
Leads II, III, and aVF view the inferior surface of the left
ventricle. In most individuals, the inferior wall of the left
ventricle is supplied by the posterior descending branch of
the RCA (Fig. 9.16). Increased parasympathetic nervous
system activity is common with inferior Mls, resulting in
bradydysrhythmias. Conduction delays (e.g.• first-degree
AV block. second-degree AV block type I) are common
and are usually transient. An example of an infarction
involving the inferior wall is shown in Fig. 9.17.

INFEROBASAL INFARCTlON
[Obiactiva 4]
Inferobasal (i.e., posterior) infarctions usually occur in conjunction with an inferior or lateral infarction. lhe inferobasal
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Fig. 9.13 Poor R-wave progression In V1 through V4, QRS greater than 0.12 second, and lett bundle branch block. (From
Khan M: Rapid ECG interpretaJion, Philadelphia, 1997, Saunders.)
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Fig. 9.14 Lateral wall infarction. Coronary artery anatomy soows bloc!W.Qe of the Circumflex (Cx) artery (4, blOCkage of
the proximal left anteriOr descending artery (tO, and blockage of the diagonal artery (Cj. UJJ, Left anteriOr descending; RCII.
right coronary artefy. (Frtm Phalen T, Aehlert BJ: The 12-lead ECG In acute CDtrJI1IlfY syndrrJmes, ed 3, St.Lwls, 2012, Mosby.)

Fig. 9.16 Lateral infarction. Lead I si'QWS a small Q wave with ST-segment elevation (STE). Alarger a wave with STE
can be seen in lead avt.. This patient had an anterior non-ST-segment elevation infarction 4 dayS ear1ier wth STE and T-wave
Inversion In leads V2 through V6• Acoronary artenogram at that time showed a blocked left anterior descendi!ll artery diStal to
itS first large septal perforator. The STE evaved and the T waves in all of the chest leads had become ul)light the day before
this tracing was recorded. The paUent then had another episode of chest pain associated wtth the appearance of slgrs of ocute
lateral infarction as shown in this tracing. A repeat coronary arteriogram showed new blockage of the obtuse marginallnnch
of the circumflex (Cx) artery. (From Surawicz B, Kn nans TK: Chou'S eJeclrocatdiogr in CliniCal iJI1C(iCe: adult aJilJ pediatriC,
ed 5, Phllad~hla, 2001, Saunders.)
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Fig. 8.18 A. Inferior wall Infarction. Coronary amllllmy shows a dominant right coronary artery (RCA). A blocka;le at point
11 results In an lnfet1!X' lnfarcUoo and right ventricular lnfarcUoo. A blod<age at point b lnwlves ont.f the Inferior wall, sparing

the rtghl ventricle. B, lnferin wall inlan:lioo. Coronary anatomy shows a dominant drcumftex (Cx) armry. A bloc~e at pant
11 results in an inferi!X' infarctioo. A blocka;le at point b may result in a la:teral and inferobasal inlaretion. lAD, Left anterior
descending. (From Phalen T, Aehlert BJ: The 12·/esd ECS In 8CIJte CfXOfiiJ/Y syndromes. ed 3, St. Louis, 2012, Mosby.)

Fig. 9.17 lnferlll' Infarction. flkliB the ST-segment alavalloo In leads II, Ill, and aVF and 1hs rac~rocal ST-119gmsnt dapressk:m In IBad8 I and aVI... from Goldberger AI..: aJnlcaJ Bl8ctmc8trJ/ogny: as/mpJJflfJd BfJ/11'0BCh, ad 7, St Louis, 2006, Mosby.)
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Fig. 9.1a lnferobasallnfarctlon. A, Coronary anatomy sOOw8 a dam Inant ~ght
coronary artery (RCA). Occlusion of the RCA commonly results In an lnferlcr and
lnferobasallnfarct!on. B, Corooary anatany shows a oomlnant circumflex artery.
Occlusion of a marginal branch Is 1he causa of most lsolaiBd lnfarobesallnfarct!ons.
(From Phalen T, Aahlert BJ: T17e 12-lead ECG In acut8 coronary 8}'1ld!t7mes, ed 3, St.
Louis, 2012, rv1osby.)

wall of the left ventricle is supplied by the Cx artery in most
patients; however, in some patients, it is supplied by the RCA
(Fig. 9.18). Because no leads of a standard 12-lead ECG
directly view the posterior wall of the left ventricle, additional chest leads (V7 to V9) may be used to view the heart's
posterior surface. Indicative changes of a posterior wall
infarction include STE in these leads. If placement of posterior chest leads is not feasible, the mirror test may be helpful
in the recognition of ECG changes suggesting an .in:ferobasal
MI (Fig. 9.19).
Complications of a posterior wall Ml may include left
ventricular dysfunction. If the posterior wall is supplied by
the RCA, complications may include dysrhythmias involving the sinoatrial (SA) node, AV node, and bundle of His. An
example ofan inferobasal MI is shown in Fig. 9.20.

RIGHT VENTRICULAR INFARCTION
[Oblectlve 4]
A right ventricular infarction (RVI) is usually a consequence ofRCA occlusion (Fig. 9.21). However, the Cx artery
supplies a significant proportion of the right ventricle in
about 10% of patients (Hutchinson & Rudakewich, 2009).

II.&

-f\~

1\.l

, ~~...

B
Fig. a .1a .Application of tha mirror tast This tast Is most helpful In Bmi8SSIng
a patient with an acutalnfarlor Infarction, In Mlom you suspect an acute lnfarabasal
Infarction. A. Schematk: 12-laad ECG with lndlcat!v9 changes of lnfar1or lnfaiCIIon In
lead Ill. Note tha tall Rwave In laad V1 and the ST-segmant deprBSSion In leads V1 ,
V2, and V3 • B, The lnl:lng In A Is now flipped over. Looking through the paper (as It Is
held up to tha llgh1), you now sea Q waves and ST-segmant aiBYIIIIon In leads V1 , V2,
and V3. This Is a pDBI!Iva mirror tast and suggests that the lead changes observed
In A may reflBCI asscclBIBd acute lnfarobasal Infarction. (From Grauer K: A prsctJcs/
guide to ECG /nterpmiBtion, ed 2, St. Louis, 1998, Mosby.)
Although RVI may occur by itself, it has been estimated
that about one third of patients with inferior MI experience
an RVI (O'Gara et al, 2013). Right-sided chest leads should
be used to evaluate for evidence of RVI in all patients
with inferior STEM!, with V~ having the highest sensitivity (Kurz et a1, 2014). Because the STE associated with
RVI is present for a much shorter period than that of the
STE associated with an inferior infarction, it is important
to record leads V 3R and V4 R as soon as possible after the
patient's onset of ischemic symptoms (Wagner et a1, 2009).
An example of an infarction involving the right ventricle is
shown in Fig. 9.22. Because patients experiencing an RVI
are often preload sensitive, they can develop hypotension
of varying degrees in response to medications that reduce
preload such as nitrates and diuretics. Other complications
associated with RVI include bradycardias, AV blocks, and
ventricular dysrhythmias.
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Fig. 8.20 Ewlutlonary changes In a posterolnfar1or myocardlallnfarcUon (MO. rmrDI!Jaclngls normal. The trBclng
racordad 2 hours altar onsatllf chsst pain darnonstratBd dav&l~ment of early waves; mar1u!d ST-BBgment elsvaUon; and
hypanu:llls T waves In leads II, Ill, and aVF. In million, a larger Rwave, ST-1111gment dapr&BSion, and nag&llva Twaves hava
diMIIop&d In leads V1 and V2. These are early changes Indicating acllls poaterolnfarlor MI. Tha 24-hour !Jaclng darnonstratBs
avclutlonary chang1111.ln leads II, Ill, and a'5,1he Q wave Is larger, the ST 1111gments haw almost 1'81umad to baseline, and
thaT wave has begun 1D II'Mirt. In leads V1 tD V2, the duration of the Rwave now axceeds 0.04 seamd, tha ST segment Is
depniS88d, and 1he Twave Is I.Jirlght On this example, electrocardiogram [ECG] changes of true posterior Involvement extend
past leed V2; ordinarily, only leads V1 and V2 may be lnvolvad.) Only minor further changes oa:ur through tha 8-day !Jaclng.
Flnalty, 6 months latar, tha ECG lllustrmas large Q WlM!II,IsoBiectl1c ST segments, and lt'Mirtlld TW8V811In leads II, Ill, and
aVF and large RwaVBS, laoalectrlc ST segmants, and upl1ght T waves In leeds V1 and V2, Indicative of an old pos!Broln!SI1or
MI. (From Andreoli TE, BenJamin ~ Griggs RC, st al: AndrfKil tJnd C/up8n1Br's Cecil 8SS8tltlals off'fl6d/cln8, ad 9, Philadelphia.
2016, Saunders.)
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Fig. 9.21 Right venbicular infart:licn (RVQ. At a, bkx:lvlge of the right ctm1aJY artery pi'Dldmalto the right wnlricular marginal branch results in an inferior infart:licn ai1I RVI. At b, blockage of the right Vllfllrkular marginal branch results in an isaall:d
RVI. lAD. Left anteril' descerxling; RCJ\ right ctm1aJY artery. (From Phalen T, Aehlert BJ: ~ 12-leadECG in acute coronary
syndromes, ed 3, St Louis, 2012, Mosby.)

Fig. 9.22 InferiOr infarction, right wnlricular infarctian.(from Goldberger AI..: OinicaJ electrrJI::atrfy; a Sifll{iified
approach, ed 7' St. LouiS, 2006, Mosby.)
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INTRAVENTRICULAR
CONDUCTION DELAYS
Structures of the Intraventricular
Conduction System
After passing through the AV node, the electrical impulse enters
the bundle ofHis, which is normally the only elect:rical connection between the atria and the ventricles. The bundle ofHis conducts the electrical impulse to the right and left bundle branches
(Fig. 9.23). A bundle brand! block (BBB) is a disruption in
impulse conduction from the bundle of His through either the
right or left bundle branch to the Purkinje fibers. A BBB may be
intermittent or permanent. complete or incomplete.
1he right bundle branch travels down the right side of the
interventricular septum to conduct the electrical impulse
to the right ventricle. Structurally, the right bundle branch
is long, thin, and more fragile than the left. Because of its
structure, a relatively small lesion in the right bundle branch
can result in delays or interruptions in electrical impulse
transmission.
The left bundle branch begins as a single structure that is
short and thick and then divides into two subdivisions that are
called the an~rior fascicle and the pos~rior fascicle. The anterior fascicle spreads the electrical impulse to the anterior portions ofthe left ventricle. This fascicle is thin and vulnerable to
disruptions in electrical impulse transmission. The posterior
fascicle relays the impulse to the posterior portions ofthe left
ventricle. It is short. thick. and rarely disrupted because of its
structure and dual blood supplyfrom both the LAD artery and
the RCA. In some people, a third fasdcle, called the medialfascicle or septal fascicle, emerges from the left bundle itselfor its
posteroinferior division (Latru & Nadir, 2010).

Bundle Branch Activation
The wave of normal ventricular depolarization moves from
the endocardium to the epicardium. The left side ofthe interventricular septum, which is stimulated by the left posterior
fascicle, is stimulated first. The electrical impulse (i.e., wave
of depolarization) then traverses the septum to stimulate the

right side. The left and right ventricles are then depolarized
at the same time (Pig. 9.24).
A delay or block can occur in any part of the intraventricular conduction system. If a delay or block occurs in one
ofthe bundle branches, the ventricles will not be depolarized
at the same time. The electrical impulse travels first down
the unblocked branch and stimulates that ventricle. Because
of the block. the impulse must then travel from cell to cell
through the myocardium, rather than through the normal
conduction pathway, to stimulate the other ventricle. The
ventricle with the blocked bundle branch is the last to be
depolarized.

How Do I Recognize It?
Essentially, two conditions must exist to suspect BBB. First,
the QRS complex must have an abnormal duration (i.e., 0.12
second or more in duration if a complete BBB), and second,
the QRS complex must arise as the result of supraventricular activity (this excludes paced beats and beats that originate from the ventricles) (Phalen 8r Aehlert, 2012b). If these
two conditions are met, delayed ventricular conduction is
assumed to be present, and BBB is the most common (but
not the only) cause of this abnonnal conduction.
When one of the bundles becomes blocked, the impulse
that is normally conducted by that bundle branch is interrupted, and it does not depolarize the intended ventricle.
Meanwhile, the other bundle branch is conducting its impulse
and depolarizing its respective ventricle. For the second
ventricle to depolarize, the electrical impulses must trudge
through myocardial cells, which are not specialized for electrical conduction. lhus, the impulses from one ventricle must
be transmitted, ceU by cell, to the other ventricle. Because
the impulses are not traveling down the normal conduction
pathway, ventricular depolarization takes longer to occur. This
delay is evidenced in the form ofa wide QRS complex.
Variation in QRS duration from lead to lead is often seen
and may produce confusion about whether the complex is or
is not wide. As a rule, use the widest QRS complex to determine width. Try to pinpoint the exact beginning and end of

L.BB
(anterior fascicle)
LBB
(posterior fascicle)

Fig. 9-23 cardiac conduction system. AV, A111cverrtrlcular; lEB, left bundle
brardl; RBB. right bundle brardl. (From Concmr tvl3: lJndetsiBnding eleclrocatrJjog
raphy, ed 7, St. Louis, 1995, Mosby.)

Fig. 9-24 Sequence of nOffllll ventricular depolarllatlcn and resulting QRS
complex, as seen in leads V1 and V6• (From Urden LD, Stacy KM, Lough ME: Critical
C8f6 nursing, ed 8, StLouis, 2018, Mostli.)

Chapter 9
the QRS complex. This can be diflicult to do and is sometimes
impossible. Therefore. when measuringfor BBB, select the wid-

est QRS complex with a discernible beginning and end.
The criteria for BBB recognition may be identified in any
lead of the ECG. However, in differentiating RBBB from
LBBB, pay particular attention to the QRS morphology (ie.,
shape) in specific leads. Lead V 1 is probably the single best

e

lead to use in differentiating between RBBB and LBBB.

Lead In _ _ _ _ _ _ _ _ _ __

ECG Criteria for Bundle Branch Block
To be considered a BBB, the following ECG criteria must be met:
• QRS duration of 0.12 second or more in adults (rf a complete R888 or L888); if a 888 pattern is discernible and
the QRS duration is between 0.11 and 0.119 second in
adults, it is called an incomplete right or left BBB (Surawicz
et al, 2009). (If the QRS is wide but 1here is no 888 pattern, the term wide QRS or intm.ventncular conduction
delay is used to describe the QRS.)
• VIsible QRS complexes are produced by supraventricular
activity O.e., the QRS complex is not a paced beat, and it
does not originate in the ventricles).

DIFFERENTIATING RIGHT BUNDLE
BRANCH BLOCK FROM LEFT
BUNDLE BRANCH BLOCK
[Oblec11ve 5]
When BBB is suspected, an examination of V 1 can reveal
whether the block affects the right or the left bundle
branch. Following are descriptions of how each type
of block affects the direction of electrical current and
produces its own distinct QRS morphology (Phalen &
Aehlert, 2012b).

Right Bundle Branch Block
With RBBB, the electrical impulse travels through the AV
node and down the left bundle branch into the interventricular septum. The septum is activated by the left posterior fascicle and is depolarized in a left-to-right direction (Fig. 9.25).

Introduction to the 12-Lead ECG

Thus, septal depolarization moves in a left-to-right direction, which is toward V1, and produces an initial small R
wave. As the left bundle continues to conduct impulses,
the entire left ventricle is depolarized from right to left.
This produces movement away from V1 and results in a
negative deflection (i.e., an S wave). Now the impulses
that depolarized the left ventricle conduct through the
myocardial cells and depolarize the right ventricle. This
depolarization creates a movement of electrical activity in
the direction ofV1, and so a second positive deflection is
recorded (R'). The rSR' pattern is characteristic of RBBB.
The rSR' pattern is sometimes referred to as an "M" or
"rabbit ear" pattern.

Left Bundle Branch Block
With LBBB, the septum is depolarized by the right bundle branch, as is the right ventricle. The septum is part of
the left ventricle and is normally depolarized by the left
bundle branch. Because the left bundle branch is blocked,
depolarization of the septum by the right bundle branch
occurs in an abnormal direction (i.e., from right to left);
thus, the wave of myocardial depolarization begins with
the net movement of current going away from V 1 and is
recorded as an initial negative deflection (Fig. 9.26). The
right ventricle is depolarized next. Because the wave of
depolarization moves briefly toward the positive electrode
in lead V 1, a small upright notch in the QRS complex is
seen on the ECG. As the remainder of the left ventricle is
depolarized, the QRS complex is inscribed in lead V 1 as a
deep, negative deflection (i.e., an S wave), which is a reflection of the left ventricle's large muscle mass. Sometimes
depolarization of the left ventricle overshadows that of
the right ventricle on the BCG. When this occurs, a QS
deflection is inscribed in lead V1, and the small upright
notch that is usually seen with right ventricular depolarization is absent.
Unfortunately not every BBB presents with a clear pattern as previously described, which makes the differentiation
between RBBB and LBBB less clear. Variant patterns of BBB
as seen in lead V 1 appear in Fig. 9.27.

@
Ve

v,
Fig. 9.215 SeQuence of ventricular depolarlzallcn for a right bundle brardl
block and resulting QRS complex, as seen in leads V1 and V6. From lkdan LD, Stacy
KM, LDUgh ME: Critical C81'9111J1Sing, ed 8, St Louis, 201 8, Mosby.)

Fig. 9.2 8 Sequence of ventricular depolarlzatlcn for a left burdle branch block
and resulting Q~ complex, as seen in leads 111 and 116. (From Urdan LD, Stacy KM,
Lough ME: CrltJcal C8l'9 nutBing, ed 8, St Louis, 201 8, Mosby.)
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Fig. 8.27 Variant pat!Bms at bundle branch block~m se&n In leadV1. LBBB,
l.&lt bundle branch block; RBBB, r1ght bundle branch block. (From Phalen T, Ashier!

Fig. 8.28 Determining the direction of the terminal force. In leadV1 , move
fran the J point irrto the ClRS complex and determine whether the tenninaJ portioo
Oast 0.04 second) of the QFIS COO'Iplex is a positive (~righ1) or negative (dDWrt·
ward} deflection. (From Phalen T, Aehlert BJ: 71le 12-/eadECG iTI acure corooary
syndromes, ed 3, St. Louis, 2012, Mo!iby.)

BJ: 1119 12-18adECG bliiCUt9 coron&l}' s~ ed 3, St Louis, 2012, Mosby.)

An Easlar Way
Remember that in the setting of BBB, the ventricles are not
depolarized in their normal simultaneous manner. Instead,
they are depolarized sequentially. 1he last ventricle to be
depolarized is, of course, the ventricle with the blocla:d
bundle branch. Therefore, ifit is possible to determine which
ventricle was depolarized last, it becomes possible to determine which bundle branch was blocked. For example, if the
right ventricle was depolarized last, it is because the impulse
traveled down the left bundle branch, depolarized the left
ventricle first, and then marched through and depolarized
the right ventricle. It stands to reason that if one ventricle is
depolarized late. its depolarization makes up the later portion of the QRS complex.
The final portion of the QRS complex is referred to as
the terminal force. Examination of the terminal force of
the QRS complex reveals the ventricle that was depolarized last and therefore the bundle that was blocked. To
identify the terminal force, first locate the J point. From
the J point, move backward into the QRS and determine
if the last electrical activity produced an upward or downward deflection. An example of the terminal force in both
RBBB and LBBB is illustrated in Fig. 9.28. If the right
bundle branch is blocked, then the right ventricle will be
depolarized last, and the current will be moving from the
left ventricle to the right. This will create a positive deflection of the terminal force of the QRS complex in V 1• If
the left bundle branch is blocked, the left ventricle will
be depolarized last, and the current will flow from right
to left. This will produce a negative deflection of the terminal force of the QRS complex seen in V 1• Therefore,
to differentiate RBBB from LBBB, look at V 1 and determine whether the terminal force of the QRS complex is
a positive or negative deflection. If it is directed upward,
an RBBB is present (i.e., the current is moving toward the

Fig. 8.2 8 Differentiating between right and left bundle branch blocks. The
'tum signal" theory is that right is up and left is down. (From Phalen T, Aehlert
BJ: The 12-lead ECG in acute crHDI!ary syndromes, ed 3, St. Louis, 2012,
Mosby.)

right ventricle and toward V 1). An LBBB is present when
the terminal force of the QRS complex is directed downward (i.e., the current is moving away from V 1 and toward
the left ventricle). This rule is especially helpful when rSR'
and QS variants are present.
A simple way to remember this rule has been suggested
by Mike Taigman and Syd Canan and is demonstrated in
Fig. 9.29. 1hey recognized the similarity between this rule
and the turn signal on a car. To indicate a right turn, you
lift up the arm of the turn signal Likewise, when an RBBB
is present, the terminal force of the QRS complex points up.
Conversely, left turns and LBBB move downward.

EXCEP'TlONS
Two notable exceptions must be mentioned to complete
the discussion of BBB. The first involves the criteria used
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to recognize BBB, and the second relates to differentiating
LBBB from RBBB.
1he criteria used to recognize BBB are valid but lack some
sensitivity and specificity. 1he sensitivity can be limited by
junctional rhythms because there may be no discernible P
waves when the AV junction is the pacemaker site. 1he AV
junction is a supraventricular pacemaker, but this presents
as an exception to the two-part rule of BBB recognition.
Specificity is limited by Wo11f-Parkinson-White (WPW) syndrome and other conditions that produce wide QRS complexes resulting from atrial activity. If the characteristic delta
wave and shortened PR interval are recognized, WPW syndrome should be suspected.
As for differentiating LBBB from RBBB, a third category exists: nonspecific intraventricular conduction
delay (NSIVCD). These blocks do not display the typical
V 1 morphologies generally produced by BBB. Their origin may not be the result of a complete BBB but are often
the result of several factors, of which incomplete BBB
may be one. Atypical patterns of BBB can be attributed
toNSIVCD.

What Causes It?
Right BBB can occur in individuals with no underlying
heart disease, but it occurs more commonly in the presence
of organic heart disease, with coronary artery disease being
the most common cause. Acute RBBB may occur secondary
to an RVI. LBBB may be acute or chronic. Acute LBBB may
occur secondary to an anteroseptal (more common) or inferior MI, acute heart failure, and acute pericarditis or myocarditis, among other causes.
Other causes of BBBs include aortic valve disease; congenital hypertensive, and rheumatic heart disease; and
trauma (e.g., cardiac surgery). Sometimes the ECG will show
occasional QRS complexes that have a RBBB or LBBB morphology interspersed with normal QRS complexes. When
the intermittent BBB is related to the patient's heart rate, it
is referred to as a mte-relnted BBB (ie., the R-R intervals of
the QRS complexes that show BBB are shorter when compared with the R-R intervals of the nonnal QRS complexes)
(Litwin, 2010). Nonischemic diseases are also capable of producing a BBB.

What Do I Do About It?
Because the LAD artery supplies much of the bundle
branches, patients experiencing septal and anteroseptal
infarctions are most likely to develop BBB. Of course,
an infarcting patient presenting with BBB may have had
it as a preexisting condition. Unless a previous ECG is
available for comparison or the BBB develops during the
infarction, it can be difficult to determine which came
first, the infarction or the BBB. BBB in the setting of
infarction also identifies patients with a higher likelihood
of developing third-degree AV block. Another significant
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aspect ofBBB is its ability to mimic the infarct pattern on
the ECG. For the patient who is experiencing chest discomfort, the presence of LBBB can complicate the diagnosis of an acute MI because LBBB can produce STE and
wide Q waves that look remarkably similar to infarction.
Close ECG monitoring and frequent patient reassessment
are essential.

When BBB is present, STE is often seen in leads with negatively deflected QRS complexes. RBBB rarely produces
STE because most of the leads remain positively deflected.
Occasionally, when the inferior leads (II, Ill, and aVF) happen to be negatively deflected, an RBBB may produce STE
in those leads and may occasionally mimic an inferior wall
Infarction. Although this combination Is possible, LBBB Is
by far the more common cause of STE.

1he presence of a BBB in an asymptomatic patient
requires no specific treatment. RBBB generally requires no
specific treatment; however, when RBBB occurs in the setting of an acute Ml, close ECG monitoring for the development of symptomatic AV conduction system disturbances is
essential.
Because of its association with organic heart disease,
patients with LBBB should be evaluated for cardiomyopathies, coronary disease, hypertension, valvular heart disease,
and other conditions associated with LBBB. Insertion of a
permanent pacemaker is generally required for patients with
LBBB who develop second-degree AV block type II or thirddegree AV block.

CHAMBER ENLARGEMENT
[Oblectlve 6]

Cardiomyopathy is a general term that is used to describe
different types of heart diseases involving the heart muscle

and resulting in abnonnal enlargement. Cardiac enlargemmt
refers to either dilation of a heart chamber or hypertrophy
of the heart muscle (Goldberger et al, 2013). With dilation,
stretching of a chamber of the heart muscle occurs, resulting in enlargement of that chamber. Dilation may be acute
or chronic. Cardiac hypertrophy refers to thickening of the
heart muscle, with resultant enlargement of a heart chamber. Hypertrophy is commonly accompanied by dilation. In
evaluating the ECG fur indications ofchamber enlargement,
it is particularly important to check the calibration marker to
ensure that it is 10 mm (1 mV) tall.
Cardiomyopathies can be classified into three physiologic
categories: (1) dilated cardiomyopathy, (2) hypertrophic cardiomyopathy, and (3) restrictive cardiomyopathy (Fig. 9.30).
Of these categories, dilated cardiomyopathy is the most common, and restrictive cardiomyopathy is the least common
(Kumar et al, 2013).
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such as amyloidosis, myocardial fibrosis, or an unknown
cause. Patients often present with signs and symptoms that
are consistent with progressive left- and right-sided heart
failure.

A'bial Abnormalities

A

B

The first half of the P wave is recorded when the electrical
impulse that originated in the SA node stimulates the right
atrium and reachea the AV node. The downslope of the P
wave refiects stimulation of the left atrium. The appearance
of abnormal P waves on the ECG may be caused by delayed
intraatrial conduction, elevated atrial pressure, atrial dilation, and atrial muscular hypertrophy, among other causes.
In the past, terms used to describe atrial abnormalitiea have
included P-mitmk, P-pulmonale, left atrial enlargement, right

atrial enlargement, atrial hypertrophy, and atrial overload,

c

0

Fig. 8.30 The thrBB types of cardiomyopathy. A. Normal haart. B, Dlla!Bd
cardlllllT)'IIII8Ihy darnonstratlng enlargement of all four chambers. C, Hypertrophic
cardlllllT)'IIII8Ihy showing a lhlckaned left ventrtcla. D, Resb1ctlva cardiomyopathy
charactarllBd by a small left ventricular volume. (From Copstaad-Kirl<hom Lf,
Banaslk JL: Pathophysiology, ed 5, St. Louis, 2013, Saundars.)

Dilated cardiomyopathy (DCM) is characterized by
enlargement ofall heart chambers (Otto, 2013) with progressive dilation of both the right and left ventricles that results
in impaired contractile (systolic) function, usually with concurrent hypertrophy (Kumar et aL 2013). Patients with DCM
usually present with signs and symptoms of heart failure, but
atypical presentations do occur.
Hypertrophic cardiomyopathy (HCM) is characterized
by significant myocardial hypertrophy without ventricular
dilation that results in a markedly reduced stroke volume
because of impaired diastolic filling. Most cases of HCM
have a genetic origin. Patients with HCM may be asymptomatic or present with atrial and ventricular dyuhythmias, syncope after exercise, palpitations, or symptoms of heart failure
and angina or with sudden death with no previous diagnosis
(Otto, 2013). When sudden cardiac death occurs in athletes
younger than 35 years of age, HCM is the underlying cause
in nearly one third of cases (Kumar et al. 2013).
Restrictive cardiomyopathy is characterized by increased
ventricular wall stiffness that impedes ventricular filling,
reduced diastolic volume of either or both ventricles, and
normal or nearly normal systolic function. Although the
ventricles are typically of normal size or are only slightly
enlarged. dilation of both atria is common because of poor
ventricular filling and pressure overload (Kumar et al, 2013).
Restrictive cardiomyopathy may be caused by conditions

among others. Today, experts recommend that the terms
left atrial abnormality and right atrial abnormality be used
because a combination ofseveral factors that may not be distinguishable can result in abnormal P waves (Hancock et al,
2009).
You will recall that the normal P wave is the result ofatrial
depolarization with the initial portion of the P wave representing depolarization of the right atrium and the middle
and end portions representing left atrial depolarization.
Because these events normally occur nearly at the same time,
they fuse into a single, smooth rounded waveform.
Right atrial abnormality (RAA) produces changes Jn the
initial part of the P wave. The P wave is tall (more than
2.5 mm in height), peaked, and usually of normal duration
(Hancock et al, 2009) (Fig. 9.31). The abnormal P waves
characteristic of RAA are usually best seen in leads II, III,
aVF, and sometimes V 1 (Goldberger et al, 2013). Lead
V 1 may reveal a biphasic P wave. Examples of conditions
that may cause right atrial abnormality include chronic
obstructive pulmonary disease with or without pulmonary
hypertension, congenital heart disease, and right ventricular failure.
With left atrial abnormality (LAA), the middle and end
of the P wave is prolonged because depolarization of the left
atrium begins and ends later than right atrial depolarization
(Surawicz & KnUans, 2008). Notched P waves are usually
visible and correspond with the delay in left atrial activation because the right and left atrial peaks that are normally
nearly simultaneous and fused into a single peak become
more widely separated (Hancock et aL 2009) (see Fig. 9.31).
Notched P waves are generally most easily seen in the limb
leads. 1he P wave may be biphasic in lead V1 with a small
initial positive deflection and a prominent, wide negative
deflection (Goldberger et al. 2013). A P wave amplitude of
more than 2.5 mm has been observed in about 5% to 10% of
patients with LAA resulting from left-sided valvular disease
or hypertensive heart disease (Surawicz 8t Knilans, 2008).
Examples of conditions in which LAA may occur include
coronary artery disease, cardiomyopathies, hypertensive
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Fig. 9.31 Crtteria for atrial abnonnalities.

heart disease, and valvular heart disease. When the ECG
reflects features of both right atrial and left atrial abnormality, the term combined atrial abnormality is used.

QRS In hypertrophy

v1

Ventricular Abnormalities
With right vmtricular hypertrophy (RVH), current travels between hypertrophied cells and moves through the
enlarged right ventricle, producing higher-than-normal
voltages on the body surface (Mirvis & Goldberger, 2015)
(Fig. 9.32). Because the right ventricle is normally considerably smaller than the left, it must become extremely enlarged
before changes are visible on the ECG. Characteristic ECG
changes associated with RVH include tall R waves in leads V 1
through V 3 and deeper than normal S waves in leads I, aVL,
V so and V 6. (Utwin, 2010) (Fig. 9.33). Right axis deviation
is usually present, and evidence of right atrial abnormality
may be seen. Causes of RVH include pulmonary hypertension and chronic pulmonary diseases, valvular heart disease,
and congenital heart disease.
Left ventricular hypertrophy (LVH) is recognized on the
ECG by increased QRS amplitude and changes in the ST
segment and T wave (see Fig. 9.32). Typically, R waves in
leads I, aVL, V5, and V6 are taller than normal, and S waves
in leads V 1 through V 2 are deeper than normal (Mirvis &:
Goldberger, 2015). The QRS duration is often increased in
LVH and may be attributed to the longer time required to
activate the thickened wall of the left ventricle (Hancock
et al, 2009) and the slower-than-normal conduction within
the working myocardium (Mirvis & Goldberger, 2015).
Causes ofLVH include systemic hypertension, hypertrophic
cardiomyopathy, aortic stenosis, and aortic insufficiency.
LVH may be accompanied by left axis deviation.
Although several formulas exilst to assist in its recognition, the Cornell voltage criterion is often used to check

Vs

-r
~

Main QRS vector

J_
"""I

LVH

RVH

~f ~i:L

+-

Fig. 9.32 Left ventr1Cular hypertroPhY (LVH) increases the amPlitude of
electric:al fu!tes directed to 1he left illld posteriorly. In additioo, repolarization
abnonnalities can cause Sf-segment depressiDII and T-wave inversiDII in leads with
a prominent Rwave. Right ventricular hypertrophy (RVH) can shift 1he QRS vecror to
the right, usually v.ith an R. RS, cr ~complex in lead v,, especially when caused by
severe pressure cve~oad. T-wave Inversion may be present In the ~ght chest leads.
fr"DIIl Goltllerger AL: Q/nlcaJ slfJr;trrx;anJ/y: a s/mp/lfl6dapproach, ed a,
Philadelphia, 201 3, Saurdars.)
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F1g. 8.33 Right ven1r1cular hypertrophy Will tall Rwave In ~ght chest leads, downsloplng ST daprussloo In 1he chest
IIIBds, ~ght axis devlatkm, and evidence of rtghllllrlaJ anl~amant (From Andreoli TE, Benjamin I, G~ggs RC, at al: AndrrJoll
and C8tp8ntBr's Cecii9SS8111J8Js of msdlclrNJ, ad 9, Philadelphia, 2016, Saundn.)

Fig. 8.34 Left ventricular hypertrophy. Note 1hat the ST segment Is eleva!Bd in leads V1 , V2, and V3• (From Phalen T,
Aehlert BJ: The 12-/ead ECG in acute crxrJna1Y syndromes. ed 3, St. Louis, 2012, l'losby~

for the presence of LVH. To use this formula, add the S
wave amplitude in lead V3 and the R wave amplitude in
lead aVL. A total greater than 20 mm (2 m V) in womeD.
and 28 mm or more (2.8 m V) in men suggests that LVH
is present (Ganz, 2012). A 12-lead ECG's interpretive
algorithm checks for the presence of LVH using preprogrammed criteria, including formulas, to measure voltage.
If the 12-lead machine determines that an ECG meets the
criteria for LVH, a message is displayed such as "Meets
voltage criteria for left ventricular hypertrophy" (Phalen
& Aehlert, 2012a).
An example of LVH is shown in Fig. 9.34. Note that the
ST segment in Fig. 9.34 is elevated in leads V 1, V 2, and V3 •
Also note the ST-segment depression shown in leads V5
and V6• Recall that when the QRS complexes of left BBBs,
ventricular rhythms, and ventricular paced rhythms are

negatively deilected (i.e., a QS configuration), the ST segments and T waves are in the opposite direction of the last
portion ofthe QRS complex. Similarly, when the QRS complex of LVH is negatively deflected. these ECG :findings are
shared by LVH, making the identification of ECG changes
associated with acute MI difficult. Careful correlation of
the patient's .BCG, his or her clinical presentation, and the
results of other diagnostic studies is essential (Phalen &
Aehlert, 2012a).

ELECTROLYTE
DISTURBANCES
Because electrolyte imbalances may increase cardiac irritability and cause cardiac dysrhythmias, a patient's ECG can
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be evaluated for evidence of electrolyte disturbances. It is
important to keep in mind that ECG changes associated
with electrolyte imbalances can vary widely from patient to
patient

Sodium
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•=m:w.. ECG Signs of Hyperkalemia
• Tall, peaked (tented), narrow, symmetric T waves
• QRS duration increases as potassium level increases
• P waves decrease in amplitude as potassium level
increases
• PR interval duration increases as potassium level
Increases

Sodium is the most abundant electrolyte in the body and
makes up 90% of the positively charged ions (ie., cations)
in the extracellular fluid (Huether, 2012). It is important in
maintaining water balance, is necessary for the normal conduction ofimpulses in nerve and muscle fibers (in conjunction with potassium and calcium), and plays an important
role in the voltage of action potentials (Speakman & Weldy,
2002). 1he diet is the primary source of sodium. In healthy
individuals, excess sodium is excreted in the urine.

Potassium is the primary intracellular fluid cation. It is
important for many cell functions, including cardiac and
neuromuscular activity, resting membrane potential, growth,
and regulation of the fluid volume and pH within the cell
(Stanton & Koeppen, 2010).

HYPERNATREMIA

HYPERKALEMIA

Hypernatremia (sodium excess) may result from the
retention of relatively more sodium than water, or it may
be caused by a loss of relatively more water than sodium
(Felver, 2013). Possible causes ofhypematremia because of
the retention of relatively more sodium than water include
excess aldosterone secretion, excess secretion of adrenocorticotropic hormone (ACTH), or hypertonic parenteral
fluid administration, inadequate fluid intake, or ingestion
of abnormal amounts of sodium. Possible causes ofhypernatremia because of a loss of relatively more water than
sodium include diabetes insipidus, severe watery diarrhea,
and severe insensible water losses (e.g., heat stroke, prolonged high fever).
'Ihe patient may present with restlessness. irritability, thirst, dry and flushed skin, dry mucous membranes.
decreased urine output. seizures. and coma. Hypernatremia
does not cause any significant changes on the ECG.

(Objective 7)
Hyperkalemia (potassium excess) may occur because of
acute or chronic renal failure, excessive administration of
intravenous (IV) potassium, metabolic acidosis, ingestion
of excessive amounts of salt substitutes. medications (e.g.,
spironolactone. angiotensin-converting enzyme inhibitors,
nonsteroidal antiinflammatory drugs), or widespread cell
damage (e.g., crush injuries, burns). 1he patient may present with anxiety, restlessness, cardiac dysrhythmias, skeletal muscle weakness, abdominal muscle cramping, and
diarrhea.
The effects of hyperkalemia depend on the tissue
involved, with the atrial myocardium being the most sensitive, the ventricular myocardium less sensitive, and the
SA node and bundle of His the least sensitive (EI-Sherif
et al, 2012). When the potassium level exceeds 5.5 mEq/L,
tall, peaked T waves may be seen on the ECG (Box 9.2).
However, 50% of patients with potassium levels higher than
6.5 mEq/L will not manifest any ECG changes (EI-Sherif
et al, 2012). As the potassium level rises, PR intervals
lengthen and the QRS duration increases, reflecting slowed
conduction. When the potassium level nears 10 mEq/L,
intraventricular conduction delays and dysrhythmias such
as ventricular tachycardia, ventricular fibrillation, and asystole may develop. Examples of the effects of hyperkalemia
on the ECG are shown in Fig. 9.35.

HYPONATREMIA
Hyponatremia (sodium deficit) may result from an inadequate intake of sodium, from dilution of sodium by water
excess, or when there is loss of sodium (Huether, 2012).
Hyponatremia alters the action potential in neurons and
muscle because of changes in the cell's ability to depolarize
and repolarize (Huether, 2012). Possible causes of hyponatremia include inadequate sodium intake, prolonged diuretic
therapy, excessive diaphoresis, excessive loss ofsodium from
trauma (e.g., burns), adrenal insufficiency, renal disease,
severe gastrointestinal (GI) fluid losses from gastric suctioning or lavage. and prolonged vomiting or diarrhea. Some
medications, such as morphine and barbiturates, may impair
water excretion and contribute to hyponatremia (Speakman
& Weldy, 2002).
1he patient may present with irritability, fatigue, headache, nausea and vomiting, abdominal cramps. and mwcle
weakness. Hyponatremia does not cause any significant
changes on the ECG.

Potassium

HYPOKALEMIA
[Objective 7)
Hypokalemia (potassium deficit) is one of the most common electrolyte disorders (Stanton & Koeppen, 2010). It
may occur because of prolonged diuretic therapy with thiazide diuretics or furosemide. an inadequate dietary intake of
potassium, administration of potassium-deficient parenteral
fluids, starvation, severe GI fluid losses from gastric suctioning or lavage, prolonged vomiting or diarrhea, or laxative use
without replacement of potassium. It has been estimated that

Chapter 9

Introduction to the 12-Lead ECG

Fig. 8.35 The effac1s of prog lli8Sive hyperkalemia on lhe Bleclrocardlogram. All of the lllustrallons BIB from lead Va.
A, Serum pD!asslum amcenlnltlon (K+) was 6.8 mE~¥~-; nolllthe peaked T waves together 'ftith sinus rflythm. B, Serum K+
was 8.9 mEqll; nolllthe paakad T waves and absent P WIIVIIB. C, Serum K+ was gllllller 1han 8.9 mEq/1.; note the classic
slna wave with absant Pwaves, marked prolongatlcn of 1hB QRS complex, and peaked T waYBS. (from Goldman L., Schafar AI,
Goldman-Cecil medicine, ed 25, Philadelphia, 2015, Saunders~
Va

Fig. 8.38 The electrocardiOgraphic manifestations of hypOkalemia. The serum potassium concentralicn was 2.2 mEqll...
The ST segment iS prolOnged, l)l'imanly because of a uwave after 1he T wave, and the Twave iS flattened. (From Goldman L,
Schafer AI, Goldman-Cecil medicine, eel 25, Philadelphia, 2015, Saul'(jers.)

•=m:~
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ECG Signs of Hypokalemia

• ST-segment depression
• Decrease in T wave amplitude
• Prominent U waves; amplitude of U waves may
exceed that ofT waves in the same lead with marked
hypokalemia
• P wave amplitude and duration are usually increased
• Slight prolongation of PR interval
• Increased QRS duration wittl severe hypokalemia

as many as 1096 to 40% of patients taking thiazide diuretics
and almost 50% of patients resuscitated from out-of-hospital
ventricular fibrillation have low potassium levels (El-Sherif
et al, 2012).
1he patient may present with skeletal muscle weakness, fatigue, paresthesias, and cardiac dysrhythmias
(e.g., sinus bradycardia, AV blocks). Electrophysiologic
effects of hypokalemia include increased automaticity,
decreased conduction velocity, shortening of the effective refractory period, and prolongation of the relative
refractory period (El-Sherif et al, 2012). Possible ECG
manifestations of hypokalemia are shown in Box 9.3 and
Fig. 9.36.

Calcium
Calcium is important in bone formation, nerve and muscle
function, and blood clotting.

HYPERCALCEMIA
[Obiactive 7J
Causes of hypercalcemia (calcium excess) include chronic
and acute renal failure. excessive vitamin D or vitamin
A intake, hyperthyroidism, hyperparathyroidism, adrenal insufficiency, cancer (e.g., breast, ovarian, multiple
myeloma), excessive use of calcium-containing antacids, and
an excessive intake of calcium supplements.
1he patient may present with nausea, vomiting, acute
mental status changes ranging from mild confusion to
coma, skeletal muscle weakness, constipation, and cardiac
dysrhythmias. ECG changes associated with hypercalcemia
appear in Box 9.4.
•=m:~•

ECG Signs of Hypercalcemia

• Shortening of the ST segment
• Decreased QT interval duration

HYPOCALCEMIA
[ObJective 7]
Hypocalcemia (calcium deficit) may result from an inadequate intake of calcium or from increased excretion
of calcium from the body (Speakman & Weldy, 2002).
Possible causes include acute or chronic renal failure,
dietary deficiency of calcium and vitamin D, pancreatic
disease, malabsorption because of small bowel disease, and
hypoparathyroidism.
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Normal

QT = 0.48 sec
QT0 = 0.52sec

QT = 0.36 sec
QT0 = 0.41 sec
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QT = 0.26 sec
QT0 = 0.38sec

Fig. 9.37 With hypccalcemla, th& ST segment lslangth&ned, and the QT llllllrVBIIs prolonged. \VIIh hyp&realcemla, the

sr ssgm&nt Is shortBned, and the durallon a! the QT Interval Is decll!&'!Bd. (From GollllergerAL.: CRnlcaJ Bl8ctmcatrJ/ogry: s
sJmp1/fl8d Bf1P/fBCh, ed 8, Phllad&lphle, 2013, SaulllllfS.)

The patient may present with irritability and confusion,
tingling of the nose, mouth, ears, fingers, or toes; nausea,
vomiting, and diarrhea; cardiac dysrhythmias; hyperactive
deep tendon reflexes; carpal spasms (Trousseau sign); facial
muscle contraction (Chvostek sign); and pathologic fractures. ECG changes associated with hypocalcemia are shown
in Box 9.5. Possible ECG manifestations of hypocalcemia
and hypercalcemia are shown in Fig. 9.37.
1:m.:~1 1 ECG Signs of Hypocalcemia

• Lengthening of the ST segment
• Increased QT interval duration

Magnesium
Magnesium is important for many biological processes,
including enzyme reactions, neuromuscular function
(including cardiac muscle contractility), and the production and use of adenosine triphosphate (Speakman &
Weldy, 2002).

HVPERMAGNESEMIA
Causes of hypermagnesemia (magnesium excess) include
renal failure, excessive use of parenteral magnesium, and
excessive use of magnesium-containing antacids or laxatives.
The patient may present with drowsiness, flushing, hypotension, decreased rate and depth of breathing,
and diminished deep tendon reflexes. Hypermagnesemia
depresses AV and intraventricular conduction (El-Sherif
et al, 2012). Hypermagnesemia does not produce significant
ECG changes.

HYPOMAGNESEMIA
Hypomagnesemia (magnesium deficit) may occur because
of prolonged or excessive diuretic therapy, excessive calcium
or vitamin D intake, administration ofIV fluids or total parenteral nutrition without magnesium replacement, hypercalcemia. malabsorption associated with disease of the small
intestine, malnutrition, and alcoholism.
1he patient may present with acute mental status
changes, tachycardia, cardiac dysrhythmias, muscle tremors
and muscle cramps, and hyperactive deep tendon reflexes.
Although hypomagnesemia does not produce s.ig:nificant
ECG changes, it has been implicated as a possible cause of
torsades de pointes.

ANALVZING THE 12-LEAD
ELECTROCARDIOGRAM
[Oblectlve 8]
It is important to use a systematic method when analyzing
a 12-lead ECG. Before beginning an in-depth review, take
a moment to "take in" the entire 12-lead and get an overall
impression ofthe tracing. Does the rate look as ifit is normal,
fast, or slow? Do the ST segments look markedly elevated or
depressed? Is there evidence ofpremature beats, pauses, baseline wander, or artifact? Ifbaseline wander or artifact is present to any significant degree, note it. If the presence of either
of these conditions interferes with the assessment ofany lead,
use a modifier such as "possible• or "apparent" in your interpretation. After initially surveying the tracing, consider using
the following approach when reviewing a 12-lead ECG:
1. Identify the rate and underlying rhythm. Identify any premature beats and pauses, if present
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2. Using leads I and aVF, determine the QRS uis.
3. Identify and examine waveforms and measure intervals.

Before examining waveforms, quickly look at the calibration marker and determine ifit is standard, half-standard,
or twice the standard. Next, examine each lead, selecting
one good representative waveform or complex in each
lead. Inspect each waveform, noting any changes in orientation, shape, size, and duration.
4. Examine for evidence ofischemia, injury, and infarction. "I
See All Leads" is a commonly used mnemonic to recall the

lead groupings when localizing an infarction and predicting which coronary artery is occluded. I (inferior) =II, III,

aVF; S (septal)= Vto V2 ; A (anterior)= V3 , V..; L (lateral)
I, aVL, V5, V6• Look for the presence ofST-segment displacement (ie., STE or ST-segment depression).
5. Look for evidence of chamber enlargement, look for
effects of electrolyte imbalances, and ascertain if conditions that mimic MI are present (e.g., LVH,left BBB, ventricular rhythm, ventricular paced rhythm).
=
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STOP & REVIEW
True/False
Indicate whether the statement is true or false.
__ 1. In a patient presenting with an acute coronary syndrome, the presence ofSTE on the ECG suggests that
myocardial injury is in progress.
__ 2. Evidence of sodium disturbances is typically viewed
on the ECG as marked increases in the amplitude of
P waves and T waves.
__ 3. An abnormal (i.e., pathologic) Q wave indicates the
presence of dead myocardial tissue.

Multiple Choice
Identify the choice that best completes the statement or
answers the question.
__ 4. Although an RVI may occur by itself. it is more commonly associated with a(n) _ _ wall MI.
a. anterior
b. lateral
c. septal
d. inferior
_ S. Lead I is perpendicular to lead
a. 11.
b. III.

c. aVF.
d. aVL.

_8. Which of the following are commonly seen ECG
changes in hyperkalemia?
a. Tall, peaked T waves
b. Shortened PR intervals
c. Elevated ST segments
d. Peaked P waves
__ 7. Patients experiencing _ _ infarctions are most
likely to develop BBB.
a.~riorandl~

b. anterior and inferobasal
c. septal and anteroseptal

_e.

d.~riorandseptal

When leads I and aVF are used to determine electrical a:xis,left axis deviation is present if
a. the QRS is positive in lead I and positive in lead
aVF.
b. the QRS is positive in lead I and negative in lead
aVF.
c. the QRS is negative in lead I and negative in lead
aVF.
d. the QRS is negative Jnlead I and positive in lead
aVF.

_

9. Which of the following statements is true regarding

ventricular hypertrophy?

a. Hypertrophy increases the QRS amplitude.
b. Hypertrophy increases the duration of the QRS

complex.

c. Leads I, aVL. V5, and V6 are the best leads to use
in looking for ECG evidence of hypertrophy.
d. ECG evidence of right ventricular hypertrophy is
usually more readily evident than left ventricular
hypertrophy.
__ 10. In a patient experiencing an acute coronary syndrome, T wave inversion suggests the presence of

a. injury.
b. ischemia.
c. infarction.
d. cardiogenic shock.
__ 11. Normal electrical axis lies between __ in the frontal plane.
a. -30 and +90 degrees
b. +90 and ±180 degrees
c. -90 and ±180 degrees
d. -30 and -90 degrees
__ 12. In evaluating the ECG for indications of enlargement, an ECG mac:h.ine's sensitivity must be calibrated so that a 1-mV electrical signal will produce
a detlection measuring exactly _ _ mm tall.
a. 0.5
b.l
c.S
d. 10
_13. Which ofthefollowingECG changes is one ofthe earliest to occur during a STEM! but may have resolved
by the time the patient seeks medical assistance?
a. Pathologic Q waves
b. Hyperacute T waves
c.HorizontalSTse~ents

d. Lengthening of the QT interval

__ 14. A 66-year-old man presents with persistent chest
pain that has been present for 1 hour. His 12-lead
ECG reveals STE in leads V 2, V3, and V41 and his

cardiac biomarkers are elevated. You suspect
a. stable angina.
b. unstable angina.
c. STEMI.
d. NSTEMI.
_15. Which of the following is probably the single best
lead to use in differentiating between RBBB and
LBBB?
a. Lead II
b. Lead V1
c. Lead V4
d. LeadaVR
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Completion
Complete each statement
18. A _ _ _ _ _ _ _ _ BBB produces an rSR' pattern in lead V1•
17. A

BBB produces a QS pattern in lead V1•

Matching
Match the terms below with their descriptions by placing the letter ofeach correct answer in the space provided.
1. Left anterior descending artery
b. STEMI
c. Cardiac enlargement
d. V 1, V 2
e. Positive
f. DUated cardiomyopathy
g. IandaVF
b. Terminal force
i. Right atrial abnormality

J. QS
k. I,aVL, V 5, V 6
I. rSR'

m. Right coronary artery

n. Tall R waves in leads V 1 through V 3 and deeper than normal S waves in leads I, aVL, VSJ and V6
o.LBBB
p. Non-ST-elevation acute coronary syndromes
q. Intraventricular conduction delay
r. Hypertrophic cardiomyopathy
s. Increased QRS amplitude and changes in the ST segment and T wave
t. Left atrial abnormality
_18. 'This can produce ST-segment elevation and wide Q waves that look remarkably similar to infarction
__ 19. Term that refers to either dUation of a heart chamber or hypertrophy of the heart muscle
_ _ 20. Leads commonly used to determine axis deviation
_21. NSTEMI and unstable angina
__ 22. Cardiac biomarkers (e.g., troponins) are elevated when this is present
_
23. Leads that view the septum
_24. QRS pattern that is characteristic ofRBBB
_ _ 25. Most common fonn ofcardiomyopathy
_ _ 26. Term used to describe a wide QRS that is not associated with a BBB pattern
_ 27. The P wave is tall, peaked, and usually of normal duration
__ 28. Vessel that is usually blocked with an inferior MI
_
29. Deflection of the tenninal. force of the QRS complex in V1 in RBBB
_
30. Vessel that is usually blocked with an anterior MI
_31. Characteristic ECG changes associated with right ventricular hypertrophy
32. Leads that view the lateral wall of the left ventricle
_
33. The final portion of the QRS complex
_
34. Characteristic ECG changes associated with left ventricular hypertrophy
_35. QRS pattern that is characteristic ofLBBB
_
36. Type of cardiomyopathy characterized by significant myocardial hypertrophy without ventricular dUation that results
in a markedly reduced stroke volume because of impaired diastolic 611ing
__ 37. Associated with prolongation of the middle and end of the P wave
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12-Lead Electrocardiograms-Practice
38. Analyze this 12-lead ECG and record your findings below.

~

9.38 (From Phalen T, Aehlert BJ: The 12-/ead ECG in acute coronary sYI)drOmeS. ed 3, Sl Louis, 2012, Mosby.)

Rhythm and rate: _ _ _ _ _ _ _ _ _ QRS a x i s : - - - - - - - - - - - - - - - - - - - QRS duration:------ QT i n t e r v a l : - - - - - - - - -

PR interval:
ST depression:
m~r~tion:

ST elevation:
Other findings: _ _ _ _ _ _ __
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

39. Analyze this 12-lead ECG and record your findings below.

Fig. 9.38 (From Phalen T, Aehlert BJ: The 12-/ead ECG in acute coronary sYI)drOmeS. ed 3, Sl Louis, 2012, Mosby.)

Rhythmandrate: _ _ _ _ _ _ _ _ _ QRSaxis: - - - - - - - - - - - - - - - - - - PR interval:

QRS duration: _ _ _ _ _ _ QT interval:--------

ST depression:----------- ST elevation:
m~remtion:

Other findings: _ _ _ _ _ __

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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40. Analyze this 12-lead ECG and record your findings below.

Fig. 9.40 (From Phalen T, Aehlert BJ: The 12-le8.d ECG in acute coronary syndromes, ed 3, Sl Louis, 2012, Mosby.)

Rhythm andrate: _ _ _ _ _ _ _ _ _ QRSaxis: - - - - - - - - - - - - - - - - - PR interval:

QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - - -

ST depression:

ST elevation:

m~tion:

Other:lindings: _ _ _ _ _ __

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

41. Analyze this 12-lead ECG and record your findings below.

Fig. &.41 (From Phalen T, Aahlart BJ: TOO 12-IBad ECG In BCUis aJrof11J1Y !lJI7lirom8s, 1113, St Louis, 2012, MDBby.)

Rhythm andrate: _ _ _ _ _ _ _ _ _ QRSaxis: - - - - - - - - - - - - - - - - - - - PR interval:
ST depression:
fu~remtion:

QRS duration: _ _ _ _ _ _ QT interval:-------ST elevation:
Other:lindings: - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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42. Analyze this 12-lead ECG and record your findings below.

I

r...oJ

mlddor

Fig. 8.42 (Frnm Phalen T, Aehlert BJ: The 12-/elldECG In acute CO/Dfi/JIY syndromes. ed 3, 5t Louis, 2012, Mosby.)

Rhythm and rate: _ _ _ _ _ _ _ _ _ QRS a x i s : - - - - - - - - - - - - - - - - - - QRS duration: _ _ _ _ _ _ QT interval:--------

PR interval:

ST d e p r e s s i o n : - - - - - - - - - - ST elevation:
Other findings: _ _ _ _ _ __
_______________________________________________________
m~llim:

43. Analyze this 12-lead ECG and record your findings below.
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllltFJ]JJJ Ill IE!!

IJ-L--J~~tv~r-Hr-l~W~
~~....._~~"'r ,.,·.._,r-,.r--1/ILLl .J
~u\__f"-~~.J->~ ~~ r ~u

I

r...oJ

oVL r...oJ
oV/1-

Fig. 8.43 (Frnm Phalen T, Aehlert BJ: The 12-/elldECG In acute coronary syndromes. ed 3, 5t Louis, 2012, Mosby.)

Rhythm and rate: _ _ _ _ _ _ _ _ _ QRSaxis: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
PR interval:
ST depression:
m~r~tion:

QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - - ST elevation:
Other :findings: _ _ _ _ _ __
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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44. Analyze this 12-lead ECG and record your findings below.

Fig. 9.44 (From Phalen T, Aehlert BJ: The 12-le8.d ECG in acute coronatY syndrOmeS, ed 3, Sl Louis, 2012, Mosby.)

Rhythm and rate: _ _ _ _ _ _ _ _ _ QRS axis: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
PR interval:

QRS duration: _ _ _ _ _ _ QT interval:--------

ST depression:
m~tion:

ST elevation:
Other findings: _ _ _ _ _ __
_______________________________________________________

46. Analyze this 12-lead ECG and record your findings below.

Fig. 9.4& (From Phalen T, Aehlert BJ: The 12-le8.d ECG in acute coronatY syndrOmeS, ed 3, Sl Louis, 2012, Mosby.)

Rhythm and rate: _ _ _ _ _ _ _ _ _ QRS a x i s : - - - - - - - - - - - - - - - - - - PR interval:

QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - -

ST depression:

ST elevation:

m~remtion:

Other findings: _ _ _ _ _ __

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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48. Analyze this 12-lead ECG and record your findings below.

Fig. 8.48 (Frnm Phalen T, Aehlert BJ: The 12-/ead ECG in 8CtJte CfJirJfi8IY syndromes. ed 3, Sl Louis, 2012, Mosby.)

Rhythm and rate: _ _ _ _ _ _ _ _ _ QRS axis: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
PR i n t e r v a l : - - - - - - - - - - - QRS duration: _ _ _ _ _ _ QT interval:-------ST depression: _ _ _ _ _ _ _ _ _ _ _ ST elevation: _ _ _ _ _ _ _ Otherfindings: _ _ _ _ _ __
m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

47. Analyze this 12-lead ECG and record your findings below.

Fig. 8.47 (From Phalen T, Aehlert BJ: The 12-/eadECG in acute coronary s_yndromes, ed 3, St Louis, 2012, Mosby.)

Rhythm and rate: _ _ _ _ _ _ _ _ _ QRS axis: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
PR interval:

QRS duration: _ _ _ _ _ _ QT interval:--------

ST depression:

ST elevation:

m~eafum:

Other :findings: _ _ _ _ _ __

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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48. Analyze this 12-lead ECG and record your findings below.

Fig. 9.48 (From Phalen T, Aehlert BJ: Th6 12-18ad ECG In acvt9 coronatY synclromas, ed 3, StLouis, 2012, M~.)

Rlryth.m and rate: _ _ _ _ _ _ _ _ _ QRS axis: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
PR i n t e r v a l : - - - - - - - - - - - QRS duration: _ _ _ _ _ _ QT interval:-------ST depression: _ _ _ _ _ _ _ _ _ _ _ STelevation: _ _ _ _ _ _ _ Otherfi.ndings: _ _ _ _ _ _ __
m~tion:

_______________________________________________________

48. Analp.e this 12-lead ECG and record your findings below.

Rg. 9.49 [From Phalen T, Ashlert BJ: 1M 12-lead ECG In 8&1118 ooronary 8)'111irom68, ed 3, St Louis, 2012, Mosby.)

Rlryth.m and rate: _ _ _ _ _ _ _ _ _ _ QRS a x i s : - - - - - - - - - - - - - - - - - - PR interval:
ST depression:
m~tion:

QRS d u r a t i o n : - - - - - - - - - - QT interval: _ _ _ __
ST elevation:
Other findings: _ _ __
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Chapter 9

Introduction to the 12-Lead ECG

50. Analyze this 12-lead ECG and record your findings below.

I~

DoVF-

v.

• --

Fig. 9.150 (From Phalen T, Aehlert BJ: Th6 12-18ad ECG In acvt9 coronatY synclromas, ed 3, StLouis, 2012, M~.)

Rhythmandrate: _ _ _ _ _ _ _ QRSa.xis: _ _ _ _ _ _ _ _ _ _ _ _ _ __
PRinterval:

QRS duration: _ _ _ _ _ QT interval: _ _ _ _ __

STdepression:_ _ _ _ _ _ _ _ STelevation:

Otherfindings: _ _ _ _ __

m~tion=---------------------------
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STOP & REVIEW I ANSWERS
1. T. In a patient presenting with an acute coronary syndrome, STE may develop, indicating myocardial injury
in progress. STE may occur within the first hour or first
rew hours of infarction.
OB]: Recognize the changes on the ECG that may reflect evidence of myocardial ischemia, injury, or infarction.
2. R Sodium disturbances do not cause any significant
changes on the ECG.
OBJ: Identify the ECG changes characteristically produced by
hyperkalemia, hypokalemia, hypercalc:emia, and hypocalcemia.
3. T. An abnormal (i.e., pathologic) Q wave is more than
0.04 second in duration or more than one thiJ:d the height
of the following R wave in that lead. MI is one possible
cause of abnormal Q waves. In the early hours of infarction, an abnormal Q wave may not have developed to its
full width or amplitude. 1herefore, a single ECG tracing
may not identify an abnormal Q wave. In a patient with
a suspected MI, be sure to look at Q waves closely. Even
if the initial ECG tracings do not show Q waves that are
more than 0.04 second in duration or equal to or more
than one third of the amplitude of the QRS complex,
pathology must be considered if the Q waves become
wider or deeper in each subsequent tracing.
OBJ: Recognize the changes on the ECG that may reflect evidence of myocardial ischemia, injtuy. or infarction.
4. D. 1he right ventricle is supplied by the right ventricular
marginal branch of the RCA. An occlusion of the right
ventricular marginal branch results in an isolated RVI.
Occlusion of the RCA proximal to the right ventricular marginal branch results in an inferior and RVI. RVI
should be suspected when ECG changes suggesting an
inferior infarction are seen.
OB]: Recognize the changes on the ECG that may refiect evidence of myocardial ischemia, injury, or infarction.
5. C. In the hexaxial reference system, the axes of some
leads are perpendicular to each other. Lead I is perpendicular to lead aVF. Lead II is perpendicular to aVL, and
lead III is perpendicular to lead aVR.
OBJ: Discuss the determination of electrical axis using leads
I andaVF.
8. A. When the potassium level exceeds 5.5 mEq/L, tall,
peaked T waves may be seen on the ECG; however, 50%
of patients with potassium levels higher than 6.5 mEq/L
will not manifest any ECG changes (El-Sherifet al, 2012).
OB]: Identify the ECG changes characteristically produced
by hyperkalemia, hypokalemia. hypercalcemia, and hypocalcemia.
7. C. The septum, which contains the bundle of His and
bundle branches, is normally supplied by the left anterior descending coronary artery. ECG changes of

infarction are seen in leads V1 and V2 ifthe site ofinfarction is limited to the septum. Ifthe entire anterior wall is
involved, ECG changes will be visible in V 1, V2> V 3, and
V4• A blockage in this area may result in both RBBB and
LBBB, second-degree AV block type fi, and third-degree
AVblock.
OBJ: Recognize the changes on the ECG that may reflect evidence of myocardial ischemia. injury, or infarction.
8. B. Current ftow to the left of normal is called left axis
deviation (between -30 and -90 degrees). If the QRS

complex is predominantly positive in I and negative in
aVF, left axis deviation is present.
OBJ: Discuss the determination of electrical axis using leads
IandaVF.
9. A. Ventricular muscle thickens (i.e., hypertrophies)
when it sustains a persistent pressure overload. Dilatation
occurs because of persistent volume overload. 1he two
often go hand in hand. Hypertrophy increases the QRS
amplitude and is often associated with ST-segment
depression and asymmetric T-wa:ve inversion. Because
the right ventricle is normally considerably smaller
than the le~ it must become extremely enlarged before
changes are visible on the ECG. Leads V1, V5, and V6 are
used when looking for ECG evidence ofhypertrophy.
OBJ: Discuss the ECG changes that are characteristic of right
atrial, left atrial, right ventricular, and left ventricular enlargement
10. B. In a patient experiencing an acute coronary syndrome, T-wave inversion suggests the presence of myocardial ischemia.
OBJ: Recognize the changes on the ECG that may reflect evidence of myocardial ischemia, injury, or infarction.
11. A. In adults, the normal QRS axis is considered to be
between -30 and +90 degrees in the frontal plane.
Current ftow to the right of normal is called right axis
deviation (between +90 and ±180 degrees). Current flow
in the direction opposite of normal is called indeterminate, "'no man"s land; northwest, or extreme right axis
deviation (between -90 and ±180 degrees). Current flow
to the left of normal is called left axis dwiation (between
-30 and -90 degrees).
OBJ: Explain the term electrical axis and its significance.
12. D. In evaluating the ECG for indications of chamber
enlargement, it is particularly important to check the
calibration marker to ensure that it is 10 mm (1mV) tall
OBJ: Discuss the ECG changes that are characteristic of right
atrial, left atrial, right ventricular, and left ventricular enlargement
13. B. Hyperacute (i.e., tall) T waves are sometimes called
tombstone T waves and typically measure more than
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50% of the preceding R wave. In addition to an increase
in height, the T wave becomes more symmetric and may
become pointed. These changes are often not recorded
on the ECG because they have typically resolved by the
time the patient seeks medical assistance.
OBJ: Recognize the changes on the ECG that may reflect evidence of myocardial ischemia, injury, or .infarction.
14. C. The diagnosis ofan acute coronary syndrome is made
on the basis ofthe patient's clinical presentation, history,
ECG findings, and cardiac biomarker results. If ST segments are elevated in two contiguous leads and elevated
cardiac biomarkers are present, the diagnosis is STEMI.
If ST elevation is not present but biomarker levels are
elevated, the diagnosis is NSTEMI. If the ST segments
are not elevated and cardiac biomarkers are not elevated,
the diagnosis is unstable angina (Thygesen et al, 2012).
OBJ: Recognize the changes on the ECG that may reflect evidence of myocardial ischemia, injury, or infarction.
15. B. The criteria for BBB recognition may be identified

in any lead of the ECG. However, when di1ferentiating
RBBB from LBBB, pay particular attention to the QRS
morphology (i.e., shape) in specific leads. Lead V 1 is
probably the single best lead to use in di1ferentiating
between RBBB and LBBB.
OBJ: Describe the appearance ofRBBB and LBBB as seen in
lead V1.
16. An RBBB produces an RSR' pattern in lead V 1•

OBJ: Describe the appearance ofRBBB and LBBB as seen in

lead V1.
17. An LBBB produces a QS pattern in lead V 1•

OBJ: Describe the appearance ofRBBB and LBBB as seen in
lead V1.
18. 0
19.

c

20. G

21. p

22. B
23.0
24.L

25. F
26.Q
71. I
28.M

29. E
30. A

31. N
32. K

33. H

34.

s

35. J

38. R
':fl.

T

Practice 12-Lead Electrocardiograms
Answers
Note: Because of the distortion of ECGs that can occur during printing, a range ofacceptable measurements is provided
in the rhythm strip answers throughout this textbook.
38. Rg.9.38

Rhythm and rate: Sinus tachycardia at 101 beats/min
QRS axis: Left

PR interval: 0.16 second
QRS duration: 0.13 second
QT interval: 0.35 second
ST depressiolllelevation: Depression in L n,aVL V1 to V2
Other findings: T waves inverted in V 1 to V2
Interpretation: Sinus tachycardia at 101 beats/min with
RBBB
31. Fig. 9.39

Rhythm and rate: Sinus bradycardia at 56 beats/min
QRS axis: Normal
PR interval: 0.12 second
QRS duration: 0.10 second
QT interval: 0.43 second
ST depression/elevation:
Other findings: T waves inverted in V 1
Interpretation: Sinus bradycardia at 56 beats/min, otherwise normal ECG
40. Fig. 9.40

Rhythm and rate: Sinus rhythm at 60 beats/min
QRS axis: Left

PR interval: 0.16 second
QRS duration: 0.14 second

QT interval: 0.42 second
ST depression/elevation: Elevation V1 to V4> depression
in I, aVL, V5, V6
Other findings: T waves inverted in I, aVL, V5, V6
Interpretation: Sinus rhythm at 60 beats/min; possible
STEMI/new onset LBBB; consider clinical presentation
41. Fig. 9.41

Rhythm and rate: Sinus rhythm at 84 beats/min
QRS axis: Normal
PR interval: 0.16 second
QRS duration: 0.08 second
QT interval: 0.34 second
ST depression/elevation:
Other findings:
Interpretation: Normal ECG
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42. Rg.9.42
Rhythm and rate: Sinus rhythm at 86 beats/min
QRS axis: Normal
PR interval: 0.14 second
QRS duration: 0.09 second
QT interval: 0.35 second
ST depression/elevation: Elevation noted in V 1 to V 4
Other findings: T waves inverted in III; tall, peaked in
V2 to V 4; baseline wander in V 6
Interpretation: Sinus rhythm at 86 beats/min. Anteroseptal infarction; STE noted in V 1 to V 4• Tall, peaked
T waves in V2 to V 4• Reciprocal changes noted in III,
subtle changes in II and aVF.

43. Rg.9.43
Rhythm and rate: Sinus rhythm at 92 beats/min
QRS axis: Normal
PR interval: 0.15 second
QRS duration: 0.11 second
QT interval: 0.36 second
ST depression/elevation: Elevation in II, III, aVF;
depression in I, aVL V 1 to V4
Other findings: Pathologic Q waves in II, III, aVF; baseline wander in I, II, III
Interpretation: Sinus rhythm at 92 beats/min. Inferior
STEMI; STE noted in II, lll, and aVF. Obvious reciprocal change noted in aVL. ST depression in V 1 to V 4 suggests possible posterior involvement; consider obtaining
posterior leads. Obtain V4R to assess for RVI.

44. Rg.9.44

Rhythm and rate: Atrial fibrillation at 81 beats/min
QRS axis: Left
PR interval: None
QRS duration: 0.09 second
QT interval: 0.39 second
ST depression/elevation: Elevation in I, aVL; depression
in II, III, aVF
Other findings:
Interpretation: Atrial fibrillation at 81 beats/min. Lateral
STEMI; reciprocal changes noted in II, III, and aVF.
45. Fig. 8.45

Rhythm and rate: Junctional rhythm at 55 beats/min
QRS axis: Normal
PR interval: None
QRS duration: 0.10 second
QT interval: 0.45 second
ST depression/elevation: Elevation in II, III, aVF;
depression in I, aVL V 1 to V4
Other findings: T waves inverted in aVL, V 1
Interpretation: Junctional rhythm at 55 beats/min. Inferior STEMI; reciprocal changes noted in aVL. Obtain
V ~to assess for RVI.

48. Rg.9.48
Rhythm and rate: Atrial fibrillation at 115 beats/min
QRS axis: Normal
PR interval:
QRS duration: 0.10 second
QT interval: 0.36 second
ST depression/elevation: Elevation in IL IlL aVF, VS> VfJ
depression in I, a VL, V1 to V 3
Other findings: T waves inverted in V 1, V2
Interpretation: Atrial fibrillation at 115 beats/min.
Inferolateral STEMI; reciprocal changes in I and aVL.
Obtain V 4R to assess for RVI. ST-segment depression
in V 1 to V 3 suggests possible posterior involvement;
consider obtaining posterior leads.

47. Fig. 8.47

Rhythm and rate: Sinus bradycardia at 56 beats/min
QRS axis: Normal
PR interval: 0.11 second
QRS duration: 0.10 second
QT interval: 0.46 second
ST depression/elevation: Elevation in V1 to V4i depression
in II, III, aVF
Other findings: Tall T waves in V 2 to V 4
Interpretation: Sinus bradycardia at 56 beats/min.
Suspected anteroseptal STEM!; reciprocal changes
noted in II, III, a VF. Short PR interval.
48. Rg.9.48
Rhythm and rate: Supraventricular bradycardia at
42 beats/min
QRS axis: Normal
PR interval: None
QRS duration: 0.09 second
QT interval: 0.52 second
ST depression/elevation: Elevation in II, III, aVF, V 5 to
V 6i depression in I, aVL
Other findings: Tall T waves in II, III, aVF
Interpretation: Supraventricular bradycardia at 42 beats/
min. Inferolateral STEMI; reciprocal changes in I and
aVL. Prolcmged QT interval Obtain V~to assess for RVI.

48. Rg.9.49
Rhythm and rate: Electronic atrial pacemaker at 80
beats/min
QRS axis: Normal
PR interval: 0.26 second
QRS duration: 0.09 second
QT interval: 0.36 second
ST depression/elevation:
Other findings:
Interpretation: Atrial paced rhythm at 80 beats/min; no
ECG evidence of STEMI
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50. Rg.9.50

Rhythm and rate: Sinus tachycardia at 113 beats/min
with 1irst~degree AV block and LBBB
QRS am: Normal
PR interval: 0.33 second
QRS duration.: 0.15 second
QT interval: 0.33 second
ST depression/elevation: Elevation in V 1 to V 3
Other findings: Artifact in limb leads

Interpretation: Sinus tachycardia at 113 beats/min with
first-degree AV block. Possible anteroseptal STEMI;
however, wide QRS and LBBB pattern are also present.
Consider clinical presentation and obtain serial ECGs.
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Multiple Choice
Identify the choice that best completes the statement or
answers the question.
1. A branch of the _ _ supplies the right atrium
and right ventricle with blood.
a. circumflex (Cx) artery
b. right coronary artery (RCA)
c. left main coronary artery
d. left anterior descending (LAD) artery
2.

Stimulation of parasympathetic nerve fibers typically results in which of the following actions?
a. Constriction of coronary blood vessels
b. Increased strength of cardiac muscle contraction
c. Increased rate of discharge ofthe sinoatrial
(SA) node
d. Slowed conduction through the atrioventricular
(AV) node

3.

The contribution of blood that is added to the ventricles and results from atrial contraction is called
a. afterload.
b. atrial kick.
c. cardiac output
d. peripheral resistance.

4.

Which of the following are semilunar valves?
a. Aortic and pulmonic
b. Aortic and tricuspid
c. Pulmonic and mitral
d. Tricuspid and mitral

5. The left main coronary artery divides into the
a. marginal and C1: branches.
b. marginal and LAD branches.
c. anterior and posterior descending branches.
d. LAD and C1: branches.

278

IL _ _ cells are specialized cells of the electrical
conduction system responsible for the spontaneous generation and conduction of electrical
impulses.
a. Working
b. Pacemaker
c. Mechanical
d. Contractile
7.

The absolute refractory period
a. begins with the onset of the P wave and terminates with the end of the QRS complex.
b. begins with the onset of the QRS complex and
terminates at approximately the apex of the
Twave.
c. begins with the onset of the QRS complex and
terminates with the end of the T wave.
d. begins with the onset of the P wave and terminates with the beginning of the QRS complex.

a.

Which of the following statements is true regarding
the QT interval?
a. The QT interval represents atrial depolarization
followed immediately by atrial systole.
b. The QT interval corresponds to atrial depolarization and impulse delay in the AV node.
c. The QT interval represents ventricular depolarization followed immediately by ventricular
systole.
d. The QT interval represents the time from initial
depolarization of the ventricles to the end of
ventricular repolarization.
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9.

How do you determine whether the atrial rhythm
on an electrocardiogram (ECG) tracing is regular

or irregular~
a. Compare QT intervals
b. Compare PR intervals
c. Compare R to R intervals
d. Compare P to P intervals

_17. The most common type of supraventricular tachycardia (SVT) is
a. atrial :O.utter.
b. atrial tachycardia.
c. AV reentrant tachycardia (AVRT).
d. AV nodal reentrant tachycardia (AVNRT).
_18. Which of the following is true with regard to treat-

ment of a symptomatic patient with AFib?
a. With rate control, the patient remains in AFib,
but the ventricular rate is reduced (controlled)
to decrease acute symptoms.
b. With rate control, measures are taken (either
pharmacologic or electrical) to reestablish sinus
rhythm.

_10. Which of the following ECG leads use two distinct
electrodes, one of which is positive and the other
negative~

a. Leads I, II, and III
b. Leads V1, V2, and V3
c. Leads v 4• v 5• and v 6
d. Leads aVR, aVL, and aVF

11. In sinus arrhythmia, a gradual decreasing of the

heart rate is usually associated with
a. expiration.
b. inspiration.
c. excessive caffeine intake.
d. early signs of heart failure.

_19. If the onset or end of paroxy5mal atrial tachycardia or paroxysmal supraventricular tachycardia
(PSVT) is not observed on the ECG, the dysrhythmia is called

a. sinus tachycardia.
b. junctional tachycardia.

c. SVT.

12. An ECG rhythm strip shows a ventricular rate of46
beats/min, a regular rhythm, a PR interval of 0.14

d. multifocal atrial tachycardia.

second. a QRS duration of 0.06 second, and one
upright P wave before each QRS. This rhythm is
a. sinus arrest.
b. sinus rhythm.
c. SAblock.
d. sinus bradycardia.

_

20. Which of the following is the most common sustained dysrhythmia in adults?
a. AFib
b. Sinus bradycardia
c. Junctional rhythm
d. Ventricular tachycardia (VT)

13. SA block is a disorder of impulse ____, and sinus
arrest is a disorder ofimpulse _ _.

_

21. Which of the following statements is true regarding

a. formation, conduction
b. conduction, formation
_14. Signs and symptoms experienced during a tachydysrhythmia are usually primarily related to

a. vasoconstriction.
b. atrial irritability.
c. slowed conduction through the AV node.
d. decreased ventricular tilling time and stroke
volume.

_15. Which of the following correctly reflects examples

of ectopic (latent) pacemakers?
a. The SA node and AV junction
b. The AV junction and ventricles
c. The SA node and right bundle branch
d. The AV junction and left bundle branch
_16. A wandering atrial pacemaker rhythm with a ventricular rate of 60 to 100 beats/min may also be
referred to as

atrial flutter.
b. atrial fibrillation (AFib).
c. multiform atrial rhythm.
d. multifocal atrial tachycardia.

1.

the differences between premature atrial complexes
(PACs) and premature junctional complexes (PJCs)
in leads II, III, and aVF?
a. A PAC has a narrow QRS complex. and a PJC
has a wide QRS complex.
b. A PAC has a negative P wave before the QRS
complex, and a PJC has a positive P wave before
each QRS complex.
c. A P wave may or may not be present with a
PAC, whereas a PJC typically has a positive P
wave before the QRS complex.
d. A PAC typically has a positive P wave before the
QRS complex. whereas a P wave may or may
not be present with a PJC.
_22.. A Wolff-Parkinson-White (WPW) pattern is associated with a

a. long PR interval, delta wave, and wide QRS
complex.
b. short PR interval, delta wave, and wide QRS

complex.

c. long PR interval, flutter waves, and narrow QRS
complex.
d. short PR interval. flutter waves, and narrow

QRS complex.
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_23. Which of the following ECG characteristics distinguishes atrial flutter from other atrial dysrhythmias?
a. The presence of fibrillatory waves
b. The presence of delta waves before the QRS
c. Clearly identifiable P waves of varying size and
amplitude
d. The saw-tooth or picket-fence appearance of
waveforms before the QRS

_

_zt. When a junctional rhythm is viewed in lead IT, where
is the location ofthe P wave on the ECG ifatrial and
ventricular depolarization occur simultaneously?
a. Before the QRS complex
b. Within the QRS complex
c. After the QRS complex

_

_

25.

30. Which of the following dysrhythmias has QRS complexes that vary in shape and amplitude from beat to
beat and appear to twist from upright to negative or

negative to upright and back. resembling a spindle?
& AFib
b. Idioventricular rhythm
c. Polymorphic VT (PMVT)
d. Monomorphic VT
31. When a delay or interruption in impulse conduction from the atria to the ventricles occurs as a result
of a transient or permanent anatomic or functional
impairment, the resulting dysrhythmia is called a(n)
&

c. bundle branch block (BBB).

The usual rate of nonparoxysmal junctional tachy-

d. AV block.

cardiais

a. 50 to 80 beats/min.

32. Whenever the criteria for BBB have been met

and lead V 1 displays an rSR' pattern, you should
suspect a
& left bundle branch block (LBBB).
b. right bundle branch block (RBBB).

b. 80 to 120 beats/min.
c. 101 to 140 beats/min.
d. 150 to 300 beats/min.
28. Junctional (or ventricular) complexes may come
early (before the next expected sinus beat) or late
(after the next expected sinus beat). If the complex

_

is early, it is called a(n) _ _. If the complex is late,
it is called a(n) _ _•
a. escape beat; premature complex
b. premature complex; escape beat

33. The PR interval of a first-degree AV block
& is constant and less than 0.12 second in duration.
b. is constant and more than 0.20 second in

duration.
is generally progressive until a P wave appears
without a QRS complex.
d. gradually decreases in duration until a P wave
appears without a QRS complex.

c.

27. Depending on the severity of the patient's signs

and symptoms, management of slow rhythms may
require therapeutic intervention including
a. defibrillation.
b. administration of atropine.
c. synchronized cardioversion.
d. vagal maneuvers and administration of
adenosine.
28. The term for three or more premature ventricular
complexes (PVCs) occurring in a row at a rate of

from the same anatomic site (Le., focus) are called
_ _ PVCs.
a. uniform
b. isolated
c. multiform
d. interpolated

Which of the following is an example of a complete
AVblock?
& First-degree AV block
b. Second-degree AV block type I
c. Second-degree AV block type II
d. Third-degree AV block

_

34.

_

35. Which ofthe following statements is correct regarding 2:1 AV block?
& The atrial rhythm is irregular.

more than 100/min is
a. ventricular trigeminy.
b. vt:ntricular fibrillation (VF).
c. a run of VT.
d. a run of ventricular escape beats.
2IL PVCs that look alike in the same lead and begin

sinus arrest.

b. SA block.

b. The PR interval remains constant.

c. The vt:ntricular rate is twice the atrial rate.
d. The level of the block is located within the SA
node.
_

36. lhe terms advanced or high-grade second-degree

AV block may be used to describe one or more consecutive P waves that are not conducted.
& True
b. False

_:fl. Which lead is probably the best to use when differ-

entiating between RBBB and LBBB?
&

b.

VI

v..

c.n

d.aVR

Chapter 10 Posttest
_

38. The tenn capture, as it pertains to pacing, refers to
a. a vertical line on the ECG that indicates the
pacemaker has discharged.
b. the extent to which an artificial pacemaker recognizes intrinsic cardiac electrical activity.
c. a pacemaker response in which the output pulse
is suppressed when an intrinsic event is sensed.
d. the successful conduction of an artificial pacemaker's impulse through the myocardium,
resulting in depolarization.
39. The 12-lead ECG only provides a _ _-second

view of each lead.
a. 1

b. 2.5

c.

_

40. Although a right ventricular infarction may occur
by itself, it is more commonly associated with a(n)
_ _ wall myocardial infarction (MI).

a. septal
b. lateral
c. inferior
d. anterior

_

41. Poor R-waw progression is a phrase used to describe
R waves that decrease in size from V 1 to V 4 • This is
often seen in an
a. inferobasal
b. anteroseptal
c. anterolateral
d. inferoposterior

infarction.

4

d. 6

Completion
Complete each statement
42. The right atrium receive.o; deoxygenated blood from

the-------------------- - - - - - - - - - (which carries blood from
the head and upper extremities), the _ _ _ _ __
(which carries blood from the lower body), and the
(which recdves blood from the intracardiac circulation).

50. If the AV jwtction paces the heart. the electrical impulse
must travel in a(n)
direction to

activate the atria.

51. A demand pacemaker is also known as a(n) ______
pacemaker.
52. The axes of leads I, II, and III form an equilateral
triangle with the heart at the center (Einthoven's triangle). If the augmented limb leads are added to this
configuration and the axes of the six leads moved in a
way in which they bisect each other, the result is the

43. A beat originating from the AV junction that appears

later than the next expected sinus beat is called a(n)
53. Indicate the heart surface viewed by each ofthe following.
44. A rapid, wide-QRS rhythm associated with pulseless-

ness, shock, or heart failure should be presumed to be

46. PACs associated with a wide QRS complex are called

48.

Leads II, III, aVF:
Leads V1, V 2:
Leads V3, V 4:
Leads I, aVI., Vs. V6:

Short Answer

PACs, indicating that conduction through the ventricles
is abnormal

54. Beginning with the right atrium, describe (by numbering) blood flow through the nonnal heart and lungs to

is the period of relaxation
during which a heart chamber is filling.

the systemic circulation.
_ _ Right atrium
Left ventricle
_ _ Pulmonary arteries
Mitral valve
_ _ Tricuspid valve
Aorta
_ _ Right ventricle _ _ Pulmonary veins
Pulmonic valve
Aortic valve
_ _ Left atrium
_ _ Systemic circulation

47. The thick, muscular middle layer of the heart wall that
contains the atrial and ventricular muscle fibers necessary for contraction is t h e - - - - - - - - - - ·
48. Delivery of an electrical current timed for delivery dur-

ing the QRS complex is called-------------55. IJst five steps used in ECG rhythm analysis.
48. Sometimes when a PAC occurs very prematurely and close
to the T wave of the preceding beat, only a P wave may be
seen with no QRS after it (appearing as a pause). 'Ibis type
of PAC is termed a(n)
PAC.

1. ---------------------------------2. ----------------------------------

3. ---------------------------------4. ---------------------------------5. ----------------------------------
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58. Explain the benefits of a dual-chamber pacemaker.

81. How do coarse and fine VF differ?

S1. List three uses for ECG monitoring.

82. List four rea5ons why the AV junction may assume
responsibility for pacing the heart.

1. -------------------------------2. -------------------------------3. -------------------------------5& Describe the appearance of a pathologic Q wa~.

1. ---------------------------------

~

---------------------------------

1 ---------------------------------

~

---------------------------------

83. Explain why patients who experience AFib are at
increased risk of having a stroke.
59. What is the most important difference between sinus

rhythm and sinus tachycardia'

64. On the ECG, what do the ST segment and T wave
represent?
60. List three causes ofartifact on an ECG tracing.

1. --------------------------------

2. --------------------------------3. --------------------------------65. Fill in the blank areas in the table below.
ECG Finding
Rhythm
Rate (beats/min)
P waves (lead II)
PRinterval
QRS duration

AVNRT

Atrial Fibrillation

Atrial Flutter

88. Explain the difference between electrical capture and
mechanical capture.

118. Explain what is meant by the phr85e ..anatomically contiguous leads."

61. List four primary characteristics ofcardiac cells.

88. Indicate the ECG criteria for the following dysrhythmias.

1. ---------------------------------

2. --------------------------------3. --------------------------------4. ---------------------------------

Second-Degree AV

BlodtTypen

2:1AVBlock

Ventricular

rhythm
PRinterval
QRSwidth

70. Fill in the blank areas in the table below.

ECGFinding

Rhythm
Rate (beats/min)
P waves Oead II)

PRinterval
QRS duration

Idioventricular Rhythm

.Acceleratecl Idioventricul.ar

Monomorphic Ventricular

Rhythm

Thchycardia

Chapter 10 Posttest

Posttest Rhythm Strips
Use the :five steps of rhythm interpretation to interpret each of the following rhythm strips. All rhythms were recorded in lead
II unless otherwise noted.

Flg.10.1
71. Rg.10.1 This rhythm strip is from a 62-year-old woman with renal failure.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - -

Fig. 1 0.2 (Modified from Aehlert B: ECG strDj csnJs. St. Louis, 2004, Mosby.)
72. Rg. 10.2

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - -

m~~~=---------------------------------------------------

Fig. 1 0.3 (From Aahlert B: ECG strDj carrJs. St. Louis, 2004, Mosby.)

73. Rg.10.3

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - fu~r~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___
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Fig.10.4

74. Rg.10A

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~remtian:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.10.S
75. Fig. 10.5 This rhythm strip is from a 59-year-old man complaining of poor circulation in his legs.

Rhythm:

Rate:

Pwaves:-------------

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 1 0.8 (Modified from Aehlert B: ECG study carrJs. st. Louis, 2004, Mosby.)

78. Ag. 10.8 This rhythm strip is from a 32-year-old woman complaining ofdizziness and shortness of breath.

Rhythm:

Rate:

Pwaves:-------------

PR interval:----- QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - fu~r~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Rg.10.7 fromhlhlertB: ECGstudy~ St l..ools, 2004, Mosby.)
71. Rg.10.7

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig, 1 0.8 (Modified from Aehlert B: ECG strxq csnJs. st. Louis, 2004, Mosby.)

1& Flg.10.8 This rhythm strip is from a 76-year-old man who experienced a syncopal episode while playing got£

Rhythm:

Rate:

Pwaves:------------

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~mllim:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.10.8
78. Fig. 10.9 This rhythm strip is from a 54-year-old man complaining of chest pain.

Rhythm:

Rate:

Pwaves: _ _ _ _ _ _ _ _ _ _ __

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~emtion:

_________________________________________________________
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Rg.1 0.10 (From Ashier! B: ECG stiJdy ctWs. StLouis, 2004, Mosby.)

80. Fig. 10.1 0
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~mllim:

1.r

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Fig. 10.11 (Modified from Aehlert B: ECG stud; csnJs, st. Louis, 2004, Mosby.)
81. Fig. 10.11 This rhythm strip is from a 70-year-old woman with chronic obstructive pulmonary disease.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - mterpr~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.10.12

82. Fig. 10.12 1his rhythm strip is from a 77-year-old man with chest pain. His chest hit the steering wheel during a motor

vehicle crash.
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Flg.1 0.13 (Modified fran Aehlert B: ECG siJJdy cams, St Louis, 2004, Mosby.}
83. Fig. 10.13

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

••

' I:"

..
rt·

Fig.1 0.14 (From Aehlert B: ECG siiJdy cams, Sl Louis, 2004, Mosby.)
84. Rg. 10.14 This rhythm strip is from a 20-year-old woman who collapsed on the sidewalk of her residence. A family member
states that she has a history of SVT and takes atenolol.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Rg.1 0.115 (From Aehlert B: ECG siiJdycams, StLouis, 2004, Mosby.)

85. Fig. 10.15 This rhythm strip is from a 42-year-old man with chest pain.

Rhythm:

Rate:

Pwaves: _ _ _ _ _ _ _ _ _ _ __

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Rg. 1 0.1 B (From Ashier! B: ECG stiJdy ctWs. StLouis, 2004, Mosby.)

8B. Rg. 10.16 This rhythm strip is from a 76-year-old woman who is complaining ofback. pain. Her medical history includes an
MI 2 years ago.

Atrial paced activity? _ _ _ _ _ Ventricular paced a c t i v i t y ? - - - - - - - - - - - Pacemaker malfunction? _ _ _ _ Identi1ication - - - - - - - - - - - - - - - -

Flg.10.17
ffl.

Fig. 10.17
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.10.18

88.

Fig. 10.18
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Flg.10.19

89. Fig.10.19

Atrial paced activity? _ _ _ _ Ventricular paced a c t i v i t y ? - - - - - - - - - - Pacemaker malfunction? _ _ _ I d e n t i f i c a t i o n - - - - - - - - - - - - - - -

Flg.10.20

80. Ag. 10.20

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ QT interval: _ _ _ _ _ _ _ _ __
m~emtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Fig. 1 0.21 (Modlfted from Aahlert B: ECG SIJJdy cartt, St Louis, 2004, Mooby.}

91. Fig. 10.21

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval:----- QRS duration: _ _ _ QT i n t e r v a l : - - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Chapter 10 Posttest

Fig. 10.22 (From .Ashlert B: ECG s1JJdy cards, St. LeuIs, 2D04, Mosby.)

92. Rg. 10.22

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ QT interval: _ _ _ _ _ _ _ _ __
m~rum:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 10.23 {Motilied from Aehlert B: ECG study CBI'ds, st. L.cuis, 2004, Moliby.)

93.

Fig. 10.23
Rbythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ QT i n t e r v a l : - - - - - - - - - m~remtioo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

~ UIU!m .l!tl;ttU!!I"m! ;hf ·li lt~Elklii lW
I

'ttm lilll iili iJU!llii !W. UP. U~UP.
I

ij ~i
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Fig. 10.24 {Molillad from Aahlert B: ECG si1XJy cards, St. L.culs, 2004, Moliby.)

94. Rg. 10.24 1his rhythm strip is from a 79-year-old man who experienced a syncopal episode. He has a history ofseizures.

Atrial paced activity?

Ventricular paced a c t i v i t y ? - - - - - - - - - - - -

Pacemaker malfunction~ _ _ _ _ I d e n t i f i c a t i o n : - - - - - - - - - - - - - - -

Chapter 10 Posttest

Fig. 10.25 (From .Ashlart B: ECG s1JJdy CBids, St. Louis, 2{)04, Mosby.)

85. Rg. 10.25 This rhythm strip is from an 81-year-old woman complaining of chest pain.

Rhythm:

Rate:

Pwaves:------------

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - -

mUxpremtia.n: _______________________________________________________

Rg.10.28

116. Fig.10.28 1his rhythm strip is from a 74-year-old woman complaining of difficulty breathing.

Rhythm:

Rate:

Pwaves:------------

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - mterpr~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.10.27
ffl. Fig.10.27 1his rhythm strip is from a 63-year-old woman complaining of dizziness.

Rhythm:

Rate:

P waves:-----------------------

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - -

mUxpremtion: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Posttest

Chapter 10

Fig. 10.28 (rv1otllied lrvm Aehlert B: ECG study carris, St. Llluis, 2004, Mo!iby.)
98.

Rg. 10.21 1his rhythm strip is from a 53-year-old man complaining of chest pressure and shortness of breath. He has a
history of a spinal cord injury and coronary artery disease.
Rhythm:

Rate:

P waves:------------

PR interval:----- QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - -

mterpreation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Rg.10.28
99. Fig. 10.29 1his rhythm strip is from an 82-year-old woman who had a ground-level fall.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - -

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - -

mterpreation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 10.30 from Aehlert B: ECG siJJdy carrls, St. Louis, 2004, Mosby.)

100. Fig. 10.30 This rhythm strip is from a 70-year-old man who is complaining of a sharp pain across his shoulders.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT interval: _ _ _ _ _ _ _ _ __
mterpr~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Chapter 10 Posttest

Flg.1 0.31 (From khlert B: ECG stiJc1t Clllds, 5t Louis, 2004, Mosby.)

101. Rg. 10.31 1his rhythm strip is from a 17-year-old man who experienced a syncopal episode while playing baseball in
ll0°F heat for 4 hours. His core temperatw'e is 101.8°F.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - mterp~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 10.32 {Molilled from Aehlert B: ECG study Clllds, St. Louis, 2004, Mo!iby.)

102. Rg.10.32 1his rhythm strip is from a 71-year-old man who is complaining of abdominal pain.
Rhythm:
Rate:
Pwaves: _ _ _ _ _ _ _ _ _ _ __
PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - mterp~tioo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

I~

Fig. 10.33 (From Ashlert B: ECG sJudy CBfds, St. Louis, 2004, Masby.)

103. Fig.10.33
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - -

mterpretation: - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Chapter 10

Posttest

Fig. 10.34 (From .Ashlert B: ECG s1JJdy cards, St. LeuIs, 2D04, Mosby.)

104. Rg.10.34
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ QT i n t e r v a l : - - - - - - - - - m~remtioo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

105. Rg.10.35
Atrial paced activity? _ _ _ _ _ _ _ _ Ventricular paced activity? _ _ _ _ _ _ __
Pacemaker malfunction? _ _ _ _ _ _ _ ldentificatioo: - - - - - - - - - - -

Fig.10.38

108. Rg.10.36
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ QT i n t e r v a l : - - - - - - - - - m~remtioo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Chapter 10 Posttest

Flg.10.37

107. Flg.10.37

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~llim:

________________________________________________

Fig. 10.38 {From hlhlert B: ECG 8IUdy carrJs, St. Louis, 2004, Mosby.)

108. Fig. 10.38

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~llim:

________________________________________________

Fig. 10.39 {From Ashlart B: ECG study C8lrls, St. Louis, 2004, MDBby.)

108. Flg.10.391his rhythm strip is from an 18-year-old man with a gunshot wound to his chest.

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~remtioo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Chapter 10 Posttest
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Fig. 10.40 (FfDm Sale ML. Klein DG, Ma;eley MJ: lnfTrx/uction tD ctflk:al care f'IUI'Sing, ed 5, Philadelllhia. 2008,
Saunders.)

110. Flg.10.40

Atrial paced activity? _ _ _ _ _ Ventricular paced a c t i v i t y ? - - - - - - - - - - - - Pacemaker malfu.nctionf _ _ _ _ Idenillication: - - - - - - - - - - - - - - - - IU1~tt•Wt!m ·~~ l'cttihtli :1:!
J:l:l

li

!

ffi! lE e liE
.tTt1 ~-:..;; ffif
::t:t

m'11 I
~t

j .I~7

ffi1 ~•.r: -t

!!+ .!!t•.!;!;t ll!

.

.:.. :rt;<~=·

.'

~i.ttl

. t:=r -...
.
.,. .b n
c-.
2

~

~-

It$
... I~:§ illittt: EIrn iffit I!Ul
~ Ef.

tiH1t~;:t I

- jl

~.::

.

:.:j,J

1....:

lmF.IE
If{:.. :.::; '"
E : J~
1-.;. - ~ Q:.i.,..1-

·<ill st
I

.

--~
~

u:.t

~

:j!f ·mzrgm:... _:.
'.

-

!!+ I ~Jtmm

.

.

-

•
'-

Iiii:W :::I
ml I~ I I~ '~ :if.l~ IIlli t:loll t:;:l;ttt
iffi •tEH tt' :r
!E~ !Hl tEi
_..._
=
=
'
-~% ~ ~
~c..
~ Hfi.;. ..
It ~'
-+ rl t

.

~ .:::

_'j

h.~

-!'!"

'~-:: i!ti t

]

ffir filii if£k:l
llil*-t ,....
!ffi
HU; ;t:; U!! l!ll

~-

..

I

Flg.10.41

-- - 1..:tn'

f.-;..J..

'

. ..

...
'i:
- I~

.

-lifE

•+.tH=

111. Flg.10A1

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~remtioo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 10.42 (FfDm Aehlert B: ECG sllJdY carrfs, St. Louis, 2Q04, Mosby.)

112. Fig. 10.42

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - fu~tioo:

________________________________________________

Chapter 10 Posttest

Fig. 10.43 (From Phillips RE, Fseney MK: The C8lriBc rhythms: a sptrJmBt/c approach trJ /ntsrpr9tJJJJon, ed 3,
Philadelphia, 1990, SaUIIIIIIll.)

113. Rg.10A3

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT interval: _ _ _ _ _ _ _ _ _ __
m~fum:

___________________________________________________

Fig. 10.44 (From Braunwald E. Lllby P, Zipes DP. et al: Heart disease: a fBxlbook ofcatriiovasctilar medicine, ed 6, St.
Llluis, 2001, Mosby.)

114. Rg. 10.44
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~retation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 10.45 (From Aehlert B: ECG sllJdy cards, St. Llluis, 2004, Mosby.)

115. Rg. 10.45 1his rhythm strip is from an 88-year-old woman complaining ofdizziness.
Rhythm:

Rate:

Pwaves:------------

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~retation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Posttest

Chapter 10
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Fig. 10.48 (From hlhlert B: EGG 81JJdy C81d8, St. Louis, 2Q04, Mosby.)

118. Rg. 10.481his rhythm strip is from a 70-year-old man who sustained second-degree burns over 20% of his body. He has a
history of diabetes, coronary artery disease, and hypertension.

Rhythm:

Rate:

Pwaves:------------

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.10.47
111. Fig.10A7

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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118. Rg. 10.48

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Chapter 10 Posttest

Fig.10.48
119. Fig.10.48

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~remtion:

~t

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

..

I

· : : : ;~

I

.;

M!

~tt#.i ~~~- ~

; .... if

-···

~ 1~ : .:;.4 . :.m1

:f.l:mi i;F.t .. rt:"tl=t . ·:4=18

•

I

-

1 ~"*-'F

:U;

:: J!R:

til '' ·"r:nlrmm:
~=
-

Jtu~U mi [j · 1 rlmk'l

t

I

: :~;

·:if

+ # .-

:F-

r-i ~lt · ~~~

n-qJ=- ~ -~~ ~ l~~;:t~~ ~:~ iJr1 :,
n
im
Itt :-=t;

;1. . .

·· ~

It

~

iffi~ ::-.-if

•-+. ~

'm ~I !if: Ifill :t

~~rt:

1

UJ:.

Rg.10.1SO

120. Ag. 10.50
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval:----- QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~r~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Rg. 1 0.&1 (Modlfled fr(Jll Aehlert B: ECG stvcJy ~ St. Louis, 2004, Mosby.)
121. Fig. 10.51

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval:----- QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - m~remtion:

_____________________________________________________

Chapter 10 Posttest

Rg.10.1S2
122.

Rg. 10.52

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ QT interval: _ _ _ _ _ _ _ _ __
m~dafum:

__________________________________________________

Fig.10.53

123. Rg. 10.53
Rhythm: __________ Rate: __________ Pwaves: - - - - - - - - - - PR interval:----- QRS duration: _ _ _ QT i n t e r v a l : - - - - - - - - - m~fum:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Fig. 10.54 (From Ashlert B: ECG sJudy CBlds, St. L.ruls, 2DD4, MDBby.)

124. Rg.10.54

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ QT interval: _ _ _ _ _ _ _ _ __
m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Chapter 10 Posttest

Fig. 10.ISIS {From hlhlert B: ECG s1JJdy cards, St. LeuIs, 2004, Mosby.)
125. Flg.10.55

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~ctatioo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Rg.10.1S8
126. Fig.10.56

Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m«xpreation: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Rg. 1 0.&7 (From Aehlert B: EC6 study~ StLouis, 2004, Mosby.)

127.

Rg. 10.57
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~ctatioo:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Chapter 10

Posttest

Rg.10.&8

128. Rg. 10.58 These rhythm strips are from a 67-year-old woman complaining of dizziness and chest pain. She has a history of
a three-vessel coronary artery bypass graft and hypertension.
Rhythm:

Rate:

Pwaves:------------

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 10.58 (Moltfled from Aahlart B: ECG stixJy CINds, St. Llluls, 2004, Mol!by.)

129. Fig. 10.59 'Ibis rhythm strip is from a 59-year-old man who was driving to work on the freeway when his internal defibril-

lator discharged. He was asymptomatic at the time this ECG was obtained a few minutes after the event.
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: _ _ _ _ _ _ _ _ _ _ __

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - mterpremtioo: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Chapter 10 Posttest

Fig. 10.80 (From Aahlart B: ECG sllJdy cards, St. I.IX.IIs, 2{)04, Mosby.)

130. Fig. 10.60 'Ibis rhythm strip is from an 84-year-old man who is complaining of dizziness. He had a triple bypass 4 da15 ago.
Rhythm:

Rate:

Pwaves: _ _ _ _ _ _ _ _ _ _ __

PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - -

mUTpremtion: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 10.&1 (From Sole ML. Klein DG, Moseley MJ: 1ntmducfion ID cliticaJcam nursing, ed 5, Philadelphia, 2008, Saurders.)

131 ' Fig. 10.61
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - mt~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

f#

l

~;

I

Fig. 10.82 (From hlhlart B: ECG sllJdy cards, St. I.IX.IIs, 2{)04, Mosby.)

132. Flg.10.62
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - -

fuUTpremtion: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Chapter 10 Posttest

Fig. 10.83 (From .Ashlert B: ECG stJJdy C81ds, St. L.culs, 2{)04, Mosby.)

133. Rg. 10.83
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~remtion:

-·-·-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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F1g. 10.84 (From Choo T, Ramalah LS: Bsctrrx:8trJJogy In c/lnfcaJ pmctic6: adult and{JBd/Btrlc, ad 4, Phlladaljtlla,
1996, Saurxllllll.)

134. Rg.10.84
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Rg.10.815

135. Rg.10.65
Rhythm: _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - fu~remtion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Chapter 10 Posttest

Fig. 10.&& {Fnlm Aehlert B: ECG sllJdy cards, St. L.ruis, 2004, Mosby.)

138. Rg. 10.88
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Rg.10.87 (From Andreoli TE, Griggs R, Wing W, All JG: Andteo/1 and Galpen!Br's Cecil essentfals ofmedicine, ed 9, Philadelphia, 2016, Saunders.)

131. Rg.10.87
Rbythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval:----- QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Fig. 10.&8 {Molilied lrum Aehlert B: ECG study cards, St. L.ruis, 2004, Mosby.)

138. Rg. 10.88 1his rhythm strip is from a 61-year-old woman complaining of chest pain. She has a history ofasthma and
chronic obstructive pulmonary disease.
Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - - m~reation:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Posttest
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Fig. 10.89 (rv1otllied lrvm Aehlert B: ECG study carris, St. Llluis, 2004, Mu!iby.)

139. Fig. 10.89 1his rhythm strip is from a 52-year-old man found unresponsive, apneic, and pulseless.

Pwaves:------------

Rate:

Rhythm:

PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - fu~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Flg.10.70
140. Fig.10.70

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - -

fuUxpremtion: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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Rg.10.71

141. Rg.10.71

Rhythm: _ _ _ _ _ _ Rate: _ _ _ _ _ _ Pwaves: - - - - - - - - - - - PR interval: _ _ _ _ _ QRS duration: _ _ _ _ QT i n t e r v a l : - - - - - - - - - -

mterpremtioo: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Chapter 10 Posttest

Fig. 1 0.72 (Modified from Aehlert B: EC6 stJJrJy ~ St. Louis, 2004, Mosby.)

142. Rg.10.72
Rbythm: _ _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ Pwaves: - - - - - - - PR interval:------- QRS duration: _ _ _ _ _ _ _ QT interval:------m~remtion:

____________________________________________________________

Fig. 10.73 (From Aehlert B: EC6 stJJrJy ~ StLouis, 2004, Mosby.)

143. Flg.10.73

Rhythm: __________________ Rate: _ _ _ _ _ _ _ _ _ P waves: _________________
PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ _ QT interval: _ _ _ _ _ _ __
m~remfum:

____________________________________________________

Fig. 10.74 (From Ashier! B: ECG stJJdy carr1!, StLouis, 2004, Mosby.)

144. Fig.10.74

Rhythm:----------------- Rate: ------------------p waves:---------PR interval: _ _ _ _ _ _ _ QRS duration: _ _ _ _ _ _ QT i n t e r v a l : - - - - - - m~tion:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

Chapter 10 Posttest

Fig. 1 0.76 (From Aehlert B: EC6 study~ Sl Louis, 2004, Mosby.)

146. Fig. 10.75 1hese rhythm strips are from an 82-year-old man complaining of back pain.
Rhythm: _ _ _ _ _ _ _ _ _ Rate: _ _ _ _ _ _ _ _ _ p w a v e s : - - - - - - - PR i n t e r v a l : - - - - - - - - QRS duration: _ _ _ _ _ _ QT interval:------m~reation:

____________________________________________________________

PosHest Answers
1. B. A branch of the RCA supplies the right atrium and
right ventricle with blood.
OBJ: Name the primary branches and areas of the heart supplied by the right and left coronary arteriea.
2. D. Parasympathetic (inhibitory) nerve fibers supply the

SA node, atrial muscle, and AV bundle of the heart by
the vagus nerves. Parasympathetic stimulation has the

following actions:
• Slows the rate of discharge of the SA node
• Slows conduction through the AV node
• Decreases the strength of atrial contraction
• Can cause a small decrease in the force of ventricular
contraction
OBJ: Compare and contrast the effects of sympathetic and
parasympathetic stimulation of the heart.

3. B. The flow of blood from the superior and inferior
venae cavae into the atria is normally continuous. About
70% of this blood flows directly through the atria and
into the ventricles before the atria contract; this is called
passive filling. When the atria contract, an additional
10% to 30% of the returning blood is added to filling
of the ventricles. This additional contribution of blood
resulting from atrial contraction is called atrial kick.
Afterload is the pressure or resistance against which the
ventricles must pump to eject blood. Cardiac output is
the amount ofblood pumped into the aorta each minute
by the heart; it is defined as the st.l'OU volume multiplied
by the heart rate. Peripheral resistance is the resistance
to the flow of blood determined by blood vessel diameter and the tone of the vascular musculature.
OBJ: Explain atrial kick.

4. A. The pulmonic and aortic valves are semilunar valves.
The semilunar valves prevent bacldl.ow of blood from
the aorta and pulmonary arteries into the ventricles. The
tricuspid and mitral valves are AV valves, which separate the atria from the ventricles.
OBJ: Name and identify the location of the AV and semilunarvalves.
5. D. 1he left main coronary artery supplies oxygenated
blood to its two primary branches: the LAD artery,

which is also called the anterior in~ntricular artery,
and the ex artery.
OBJ: Name the primary branches and areas of the heart supplied by the right and left coronary arteries.

general, cardiac cells have either a mechanical (ie.,
contractile) or an electrical (ie., pacemaker) function.
Pacemaker cells are specialiud cells of the electrical
conduction system. Pacemaker cells can also be called
conducting cells or automatic cells. 'Ihey are responsible
for the spontaneous generation and conduction of electrical impulses.
OBJ: Describe the two basic types of cardiac cells in the
heart, where they are found, and their function.
6. B. m

7. B. During the absolute refractory period, the ceH will not
respond to further stimulation within itself 'Ibis means

that the myocardial working cells cannot contract and that
the cells of the electrical conduction system cannot conduct an electrical impulse, no matter how strong the internal electrical stimulus. On the ECG, the absolute refractory
period begins with the onset of the QRS complex and terminates at approximately the apex. of the T wave.
OBJ: Define the absolute, effective, relative refractory, and
supemormal periods and their location in the cardiac cycle.

Chapter 10 Posttest
8. D. The QT interval. measured from the beginning of the
QRS complex to the end of the T wave, represents the time
from initial depolarization of the ventricles to the end of
ventricular repolarization.
OBJ: Define and describe the significance of each of the
following as they relate to cardiac electrical activity: the
P wave, QRS complex, T wave, U wave, PR segment, TP
segment, ST segment, PR interval. QRS duration, and QT
interval.
I. D. To evaluate the rhythmicity of the atrial rhythm. the
interval between two consecutive P waves is measured

and compared to succeeding P-P intervals.
OBJ: Describe a systematic approach to the analysis and interpretation ofcardiac dysrhythmias.
10. A. A bipolar lead is an ECG lead that has a positive

and negative electrode. Each lead records the difference in electrical potential (i.e., voltage) between
two selected electrodes. Although all ECG leads are
technically bipolar, leads I, II, and III use two distinct
electrodes, one of which is connected to the positive
input of the ECG machine and the other to the negative input.
OBJ: Describe correct anatomic placement of the standard
limb leads, the augmented leads, and the chest leads.
11. A. ht sinus arrhythmia. the heart rate increases gradually

during inspiration (R-R intervals shorten) and decreases
with expiration (R-R intervals lengthen).
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management of sinus arrhythmia.

12. D. The rate of a sinus bradycardia is less than 60 beats/
min. R-R and P-P intervals are regular; P waves are
positive in lead II, and one precedes each QRS complex.
The PR interval is within normal limits, and the QRS
duration is 0.11 second or less unless it is abnormally
conducted.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management of sinus
bradycardia.
13. B. During SA block, also called sinus exit block, the

pacemaker cells within the SA node initiate an impulse
but it is blocked as it exits the SA node; thus, SA block
is a disorder of impulse conduction. Sinus arrest, also
called sinus pause or SA arrest, is a disorder of impulse
fonnation. In sinus arrest, the pacemaker cells of the
SA node fail to initiate an electrical impulse for one or
more beats, resulting in absent PQRST complexes on
theECG.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management of SA
block and sinus arrest.

14. D. Signs and symptoms experienced during a tachydysrhythmia are usually primarily related to decreased ventricular filling time and stroke volume. The heart's demand
for oxygen increases as the heart rate increases. As the
heart rate increases, there is less time for the ventricles to
till and less blood for the ventricles to pump out with each
contraction, which can lead to decreased cardiac output
Because the coronary arteries till when the ventricles are at
rest, rapid heart rates decrease the time available for coronary artery filling. This decreases the heart's blood supply.
Chest discomfort can result if the supplies of blood and
oxygen to the heart are inadequate.
OBJ: Describethe ECG character.istic po551'ble causes, signs and
symptoms, and emergency management ofsinus tachycardia.
15. B. The terms ectopic, which means out of place, or latent

are used to describe an impulse that originates from a
source other than the SA node. Ectopic pacemaker sites
include the cells of the AV junction and Purkinje fibers,
although their intrinsic rates are slower than that of the
SA node.
OBJ: Describe the location, the function, and, when appropriate, the intrinsic rate of the following structures: SA node,
AV bundle, and Purkinje fibers.
16. C. Multiform atrial rhythm is an updated term for the

rhythm formerly known as wandering atrial pacemaker.
With this rhythm, the size, shape, and direction of the
P waves vary, sometimes from beat to beat. The difference in the look of the P waves is a result of the gradual
shifting of the dominant pacemaker between the SA
node, the atria, and the AV junction. Wandering atrial
pacemaker is associated with a normal or slow rate and
irregular P-P, R-R, and PR intervals because of the different sites of impulse formation.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for wandering
atrial pacemaker (multiform atrial rhythm).
17. D. AVNRT is the most common type ofSVT.

OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for AVNRT.
18. D. Treatment decisions are based on the ventricular rate,

the duration of the rhythm, the patient's general health,
and how he or she is tolerating the rhythm. It is best to
consult a cardiologist when considering specific therapies for AFib. The two primary treatment strategies used
to control symptoms associated with AFib are rate control and rhythm control With rate control, the patient
remains in AFib, but the ventricular rate is controlled to
decrease acute symptoms, reduce signs ofischemia. and
reduce or prevent signs of heart failure from developing.
With rhythm control, sinus rhythm is reestablished.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for AFib.
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19. C. The term paroxysmal is used to describe a rhythm that
starts or ends suddenly. Atrial tachycardia that begins or
ends suddenly is called PSVT, once called paroxysmal
atrUd tach)'ClU"dia (PAT). PSVT may last for minutes,
hours, or days. Ifthe onset or end ofPSVT is not observed
on the ECG, the dysrhythmia is simply called SVT.
OBJ: Explain the tenns PAT and PSVT.

20. A. AFib is the most common sustained dysrhythmia in
adults, and it occurs because of altered automaticity in
one or several rapidly firing sites in the atria or reentry
involving one or more circuits in the atria.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for AFib.
21. D. You can usually tell the difference between a PAC and

a PJC by the P wave. A PAC typically has an upright P
wave before the QRS complex in leads II, m, and aVF. A
P wave may or may not be present with a PJC.Ifa P wave
is present, it is inverted (retrograde) and may precede or
follow the QRS. PJCs can be misdiagnosed when the P
wave of a PAC is buried in the preceding T wave.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for PJCs.
22. B. Characteristic ECG findings with a WPW pattern
include a short PR interval, QRS widening, and a delta
wave. A delta wave is an initial slurred deflection at the
beginning of the QRS complex that results from the initial activation of the QRS by conduction over the accessory pathway.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for AVNRT.
23. D. In atrial flutter, atrial waveforms are produced that
resemble the teeth of a saw or the boards of a picket
fence; these are called flutter waves, which are best
observed in leads II, III, aVF, and V1•
OBJ: Describe the ECG characteristics, possible cawes, signs
and symptoms, and initial emergency care for atrial flutter.
24. B. Ifthe AV junctionpaces the heart, the electricalimpulse
must travel in a backward (retrograde) direction to activate the atria. Ifthe atria depolarize before the ventricles,

an inverted P wave will be seen before the QRS complex,
and the PR interval will usually measure 0.12 second or
less. The PR interval is shorter than usual because an
impulse that begins in the AV junction does not have to
travel as far to stimulate the ventricles. If the atria and
ventricles depolarize at the same time, a P wave will not
be visible because it will be hidden in the QRS complex.
When the atria are depolarized after the ventricles, the P
wave typically distorts the end of the QRS complex, and
an inverted P wave will appear after the QRS.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for a junctional
escape rhythm.
25. C. Nonparoxysmal (i.e., gradual onset) junctional tachycardia usually starts as an accelerated junctional rhythm,

but the heart rate gradually increases to more than 100
beats/min. The usual ventricular rate for nonparoxysmal junctional tachycardia is 101 to 140 beats/min.
Paroxysmal junctional tachycardia, which is also known
as focal or automatic junctional tachycardia, is an
uncommon dysrhythmia that starts and ends suddenly
and that is often precipitated by a PJC. The ventricular
rate for paroxysmal junctional tachycardia is generally
faster, at a rate of 140 beats/min or more.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for junctional
tachycardia.
28. B. Junctional (or ventricular) complexes may come
early (before the next expected sinus beat) or late (after
the next expected sinus beat). If the complex is early,

it is called a premature complex-more specifically, a
premature junctional (or ventricular) complex. If the
complex is late, it is called a junctional (or ventricular)
escape beat. To determine if a complex is early or late,
you need to see at least two sinus beats in a raw to establish the regularity of the underlying rhythm.
OBJ: Explain the difference between PJCs and junctional escape beats.
"11. B. 1he term symptomatic bnulycardia is used to describe

a patient who experiences signs and symptoms of
hemodynamic compromise related to a slaw heart rate.
Treatment ofa symptomatic bradycardia should include
assessing the patient's oxygen saturation level and determining if signs of increased work of breathing are present (e.g., retractions, tachypnea, paradoxic abdominal
breathing). Give supplemental oxygen if oxygenation is
inadequate. Assist breathing ifventilation is inadequate,
establish intravenous access, and obtain a 12-lead ECG.
Intravenous administration of atropine, the drug of
choice for symptomatic bradycardia, may be necessary if
the patient's symptoms warrant it Reassess the patient's
response and continue monitoring him or her.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for a junctional
escape rhythm.
28. C. Three or more sequential PVCs are termed a run or
burst, and three or more PVCs that occur in a row at a rate
of more than 100 beats/min are considered a run ofVT.

OBJ: Explain the tenns bigeminy, trigeminy, quadrigeminy,
and run when used to describe premature complexes.
29. A. PVCs that look alike in the same lead and begin from the
same anatomic site (i.e., focus) are called unifonn PVCt.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for PVCs.
30. C. PMVT is characterized by QRS complexes that vary
in shape and amplitude from beat to beat and appear to
twist from upright to negative or negative to upright and
back, resembling a spindle. The ventricular rate is 150 to
300 beats/min and is typically 200 to 250 beats/min.

Chapter 10 Posttest
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for PMVT.
31. D. When a delay or interruption in impulse conduction
from the atria to the ventricles occurs as a result ofa transient or permanent anatomic or functional impairment,
the resulting dysrhythmia is called an AV block. A 888
is a disruption in impulse conduction from the bundle of
His through either the right or left bundle branch to the
Purkinje fibers. With SA block. which is also called sinus
exit block, the pacemaker cells within the SA node initiate
an impulse but it is blocked as it exits the SA node. With
sinus arrest, the pacemaker cells ofthe SA node fail to initiate an electrical impulse for one or more beats, resulting
in absent PQRST complexes on the ECG.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for first-degree
AVblock.
32. B. The rSR' pattern is characteristic of RB88. The rSR'
pattern is sometimes referred to as an "M'" or "rabbit

ear" pattern.
OBJ: Describe the appearance ofRBBB and L88B as seen in
leadV1•
33. B. A first-degree AV block is present when there is a 1:1

relationship between P waves and QRS complexes and
the PR interval is constant and more than 0.20 second in
duration (prolonged).
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and emergency management for tirst-degree
AVblock.
34. D. Second-degree AV blocks are types of incomplete

blocks because at least some of the impulses from the
SA node are conducted to the ventricles. With thirddegree AV block, there is a complete block in conduction of impulses between the atria and the ventricles.
OBJ: Describe the ECG characteristics, possible causes,
signs and symptoms, and emergency management for thirddegree AV block.
35. B. Second-degree 2:1 AVblockis characterized by P waves
that are normal in size and shape. but every other P wave
is not followed by a QRS. The atrial rate is twice the ventricular rate. Because there are no two PQRST cycles in a
row from which to compare PR intervals, 2:1 AV block
cannot be conclusively classified as type I or type II. To
determine the type of block with certainty, it is necessary
to continue close ECG monitoring of the patient until the
conduction ratio ofP waves to QRS complexes changes to
3:2, 4:3, and so on. which would enable PR interval comparison. With second-degree AV block in the form of2:1
AV block, the level of the block can be located within the
AV node or within the His-Purkinje system.
OBJ: Describe 2:1 AV block and advanced second-degree AV
block.
38. B. The terms advanced or high-grade secotul-degree AV
block may be used to describe three or more consecutive

P waves that are not conducted. For example, with 3:1
AV block. every third P wave is conducted (ie., followed
by a QRS complex); with 4:1 AV block. every fourth P
wave is conducted.
08J: Describe 2:1 AV block and advanced second-degree AV
block.

:n. A. When the presence ofBB8 is suspected, an examination of V1 can reveal whether the block affects the right
or the left bundle branch.
OBJ: Describe the appearance ofRBBB and LB8B as seen in
lead V1•
38. D. Capture refers to the successful conduction of an

artificial pacemaker's impulse through the myocardium,
resulting in depolarization. A pacemaker spike is a vertical line on the ECG that indicates the pacemaker has
discharged. Sensitivity is the extent to which an artificial pacemwr recognizes intrinsic cardiac electrical
activity. Inhibition is a pacemaker response in which
the output pulse is suppressed when an intrinsic event is
sensed.
OBJ: Discuss the terms triggering, inhibition, pacing, capture,
electrical capture, mechanical capture, and sensitivity.
39. B. The 12-lead ECG provides a 2.5-second view of each
lead because it is assumed that 2.5 seconds is long enough
to capture at least one representative compla. However,
a 2.5-secand view is nat long enough to properly assess
rate and rhythm. so at least one continuous rhythm strip
is usually included at the bottom of the tracing.
OBJ: Describe a systematic method for analyzing a 12-lead
ECG.

40. C. Although a right ventricular infarction may occur by
itself, it is more commonly associated with an inferior
Ml, and it should be suspected when ECG changes suggesting an inferior infarction are seen.
OBJ: Recognize the changes on the ECG that may reflect evidence of myocardial ischemia. injury, or infarction.
41. B. Poor R-wa'lle progression is a phrase used to describe
R waves that decrease in size from V1 to V,. This is
often seen in an anteroseptal infarction but may be a
normal variant in young people, particularly in young

women. Other causes of poor R-wave progression
include LBBB, left ventricular hypertrophy, and severe
chronic obstructive pulmonary disease (particularly
emphysema).
OBJ: Distinguish patterns of normal and abnormal R-wave
progression.
42. The right atrium receives deoxygenated blood from the
superior vena cava (which carries blood from the head
and upper extremities), the inferior vena cava (which
carries blood from the lower body), and the corouacy
aimla (which receives blood from the intracardiac
circulation).
OBJ: Identify and describe the chambers of the heart and the
vessels that enter or leave each.
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43. A beat originating from the AV junction that appears
later than the next expected sinus beat is called a~
tional escape beat.
OBJ: Describe the ECG characteristics and possible cause9
for junctional escape beats.

53.

n,m,aVF

Heart Surface Viewed
Inferior

..._ A rapid, wide-QRS rhythm associated with pulsele..sness, shock, or heart faUure should be presumed to be
ventricular tachycardia.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care fur monomorphic
VT.

I,aVL, V5, V6

SeJ?tal
Anterior
Lateral

45. PACa associated with a wide QRS complex are called

aberrantly conducted PACs, indicating conduction
through the ventricles is abnormal.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for PACs.
._ Djastole is the period of relaxation during which a heart
chamber is filling.
OBJ: Identify and discuss each plwe ofthe cardiac cycle.

47. The thick. lllWicular middle layer of the heart wall that
contains the atrial and ventricular muscle fibers necessary fur contraction is the myocardium.
OBJ: Identify the three cardiac muscle layers.
48. Delivery of an electrical current timed for delivery during the QRS complex is called synchronized

cardioversion.
OBJ: Discuss the indications and procedure for synchronJzed cardioversion.
•

Sometimes,when a PAC occurs-m-y prematurelyand close
to the T wave of the p.receding beat, only a P ~may be
seen with no QRS after it (appearing as a pause). This type
of PAC is tenned a nonconducted (or blm:ked) PAC.

OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care for PACs.
50. Ifthe AV junction pace. the heart. the electrical impulse
must travel in a back.wvd (retrograde) direction to activate the atria.
OBJ: Describe the location. the function, and, when appropriate, the intrinsic rate of the following structures: the SA
node, the AV bundle, and the Purkinje fibers.
51. A demand pacemaker is also known as a s_ynchronous or
noncompetitive pacemaker.
OBJ: Explain the differences between single-chamber and
dual-chamber pacemakers and between fixed-rate and demand pacemakers.
52. The axes of leads I, II, and m form an equilateral triangle with the heart at the center (Einth~·s triangle).
Ifthe augmented limb leads are added to this configuration and the axes of the six leads move in a way in which
they bisect each other, the result is the haaxial reference
sptem.

OBJ: Explain the term electrical axis and its significance.

Leads

v 1,v1
v3. v4

OBJ: Relate the cardiac surfaces or areas represented by the
ECGleads.
St. The pathway of blood 11ow through the normal heart

1
8
11
3
4
7

and lungs to the systemic circulation:
Left ventricle
9
Right atrium
Pulmonary arteries
5
Mitral valve
Tricuspid valve
2
Aorta
Pulmonary veins
6
Right ventricle
Aortic valve
10
Pulmonic valve
Systemic circulation
12
Left atrium

OBJ: Beginning with the right atrium, describe blood
1low through the normal heart and lungs to the systemic
circulation.
55.
1. Assess regularity (atrial and ventricular)
2. Assess rate (atrial and ventricular)
3. Identify and exantine waveforms
4. Assess intervals (e.g., PR, QRS, QT) and examine ST
segments
5. Interpret the rhythm and assess its clini.cal significance
OBJ: Describe a systematic approach to the analysis and in·
terpretation ofcardiac dysrhythmias.

518. A dual-chamber pacemaker stimulates the right atrium
and right ventricle sequentially (stimulating first the
atrium and then the ventricle), mimicking normal cardiac physiology and thus pre..erving the atrial contribution to ventricular filling (atrial kick).
OBJ: Explain the differences between single-chamber and
dual-clwnber pacemakers and between fixed·rate and de·
mand pacemakers.
57. ECG monitoring may be used to (1) monitor a patient's
heart rate; (2) evaluate the dfects of disease or injury
on heart function; (3) evaluate pacemaker function; (4)
evaluate the re..ponse to medications (e.g., antiarrhythmics); (5) obtain a baseline recording before, during.
and after a medical procedure; and (6) evaluate for signs
of myocardial ischemia, injury, and infarction.
OBJ: Explain the purpose ofECG monitoring.
518. An abnormal (i.e., pathologic) Q wave is more than 0.04
second in duration or more than one third the height
of the following R wave in that lead. MI is one possible
cause ofabnormal Q waves.
OBJ: Define and describe the significance of each of the following as they relate to cardiac electrical activity: P wave,
QRS complex, T wave. U wave, PR segment, TP segment, ST
segment, PR interval, QRS duration, and QT interval
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59. A sinus rhythm has a rate of 60 to 100 beats/min. A
sinus tachycardia has a rate of 101 to 180 beats/min.
OBJ: Descnbe the ECG characteristics possible causes, signs and
symptoms. and emergency management of sinus tachytardia.
60. Artifact may be caused by loose electrodes, broken wires

or ECG cables, muscle tremor, patient movement, external chest compressions, or 60-cycle interference.
OBJ: Define the term artifact and explain methods that may
be wed to minimize its occurrence.
81. Coarse VF is 3 mm or more in amplitude. Fine VF is less

than 3 mm in amplitude.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care fur VF.
82. The AV junction may assume responsibility fur pacing
the heart under any of the following circumstances:

1. The SA node fails to discharge (such as sinus arrest).
2. An impulse from the SA node is generated but
bloc.k.ed as it exits the SA node (e.g., SA block).
3. The rate ofdischarge of the SA node is slower than

OBJ: Describe the location, the function, and, when appropriate, the intrinsic rate of the following structures: the SA
node, the AV bundle, and the Purkinje fibers.
83. Because the atria do not contract effectively and expel

all of the blood within them, blood may pool within
them and form clots. A clot may dislodge on its own or
because of conversion to a sinus rhythm. A stroke can
result if a clot moves from the atria and lodges in an
artery in the brain.
OBJ: Describe the ECG characteristics, possible causes, signs
and symptoms, and initial emergency care fur AFib.
84. On the ECG, the ST segment represents early ventricular repolarization, and the T wave represents ventricular

repolarization.
OBJ: Def'me and describe the significance of each of the
following as they relate to cardiac electrical activity: P
wave, QRS complex, T wave, U wave, PR segment, TP
segment, ST segment, PR interval, QRS duration, and QT
interval.

that of the AV junction (e.g., a sinus bradycardia or
the slower phase of a sinus arrhythmia).
4. An impulse from the SA node is generated and is
conducted through the atria but is not conducted to
the ventricles (e.g., an AV block).
65.

ECGFinding
Rhythm

AVNRT
Ventricular rhythm is
amally very regular

Rate (beats/
min)

150to250

Atrial Flutter
Atrial rhythm is regular; ventricular
rhythm is regular or irregular
Atrial rate is typically 240 to 300;
ventri~ular rate variable--cletermJned. by AV blockade
No identifiable P waves; saw-tooth
Sutter waves present

Atrial Fibrillation
Ventricalar rhythm is usually
irregularly irregular
A1rial rate is 300 to 600; veotric:alar rate
isftriable

P waves often bidden in
No identifiable P waves; fibrillatory
QRScompl.e.J:
waves present; erratic, wavy baseline
PRinterval
IfP waves are seen, the
Not meamrable
Not meamrable
PRJ willuually measure 0.12 to 0.20 se«:
QRS duration
0.11 sec or less UDlesa
0.11 sec or less uulea abnormally
0.11 sec or less uoless ahnonnally
abnormally conducted
conducted
conducted
OBJ: Describe the ECG characteristics, possible causes, signs and symptoms, and initial emergency care fur AVNRT, atrial :flutter,
andAFib.

P waves (lead II)

88. During pacing, the cardiac monitor is observed for electrical capture. usually evidenced by a wide QRS and
broad T wave. In some patients, electrical capture is less

obvious, indicated only as a change in the shape of the
QRS. Mechanical capture is evaluated by assessing the
patient's right upper extremity or right femoral pulses.
OBJ: Discuss the terms triggering, inhibition, pacing, capture,
electrical capture, mechanical capture, and sensitivity.
61. The four primary characteristics of cardiac cells are
listed below:
1. Automaticity
2. Excitability (i.e., irritability)

3. Conductivity
4. Contractility
OBJ: Describe the primary characteristics ofcardiac cells.

88. The term anatomicaUy contiguous leads refers to leads
that "see" the same area of the heart. Two leads are

contiguous if they look at the same or adjacent areas
of the heart or if they are numerically consecutive
chest leads.
OBJ: Relate the cardiac surfaces or areas represented by the
ECGleads.
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89.

Second-Degree AV Block 'JYpe II
Ventricular rhythm
Irregular
PR interval
Constant
QRS width
Narrow or wide
OBJ: Describe 2:1 AV block and advanced second-degree AVblock.

2:1 AV Block
Regular
Coutant
Narrow or wide

70.

ECGFinding
Rhythm
Rate (beats/min)

Idioventricular Rhythm
Essentially regular
20to40

P waves (lead II)

Accelerated Idioventricular Rhythm
Essentially regular
41 to 100; some experts CODiider
the rate 41 to 120
Usually absent

Monomorphic Ventricular
Tachycardia
Usually regular
101 to 2.50; some experts conaider the rate 121 to 250
Usually absent

Usually absent
PR interval
None
None
None
QRS duration
0.12. sec: or greater
0.11 sec or greater
0.12 sec or greater
OBJ: Describe the ECG characteristics, possible causes, signs and symptoms, and initial emergency care for an idioventricular rhythm, accelerated idioventricular rhythm, and monomorphic VT.

Posttest Rhythm Strip Answers
Note: Because of the distortion of ECGs that can occur during printing, a range ofacceptable measurements is provided
in the rhythm strip answers throughout this textbook.
71. Fig.10.1

Rhythm: Regular
Rate: 88 beats/min
P waves: Inverted before each QRS; 1:1 relationship
PR interval: 0.12 to 0.14 second
QRS duration: 0.06 second
QT interval: 0.44 to 0.48 second
Interpretation: Accelerated junctional rhythm at 88
beats/min

12. Fig. 10.2
Rhythm: Irregular
Rate: 80 beats/min
P waves: Upright before each QRS; an early P wave distorts the T wave of beat 3
PR interval: 0.12 to 0.14 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.36 second
Interpretation: Sinus rhythm at 80 beats/min with a
nonoonducted PAC and ST-segment depression
73. Fig. 10.3
Rhythm: Ventricular irregular; atrial regular
Rate: Ventricular about 70 beats/min; atriall07 beats/
min

P waves: Upright; more Ps than QRSs
PR interval: Lengthening
QRS duration: 0.08 second
QT interval: 0.32 second
Interpretation: Second-degree AV block type 1 at 70
beats/min

74. Rg.10A
Rhythm: Irregular
Rate: 90 beats/min
P waves: Upright before most QRS complexes; none
visible for 3 early beats
PR interval: 0.16 second (sinus beats)
QRS duration: 0.06 second (sinus beats)
QT interval: 0.32 second (sinus beats)
Interpretation: Sinus rhythm at 90 beats/min with
ventricular trigeminy
15. Fig. 10.5

Rhythm: Irregular
Rate: 70 beats/min
P waves: None visible; fibrillatory waves present
PR interval: None
QRS duration: 0.08 second (atrial beats)
QT interval: Unable to determine
Interpretation: AFib at 70 beats/min with a ventricular
complex
76. Rg.10.6
Rhythm: Regular
Rate: 88 beats/min
P waves: Upright before each QRS; 1:1 relationship
PR interval: 0.16 second
QRS duration: 0.06 to 0.08 second
QT interval; 0.32 to 0.36 second
Interpretation: Sinus rhythm at 88 beats/min; artifact is
present
11. Rg.10.7

Rhythm: Irregular
Rate: 30 beats/min (junctional beats) to 56 beats/min
(sinus beats)
P waves: None with junctional beats; upright with sinus
beats
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PR interval: None with junctional beats; 0.18 second
with sinus beats
QRS duration: 0.04 second (junctional beats); 0.08
second (sinus beats)
QT interval: 0.36 second
Interpretation: Junctional bradycardia at 30 beats/min
to sinus bradycardia at 56 beats/min

83. Rg.10.13
Rhythm: Regular
Rate: 150 beats/min
P waves: Flutter waves visible
PR interval: None
QRS duration: 0.08 second
QT interval: Unable to determine
Interpretation: Atrial flutter with a rapid ventricular
response of 150 beats/min

78. Rg.10.8
Rhythm: Regular
Rate: 65 beats/min
P waves: Upright before each QRS, some are notched;
1: 1 relationship
PR interval: 0.16 second
QRS duration: 0.08 second
QT interval: 0.32 to 0.36 second
Interpretation: Sinus rhythm at 65 beats/min with
ST-segment elevation (STE)

79. Fig. 10.9

84.

Fig.10.14

Rhythm: Regular
Rate: 180 beats/min
P waves: None visible
PR interval: Unable to determine
QRS duration: 0.06 second
QT interval: 0.20 to 0.24 second
Interpretation: AVNRT at 180 beats/min

85. Fig.10.15

Rhythm: Irregular

Rhythm: Regular

Rate: About 440 beats/min
P waves: None
PR interval: None
QRS duration: 0.12 to 0.14 second
QT interval: None
Interpretation: PMVT at about 440 beats/min

Rate: Ventricular 42 beats/min; atrial71 beats/min
P waves: Upright; more Ps than QRSs
PR interval: None
QRS duration: 0.12 second
QT interval: 0.48 second
Interpretation: 1hird-degree AV block at 42 beats/min
with a wide QRS, a prolonged QT interval, and STE

80. Fig.10.10
Rhythm: Atrial and ventricular rhythms are essentially
regular
Rate: Ventricular 45 beats/min; atrial107 beats/min
P waves: Upright; more Ps than QRSs
PR interval: None
QRS duration: 0.14 to 0.16 second
QT interval: 0.40 to 0.44 second
Interpretation: Third-degree AV block at 45 beats/min
with a wide QRS
81. Rg.10.11

Rhythm: Regular
Rate: 83 beats/min
P waves: Inverted before each QRS; artifact is present
PR interval: 0.12 second
QRS duration: 0.08 second
QT interval: 0.36 second
Interpretation: Accelerated junctional rhythm at 83
beats/min with deeply inverted T waves

82. Rg.10.12
Rhythm: Irregular
Rate: About 110 beats/min; 54 beats/min (sinus beats)
P waves: Sinus P waves; none with ventricular beats
PR interval: 0.12 second (sinus beats)
QRS duration: 0.06 to 0.08 second (sinus beats)
QT interval: 0.28 second (sinus beats)
Interpretation: Sinus bradycardia at 54 beats/min with
ventricular bigeminy; rate about 110 beats/min if ventricular beats counted in the rate

E. Rg.10.16
Atrial paced activity? No
Ventricular paced activity? Yes
Pacemaker malfunction~ No
Interpretation: Ventricular paced rhythm with 100%
capture at 65 pulses/min

87. Fig.10.17

Rhythm: Irregular
Rate: 100 beats/min
P waves: Upright before each QRS; the P wave ofbeat
7 is early and distorts the T wave of the preceding
beat
PR interval: 0.16 second (sinus beats)
QRS duration: 0.04 to 0.06 second (sinus beats)
QT interval: 0.28 to 0.30 second (sinus beats)
Interpretation: Sinus rhythm at 100 beats/min with a
PAC; beat 7 is the PAC

88. Rg.10.18
Rhythm: Irregular
Rate: 140 beats/min
P waves: None consistently visible
PR interval: None
QRS duration: 0.06 to 0.10 second
QT interval: 0.28 to 0.32 second
Interpretation: AFib with a ventricular response of 140
beats/min; ST-segment depression in lead II
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89. Rg.10.19
Atrial paced activity? Yes
Ventricular paced activity? Yes
Pacemaker malfunctionf No
Interpretation: Dual-chamber paced rhythm with 100%
capture at 71 pulses/min
Ill. Rg. 10.20

Rhythm: Irregular
Rate: 60 beats/min
P waves: Upright before each QRS; a PQRST complex
is missing

PR interval: 0.16 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.32 to 0.36 second
Interpretation: Sinus rhythm at 60 beats/min with an
episode of SA block
91. Fig. 10.21

Rhythm: Irregular
Rate: 110 beats/min
P waves: Upright before most QRSs; inverted with beats
8 and 10
PR interval: 0.12 to 0.16 second (sinus beats)
QRS duration: 0.06 to 0.08 second (sinus beats)
QT interval: 0.24 to 0.28 second (sinus beats)
Interpretation: Sinus tachycardia at 110 beats/min with
two PJCs

92. Rg. 10.22
Rhythm: Regular
Rate: 69 beats/min
P waves: Upright; 1:1 relationship
PR interval: 0.36 second
QRS duration: 0.10 to 0.11 second
QT interval: 0.40 to 0.44 second
Interpretation: Sinus rhythm at 69 beats/min with firstdegree AV block and STE
93. Rg. 10.23

Rhythm: Ventricular irregular; atrial regular
Rate: Ventricular 60 beats/min; atrial100 beats/min
P waves: Upright; more Ps than QRSs
PR interval: Lengthening
QRS duration: 0.04 second
QT interval: 0.28 second
Interpretation: Second-degree AV block type I at 60
beats/min with STE; although the complexes on the
right side of the rhytlun strip show 2:1 conduction,
comparison of the PR intervals of beats 1 and 2 enable a
diagnosis of second-degree type I AV block
94. Fig. 10.24

Atrial paced activity? Yes
Ventricular paced activity? Yes
Pacemaker malfunction' No
Interpretation: Dual-chamber paced rhythm with 100%
capture at 70 pulses/min

95. Rg. 10.25
Rhythm: Regular
Rate: 73 beats/min
P waves: None visible
PR interval: None
QRS duration: 0.12 to 0.14 second
QT interval: 0.32 second
Interpretation: Accelerated idioventricular rhythm at 73
beats/min

•. Fig.10.26
Rhythm: Irregular
Rate: 90 beats/min

P waves: No identifiable P waves; fibrillatory waves
present
PR interval: None
QRS duration: 0.06 to 0.08 second
QT interval: Unable to determine; no consistently iden-

tifiable T waves
Interpretation: AFib at 90 beats/min
97. Rg. 10.27
Rhythm: Irregular
Rate: 60 beats/min
P waves: Upright before most QRSs; nonevisible with beat 4
PR interval: 0.16 to 0.18 second
QRS duration: 0.08 second
QT interval: 0.44 second
Interpretation: Sinus rhythm at 60 beats/min with an
episode of sinus arrest and a junctional escape beat

88. Rg. 10.28
Rhythm: Irregular
Rate: 60 beats/min
P waves: Upright before each QRS
PR interval: 0.20 to 0.22 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.36 to 0.38 second
Interpretation: Sinus arrhythmia with first-degree AV
block at 60 beats/min; artifact is present
99. Rg. 10.29
Rhythm: Irregular
Rate: 80 beats/min
P waves: Upright before each QRS; some are smooth and
rounded, others are pointed
PR interval: 0.16 to 0.20 second
QRS duration: 0.08 second
QT interval: 0.36 second
Interpretation: Sinus rhythm at 80 beats/min with PACs
(beats 3 and 5 are PACs)
100. Fig.10.30

Rhythm: Irregular
Rate: 120 beats/min
P waves: Upright with sinus beats; none with ventricular
beats
PR interval: 0.18 second (sinus beats)
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QRS duration: 0.06 second (sinus beats)
QT interval: 0.28 second (sinus beats)
Interpretation: Sinus tachycardia at 120 beats/min with
two uniform PVCs
101. Fig.10.31

Rhythm: Regular
Rate: 130 beats/min
P waves: Upright; 1:1 relationship
PR interval: 0.16 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.28 second
Interpretation: Sinus tachycardia at 130 beats/min with
ST-segment depression; artifact is present
102. Flg.10.32
Rhythm: Regular
Rate: 55 beats/min
P waves: Flutter waves present
PR interval: None
QRS duration: 0.08 second
QT interval: Unable to determine
Interpretation: Atrial flutter at 55 beats/min
103. Flg.10.33
Rhythm: Regular
Rate: 69 beats/min
P waves: Upright and peaked; 1:1 relationship
PR interval: 0.16 second
QRS duration: 0.08 second
QT interval: 0.32 second
Interpretation: Sinus rhythm at 69 beats/min with STsegment depression and inverted T waves

104. Flg.10.34
Rhythm: Regular
Rate: 225 beats/min
P waves: None visible
PR interval: None
QRS duration: 0.06 second
QT interval: Unable to determine
Interpretation: AVNRT at 225 beats/min with ST-segment
depression
105. Flg.10.35
Atrial paced activity? No
Ventricular paced activity? Yes
Pacemaker malfunctionf No
Interpretation: Ventricular paced rhythm with a PVC, a
paced beat, nonsustained monomorphic VT, and a paced
beat; paced interval 71 pulses/min
108. Flg.10.36
Rhythm: Irregular
Rate: 70 beats/min
P waves: Vary in size and shape
PR interval: Varies
QRS duration: 0.08 to 0.12 second
QT interval: 0.40 to 0.44 second

Interpretation: Underlying rhythm is sinus but pacemaker site varies; ventricular rate 70 beats/min; patient
with known WPW pattern; note the delta waves
107. Fig. 10.37

Rhythm: Irregular
Rate: 50 beats/min

P waves: Upright; none visible before the QRS with beat
3, but an inverted P wave appears after it
PR interval: 0.24 second
QRS duration: 0.08 second
QT interval: 0.32 to 0.36 second
Interpretation: Sinus rhythm at 50 beats/min with a
first-degree AV bloclc, an episode of sinus arrest, a junctional escape beat, and ST-segment depression

108. Flg.10.38
Rhythm: Ventricular absent; atrial regular
Rate: Ventricular none; atrial40 beats/min
P waves: Upright
PR interval: None
QRS duration: None
QT interval: None
Interpretation: P-wave asystole

1011. Fig. 10.39
Rhythm: None
Rate: None
P waves: None
PR interval: None
QRS duration: None
QT interval: None
Interpretation: Ventricular fibrillation

110. Flg.10.40
Atrial paced activity? Yes
Ventricular paced actMty? Yes
Pacemaker malfunction? Yes-faUure to capture and
failure to sense
Interpretation: Dual-chamber pacemaker with failure
to capture (seventh spike) and failure to sense (eighth
spike) at 71 pulses/min

111. Flg.10A1
Rhythm: Ventricular essentially regular; atrial essen-

tially regular
Rate: Ventricular 37 beats/min; atrial100 beats/min

P waves: Upright; more Ps than QRSs
PR interval: None
QRS duration: 0.08 to 0.10 second
QT interval: Unable to determine because T waves are
not clearly visible
Interpretation: Third-degree AV block at 37 beats/
min

112. Fig.10A2
Rhythm: Regular
Rate: 39 beats/min
P waves: None visible
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PR interval: None
QRS duration: 0.18 second
QT interval: 0.32 second
Interpretation: Idioventricular rhythm at 39 beats/min
113. Fig.10A3
Rhythm: Ventricular regular; atrial regular
Rate: Ventricular 36 beats/min; atrial108 beats/min
P waves: Upright; more Ps than QRSs; 3:1 relationship
PR interval: 0.16 second
QRS duration: 0.08 to 0.10 second
QT interval: Unable to determine
Interpretation: Advanced second-degree AV block with
3:1 conduction at 36 beats/min
114. Flg.10.44

Rhythm: Irregular
Rate: 120 beats/min
P waves: Vary in size. shape. and direction
PR interval: Varies
QRS duration: 0.08 to 0.10 second
QT interval: 0.24 to 0.28 second
Interpretation: Multifocal atrial tachycardia at 120 beats/
min
115. Flg.10.45
Rhythm: Irregular
Rate: 50 beats/min
P waves: Upright; the P wave of beat 3 is early
PR interval: 0.16 second
QRS duration: 0.08 second
QT interval: 0.40 to 0.44 second
Interpretation: Sinus rhythm at 50 beats/min with a
PAC
118. Flg.10.48
Rhythm: Irregular
Rate: 100 beats/min (sinus beats); 136 beats/min (ventricular beats)
P waves: Low amplitude but upright with sinus beats
PR interval: 0.16 to 0.20 second (sinus beats)
QRS duration: 0.08 second (sinus beats); 0.12 second
(ventricular beats)
QT interval: 0.34 second (sinus beats)
Interpretation: Sinus rhythm at 100 beats/min with a
run of monomorphic VT at 136 beats/min
111. Flg.10A7
Rhythm: Irregular
Rate: 68 beats/min (sinus beats); 75 beats/min (junctional beats)
P waves: Upright with sinus beats; inverted with junctional beats
PR interval: 0.16 second (sinus beats)
QRS duration: 0.08 second
QT interval: 0.28 to 0.32 second
Interpretation: Sinus rhythm at 68 beats/min to an
accelerated junctional rhythm at 75 beats/min

118. Rg.10.48
Rhythm: Irregular
Rate: 50 beats/min (top strip)
P waves: Vary in size, shape. and direction
PR interval: Varies
QRS duration: 0.06 to 0.08 second
QT interval: 0.40 to 0.44 second
Interpretation: Wandering atrial pacemaker at 50 beats/min

119. Rg.10.49
Rhythm: Ventricular irregular; atrial regular
Rate: Ventricular 50 beats/min; atrial167 beats/min
P waves: Upright and notched; more Ps than QRSs
PR interval: 0.26 second; the PR intervals before and
after the nonconducted P waves are constant
QRS duration: 0.12 to 0.14 second
QT interval: Unable to determine
Interpretation: Second-degree AV block type II at 60
beats/min with ST-segment depression
120. Fig.10.50
Rhythm: Regular
Rate: 150 beats/min
P waves: One P wave appears after each QRS
PR interval: None
QRS duration: 0.06 second
QT interval: 0.20 second
Interpretation: Junctional tachycardia at 150 beats/min

121. Fig. 10.51
Rhythm: Irregular
Rate: 83 beats/min (sinus beats)
P waves: Flutter waves initially present; sinus P waves
present for last 3 beats
PR interval: 0.20 second (sinus beats)
QRS duration: 0.08 to 0.10 second (sinus beats)
QT interval: 0.36 to 0.40 second (sinus beats)
Interpretation: Atrial flutter with a period of asystole to
sinus rhythm at 83 beats/min
122. Rg.10.52
Rhythm: Regular
Rate: 45 beats/min
P waves: Low amplitude but upright
PR interval: 0.20 to 0.24 second
QRS duration: 0.10 to 0.12 second
QT interval: 0.36 to 0.40 second
Interpretation: Sinus bradycardia at 45 beats/min with
first-degree AV block and horizontal ST segments; artifact is present
123. Fig.10.53
Rhythm: Irregular
Rate: 110 beats/min
P waves: Upright; the Pwave ofbeat 5 is early and inverted
PR interval: 0.16 second (sinus beats)
QRS duration: 0.06 second (sinus beats)
QT interval: Unable to determine
Interpretation: Sinus tachycardia at 110 beats/min with
a PJC (beat 5 is the PJC)
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124. Rg. 10.54
Rhythm: Ventricular regular; atrial regular
Rate: Ventricular 40 beats/min; atrial 79 beats/min
P waves: Upright; more Ps than QRSs
PR interval: 0.28 second
QRS duration: 0.06 to 0.08 second
QT interval: 0.48 second (prolonged)
Interpretation: 2: 1 AV block at 40 beats/min with a prolonged QT interval
125. Fig. 10.55

Rhythm: Irregular
Rate: 30 beats/min Qunctional beats)
P waves: Upright (sinus beats); none with junctional beats
PR interval: 0.16 second (sinus beats); none Qunctional
beats)
QRS duration: 0.06 to 0.08 second
QT interval: 0.36 to 0.38 second
Interpretation: Sinus beat, two junctional beats, sinus
beat; ST-segment depression; artifact is present

126. Rg.10..56
Rhythm: Irregular
Rate: 80 beats/min
P waves: Upright; the P wave of beat 3 is early and distorts the previous T wave
PR interval: 0.16 second
QRS duration: 0.06 second
QT interval: Unable to determine
Interpretation: Sinus rhythm at 80 beats/min with a PAC
andSTE

127. Rg. 10.57
Rhythm: Regular
Rate: 79 beats/min
P waves: None visible
PR interval: None
QRS duration: 0.06 second
QT interval: 0.36 to 0.38 second
Interpretation: Accelerated junctional rhytlun at 79 beats!
min

128. Fig.10.58
Rhythm: Irregular
Rate: 4.0 beats/min
P waves: Upright; some are notched
PR interval: 0.20 second
QRS duration: 0.08 second
QT interval: 0.44 second
Interpretation: Sinus bradycardia at 40 beats/min with
an episode of sinus arrest
129. Fig.10.59

Rhythm: Irregular
Rate: 90 beats/min
P waves: Fibrillatory waves are present
PR interval: None
QRS duration: 0.08 to 0.10 second
QT interval: Unable to determine
Interpretation: AFib at 90 beats/min

130. Rg.10.80
Rhythm: Irregular
Rate: 56 beats/min (sinus beats)
P waves: Upright with sinus beats; none with ventricular
beats
PR interval: 0.16 second (sinus beats)
QRS duration: 0.06 second (sinus beats)
QT interval: Unable to determine
Interpretation: Sinus bradycardia at 56 beats/min with
multiform ventricular bigeminy, a run of VT, and
ST-segment depression

131. Rg.10.61
Rhythm: Irregular
Rate: 130 beats/min
P waves: Vary in size, shape, and direction
PR interval: Varies
QRS duration: 0.08 second
QT interval: Varies
Interpretation: Multifocal atrial tachycardia at 130
beats/min

132. Rg.10.&2
Rhythm: Irregular
Rate: 50 beats/min
P waves: Upright; more Ps than QRSs
PR interval: Lengthens (visible in last three beats)
QRS duration: 0.08 to 0.10 second
QT interval: 0.40 to 0.44 second
Interpretation: Second-degree AV block type I at
50 beats/min with ST-segment depression; note the
presence of 2:1 AV block at the start of the rhythm
strip
133. Fig. 10.63

Rhythm: Ventricular regular; atrial regular
Rate: Ventricular 34 beats/min; atrial68 beats/min
P waves: Upright; more Ps than QRSs; 2:1 relationship
PR interval: 0.14 to 0.16 second
QRS duration: 0.10 second
QT interval: 0.52 second (prolonged)
Interpretation: 2:1 AV block at 34 beats/min with
ST-segment depression. a prolonged QT interval, and
tall Twaves

134. Rg.10.64
Rhythm: Irregular
Rate: 60 beats/min
P waves: Upright; early P wave after beat 3; no P wave
with beat4
PR interval: 0.22 to 0.24 second
QRS duration: 0.08 second (sinus beats)
QT interval: 0.36 to 0.40 second
Interpretation: Sinus rhythm at 60 beats/min with a
first-degree AV block, a nonconducted PAC, and a ventricular escape beat
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135. Rg. 10.85

Rhythm: Irregular
Rate: 50 beats/min
P waves: Upright before each QRS; a PQRST complex
is missing
PR interval: 0.16 second
QRS duration: 0.08 second
QT interval: 0.32 to 0.36 second
Interpretation: Sinus bradycardia at 50 beats/min with
an episode of SA block
136. Fig.10.66
Rhythm: Irregular
Rate: About 330 beats/min
P waves: None
PR interval: None
QRS duration: Varies
QT interval: Unable to determine
Interpretation: PMVT at about 330 beats/min
137. Fig.10.67

Rhythm: Regular
Rate: Ventricular 90 beats/min; atrial180 beats/min
P waves: Upright before each QRS; others are hidden in
the T waves; 2:1 relationship
PR interval: 0.16 second
QRS duration: 0.06 second
QT interval: 0.24 to 0.28 second
Interpretation: Atrial tachycardia at 90 beats/min with
2:1 block and STE

138. Rg.10.BB
Rhythm: Regular
Rate: 88 beats/min
P waves: Upright
PR interval: 0.16 to 0.20 second
QRS duration: 0.10 to 0.12 second (notched)
QT interval: 0.32 second
Interpretation: Sinus rhythm at 88 beats/min with an
incomplete BBB

139. Rg. 10.811
Rhythm: Regular
Rate: 60 beats/min
P waves: None visible
PR interval: None
QRS duration: 0.12 to 0.14 second
QT interval: 0.28 to 0.32 second
Interpretation: Accelerated idioventricular rhythm at 60
beats/min with tall T waves; artifact is present
140. Fig.10.70
Rhythm: Ventricular irregular; atrial regular
Rate: Ventricular 30 beats/min; atrial79 beats/min
P waves: Upright; more Ps than QRSs
PR interval: 0.14 second
QRS duration: 0.16 second
QT interval: 0.40 to 0.42 second
Interpretation: Advanced second-degree AV block at
30 beats/min with a wide QRS and STE

141. Rg. 10.71
Rhythm: Regular
Rate: 115 beats/min
P waves: Upright; 1: l relationship
PR interval: 0.16 second
QRS duration: 0.08 second
QT interval: 0.28 second
Interpretation: Sinus tachycardia at 115 beats/min with
STE in V4; artifact is present
142. Fig.10.72

Rhythm: Irregular
Rate: 60 beats/min

P waves: Upright (sinus beats); inverted after the QRS
in beatS
PR interval: 0.14 second (sinus beats)
QRS duration: 0.06 second
QT interval: 0.40 to 0.44 second
Interpretation: Sinus rhythm at 60 beats/min with a PJC
143. Fig.10.73

Rhythm: Regular
Rate: 45 beats/min
P waves: None visible
PR interval: None
QRS duration: 0.08 to 0.11 second
QT interval: 0.48 to 0.52 second (prolonged)
Interpretation: Junctional rhythm at 45 beats/min with
STE and a prolonged QT interval
144. Fig. 10.74

Rhythm: Irregular
Rate: 40 beats/min
P waves: Upright (sinus beats); none with beat 2
PR interval: 0.36 second (sinus beats)
QRS duration: 0.06 second (sinus beats)
QT interval: 0.36 to 0.38 second
Interpretation: Sinus bradycardia at 40 beats/min with
first-degree AV block and a PJC

145. Rg.10.75
Rhythm: Irregular
Rate: 71 beats/min (sinus beats)
P waves: Upright before each QRS; one early P wave
distorts the T wave ofbeat 4 (most clearly seen in lead
MCL1)
PR interval: 0.20 second (lead II)
QRS duration: 0.12 second (lead IT)
QT interval: 0.40 to 0.44 second (lead II)
Interpretation: Sinus rhythm at 71 beats/min with a
wide QRS and a nonconducted PAC
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l!pinqlhrine. 22
ERP. Sa Bffediw: refractmypmod
&capebem
junc:tional. 141, 144-146, 144f-145f
ventrkular, 170-172
&cape Interval, 222, 230

E1:dtablllty, 29-30
E.DRme right

am deviation. 244

ID capture, 222,229, 230f
ID pial, 222, 228-229, 229f
ID&e~~~e,230

Fudclet. 38
Fut-alow~dla.ll3

Fiben, mutek. 6. 6!
Fibrllhltion
lll:rial, ll,_121, 120f
vetttrieular,l76- 177, 176f- 177f

Flbroua parietBl pericardi1.1111. 2-3, 4f-5f
Flnt~egree alrloventrlcula block, 195-197, 195f-1911if,

21Mf
FWd-rate paccmahn, 222. 227
Flutter
atrla1, ll7-lll, 117f

1

chamber~ 257-U0,258f

}point, 29

=acludion 5pll:m of; 35-38, 104
In a.trummtticular node and bandle, 37-31,
37f-31f
~conduction ln. 39-40

}1IIICIIO!Dal bradyardla. 141, 145
JuoctlO!Dal dysrhythmlaa, 38, 142
JuoctiO!Dal escape beats or rhythm, 141, 144-146,

di.!onien o£. 39-41
In Purldnje fiben, 29. 32. 38
in right and left bundle brand>a, 38
in sinoatrial node, 35-37,36f
failure, 2, 22
mwmnr, 10
pwnplof proc:ea of; 19-23, 19f
blood preuare, 20-23, 21f
cardW: qde, 1,_20
nte, 2.2-23
aMenment o£. 58-59
12-Jead ~OJDDl anaJ.)'N, 263

otrinjp.IO

Haulal refm:Da: oyst.:m, 243, 243f
Hii-Purldaje system. 29, 38
Horlzontal plane leW, 43t; 44-45
Hypercakemia, 22, 262

Hyperkalemia. 22, 261, 262f
HypermagueKIIIia. 263
Hypematremla. 261
Hypertruphic cardiomyopathy (HCM), 258
Hypertmphy
left Vdl1tkular, 259, 259f-UOf

I

ICDs. Sn ImplaDtable cudloverta--de:brillaton
ld1oventrlcular rhythm. 171, 171f, 177£
Implanbble .:ardloftrter-defibrlllaton (ICD1),
223-224
Impulle condudion dllorden, 39-41
Impulle Mrmation dllorden. 39
InQIIDpleteburulle brand blo<;k. 51
Indicalift o:hanp. 29, 54, 246
lllfcrior infarction, 241, 250f
Inferior ftll& c:a.a, 7

Inferobaaallnfarction, 2.48-251, 251f-252f
Infn.Dodal AV bloda, 194
Inhibition, 222

Inter:mltWd: dllttuban.:e, 194
Inter:mltWd: recordert, 44S-~7

Pasion beat. 165. 168,168f
F - - . 102, 117

Intcrpolaned premature ventricular c:ompleus. 165.

Grouped beating.l97

x+. See Potauiu.m
L
LAA. Sre Left atriallbnormality
LAD. Sa Left mkrior dacending (LAD) artny
boxa method, sa, 59f
Lite ti'IIDIIIioll, 247
lateral infarction, 241, 249f
Layen, of1he heart W11l, s-6, sf
lCA. Src Left COI'OIW'Tarlery
LftdV1,44

Lusc=

Leada
""'"'enl<!d limb, 28, 43-44

bipolar.42

«.

cheot,
44f
modiJU:d, 46, 46f
poaterior, 45, 45f

rfsht, 45, 45f
defined. 29, 42
frontal plane, 42-44
heart~viewed by,45, 45f

horizontal plane. 43t; 44-45
pa<:in& 223
plaa:mc:trt of; 45£
atiDdard limb, 42-43, 43£
mmporary pacemakert, 224-225
Left BDterlor dcKendiDg (LAD) ~ 11-12,13£
Left atri&l abnormalllr (LAA). 258-259, 259!
Left am dmatiou. 244
Left bundle hn=b, 31
block, 203, 255, 25Sf-256f

Left ammary _ , (LCA), 13, 13f
Left mal.l1 ClOronary &IU'ty. 13
left venlrlcular hypemophy (LVH), 259, 259f-260f
location, of hart, 2, 3f
LVH. S• left ftlltricular hypertrophy

Injllry

Fraok-StarllJI8 law, 22
Frcmtll plane leads, 42-44

Galloprbythm.10-11
Gap juDctiwlo, 38
Glw:ajJon, 22-23
Grolllld electrode, 29

J[

Hypocakemia, 22, 262-263, 263f
Hypokalemia, 261-262, 262f
Hypomagncsemla. 263
Hyponatmnla. 261
Hypovolemia, 23

--.117
Focal atrial W:hycardia. 102, 110
Focal junctional tuhycardia. 146-147

G

144f-145f

JuoctiO!Dal rhythma. 141-164
~ 141.146,146£
jllndional escape belt! in, 141, 144-146, 144f-145f
in jundXmal whycudia, 141, 146-147, 147f
in pn:ma1un: junctional complo:xa, 142-143,143£
JuoctlO!Dal tachy<:ardia, 141, 146-147, 147£

right ve!!lrlcular, 259, 259£-UOf

myoc:udlal. 15
Inot:ropy, 2, 18
Inmlin, 22-23
Inll:ral:rial oc:ptwn, 19
Intettalated dlab, 6f

vetttrieular,l74

ST aep=t from, 54
Iaoelectrk llne, 29
Iaovolumetrk coatn.alon. 20

audiac output of; 1, 2.2-23

F

Failun:

Inlrinlic rm, 29
Iona, 29
Iac:hemia, 2, 5-6
msfna pectorll and, 14

169,169!

M

Macruruntry cirt:uit, 40-41
MaHunrtion, pa=aka-, 228-230
Mabual. ddibrillalioD, 177
MAT. See Mullifocal atrial tachycardia
MeaD uta, 242-243
Mean p vector, 242-243
Mean QRS ftetor, 242-243

Mechankal gptw"e. 225

Inta:nl, 2!1, 55-56
...............tof,60

Mecbanlcal cell-. 30

Int<:nmtricular oeptwn, 19

Mcmbnne pol£ntial, 29-30
MI. See Myuc:ardlaiiDfan:tion
Mi~ circuit., 40-41
Milllwlt (mV), 29, 31

Intn.vetttrlcular amdnctioD delays. 203, 254-257
lnmdle branch activalion In, 254, 254£
recognJzlns in, 254-257
muctures ot; 254, 254f

Mediaotin1.1111. 2

MitndlCmdria,. 2, 6

Index
Mobllz I block, 197
MobllzDAVblock, I"
Modified chest leada, 46, 46f
Monomorphic ventrlc:ular tachytudia, 165, 174-175,
17"' 177f
Mullifocal attlal. tat:hycardia (MA'J1, 102, lOS. 108f
Multifurm atriallhythm. 102, 107
Multifurm pranamre ventriculAr camplua, 169,
169f
Muhlj>lc-lead IICGo, 45
Murmur, heart, 10

Mu.tearlDic reoeptora, 17
Muscle,~ 6,6f

cell propcrtla. 30
Myocudlal cclls, 29-30
Myocudlal~ 18
Myocudlal infarction (MI), 2
Kate conmary aynclromea and, 14
anb:tlol, W-248, 247f-24Bf
corwwr arter1e1 and. 12

ezamiiiiDi fur mdeDce ot 264

Inferior, 248, 25()f
lnferobual. 248-251, 251f-252f

lateral. :us. 24M

Paamabn (Conlin""J
fixed-lllbo, 227
malfuDc:tion, 228-230, 231f

padDg
chambm and modes, 226-228
lecd systems, 225
permanent, 223-224. 223f
Pllgl~ 226-227, 226f

"'*"'"'

223-225

tcmporuy, 224-225, 22.5f
YCDtricular d£mand, 228

PadDs

bipolar, 2Z5f-226f

eplcardb1. 224
lead, 223

led t}"lemt. 225
phylliologic, 227

opika,226f
otandhy. 224
tcmporuy enernal, 224
trall.lclltaDeoiUI, 224-225

llO,llOf
Puoi.ft fi.lling, 10

N1.+, Su Socllum

Nerve supply, afheart
barorec:cpton and chemorec:eptors, 17-18
paruympathetic ltlmulaUon,l6f. 17, 18f
llflllpalhctic; lltimulatioD.l6-17, 16f-17f
Nervollll symm, autonomk. 16
Nicotinil:: ncepton. 17
Nodal rhythml, 142
Nonwmpc:DM~Dty-..... compcnaatorrpauoe. 103.

105-106, 105f-106f

Noncompet!Uve pa.:emabra, 227
Nonconducted (blocbd) pre:matlm atrial complcus.
102, 106-l01,101f
Nonlnvul...e pac:lng. 224
Nonp~j~~140-147

Nonrapin!Dry llin1111 anhythmia. 81
Non-ST-elevalion myucanllallnfan:tion, 244

NODIIUiblined rhythm. Ill
NODIIUiblined venl:ricalar bchyc:ardia, 173f
Norepinephrine, 22

blood prucure, :ro-23, 2lf

cudia' cycle. 19-20
Pwlinje fibers. 29, 32. 38
abnormal QRS wmplua in, 51

u

Wll1'0 and, 53
ventrkular coape dtythm and, 172
PVc.. Su l'remalure vmtrlcular complena
p WPellyltO!e, 177-178,17Bf
P wavea, 29, 49-50, Sof

atrial almonnalil1er llDd. 258
In attlal. rhythm~, 104. 101, 113
In alrloveDtricu1a blocb, 195
in junr;tional rhythms, 143f

YCDtricular, 226-227

N

ST~and,S4

PR oogmmt. 53, 53f
PSV'I'. Sllll ParoxymlalllllfJnVcntricular tachJtanlia
Pu1moJwy cln:u.lalioD, 19
Pube generation fallure, 23lf
~prooea, 19-23, 1!1f

traDnenous, 224

ST-elevation, 244
valvular heart d!Jeue ud, 10
Myocudlallnjary; 15
Myocucl1al ied1emla, 14
Myocudiu.m. 2, 5, Sf
Myofibrila, 2, 6

Q ......,. alld, so

In Jwu:tloDal rhythms,142
In slmll mechanisms, 78, 83
In ventrlc:ular rbytlmui, 171
Pronmal port:lon-. of heart, 2

chambers IIIII modet, 226-228

PAC.. Su ~11\u'e atrial wmplPair a!PVC., 168
Palpitation~, 103, 101
Paper, elect:rocardiography, 47-57, 48f
Papillary muac:lea, 2, 10
Parasympathetk reapoDJe, 18
Parasympathetk ll:lmulatlon, 16~ 17, 18f
l'aluymlalatrlal tad1yl:ardia (PAT),103, 110
l'aluymlal}uDctiollal t:adlyQrdlt, 146-147
ParosyJmal ~tachycardia (PSVT), 103,

loation of; 246-251, 246f
non-ST-ei..vllion, 244

PR inkrnl, 29, 55, 551; 60
abnormal, 55
In atrllll rhythm~, 105, 107, llSf
In alrloveDtricu1a blocks, 195

PAl: See P1roxrama1 attialiBChycardlll
Plltx:h-baaed IJI1em, 46, 47f
Pericardium, 2-3, sf
Peripheral IeiiJtance, 2., 20
Pcrmancat paumaken, 223-224. 223f
Permeable membrane, 29-30
Phylli.ologi<: puiDg, 227
PJC:.. Su l'remalure juncti.IIJI&! wmplo=o
Polariation, 31, 31f
Polarized - . 29
Polymo~ ve:otr!cular tacbycardla. 165, 17~ 176,
17Sf
Poor R-waw progmaioD. 248, 249£
Pore.,6
Po.terior dat lwb, 45, 45f
Po.terior fucide, 254
Polltelt, 278-320
Pows!nm (1:+), 261-262

In ceD membranes, 6
depolarization and, 31-32
CB:Ctl, 22

PR iJUrva1 and, 55

In 5lnwl m.edwrl&ms, 77, 80, 82
ventrtcular rbythmt and, 166
Q

QRS compla. 29, 5()...51, 50f-51f
almorm.J. 51
In atrial rhythm~, 105, 113, 116( 117
in lltricwentrkular blocb, 195
in bundle brandt blodr, 203
duruioD, 60

In junctlonll rhythms, 142-143

meuuremem of, 51
pac:.emaker fnndioD, 230
QT lntcl"ftlllld, 60

In 5lnwl mechanisms, 77. 80, 82-83
ST Rg~DeDt aDd, 53
in 12-leadd~244
varialians o£ 51, 52f
In ventricular rbyt!mui, 166, 170-172
qr Interval, 29, SOf, 56, 60
In atrial rhythm~, 105
In •lmlt me<bant...,. 78, 80
~103-104

Qwava.50
ll.

R.AA. Sn Right atrla1 abnormality
Rate, heart, 22-23

UletlllleM of, 58-59

12-J.ca.d dcc:trocardlogram aDa!ylls of, 263

polarization llDd. 31
p..p Interval. 56

Rate adaptatioa, 228

Output, cardiar, 1, 22-23
Ovudrive puillg, 223
~222,230, 231f
Oxygel!llled. blood, 7

in linua mechaniamt, 77-78, 13
Pn:acitalion, 103,114
Ptdoad, 2, 22
Premawre atrial c:omplees (PAC.), 104-101, 11Hf;
106t; I~ 171f

Rate-relalzd bundle branch. block. 257

p

Prematw:e complu. 103,106
Premature jun'tional comploes (PJCs), 142-145,
143f

0

Ckdu.don. «>>Inary arterie.. 248

Paced lnten'al222. 230
~222

biventriQI!ar, 2Zl
cella, 29-30
depolarization, 31- 32
codes, 228
demllnd, ZZ7
dual-chamber, 227

electrocardiopm ~ o£ 230-232
firiDg. 225

Premawre jliDdional ~lee. 142
Prematw:e 'f'entriJ:ul.ar complexa (PVC.), 166-170,
166f- 167f

iDII:rpolated. 169
R.-on-T, 169-170

unlfwm and multiform, 169
Prematw:e 'f'entricular depolarization. 166
Premawre 'f'entricular mruysto~e. 166

Ratc~228

RCA. S.lli!jht ammary artery
Ilea<:1ivalioD, 104

Recept.on
baro- and c:hemo-, 17-18
llflllpa!hetlc (adrenergk:), 17
Reciprocal dwlges. 29, 54
Reentry. 29, 39-41, 40£ 103-104
~29,34-35

Refn.ctmy periodo, 34-35
R£gulari~ uoaammt of, 57- 58
Ro:la1ive refractory period (IUU'), 29, 34-35
Repolarlzation, 29, 32, 32f
QRS compla: and, so
Respiratory llnas azrbythmia. 81
Remktive~258

Index

Rhythm rtrlpa, in atrio-.e:ntricular blocb, 194

Slnua pause, 83
Slnua preaure. carotid, 102, 112,112£

'Ihini-dqn:e at:ritwent:ricular block. 202-203, 202t;
21Kf

Rhythma. Su """ AtrW zhythma; JanctioD.allhythma;
SIDWI rnech•nf•mo; Venl:rkalar rhythms

Slnua zhythm. 1~78, 781; 198f
Sinus tachycardla. 76, SG-81, 80f

'Threshold, 222

~141-142

Tiered therapy; 223, mf

gallop. 1G-11

SJJ;-IeOODCI method. 58, 59f

Tone,2.,20

IDterp.retattoa of; 60

60-c:ycle ~56-57
Size. of heart. 2, 3f
Skdelm!, of heart, 8, Sf
SLval.a,2, 10
Smalll>oxeo method, 511-59, 59f
SNP. Su Sapernormil period
Sodlwn (Na+), 261
cardlac action potential anc1, 34.
In cell membrane. 6

Tonaclct cle po1nl:el (TciP), 165

~oaal.141-164
~Ill
~222-240

linlll, 7~78
IUJialned, 111
12-lead electrocardiogram ana1ylis of, 263

velltrlc:ular,165-1!)3, 166f
Right atrial abnonnall.ty (RAA). 258
Right am devlalioD. 244
Right bundle brandt, 38

clepolarization ancl, 31-32
Sounclt, heart, 10-11

blo<k, 203, 255, 255f
Clii1Rof,257

Spiba,226f
Sit.. Su Sarcoplumlc reticulnm

RJWlt chest leads, 45, 45f

Standanllimb leads, 42-43, 43f

JUPt c:oronary 1rtefy (RCA), 12, IJf, 1911
Right Vlllltrk:ular hypertrophy (RVH), 259, 2591-2601'
Right Vlllltrk:ular iDfard:loa. 251. 253f
ll-on-T premati!Rvemricular complaa. 169-110. 170f
ll-Rin~56

rhythm intaprmtion and, 57-58
in ainwo rnechaniama, 77-78, 81
lUU'. S..llebdive refradory period
Rim, 165

RVH. Su RJsht m~trtcular hypertrophy
Rwave~, 29

progreaioll. 247-248, 24M
In slnwi rnech•nl&ms, 82

SA. S.. Sinoa1rial (SA) noda
Salw, 165
Sarcolemma, 2, 6
Satcometea, 2, 6
Sarcoplum, 6
Sarcoplumlo; reticulum (SR). 2. 6
Scconcl~egmo miowntrkalu blocks, 197
type 1,197-199,198£; 204f
type II, 19~ 199-200, 199£, 204f
Segment~, 29, 53-55
.......mentof,60
S'4 29, 53-55, 54f, 60
TP,29
Semllww (SL) nba. 2., 10

Sense. fallun: to. 230
SenJitlvtty. 222

Septal infamion. 257
Septum. 2, 11t 19
Setou. pericardium, 3
Shape, ofheart, 2, Jf
Shock, 23
sm,Je-chamber pa«maken, 2U-227, 226£
Sinoatrial anat. 83
Sinoatrial block. 82-43, 82f
Sinoatrial (SA) nocln. 29-30, 35-3'7
canliac action potmtial and, 32
~o.nal rhythnul in, 141
linuo mcclwrlam of, 76
--.eformJ, 49
Slnu arrest, 83-84, 83£
Sinus arrbytb.mJa, 76, 81-82., 81f

Sinus braclytardil. 76, 78-'19, 79f
Sinus alt blo.;k. 82
Sin11J musage. caiVticl, 112, 112f
Sinua mechanimu, 76-101, 77£
linoalrial bloclc as, 82-83, 82f
linuo arrest as, 83-84, llf
linus arrhythmia as, 76, 81-lll, 81f
linus bradycardia as, 76, 78-79, 79f
alnus rhythm aa,76-78. 18f

alnllll tachycanila .... 76. 80-i1. 80f

almormal, 52
~ opil<a ill, 230
QT lnt.:mol ancl, 56
In &!nUl mechanismt, 78
ST aepent ancl, 53
In ST-tlevallon myoc:ardiallnfarctloD. 244
In ftllt:ricular rhythms. 166, 170-172

Standby padns. m
ST-elevation myvcardlallnfarction, 244
ST )unclioD. 53-54

Stroke voklme (SV). 2. 22
stnu.~ancl. 79
ST oegm.eat, 29, 5~55, 54f; 60

12-Leacl ~ogn.m (BCG). 241-277. See fllso

Blectruardiopm.
for acul:£ c:oronary oyndmmea. 244-251, 245f

abnormal, 55, 55£
In &!nUl tnc<:hanWns, 78

aDalJZin8, 263-ZM

In ST-elevation myoc:ardiallnfarction, 244
In m~trtcular rbythma, 171

for anterior lnfarctiou, 247-248, 247f-248f

aDa of, 243-244, 243f-244f
layout of; 24.2, 242f
for location <Smyocarcliallnfualon, 146-251,

Subencloc:ardlal area, 5
SUbeplcardlal area, 5

246£

SUbnoclalAVbloW.194

sv.kuo.2. 6

s

TP Hgmellt. 29
in slnwi mechanismt. 77-78
Tran.cal:aneoua puing (TCP), 224-225
Tnnsilion zone, 37,247
Tricuspl.d -.aM, 20
'Iiigem~ 103-104
Trlggefecl aat/1~ 29, 39, 103
T eegm.att. 53, 54f
T (trannvae) tubules. 6
T wave~, 2ll, 51-52, 52f

fornon-ST~m~ lnfamion.244

ca...,

Superior,.....,.
7
Supernormal period (SNP), 29, 35, 35f
Suprne!Ilricular dJUhythmlaa, 38
Supraventricalartadiycardia (SVT), 103,1011-117,

1o9f
atrial tachyl:ardJa, 109-113
Surfaces. of heart, 2., 3f-4f
su.talnecl rhy!hm, Ill
Sustainecl 'ftll~ ~ 1'13f
SV: Su Stroke volume
SVT. Su Supravcmricnlar tadiyanlia
Swue,50-51

Sympathetic (accelerator)~ 17
Sympathetic (~) receptors, 17
Sympathetic resp0111e, 18
Sympathetic stimalatiou, 110-17, 16f-17f
Symptomatk braclyg.rdla. 79

pootorior chest lead& on, 45, 45f

riJht chest lcada 011, 45, 45f
R. 19Im: prosn:aloD, 247-248, 248f
for ST-elevation myocardiallnfarctlou, 24.4
vectDr of; 241-244
2:1 atrlo'l'entrkul blo.;k. 200-201, 201f
2:1 concludion, 118
1Jplca1 atrial flauer. 117

u
Undt:nenaing. 222, 230, 23lf
Uniform premature ventricular complc:aa, 169,

169£
Uaipola: electrode, 225, 225f
Uaipola: lead. 29
U.III)'Dduonlzed c:ountenhodt, 165, 177
u waw. 53, 53f

Synchronizecl.;:ard.ioveniOD, 103, 112-113

Synchronouo paumalc£n. 227

v

Syttqtium.6

Vapllnallea-.m, 103, 112

~rhythmln~n. 57-a!

YaM., ofheart, 8-11
atrloventr1cula 1, 8-10, llf

SyJmnili: drculatioa, 19
Syi!Die, 2,10, 20

T
Tachycardia

semilunar, 10
triCWipld. 20
vamuar heart di!eaae. 10
vmJar prolapoe. 10

al:rial, 102, 1119-113, 109f; 111f

vmJar ftJ!UliibdiOD, 10

at:riow:ntricular no.W n:entrmt, 11~ 114, 113£
atrtcm:nt:ricularn:entrmt, 114-117,115{
defined, 29, 58

VabularotenooD, 10
Vector, 241-244

fut-~113

VeooUI returD, 2, 20
Veatrldea, 2, 7-8, 8f-9f
cllutole, 20
.,.tole, 20
Ventricular abnormalitiet, 259-260, 259£-260£

JIIIK:tioaal, 141, 146-147, 14.7f
mulllfocal al:rial, 108, 108£
dDuJ. '76, 80.....1' 80f
llllpn.m~t:ricular, 108-117, 109f

ventric:ular,l73-176
TCP. Su Tramculancowl Po.cins

Veins, COI'OJIIl'y; IJf, 16

Vad:ri.cular lrlgm!.iDr.l68, 168f

TdP. Sn Thtsaclco de polntea
Temporary aternal padDs, 224

Ventricular demand (VVI) paccmab:r. 228, 228f
VeJIIlic:nlar dysthythmlao. 38
VeJIIlic:nlar escape rhythm, 171

Temporary pacemaWs, 224-225, 22sf
Tencllnous cords, 1. 10
Tmnlnal force. 256, 256f

Veotrlcular fibr!llatloa (VII), 171>-177,176f-117f
Veotrlcular flutter. 174.
Ventrtcular gallop. lO-ll

Index
VeJII:ril:ular hypcrtrophr
left, 259, 259f-UOf
rlsht. 259, 259f-260f
Veatrlc:ular premature beat, 166
Veatrlc:ular ~ 168
Votric:ular regalarttp; 57-58, 58f
Veatrlc:ular rhytlun., 165-193, 166f
aaelermd. iditm!ntric:ular rhythm. 165, 172, 171£
inuyo!Dle, 165,177-178
in premature ft:lltric:ular compieJa:s, 166-170
In ft:lltricular eac:ape belli, 170-172
In ftlltdcular 6brillatlon, 17!S-177,176f-177f
In ftlltdcular ~ 173-176
Votric:ular IJDC'YIIum. 6
Veatrlc:ular ~ 165, 173-176, 175f

VeJII:ril:ular trijjaniDy, 168
VF. S• Ventricalar fib.rillati011.
Voltase, 29-30

elect:roc:ardiohy paper and, 47
leads,42
VVI. Su Vemrkular dcman4 (VVI) pacemaker

w
Wall, ofhl:art, 5-6
WaDdcri!ljpd:tial po.ce.IDIIk£r, 103, 107. 1117f, 108
WaYe ofdepolariDtlon, 32
Waveforms, 29
maly1ls of, 264

m!aLll7

clefinecl. 48-53, 49£

w.murm. (c.mum...d)
idaxtlfical:ion and examiDation of; 60

p ~ 29,49-50,501
QRS c.ompla, 29, 50-51, 50f-5lf
segments. 53-55
T 'tm'fl, 29, 51-52, 52f
u lftft, 53, 53f
Wmcbblu:h phenomman. 197
"WI.WW maker;' 13
Wilson cellt:tal tmnllW (WCT), 43
Wol1£-Parldnson-Whlte (WPW) patl«<l, 103, 115,
11Sf-U6f

Worklngulb,JO
WPW. Su Wolft'-Pubuton-Whlle (WPW) pattem

